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24-Epibrassinolide improves some

physiological disorders in pistachio

cultivars

F. Kamiab (*)

Department of Horticulture, Rafsanjan Branch, Islamic Azad University,

Rafsanjan, Iran.

Key words: abscission, antioxidant enzymes, hormone, physiological disorders,

spraying.

Abstract: The effect of 24-epibrassinolide foliar spray on some physiological dis-

orders of pistachio cultivars was evaluated in two years. This factorial experi-

ment was designed as a randomized complete block design with three replica-

tions. Factor A involved different pistachio cultivars and factor B involved the

application time of hormone with four treatments including T1= bud swelling,

T2= after full bloom, T3= T1 + T2, and T4= control. Different parameters were

recorded. The application of hormone in both different stages caused the maxi-

mum fruit set percentage and minimum inflorescence bud and fruit abscission

percentage in three sprayed cultivars. Despite of the highest percentage of

inflorescence bud and fruit abscission in control treatment of cv. Kallehghoochi,

the application of this hormone decreased these parameters in this cultivar in

T3 treatment. Chlorophyll, protein, and proline contents of the leaves were

increased in all brassinosteroide treatments, especially under two-stage appli-

cation. Also, ion leakage and reduced sugar were decreased in treated leaves

after using hormones. The effect of this hormone on antioxidant enzymes

showed that all enzymes (CAT, SOD and APX) except POD were increased by

the application of brassinosteroides. The loss of carbohydrate in one-year-old

woods indicated the growth stimulating effect of this hormone. Thus, 24-epi-

brassinolide is a good suggestion to increase the quantity and quality of pista-

chio, especially in cv. Kallehghoochi.

1. Introduction

Pistachio (Pistacia vera L.) is an important horticultural crop that has

high economic value. Unfavourable environmental conditions in recent

years have resulted in the loss of fruit set and yield in commercial pista-

chio cultivars. Also, physiological disorders such as bud and fruit abscis-

sion, and blank and non-split nuts are the most important problems of

this produce that have been deteriorated by the biotic and abiotic stress-

es in most pistachio-growing areas.

Plant antioxidant defence system consists of such enzymes as superox-
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ide dismutase (SOD), catalase (CAT), peroxidase

(POD), ascorbate peroxidase (APX) and also, non-

enzymatic components may include osmolytes like

proline, glycine betaine, sorbital, and mannitol

(Anjum et al., 2010, 2012).

In these conditions, growth regulators are useful

for the prevention of fruit abscission and increased

yield. Nowadays, foliar spray of growth regulators in

fruit orchards has become a usual practice, and their

considerable effects are evident on fruit quantitative

characteristics. Brassinosteroids (BRs) are steroid

hormones that are widely distributed in the plant

kingdom, with a regulatory function in normal plant

growth and development (Mandava, 1988).

Exogenous application of BRs to roots of young

tomato and radish plants induced the hypocotyls and

petioles (Takatsuto et al., 1983). Brassinosteroids are

known as hormones with pleiotropic effects that

influence different processes like cell elongation,

senescence and xylem differentiation, growth, seed

germination, rhizogenesis, flowering, stem elonga-

tion, pollen tube growth, leaf epinasty, ethylene

biosynthesis, proton pump activation, gene expres-

sion, and photosynthesis (Clouse and Sasse, 1998;

Dhaubhadel et al., 1999; Khripach et al., 2000; Steber

and McCourt, 2001; Krishna, 2003; Yu et al., 2004;

Vert et al., 2006). Brassinosteroids also could induce

resistance to various abiotic stresses (Rao et al.,

2002).

Commercial application of this hormone has been

started since 1990 and 24-epiprassinolid and 28-

homobrassinolid are more effective in garden condi-

tions because of their stability (Khripach et al., 2000).

Effects of 28-homobrassinolide have been reported

on yields of wheat, rice, groundnut, mustard potato,

and cotton (Ramraj et al., 1997). Foliar spray of

brassinoides on watermelon seedling increased

female flower, fruit set and yield considerably. In

other experiments, effective role of brassinosteroid

has been confirmed in vegetative and reproductive

growth in strawberries and yellow passion fruit

(Ramraj et al., 1997; Gomes et al., 2006). Also, the

application of BRs could accelerate the ripening of

tomato and grape fruits (Vardhini and Rao, 2002;

Symons et al., 2006). Despite numerous studies on

agronomic crops, there are few investigations into

the effect of brassinosteroides on fruit trees.

Hosseinpur et al. (2014) used different concentra-

tions (0.5, 0.75, 1 and 1.5 mg/l) of 24-epibrassinolid

before flowering on Kallehghuchi pistachio and

showed that 1.5 mg/l of epibrassinolid was the best

treatment for increasing fruit set of this cultivar. Due

to the increasing unfavourable environmental condi-

tions during pistachio flowering, this hormone was

tested before and after flowering for increasing fruit

set. Numerous studied has showed that effect of this

hormone depends on its application time. Thus, we

compared different application times on three com-

mercial cultivars to determine the best application

time for brassinosteroides on pistachio trees. The

objective of the study was to evaluate the effect of

24-epibrassinolid on quantitative and qualitative

traits of pistachio fruit.

2. Materials and Methods

Plant material and experiments

This experiment was done in a commercial

orchard (Lat. 29°30’ N., Long. 56°05’ E., Alt. 1605 m.)

in the Asad Abad district, Rafsanjan, Iran in 2014 and

2015. The results of soil analysis of this orchard are

shown in Table 1. Mineral deficiencies are compen-

sated with the use of fertilizer during the growing

season.

In 2014, twenty adjacent “on” trees were select-

ed. On each “on” tree, five uniforms “on” shoots

were chosen and labeled a week before full bloom.

Each selected shoot included four clusters with no

lateral shoots. Because of the alternate bearing habit

of pistachio trees, “on” trees in 2014 were naturally

“off” trees in 2015, so this experiment was repeated

by applying the same treatments on the similar previ-

ous year’s trees, naturally going into the “off” year,

but the treatments were applied on other one-year-

old shoots to avoid any experimental effects of the

previous year’s treatments. These selected shoots

were also uniform in length and diameter similar to

the previous year’s shoots, but each shoot included

only one cluster. 24-epibrassinolide (1.5 mg/l, Sigma

Texture soil pH Saturation (%) EC (ds/m) Depth (cm) K (ppm) P (ppm) N (%)

Sandy-clay 7.7 28 7 0-30 239 13.8 0.03

Table 1 - Chemical analysis of some macro and micro elements of the soil of the pistachio orchard in Asad Abad village, Rafsanjan
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Company) was sprayed on crown of the trees.

The experiment was carried out on a factorial

base with a randomized complete block design with

three replications. Factor A involved different pista-

chio cultivars (Akbari, Kalehghoochi and Ohadi).

Factor B involved the time of the application of 24-

epibrassinolide in four treatments: T1= bud swelling

stage, T2= two weeks after full bloom, T3= applica-

tion at two stages (T1 and T2) and T4= control (spray-

ing with water). There were 12 treatments with 3

replications in this experiment, and two trees in each

experimental unit (totally 72 trees) were compared.

Inflorescence bud and fruit abscission and fruit set

The number of initiated inflorescence buds and

the total number of abscised buds on the individual

current-year shoots were counted six weeks after full

bloom (May) and at the harvest time (September),

respectively. The percentage of inflorescence bud

abscission was calculated by dividing the number of

abscised buds by the total number of buds initiated

on each shoot.

In order to detect the fruit set percentage and

fruit abscission, four branches with almost equal

buds in different geographical sides of each tree

were selected and marked. These factors were mea-

sured by the following formula, respectively:

Numer of fruit set (30th day)
Initial fruit set percentage =                                                        x 100

Number of flower buds

Numer of fruit set (120th day)
Harvest fruit set percentage =                                                      x 100

Number of flower buds

Fruit characteristics

At the harvest time, all clusters were detached

from each shoot and were hand-sorted into blank,

non-split, and split nuts, fresh and dry weight of

fruits were measured on each marked branches.

Yield factor is reported in results as dry weight of

nuts per each branch.

Biochemical characteristics

All biochemical parameters were measured about

two weeks after foliar application of brassinos-

teroides and spectrophotometer was used for all bio-

chemical measurement.

Assay of protein, APX and POD

Fresh leaf samples (1 g) from all treatments were

ground in 5 ml Tris-HCl buffer (0.05 M). The

homogenates were centrifuged at 10,000 g for 25

min at 4°C. The protein content in the supernatant

was analyzed by the procedure of Bradford (1979).

The supernatants were also used to analyze the activ-

ity of APX and POD enzymes. APX activity was deter-

mined by Nakano and Asada method (1981).

Assay of SOD, CAT and H2O2

Frozen leaf samples (1 g) were homogenized in 50

mM sodium phosphate buffer (pH 7.8 for SOD and

pH 7 for CAT). Then, these materials were cen-

trifuged at 12,000 g for 20 min at 4°C. The super-

natant was used to measure the activity of the

enzymes.

SOD activity was measured according to the

method described by Giannopolitis and Ries (1977)

and CAT activity was determined by the procedure of

Cakmak and Marschner (1992). 

Reducing sugars and Proline analysis 

Proline and reducing sugars content were extract-

ed from the fresh leaf samples according to Bates et

al. (1973) and Somogyi (1952), respectively.

Chlorophyll content of leaves 

The Chlorophyll content was calculated using the

method introduced by Meidner (1984) as:

Total Chlorophyll (mg/ml-1 g-1): [(17.76 × OD646.6) + (7.37×

OD663.6)] × V/1000W

where, OD= the read absorbance , V= consumed ace-

tone volume, W= fresh weight of sample (g).

Ion leakage of leaves

The relative permeability of cell membranes was

calculated using a slight modification of the method

introduced by Zhang et al. (2006) as: 

EC1-EC0Relative permeability (%) =                                           x 100
EC2-EC0

Total nonstructural carbohydrate of 1-year old wood

One-year-old stems were immediately placed on

ice and were taken to the laboratory. In the laborato-

ry, the stem tissue were dried at 60°C, weighted,

ground to pass a 40-mesh screen and analyzed for

total nonstructural carbohydrate (TCN). The concen-

tration of starch was measured by the method of

Hedge and Hofreiter (1962). Dissolved sugar was cal-

culated using the phenol and sulphuric acid method

introduced by Hellebust and Craige (1978). The

absorbencies were measured at 485 and 630 nm for

dissolved sugar and starch, respectively. The concen-

tration of total sugar and starch were summed to
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give an estimate of total nonstructural carbohydrate.

Statistical analysis

Finally, the collected data were analysed using

SAS software package, the means were compared by

Duncan test at 5% level, and the diagrams were

drawn in MS-Excel software package.

3. Results

Interaction of brassinosteroides and cultivars for

inflorescence bud, fruit abscission, and fruit set in pis-

tachio

The result indicated that the two-stage applica-

tion of this hormone decreased bud abscission by

about 20% in Kalleghuchi cultivar but by about 10%

in other cultivars (Akbari and Ohadi) (Table 2). In the

“on” year, the highest percentage of fruit abscission

was observed in control in Kalleghuchi cultivar and

the application of this hormone especially in two

stages decreased fruit abscission by about 30% while

fruit abscission was decreased by 20% and 18% in

Akbari and Ohadi cultivars, respectively (Table 2) and

also the foliar spray of this hormone in two stages

increased the fruit set significantly so that it was dou-

bled as compared to control.

Interaction of brassinosteroides application time and

cultivars for blank and split nuts in Pistachio

The highest blank nut and the lowest split nut

were observed in control in ‘Kallehghoochi’ in two

experimental years and in the “on” year, they were

about 6% and 54%, respectively. The lowest blank

nut and the highest split nut were observed in

Kallehghoochi and Ohadi cultivars and brassinos-

teroides spray at two stages in the “on” year at about

4% and 80%, respectively. The percentage of blank

nut was decreased in all cultivars in the “off” year by

about 50% when the hormone was applied at two

stages and by 25% when it was applied at one stage.

In the “off” year, the percentage of split nut was sig-

nificantly increased only in ‘Kallehghoochi’ at two

stages of brassinosteroides application (Table 3).

Table 2 - Interaction of stage of brassinosteroides application and cultivar for fruit and bud abscission and fruit set percentage of pista-
chio in two years

‘Ohadi' ‘Akbari' ‘Kallehghoochi'

C T1 T2 T3 C T1 T2 T3 C T1 T2 T3

During 2014 “on year”

Fruit set (%) 9.5 d 13 c 14 c 16 bc 11 d 14.5 c 18 b 21 a 7.1 f 8.5 e 9.2 d 13.5 c

Friut abscission (%) 58 b 50 c 47 c 40 d 62 ab 54 bc 55 b 42 C 68 a 47 c 43 c 36 d

Bud  abscission (%) 68 c 63 d 60 d 58 d 88 a 83 b 80 b 78 b 90 a 78 b 72 c 68 c

During 2015 “off year”

Fruit set (%) 11 d 12.5 c 13 c 14 c 15 b 16 b 17 b 19 a 9 d 9.5 d 10 d 12 c

Fruit abscission (%) 44 c 42.5 cd 40 d 38 d 50 b 46 c 47 bc 42 cd 54 a 50 b 48 bc 45 c

Bud abscission (%) 50 a 45 ab 43 ab 40 b 30 c 28 c 28 c 22 d 25 cd 24 cd 22 d 22 d

Table 3 - Interaction of stage of brassinostroides application and cultivar for blank, split, fresh and dry weight of nut, and yield per shoot
of pistachio in two years

‘Ohadi' ‘Akbari' ‘Kallehghoochi'

C T1 T2 T3 C T1 T2 T3 C T1 T2 T3

During 2014 “on” year

Blank nut (%) 4.5 bc 4.2 c 4 c 3.2 d 5.5 ab 5 b 4.5 bc 4 c 6 a 5 b 4.5 bc 4 c

Fresh weight nut (g) 2.1 e 2.1 e 2.4 d 2.9 c 2.9 c 3 c 3.2 b 3.8 a 2.9 c 3 c 3.2 b 3.9 a

Dry weight nut (g) 0.67 d 0.7 d 0.8 cd 0.95 c 0.9 c 1 bc 1.1 b 1.2 ab 0.9 c 1 bc 1.1 b 1.3 a

Split nut (%) 50 d 70 b 65 bc 75 ab 65 bc 70 b 75 ab 79 a 54 d 63 c 70 b 80 a

Yield per shoot (g) 45 e 75 c 80 c 100 b 60 d 90 b  95 c 120 a 50 ed 65 d 75 c 90 bc

Yield per tree (kg) 2 f 2.5 ef 3 e 3.5 de 4 d 5 c 6.1 b 7 a 3 e 3 e 4.1 d 5.2 c

During 2015 “off” year

Blank nut (%) 10 b 8.5 c 8 c 5.5 d 12 a 8.5 c 9 bc 6d 11 ab 7 cd 6.5 d 6 d

Fresh weight nut (g) 2.8 d 3 cd 3 cd 3.8 a 3.2 c 3.7 ab 3.6 b 3.9 a 3.3 c 3.5 b 3.5 b 3.9 a

Dry weight nut (g) 0.9 e 1 d 1 d 1.2 b 1.1 c 1.2 b 1.2b 1.3 a 1.1 c 1.2 b 1.2 b 1.3 a

Split nut (%) 75 bc 76 bc 78 b 80 b 8 ab 87 a 87 a 90 a 73 c 80 b 80 b 80 b

Yield per shoot (g) 14 e 20  b 18 c 22  a 15 ed 20 b 20  b 22 a 16 d 20 b 18 c 22.1 a

Yield per tree (kg) 1 d 1.1d 1.5 c 1.8 b 1.5 c 1.8 b 2.1 b 2.8 a 1.3 c 1.3 c 1.7 bc 2 b

C= Control, T1= Bud swelling phase, T2= Two weeks after full bloom, T3= T1 and T2.
Different letters within a row indicate significant differences by Duncan’s multiple range tests at P<0.05.

C= Control, T1= Bud swelling phase, T2= Two weeks after full bloom, T3= T1 and T2.
Different letters within a row indicate significant differences by Duncan’s multiple range tests at P<0.05.
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Interaction of brassinosteroides application time and

cultivars for fresh and dry weight of pistachio nut

The highest fresh weight and dry weight of fruit

were observed in ‘Kallehghoochi’ and in brassinos-

teroides spray at two stages, which were about 3.9

and 1.3 g, respectively. The lowest fresh and dry

weights of fruit in the “on” year were observed in

control in ‘Ohadi’ with no hormone application, which

were about 2.1 and 0.67 g, respectively (Table 3).

Interaction of brassinosteroides application time and

cultivars for yield per shoot and tree in pistachio

Table 3 showed that brassinosteroides significant-

ly increased the yield per shoot and tree, especially

when they were applied at two stages in the “on”

year. The interaction between cultivar and the stage

of brassinosteroides spray for the yield per shoot

showed that the highest yield of branch and tree

were observed in ‘Akbari’ and in brassinosteroides

spray at two stages, which were about 120 g and 7

kg, respectively. The lowest yield of branch and tree

were observed in control of Ohadi cultivar and they

were about 45 g and 2 kg, respectively in the “on”

year (Table 3).

Interaction of brassinosteroides application time and

cultivars on proline, reduced sugar, and protein of

pistachio leaves

Table 4 reveals that the highest amount of

reduced sugar and the lowest amount of protein and

proline was observed in control in ‘Kallehghuchi’ in

both experimental years. The application of brassi-

nosteroides (at two stages) increased protein and

proline contents of the leaves in all pistachio cultivars

significantly, especially in the “on” year, and also the

lowest amount of reduced sugar was observed in all

cultivars in both “on” and “off” years when the hor-

mone was applied at two stages (Table 4).

Interaction of the time of brassinosteroides applica-

tion and cultivars for chlorophyll and ion linkage of

leaves

According to Table 4, the chlorophyll content was

significantly increased in all brassinosteroides treat-

ments as compared to control. Maximum chlorophyll

content was observed in two-stage application of this

hormone in all cultivars. Maximum ion leakage was

related to the control in all cultivars and all brassinos-

teroides treatments showed significantly lower ion

leakages. Minimum ion leakage was observed in two-

stage application of this hormone in all cultivars

(Table 4).

Interaction of the time of brassinosteroides applica-

tion and cultivars for antioxidant enzyme activities

Figures 1 and 2 shows that activity of all antioxi-

dant enzymes was significantly higher in the “on”

year than in the “off” year. The application of brassi-

nosteroides suppressed the activity of all enzymes

(CAT, SOD and APX) except POD. The lowest activity

of all  enzymes was observed in control of

Kallehghuchi cultivar in two trial years so that they

were remarkably boosted with application of this

hormone as compared to other cultivars. Maximum

enzyme activity was observed in two-stage applica-

tion of this hormone in all cultivars.

Interaction of the time of brassinosteroides applica-

tion and cultivars on annual changes in total non-

structural carbohydrate (TCN) concentration of one-

year-old wood of pistachio

Figures 3 and 4 reveal that carbohydrate storage

Table 4 - Interaction of stage of brassinostroides application and cultivar for some physiological traits of pistachio in two years

C= Control, T1= Bud swelling phase, T2= Two weeks after full bloom, T3= T1 and T2.
Different letters within a row indicate significant differences by Duncan’s multiple range tests at P<0.05.

‘Ohadi' ‘Akbari' ‘Kallehghuchi'

C T1 T2 T3 C T1 T2 T3 C T1 T2 T3

During 2014 “on” year

Proline (µm/g FW) 20 c 22.6 c 25.7 bc 35 ab 20 c 23 c 28 b 38 a 18 c 20 c 30 b 40 a

Reducing sugars (mg/g FW) 30 b 25 bc 24 bc 18 c 35 b 30 b 26 bc 20 c 40 a 30 b 25 bc 12 d 

Protein (mg/g FW) 18 bc 19.1 b 20 ab 21 a 19 b 19 b 19 b 21 a 15 d 16.8 c 19 b 2 ab

Ion Leakage (%) 38 b 34 c 35 bc 31 cd 34 c 30 d 30 d 29 d 43 a 40 ab 39 b 34 c

Chlorophyll (mg/ml FW) 21 c 25 b 28 ab 29.9 a 19.5 c 26 b 27 ab 30.3 a 16.3 d 26.5 b 27.3 ab 30.2 a

During 2015 “off” year

Proline (µm/g FW) 15 c 16 c 16.2 c 20 b 14.5 c 14.5 c 15c 19 b 14.2 c 17.5 bc 20.5 b 25.8 a

Reducing sugars (mg/g FW) 7.7 ab 7.56 b 7.5 b 6.9 c 6.5 d 6.5 d 6 e 6 e 7. 9 a 7.75 ab 7.75 ab 7.42 b 

Protein (mg/g FW) 17.1 bc 17.1 bc 17.5 b 17.7 b 19 ab 19 ab 19.1 ab 20.1 a 16  c 16.5 c 18.3 b 20 a 

Ion Leakage (%) 40 b 37 c 37 c 32 d 36 c 33 d 31 d 29 e 45 a 43 ab 41 b 38 bc

Chlorophyll (mg/ml FW) 25 c 28 bc 32 ab 34 a 22 d 29 b 30 b 33 a 20 d 29 b 30 b 33 a
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in shoots of “on” and “off” trees decreased following

the spring growth flash. Figure 3 shows that, in “on”

trees, the lowest amount of carbohydrate was

observed in Jun and Aug in all cultivars. After harvest

(Sep), amount of carbohydrate increased again.

Figure 4 shows that, in “off” trees, stored carbohy-

Fig. 1 - Interaction of stage of brassinostroides application and cultivar

for the activities of some antioxidant enzyme of pistachio in the

“on” year. C= Control, T1= Bud swelling phase, T2= two weeks

after full bloom, T3= T1 and T2. Different letters within a row

indicate significant differences by Duncan’s multiple range tests

at P<0.05.

Fig. 2 - Interaction of stage of brassinostroides application and cultivar

on activities of some antioxidant enzyme of pistachio in the

“off” year. C= Control, T1= Bud swelling phase, T2= two weeks

after full bloom, T3= T1 and T2. Different letters within a row

indicate significant differences by Duncan’s multiple range tests

at P<0.05.

Fig. 3 - Interaction of stage of brassinostroides application and cultivar

on annual changes in total non-structural carbohydrate (TCN)

concentration of one-year-old wood of pistachio in the “on”

year. C= Control, T1= Bud swelling phase, T2= two weeks after

full bloom, T3= T1 and T2.

Fig. 4 - Interaction of stage of brassinostroides application and cultivar

on annual changes in total non-structural carbohydrate (TCN)

concentration of one-year-old wood of pistachio in the “off”

year. C= Control, T1= Bud swelling phase, T2= two weeks after

full bloom, T3= T1 and T2.
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drate of control and T1 treatments increased and

remained high after initial growth flash but, in T3 and

T4 treatments, it decreased in July and then started

to increase again.

4. Discussion and Conclusions

The effect of 24-epibrassinolid application on

yield and quantitative traits of pistachio in three cul-

tivars was considerable in this experiment. Maximum

yield was observed in Akbari cultivar and brassinos-

teroides spray at two stages so that it was doubled as

compared to the control. Also, the application of this

hormone at two stages increased fruit set significant-

ly as compared to control. This finding confirms those

reported by Heidari et al. (2015) who showed that

the application of epi-brassinolid increased fruit set

in Alberta peach. Brassinosteroides regulate fruit

number and are also able to induce cell division and

elongation (Rao et al., 2002). Gomes et al. (2006)

reported that the use of Brassinosteroides in yellow

passion after flowering has led to an increase in fruit

number and yield. Foliar application of brassinos-

teroids resulted in an increase in the number of flow-

ers in strawberry (Leubner-Metzger, 2001), and also

in grape fruits, the foliar application of brassinos-

teroids in autumn increased the number of flowers

(Pipattanawong et al., 1996). These results show that

the increased yield in this experiment could be due

to the increase in pistachio flowers induced by this

hormone.

Another problem in pistachio is fruit abscission

whose causes are not clearly known. However, envi-

ronmental influences and competition for resources

such as photo assimilates and plant hormones are

the likely causal factors of fruit abscission

(Thompson, 1996). fruit abscission in this experiment

fell by half in Kallehghuchi cultivar at two-stage hor-

mone application. Foliar spray of epibrassinolid on

grape (0.01 mg/l) during flowering reduced fruit

abscission (Pozo et al., 1994). Brassinosteroides can

increase carbohydrate content because of the

increase in photosynthesis capacity and translate

assimilate from source to sink (Goetz et al., 2000).

Evaluation of the carbohydrate storage in one-

year-old wood of pistachio in spring and summer sea-

son in this research showed that the amount of car-

bohydrate decreased in spring (April and May).

This reduction of stored carbohydrate could be

related to spring growth flash. In “on” year, there

were other two steps of reduction of carbohydrate,

the first and second steps were due to summer

growth flash and period of kernel fill, respectively.

This finding confirms the results of Timothy et al.

(2008). But it should be noted that the application of

this hormone, especially in T3 treatment, decreased

significantly the amount of stored carbohydrates in

first step of reduction as compared to control. This

seems to be due to stimulation of growth after appli-

cation of this hormone. Stored carbohydrates, in

one-year-old wood, after harvest of pistachio were

significantly higher in this treatment.  In “off” trees,

stored carbohydrate of control and T1 treatments

increased and remained high after initial growth flash

but stored carbohydrate in T3 and T4 treatments

decreased in July and then started to increase again.

It seems that decreased carbohydrate in July could

be caused by the stimulation of growth by the use of

hormone. Thus, other reason for higher yield in this

experiment is the enhanced growth after application

of this hormone caused by the increased number of

leaves and shoot and, consequently, more assimila-

tion synthesis for kernel growth and flower bud

development.

Chlorophyll content of leaves was increased in the

treated plants. Thus, the increased chlorophyll could

be the reason for the increase in assimilates in pista-

chio, resulting in the increased fruit set, fresh and dry

weight of nuts and yield. This is consistent with the

results of Hassan Zadeh (2013) who showed that the

application of epi-brassinolid increased chlorophyll in

cantelop.

Unfavourable environmental stresses such as

drought and high temperature conditions during

flowering and after it decrease fruit set and, on the

other hand, increase fruit abscission in most pista-

chio gardens in Rafsanjan. Plant stress tolerance

requires the activation of complex metabolic activi-

ties including anti-oxidative pathways, especially

ROS-scavenging systems within the cells that in turn

can contribute to continued plant growth under

stress conditions (El-Mashad and Mohamed, 2012).

One of the roles of Brassinosteroids is the increased

resistance of plants against various abiotic stresses as

confirmed by the results of this experiment. So, APX,

SOD and CAT enzymes were increased with the appli-

cation of this hormone especially its two-stage appli-

cation. It should also be noted that in ‘Kallehghuchi’

as the most sensitive cultivar to physiological disor-

der, the amount of antioxidant enzymes were lower

than other cultivars and that it was increased with

the application of brassinosteroides hormone signifi-

cantly. There are numerous reports in this regard,
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some of which are reviewed here. Brassinosteroid-

treated tomato and rice plants grew better than con-

trol plants under low-temperature conditions

(Kamuro and Takatsuto, 1991). In rice, 24-epibrassi-

nolide increased the resistance against chilling stress

(1-5°C) and the tolerance was associated with the

increased ATP, proline levels and SOD activity, thus

indicating brassinosteroid involvement in membrane

stability and osmo regulation (Wang and Zang, 1993).

Brassinosteroids increased tolerance to high temper-

ature in wheat leaves (Kulaeva et al., 1991).

Results of this experiment showed that the reduc-

tion of ion leakage in leaves confirms that this hor-

mone impacts membrane permeability, resulting in

resistance to environmental stress. Thus, the

increased fruit set and decreased fruit abscission in

treated trees could be due to the increased resis-

tance to a biotic stress because of hormone applica-

tion. On the other hand, the application of epi-prassi-

nolid increased proline content and decreased the

reduced sugar in pistachio leaves. It seems 24-epi

brassinolid could alleviate the adverse effects of abi-

otic stress on pistachio cultivars, especially on

Kallehghuchi arguably by increasing the activities of

ant oxidative enzymes and the contents of proline.

The increase in proline and anti-oxidant enzymes are

the natural mechanisms to induce tolerance to abiot-

ic stress in plants. In a similar study, Rady (2011)

reported that the spray of 5μM 24-epi brassinos-

teroides to NaCl-exposed Phaseolus vulgaris

improved the elevation of the activities of anti-oxida-

tive enzymes and proline content. Aghdam et al.

(2012) reported that the treatments with 0.3 and 0.6

μM BRs to tomato fruits stored at 1°C for 21 days

enhanced proline. Foliar application of brassinos-

teroides was reported to improve Cd-tolerance in

Brassica juncea through the increase in activity of

antioxidative enzymes (such as CAT, POD, SOD) and

the content of osmolyte such as proline (Hayat et al.,

2007). On the other hand, lower amount of reduced

sugar in brassinosteroides treatments could reflect

the alleviation of the adverse effects of abiotic stress

after the application of this hormone.

Dry and fresh weight of pistachio nuts was

increased by about 30% with the application of 24-

epibrassinolid at two stages. The increase of nut

weight may be another reason for the increased yield

in this experiment. Brassinosteroides have important

role in such phenomenon as cell division and elonga-

tion, photosynthesis rate, transfer material, regula-

tion of enzyme activity and hormone balance, each of

which can increase nut weight and yield in pistachio

crop. Increased DNA and RNA polymerase and

increased synthesis of protein by the use of

Brassinosteroides can induce growth (Kalinich et al.,

1985). Vardhini and Rao (1998) showed the relation-

ship between increased growth and DNA, RNA and

protein synthesis in peanut. Yu (1999) found signifi-

cant increases in the initial activity of Rubisco and in

the sucrose, soluble sugars, and starch contents fol-

lowed by substantial increases in sucrose phosphate

synthase, sucrose synthase and acid invertase activi-

ties after BRs treatment. Impaired carbohydrate

metabolism and reduced biomass were found in a

brassinosteroid-deficient Arabidopsis mutant

(Schluter et al., 2002).

Increasing of blank nut especially in Kallehghoochi

and Akbari cultivars is one of the most important dis-

orders in pistachio trees. It has been reported that

the degeneration of the ovary segments, especially

funicle degeneration, is the major cause of blanking

in pistachio (Shuraki and Sedgley, 1996).

Brassinosteroids are considered as hormones with

pleiotropic effects as they influence various develop-

mental processes like growth, flowering, pollen tube

growth, tissue differentiation, proton pump activa-

tion, gene expression and photosynthesis (Khripach

et al., 1998, 2000). Therefore, brassinosteroide can

improve growth and development of reproductive

organs and prevent ovary degeneration and, on the

other hand, embryo abortion could be decreased by

the application of this hormone because of the

inducing protein, carbohydrate synthesis and, conse-

quently, the blank nuts can be decreased.

In this research the percentage of non-split nuts

was decreased with the application of epibrassinolid.

A correlation has been found between kernel devel-

opment and splitting (Ferguson et al., 2005). Thus,

the decrease in the percentage of non-split nuts by

the application of this hormone might be attributed

to its role in improving the growth and development

of pistachio trees and, on the other hand, the appli-

cation of epibrassinolid increases the production of

carbohydrate and assimilation into the plants and, as

a result, the growth of kernel increases (Crane and

Iwakiri, 1985).

In conclusion, exogenous application of 24-epi-

brassinolide indicated the possible direct role of this

hormone in alleviating the physiological disorders

and increasing the quality and yield in pistachio.

Thus, 24-epibrassinolide is a good suggestion for

increasing quantity and quality of pistachio, especial-

ly in Kallehghoochi cultivar that has the most disor-

der physiological problems.
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Abstract: A safe and efficient method for preserving viable soft X-ray-irradiated

pollen for the production of seedless watermelon (Citrullus lanatus L.) from

diploid plants was tested by packing the pollen under vacuum, O2, CO2 or N2

gas at 25°C, 4°C or -25°C. Pollen germination rates decreased most rapidly with

storage at 25°C and slowest with storage at -25°C. Oxygen as a storage gas was

not good for storage of pollen, but pollen stored in N2 or CO2 gave good germi-

nation. Pollen stored at -25°C for 90 days germinated, but pollen stored at 4°C

for 90 days did not, and N2 storage tended to result in higher fruit set than vac-

uum storage. Fruit set was significantly affected by pollen storage conditions,

with N2 storage being more effective than vacuum storage at 4°C. Storage at 

-25°C produced little difference in fruit set between vacuum and N2 storage.

Thus, temperature was the major factor for maintaining viable and effective

pollen, and the use of N2 gas was an effective adjunct. Fruit quality was not sig-

nificantly affected by storage parameters in this experiment.

1. Introduction

Generally, seedless watermelons are produced from triploid plants

that are the product of crosses between tetraploid and diploid plants

(Terada and Masuda, 1943; Kihara and Nishiyama, 1947; Kihara, 1951).

Diploid seedless watermelons have also been produced by pollination

with soft X-ray irradiated pollen (Sugiyama and Morishita, 2000;

Sugiyama et al., 2002 a). Using irradiated pollen is advantageous because

seedless watermelons can be produced with ordinary cultivation methods

due to the use of diploid plants. However, mass production of seedless

watermelon seed by this method will require the production, irradiation,

preservation and storage of a lot of pollen. Pollen viability after freezing

and low temperature storage at low relative humidity has been reported
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in many plant species (Holman and Brubaker, 1926;

McGuire, 1952; King, 1961; Fatmer and Barnett,

1974; Nath and Anderson, 1975; Anderson et al.,

1978). Miyaji and Shirazawa (1977) reported that the

best storage conditions for watermelon pollen are

5°C at 20 to 40% humidity, which extended the viabil-

ity of pollen to 60 days on germination medium, but

did not investigate fruit set. Watermelon pollen had

fruit setting ability for 13 days when stored at 5°C

under dry conditions (silica gel) (Araki et al., 1987).

Pollen stored under temperature and humidity con-

trol, tend to have rapid germination rate decreases

(Miyaji and Shirazawa, 1977; Araki et al., 1987;

Sugiyama et al., 1998). Watermelon pollen storage in

organic solvents has also been investigated (Kodani

and Omura, 1981; Shimizu, 1983; Sugiyama et al.,

2002 b). Among the organic solvents, ethyl acetate

and ethyl ether were the most suitable for watermel-

on pollen storage (Shimizu, 1983). Pollen stored in

ethyl acetate at -20°C had a germination rate of over

40% for one month on germination medium

(Morishita et al., 2000), and fruit set was observed up

to 79 days of storage in ethyl acetate at -20°C

(Sugiyama et al., 2002 b). These methods are effec-

tive for watermelon pollen, but are not suitable for

long-term storage because of a decrease in vigor.

Also, it is very difficult for farmers to recover and use

pollen that has been stored in organic solvents. N2,

CO2 and/or O2 gas have been used as a general stor-

age medium in the food industry, but there are few

reports using gas for pollen storage. In this study, we

describe effective new pollen storage method using

atmospheric gases.

2. Materials and Methods

Storage conditions for watermelon pollen

Pollen from watermelon cultivar Green seeded

was collected in October 2005 by cutting the anthers

from the flowers and shaking the contents through a

stainless steel filter into a stainless steel cup.

Collected pollen was packed in paraffin paper and

irradiated with 600 Gy soft X-ray (Soft X-ray Unit OM-

60R, OHMIC Ltd.) at 14.5 Gy·min-1. Irradiated pollen

aliquots of about 1 g each were packed with a vacu-

um packaging machine (‘TOSPACK’ V-380G, TOSEI,

Shizuoka, Japan), in air or under vacuum storage at

25°C, 4°C or -25°C for storage over 35 days. A second

similar storage test was initiated in May 2007 to

investigate effect of atmospheric gases on storage.

Irradiated pollen aliquots of about 3 g each were

packed with a vacuum packaging machine under N2,

O2, CO2, air or vacuum for storage at 25°C for 1-6

days.

Viability of the stored pollen was judged on the

basis of germination on an artificial medium consist-

ing of 14% sucrose, 0.1% boric acid, and 1.5% agar

(WAKO, Ltd, Osaka, Japan). Germination percentages

were determined after 3 hour incubation at 25°C by

counting random samples of 100 pollen or more for

each storage condition.

The first test was replicated 8 times, and the sec-

ond test was replicated 5 times. Tukey’s multiple-

range test (p<0.05) on statistical software (Statcel,

oms-publishing, Saitama, Japan) was used to test dif-

ferences between treatment means.

Fruit set ability of stored pollen, and fruits quality

using stored pollen

Experiments were performed at the Hokkaido

Research Center, Sapporo, Japan. During cultivation,

greenhouse temperatures were recorded (‘Ondotori’,

T&D Corporation, Nagano, Japan), and monthly mean

temperatures were determined. The average tem-

peratures during cultivation in the greenhouse were

25°C in July, 30.4°C in August, and 25.1°C in

September. Watermelon cultivar Fujihikari TR seeds

were sown in pots on June 15, 2006 in a greenhouse.

Seedlings with 5 to 6 leaves were transplanted 50 cm

apart in a bed (2.3 x 35 m) in a greenhouse on July

10, 2006. The bed was covered with black and gray

polyethylene mulch and fertilized with 9N-9P-9K (in

kg·ha-1) before transplanting. Plants were topped at

the five leaf stage and three lateral vines were

allowed to grow. Male flowers were pollinated with a

paint brash at about the 15th node of lateral branch-

es. All treatments were arranged in a randomized

complete-block design with four single plant replica-

tions. Four fruits were harvested for each treatment.

Values were compared by Tukey’s multiple-range

test (p<0.05).

Source of pollen

Watermelon cultivar Green Seeded seeds were

sown as a source of pollen for the storage experi-

ments in February 2006, before ‘Fujihikari TR’ was

sown. Male flowers of ‘Green seeded’ were harvest-

ed in the morning to obtain pollen that would be

stored for 14, 28 and 90 days, from April through

July. Collected pollen was irradiated with 600 Gy soft

X-ray and packed with a vacuum packaging machine

either under N2 gas or vacuum storage at 4 or -25°C

for 14, 28 or 90 days. Soft X-ray irradiated pollen

processed on the morning of the experiment was
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used as a non-storage control. The stored pollen was

used to pollinate female flowers of ‘Fujihikari TR’.

Female flowers of ‘Fujihikari TR’ were bagged with

cellophane before anthesis. Prepared irradiated

pollen was applied with a brush. After pollination,

female flowers were covered again with cellophane

bags to prevent contact with insect-borne pollen for

about 3 days. Pollination occurred during the period

of August 2-6. One or two female flowers on each of

the 3 lateral shoots were pollinated from each stor-

age treatment, and fruit set was confirmed about 7

days later. The fruit set rate for each plant was calcu-

lated. Fruits were selectively thinned, leaving one

fruit per plant to mature for each treatment. Mature

fruits were harvested after about 42 days. After har-

vesting, fruit weight, shape, rind thickness, flesh

color, sugar content (Brix) and number of empty

seeds exceeding 6 mm in length were recorded for

each fruit. Fruit shape index is expressed as the ratio

of length from peduncle to blossom end, to equatori-

al diameter. Mature harvested watermelons were

cut in half, and flesh color was measured with a col-

orimeter [a*= Hue relates to red (+60) - green (-60)

color axes, Nihondenshokukogyo, Tokyo, Japan].

The germination ability of stored pollen was

assayed as in experiment 1 before pollination (the

period of August 2-6). Fruit set and pollen germina-

tion rates were compared by Tukey’s multiple-range

test (p<0.05).

3. Results and Discussion

Storage condition for watermelon pollen

Pollen germination rates decreased rapidly at

25°C to nearly zero after 7 days (Fig. 1). When stored

in atmospheric air at 4°C, the germination rate was

significantly lower than with other treatments

(except at 25°C) after 21 days. After 35 days of stor-

age under vacuum at 4°C, pollen viability was signifi-

cantly lower than either treatment at -25°C (p<0.05).

Thus, high temperature is not suitable for storage of

pollen, and packing pollen under vacuum at 4°C pro-

longed viability.

The viability of watermelon pollen stored under

vacuum or O2 at 25°C decreased during storage to

levels that make O2 and vacuum conditions unac-

ceptable as atmospheric media for pollen storage

(Table 1). Pollen stored for 7 days under N2 and CO2

showed good germination, indicating that storage of

soft X-ray irradiated watermelon pollen under N2 or

CO2 would enhance its viability.

Fruit set and quality produced from stored pollen

The ability of stored polled to germinate, and to

produce agronomically acceptable fruit are two dis-

tinct qualities, both of which are necessary for the

adoption of soft X-ray irradiated pollen on a commer-

cial scale. There were observable differences in fruit

set between pollen stored at 4°C and -25°C (Table 2).

Lower temperatures resulted in good germination

rates, and pollen which had been stored at -25°C had

a longer shelf-life than at 4°C. Pollen stored at 4°C for

Table 1 - The differences of germination ability for cultured
periods and treatments at 25°C

Treatments
Periods (days)

1 2 3 4 5

N2 25.1 a z 21.2 a 16.5 a 13.8 a 7.9 a

O2 11.2 b 4.7 b 0.0 d 0.0 c 0.0 b

CO2 19.4 ab 17.6 ab 16.3 a 15.1 a 6.9 a

Vacuum 16.9 ab 10.9 b 2.0 c 1.7 b 0.0 b

air 20.3 ab 19.5 ab 9.3 b 3.3 b 0.2 b

(z) Means followed by the same letter are not significantly diffe-

rent at the 5% level by Tukey's multiple-range test.

Table 2 - Relationship between storage condition and fruit set

Treatment
Storage

Pollination Fruiting

Fruit

set

(%)

Temperature

(°C)

Period

(days)
Control 0 9 8 88.9

Nitrogen 4 14 17 17 100.0

Nitrogen 4 28 18 7 38.9

Nitrogen 4 90 16 0 0.0

Nitrogen -25 14 11 10 90.9

Nitrogen -25 28 16 14 87.5

Nitrogen -25 90 16 15 93.8

Vacuum 4 14 17 11 64.7

Vacuum 4 28 7 0 0.0

Vacuum 4 90 13 0 0.0

Vacuum -25 14 15 15 100.0

Vacuum -25 28 15 14 93.3

Vacuum -25 90 15 13 86.7

Fig. 1 - Germination of pollen after storage at different tempera-

ture and treatments. Bars indicate ± standard errors (n=8).
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90 days did not set fruit whether or not it was stored

under N2 or vacuum. Although germination rates

under N2 and vacuum storage were almost the same,

fruit set with pollen stored at 4°C for 14 or 28 days

was more effective under N2 than under vacuum.

Pollen stored at 4°C for 28 days under N2 had the

ability to set fruit, but pollen stored at 4°C under vac-

uum did not. Snope and Ellison (1963) also reported

that germination from freeze-dried pollen that had

been stored under N2 was got good. These results

indicate that pollen vigor is maintained more effec-

tively under N2 than under vacuum. The percentage

of germinating pollen stored at -25°C for 28 days was

24.8% and there was fruit set following hand pollina-

tion. However, the percentage of germinated pollen

stored at 4°C for 28 days was 22.8%, but no fruit was

set with this treatment. N2 gas was an effective

atmospheric medium for storage at 4°C in both tests.

There were many reports that low temperature pro-

vides a good environment for stored pollen (Araki et

al., 1987; Sugiyama et al., 1998; Morishita et al.,

2000). Low temperature provides the major benefit,

with storage in N2 gas as an adjunct for pollen stor-

age. Inert gases may be effective for the mainte-

nance of pollen vitality because they may suppress

metabolism of the pollen by displacing oxygen. The

additive effect of N2 with low temperature suggests

that low metabolic rates are the key factor in main-

taining pollen viability over time.

There was no significant difference in weight or

shape between control fruit and fruit produced by

pollen under any of the storage conditions (Table 3).

Rind thickness and flesh color were also the same,

except for fruits produced with pollen stored at -25°C

for 90 or 14 days, respectively. Although the Brix of

fruit from pollen stored at -25°C for 14 days was the

lowest, there was no consistent relationship between

storage conditions and Brix. Sugiyama and Morishita

(2000) has observed that the number of empty seeds

differs widely in individual fruits. In this experiment

there were significant differences in the number of

empty seeds, but there was no apparent relationship

between empty seed numbers and storage condi-

tions. Thus, there is no consistent relationship

between pollen storage conditions and fruit quality.

Further statistical analysis of the relationships

between treatment, temperature and periods of

pollen storage, was done for the survival of pollen,

but there were no statistically significant differences.

Organic solvents are useful as a pollen storage

method (Kodani and Omura, 1981). However, organic

solvents carry the risk of environmental pollution and

are difficult to use outside the laboratory. Storage of

pollen at low temperatures and under N2 eliminates

the need for organic solvents, thus providing an eco-

friendly storage solution which should be applicable

for pollen export or import. Furthermore, pollen

stored under N2 at 25°C for 5 days had germination

ability (Table 1) and then the temperature in the

greenhouse was around 25-30°C, so it might be also

no problem to bring the pollen from freezer to the

greenhouse  during pollination.

Table 3 - Fruit quality of seedless watermelon pollination with irradiated pollen in several conditions

Treatment

Storage Fruit

weight

(kg)

Flesh

shape (z)

Thickness of

rind

(mm)

Flesh

color
Brix (%)

No. of empty

seeds Temperature

(°C)

Period

(days)

Control 0 5.5±1.1(y) 1.14 13.9±0.0 a (x) 21.4±1.1 a 10.3 a 96.5±12.1 b

Nitrogen 4 14 4.6±0.6 1.11 13.2±1.0 a 20.4±1.7 a 9.9 a 102.5±86.3 b

Nitrogen 4 28 4.9±0.5 1.12 13.5±0.2 a 23.9±2.8 a 9.7 b 104.5±17.6 b

Nitrogen -25 14 5.1±1.0 1.11 12.2±1.0 a 18.4±3.6 b 9.6 bc 150.0±88.3 a

Nitrogen -25 28 5.5±0.9 1.10 13.5±0.6 a 23.9±1.5 a 9.9 a 104.8±25.2 b

Nitrogen -25 90 5.2±0.5 1.14 11.9±0.4 b 22.5±1.0 a 9.7 b 222.8±71.7 a

Vacuum 4 14 4.9±0.3 1.13 12.2±1.4 a 24.0±3.9 a 9.7 b 103.0±44.9 b

Vacuum -25 14 5.4±0.5 1.10 12.7±1.9 a 20.6±2.5 a 10.2 a 134.8±21.1a

Vacuum -25 28 5.1±1.5 1.15 12.3±1.6 a 21.0±1.9 a 10.1 a 158.5±81.0a

Vacuum -25 90 5.7±0.4 1.17 12.5±0.6 a 22.5±0.6 a 10.0 a 127.0±24.5b

(z) Flesh shape is expressed as the ratio of height to width.
(y) Mean ± SE.
(x) Value within columns with the same letter are not significantly different (5% level).

Means followed by the same letter are not significantly different at the 5% level by Tukey's multiple-range test.
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Plant breeders may also be able to overcome dif-

ferences in crop or varietal flowering times by storing

pollen with this method.
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Abstract: Bacteria that colonize plant roots and promote plant growth are

referred to as plant growth-promoting rhizobacteria (PGPR). For a long-serving

period, the PGPRs have been applied as biofertilizers in crops culture. Recent

studies indicated the importance of PGPR for controlling the water deficit. The

present study investigates the effects of two different PGPRs on some morpho-

physiological characteristics in fenugreek under water deficit stress. The first

factor was application of four PGPR levels including (1. Sinorhizobium meliloti,

2. Pseudomonas fluorescens, 3. combination of S. meliloti and P. fluorescens

and 4. control without bacterial inoculation) and four levels of soil water con-

tent including 40%, 60%, 80% and 100% of field capacity (FC) was considered as

second factor. The results showed that, leaf area, shoot fresh and dry weight,

nitrogen, phosphorus and potassium content, and water use efficacy (WUE)

were significantly improved by PGPR inoculation and individual use of PGPR

was more effective. Decreasing of soil water content up to 0.40 FC and inocula-

tion of two bacteria led to increase of secondary metabolites such as nicotinic

acid and trigonelline. However seed yield was decreased in PGPR treated

plants.

1. Introduction

Insufficient water induces a stress in plants called water deficit stress
(Dodd and Ryan, 2016). Water deficit stress has major effects on plant
growth and development, limiting crop production in the worldwide.
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Water deficit negatively affects the plant growth and
reproduction and disrupts the whole-plant functions
(Bray, 2004; Hummel et al., 2010). It causes cellular
changes such as solutes concentration, cell volume
alteration, disruption of water potential gradients,
changes in membrane shape and disrupting its
integrity, loss in turgor pressure, and protein denatu-
ration (Bray, 1997; Bartels and Sunkar, 2005). Water
deficit is a major threat to agricultural production
and tolerance to drought conditions is one of the
main targets for crop improvement (Salekdeh et al.,
2009).

Plant growth-promoting rhizobacteria (PGPR) are
rhizosphere bacteria which constitute symbiotic rela-
tionships in large varieties of plants and are used as a
biofertilizer (Shaukat et al., 2006). PGPR have been
reported to confer positive effects and induce plant
resistances to environmental stresses and diseases
caused by pathogens (kloepper et al., 2004; mayak et

al., 2004 a, b; Compant et al., 2005; He and Yang,
2007; Dimkpa et al., 2009; Yang et al., 2009). A wide
variety of mechanisms that can improve the plant
growth, have been suggested to be impressed by
PGPR. These involved mechanisms are as follows:
nitrogen fixation (Van Loon, 2007), production of 1-
Aminocyclopropane-1-carboxylate deaminase (ACC)
(Govindasamy et al., 2008), production of volatile
organic compounds (Ryu et al., 2003), induction of
systemic resistance (Chandler et al., 2008), phytohor-
mone production (Vessey, 2003), siderophore pro-
duction (el-Tarabily and Sivasithamparam, 2006),
phosphate solubilization (Ryu et al., 2003) and potas-
sium releasing (Sarikhani et al., 2016).

fenugreek (Trigonella foenum-graecum L.) is a
member of the fabaceae family, cultivated world-
wide as a semiarid crop, and traditionally used as a
medicinal plant. fenugreek is grown as a spice and a
vegetable crop and also have been used as a tradi-
tional therapy for the remedy of diabetes (miraldi et

al., 2001; Smith, 2003; fernández-Aparicio et al.,
2008). Its effect as an antidiabetic and antiathero-
sclerotic have been documented (Ajabnoor and
Tilmisany, 1988; Sharma and Raghuram, 1990).
fenugreek’s  leaves are a rich source of iron, calcium,
β-carotene and other vitamins and its seeds contain
tannic acid, diosgenin, trigocoumarin, alkaloids
trigonelline, trigomethyl coumarin, gitogenin and vit-
amin A (Warke et al., 2011). Recently, published liter-
atures indicated that PGPR ameliorate the plants tol-
erance to abiotic stresses through a variety of mech-
anisms (Srivastava et al., 2008; Sandhya et al., 2010).
Also beneficial effects of PGPRs on medicinal plants

have been reported (Jaleel et al., 2007).
Shafighi et al. (2014) reported that inoculation of

fenugreek with PGPR increases plant height, vegeta-
tive growth and seed yield in both well watered and
water limited condition. Rubin et al. (2017) empha-
sized that application of PGPR decreases abiotic
stress especially drought stress in various plants.
They summarized that PGPR inoculation not only
improves root and shoot biomass in non-stress condi-
tion but also it can enhance aerial biomass and
reproductive yield under drought stress condition,
however root mass was not increased under stress.
In enormous studies, the synergistic effect of nitro-
gen fixing bacteria especially Rhizobia and phosphate
solubilizing bacteria such as Pseudomons has been
reported but application of these PGPR in stressed
condition needs more attention. Therefore, in this
study we focused to the inoculation effect of two
native and endogenous PGPR (Sinorhizobium meliloti

Tabriz and Pseudomonas fluorescens Tabriz) in fenu-
greek under drought stress condition.

2. Materials and Methods 

The seeds of fenugreek with good germination
quality was provided from “Jahad Daneshgahi-Iranian
Institute of medicinal Plants”, karaj, Iran. The present
investigation, carried out in research greenhouse of
faculty of Agriculture at the University of Tabriz dur-
ing 2015-2016. Two bacteria, including Pseudomonas

fluorescens Tabriz and Sinorhizobium meliloti Tabriz
were obtained from the Laboratory of Soil Biology,
University of Tabriz (Tabriz, Iran). Nutrient Broth (NB)
and Yeast mannitol Broth (YmB) were used to pre-
pare a primary culture of Pseudomonas and
Sinorhizobium respectively to inoculate seeds of
plant. The experiments were conducted in a factorial
design based on completely randomized block design
with three replications. The first factor was applica-
tion of PGPR in 4 levels including 1. S. meliloti, as
nitrogen fixing bacterium 2. P. fluorescens, as phos-
phorous solubilizing bacterium 3. combination of S.

meliloti and P. fluorescens 4. negative control with-
out any bacteria and fertilizer treatment. The second
factor was soil water content treatment based on
field capacity (fC) in 4 levels (100, 80, 60 and 40% of
fC). Seed of fenugreek was sown in a plastic pot
which had 5 kg soil and after establishment 5 plants
remained in each pot. Soil water content was main-
tained as aforementioned values by daily weighting
of pots by digital scale and water loss by evapotran-
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spiration was added to each pot. Plants kept in a
greenhouse under a 16 h photoperiod, 24±4/18±3°C
day/night temperatures, and 40-60% relative humidi-
ty. At the end of the experiment leaf area was mea-
sured, by the leaf area meter (LI 3100C area meter,
LI-COR, USA). Dry weight of each part was deter-
mined after drying at 72˚C until constant weight. The
fresh and dry weight plants were determined using a
digital weighing scale.

The composition of potassium and phosphorus was
determined by nitric perchloric and nitric acid diges-
tion methods (Zasoski and Burau, 1977; Havlin and
Soltanpour, 1980). Phosphorous was measured by a
vanadate-molybdate method using a spectropho-
tometer (motic, CL-45240-00, China) and k was
determined using a flame photometer (model 405G,
Iran). Nitrogen was measured according to the
kjeldahl method that involves changing the form of
organic nitrogen to ammonium (NH4) by concentrat-
ed sulfuric acid and then measuring the amount of
ammonium production (Baker and Thompson, 1997).
Also the seed yield was recorded at maturity. Water
use efficiency (WUe) was calculated by the following
formula: 

WUe = DW/UW

In this formula, DW and UW represent dry mass
production and the amount of consumed water,
respectively (karimi and Roosta, 2014).

Analysis and quantization of trigonelline

Trigonelline in the seed sample was measured
according to modified method of Zheng and Ashihara
(2004). The samples were ground with 80% methanol
and magnesium oxide (mgO) in a mortar and pestle.
After incubation at 60°C for 30 min, the homo-
genates were centrifuged and the supernatant was
collected. After complete evaporation of methanol,
the methanol-soluble extracts were dissolved in dis-
tilled water. The samples were filtered using a dis-
posable syringe filter unit and the aliquots were used
for determination of trigonelline (TG) by HPLC. The
analyses of the samples were carried out using a
knauer k2600A liquid chromatography (Germany),
equipped with a Nucleosil C18 (150 mm × 4.6 mm
I.D, 5 μm) column. A mixture of methanol: water
(50:50 v/v) served as the mobile phase and pH of
solution adjusted to 5.0 with 50 mm sodium acetate.
The elution has been made in an isocratic mode at a
flow rate of 1 mL min-1 and the detection made at
268 nm by UV detector from the above mentioned
company (koshiro et al., 2006). One analysis requires
20 min. The retention time of this alkaloid was 4.4

min. Before carrying out HPLC analysis, we made cali-
bration curve by using different concentrations (0.1,
0.2, 0.5, 0.7 and 1.0 mg mL-1) of trigonelline in phase
media. Then calibration curve made with trigonelline
and the correlations were excellent for trigonelline.
This process was performed according to United
States Pharmacopoeia (U.S. Pharmacopeia, USA) by
cold extraction method as directed for alcohol solu-
ble material, except where water was used in place
of alcohol. 

Measuring nicotinic acid

for the measurement of nicotinic acid, it was car-
ried out according to modified martin et al. (1997).
The 0.5 g of fenugreek seed powder was mixed with
0.5 g of magnesium oxide (mgO) and 30 ml of dis-
tilled water was added to it. The resulting mixture for
30 minutes at 100°C was placed in bath water bath.
After cooling, the resulting mixture was filtered using
filter paper (1) and was brought to a volume of 50 ml
with distilled water. finally absorption at a wave-
length of 263 nm of the samples was measured by a
spectrophotometer. Nicotinic acid concentrations
were determined using the standard curve.

Statistical analysis

All collected data were subjected to two-way analy-
sis of variance (ANOVA) through PROC GLm proce-
dure, using a SAS statistical package (SAS Institute,
software Version 9.4, Cary, NC, USA). If interactions
were significant, means were compared by Duncan’s
multiple range test to determine whether means of
the dependent variable were significantly different at
P<0.05.

3. Results

Analysis of data variances indicated that the effect
of PGPR and soil water content and their interaction
on leaf area, shoot fresh and dry weight were
significant (P≤0.01). means comparison showed that
PGPR inoculation increased fenugreek leaf area,
shoot dry and fresh weight especially S. meliloti

(Table 1). By increasing of water deficit stress, leaf
area, shoot fresh and dry weight was decreased
(Table 2). In aspect of interaction between PGPR
inoculation and water stress, the highest and lowest
leaf area, shoot fresh and dry weight was observed in
well watered (100% fC) and combination of S.

meliloti and P. fluorescens treated plants and severe
water stressed control plants respectively (fig. 1, 2
and 3). It seems that in normal condition S. meliloti
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improved aerial growth of fenugreek better than P.

fluorescens, whereas combination use of two PGPR
bacteria was successful in enhancement of shoot
growth better than individual using (fig. 1).

Un-inoculated control plants produced significantly
higher seed yield per pot than PGPR treated fenu-
greek (Table 1). Water limitation led to decrease in
seed yield (Table 2). The maximum seed weight was
observed in control plants (fig. 4).

The nitrogen, phosphorus and potassium concen-
tration was significantly affected by PGPRs and water
deficit. As shown in the table of mean comparison
(Table 1) for the effects of PGPR treatments, the
highest N, P and k were observed in plants treated
with S. meliloti follows by P. fluorescens and treat-

Table 1 - Results of mean comparison of different PGPR treatments

SxP= treatment containing both S. meliloti and P. fluorescens.
Dissimilar letters indicating significant differences (Duncan’s multiple range test P≤0.01). N, P and k were measured in dry shoot of plant.

Bacteria
Leaf area

(cm2)

Shoot fresh
weight

(g)

Shoot dry
weight

(g)

N
(mg g-1)

P
(mg g-1)

k
(mg g-1)

WUe 
(g kg-1)

Seed 
yield 

(g pot-1)

Trigonelline
(mg g-1)

Nicotinic 
acid

(mg g-1)

Control 756 c 17.71 c 4.18 c 7.36  c 0.54 d 25.84 c 0.139 c 26.53 a 6.84 b 12.34 ab

S. meliloti (S) 1212 a 32.14 a 6.00 a 14.27 a 0.71 a 31.73 a 0.226 a 14.23 b 6.97 b 12.69 b

P. fluorescens (P) 959 ab 29.74 a 4.37 b 12.93 b 0.67 b 30.40 b 0.213 a 13.25 c 7.65 a 14.11 a

SxP 937 b 21.14 b 5.05 ab 12.17 b 0.63 c 29.43 c 0.181 b 14.19 b 7.74 a 14.05 a

Table 2 - Results of mean comparison of different irrigation treatments

Dissimilar letters indicating significant differences (Duncan’s multiple range test P≤0.01). N, P and k were measured in dry shoot of plant.

Soil water content
(fC)

Leaf area
(cm2)

Shoot fresh
weight

(g)

Shoot dry
weight

(g)

N 
(mg g-1)

P
(mg g-1)

k
(mg g-1)

WUe
(g kg-1)

Seed yield
(g pot-1)

Trigonelline
(mg g-1)

Nicotinic acid 
(mg g-1)

100% 1189 a 33.78 a 6.48 a 13.60 a 0.63 c 29.35 b 0.138 c 24.18 a 6.26 c 11.10 d

80% 1025 b 24.76 b 5.79 b 12.20 b 0.59 d 29.05 b 0.165 b 23.52 b 6.63 c 12.07 c

60% 913 c 18.17 c 3.97 c 12.19 b 0.65 b 30.25 a 0.169 b 12.83 c 7.55 b 13.84 b

40% 737 d 13.93 d 3.36 d 9.73 c 0.69 a 30.37 a 0.287 a 10.20 d 8.76 a 16.18 a

fig. 1 - Interaction of PGPR and soil water content on leaf area
of fenugreek.

fig. 2 - Interaction of PGPR and soil water content on the shoot
fresh weight fenugreek.

fig. 3 - Interaction of PGPR and soil water content on the shoot
dry weight of fenugreek.
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ments containing both S. meliloti and P. fluorescens.
By decreasing of soil water content, N concentration
was decreased significantly, but inverse, P and k con-
centration was increased significantly with an excep-
tion at 80% of fC treatment (Table 2). The highest
and the lowest N concentration was observed in
plants treated with S. meliloti and dual application of
PGPR bacteria at well watered (100% fC) and control
plant at severe water stress treatment (40% fC)
respectively (fig. 5) and the highest and the lowest P
concentration was related to plants treated with S.

meliloti and P. fluorescens in single form at well
watered (100% fC) and control plant at severe water
stress treatment (40% fC) respectively (fig. 6).

According to the interaction effects between PGPRs
and drought stress the highest and lowest k concen-
tration was observed in dual application of PGPR bac-
teria at well watered (100% fC) and control plant
under sever water stress (40% fC) respectively (fig.
7).

Water use efficiency (WUe) was significantly affect-
ed by PGPR and soil water content. mean compari-
son indicated that PGPR inoculate plants produced
more shoot biomass per water unit than control ones
(Table 1). By increasing water deficit stress WUe was
increased significantly (Table 2). In aspect of interac-
tion between PGPR and water stress it was shown
that both dual application of P. fluorescens and S.

meliloti and separate application of bacteria under
severe water deficit stress (40% fC) led to highest
WUe and well watered control plants produced the
lowest WUe (fig. 8).

As it was shown in the table of mean comparison
(Table 1), individual and dual PGPR treatments
improved trigonelline and nicotinic acid. By increas-
ing water deficit stress trigonelline and nicotinic acid
was significantly increased (Table 2). The highest and
lowest trigonelline and nicotinic acid was observed in
P. fluorescens inoculated at 40% fC soil water con-
tent treatment and control in 100% fC soil water
content treatment respectively (figs. 9 and 10).

fig. 4 - Interaction of PGPR and soil water content on the seed
yield of fenugreek.

fig. 5 - Interaction of PGPR and soil water content on N concen-
tration of fenugreek shoot.

fig. 6 - Interaction of PGPR and soil water content on P concen-
tration of fenugreek shoot.

fig. 7 - Interaction of PGPR and soil water content on k concen-
tration of fenugreek shoot.
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4. Discussion and Conclusions

Water deficit limits many crop production world-
wide and negatively affects the plant growth and
reproduction; recently published literatures indicated
that PGPR ameliorate the plants tolerance to abiotic
stresses through a variety of mechanisms (Srivastava

et al., 2008; Sandhya et al., 2010). In keeping with
our results, mishra et al. (2010) indicated that PGPRs
could ameliorate the negative effects of salinity
stress conditions by positive effects on parameters
such as increasing the germination in plants, and also
increasing the yield, drought tolerance, and growth.
It has also been reported that even in the presence
of optimum levels of nitrogenous fertilizers, inoculat-
ing with PGPR containing ACC-deaminase activity can
improve the yield and growth of inoculated plants
(Shaharoona et al., 2006). According to the results of
this investigation inoculation with PGPR containing
ACC-deaminase considerably decreased the damages
caused by drought stress on the growth and yield.
They reported that un-inoculated plants exposed to
drought stress at vegetative growth stage had signifi-
cantly decreased shoot growth by 41%, while in the
inoculated plants the decreased shoot growth was
only by 18 per cent.

In present study control plants without any inocula-
tion produced higher seed yield per pot than PGPR
treated fenugreek (Table 1). It should be noted that
the experiment duration was 5 month and fenugreek
has indeterminate flowering habit, so while plants
flowering were continued it was harvested. It have
been reported that PGPR could delay the flowering
time (Jaleel et al., 2007). Water stress led to decrease
in fenugreek seed yield. The reason may be due to
this fact that in the absence of stress conditions,
more photosynthesis material have been stored in
the organs such as stems and leaves which by trans-
ferring to the seeds increased the grain weight. In
contrary, under stress conditions, the water and min-
eral absorption by the plant is disrupted which
decreases the plant growth and reduces the trans-
mission of photosynthesis material in leaf and other
organs to the grain (Jaleel et al., 2007).

Similar to our findings, root bacterial inoculations
significantly affected the plant nutrient element con-
tents in apple compared to controls and increased
the phosphorus content of treated plants (karlidag et

al., 2007). Ordookhani et al. (2010) reported that P.

fluorescens improved potassium in tomato plant.
Water use efficiency was increased by PGPR in

fenugreek in present investigation. Similar to the pre-
sent findings Jaleel et al. (2007) demonstrated that
the minimum WUe was related to un-inoculated
cases which was improved by inoculation with
Rhizobium and PGPR. In the present investigation
leaf area, shoot weight, dry weight, nitrogen, phos-
phorus and potassium content, and WUe increased
significantly by treatment with both PGPRs. PGPR

fig. 8 - Interaction of PGPR and soil water content on the WUe
of fenugreek.

fig. 9 - Interaction of PGPR and soil water content on the Trigo-
nelline of fenugreek seed.

fig. 10 - Interaction of PGPR and soil water content on nicotinic
acid of fenugreek seed.
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colonizes the plant’s root system and modulates its
growth through increasing the availability of nutri-
ents it also protects the plants from phytopathogens
(Lee et al., 2013). It has been reported that in
induced drought stress condition, fixed nitrogen dur-
ing photosynthesis, spend the production of sec-
ondary metabolites (Aliabadi farahani et al., 2009).
Also beneficial effects of PGPRs on medicinal plants
have been reported (Jaleel et al., 2007). It has been
reported that the synthesis of secondary metabolites
in medicinal plants is induced specific pathway by the
impact of microorganisms (Bouchereau et al., 1996).
Integrative use of PGPRs and water deficit stress
could be an enhance the eco-friendly strategy of
PGPRs and plants and could increasing the alkaloid
yields in medicinal plants (Lee et al., 2013). Since the
fenugreek is used as a medicinal plant this strategy
could be applied for increasing its useful secondary
metabolites.

In conclusion, the results of the present investiga-
tion indicate that both S. meliloti and P. fluorescens

could effectively increase vegetative growth, nitro-
gen, phosphorus and potassium content, secondary
metabolites and WUe in fenugreek regardless of
water stress. Also under water stress condition PGPR
increased plant growth. However in present study
seed yield because of delaying bolting time was
decrease by application of PGPR.
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Abstract: The present research aimed to study the flower and fruit properties

of 60 almond’s cultivars and genotypes. All fruit and kernel traits had high heri-

tability (ranged from 20.73 to 92.13%). Double kernel and pistil length showed

the most and few genotypic variation, respectively. The most yield belonged to

Filippo Ceo, K8-24, Fragiulo and K9-24 (6.9, 6.84, 6.78 and 7.6 kg/tree respec-

tively). Multivariate analysis was the applied technique to determine the rela-

tionship among important traits. Kernel weigh caused yield directly and kernel

width indirectly. To estimate kernel weight, kernel variables had less R square

(0.61) than nut variables (0.94). 

1. Introduction

The efficiency of plants breeding program depends on selection of
desirable parents and progenies. Almond cultivars differ in the growth
and branching pattern, as well as bearing habit (Duval and Grasselly,
1994).

Self-compatibility (Socias i Company and Felipe, 1988; Ortega and
Dicenta, 2003), late blooming (Vargas and Romero, 2001), flower density,
production rate (Dicenta et al., 1993 a; Gradziel and Kester, 1998), fruit
maturity period (Kester and Asay, 1975; Dicenta et al., 1993 b) and kernel
properties (Spiegel-Roy and Kochba, 1974, 1981; Kester et al., 1991) are
the main almond breeding objectives, to be informed by the relationship
among these traits, facilitates the breeding process, and selection of the
desirable almond genotypes (Dicenta et al., 1993 a).

Multivariate analysis is the common technique to evaluate almond
genotypes according to quantitative and qualitative characteristics (De
Giorgio and Polignano, 2001; De Giorgio et al., 2007). Lansari et al. (1994)
used this method in order to evaluate morphological variation of almonds
varieties. Their results indicated that nut and kernel traits, compare to
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vegetative characteristics, has important role in
genotype distinction. De Giorgio and Polignano
(2001) mentioned fruit characteristics are the most
effective variables to differentiate almond geno-
types. De Giorgio et al. (2007) divided 88 almond
varieties, into seven separate groups based on mor-
phological traits. Besides, it has been reported that
almond nut length and thickness, and kernel length
have significant correlations with kernel length,
moreover kernel width have most positive effect on
kernel weight (Spiegel-Roy and Kochba, 1981; Kester
et al., 1977).

The direct and indirect interaction of the traits
which affect the yield can be used as a breeding tool,
in this work we analyzed 60 local and foreign almond
genotypes and cultivars to understand the casual
relation among some important traits.

2. Materials and Methods

Plant materials

This research carried out as randomized complete
blocks design, during the years 2013 -2014, in
Horticultural sciences research institute, Karaj, Iran
(51°35’E, 48°N, 1297 m above sea level, average
annual max/min air temperature of 31.3/22.5°C,
mean RH of 60%, the average annual precipitation of
148 mm, shallow soil pH=7.5). The average of mini-
mum daily temperature (°C) of January to April (years
2013-2014) is given at figure 1 (Based on Iranian
meteorological organization data).

We evaluated 60 almond genotypes (Table 1)
using almond descriptors (Gülcan, 1985) (Table 2). All
genotypes were 7-year-old and except Tuono,
Supernova, Filippo Ceo and Fragiulo, the others were
self-incompatible.

Data analysis

Descriptive statistics (minimum, maximum and
mean) was used to describe and summarize the data
by SPSS 22 and SAS9. Variance components, variance
coefficients and Heritability were calculated by Excel
2013.

Multivariate regression analysis was performed to
assess the relationship among variables by adjusted R
square (ADJRSQ) procedure. Briefly, the subsets of

Fig. 1 - Average of minimum daily temperature (°C) from
January to April (years 2013-2014).

Cultivar and genotypes origin

Foreign Local

Nonpareil Boty k1-25 K14-24 K9-2 A-200

Mission Roby D124 K13-40 K9-32 K9-20

Perlice Karmel K8-24 K9-24 K6-5 K1-16

Padre Sh-21 Shekofeh K8-B K16-23 12-3

Tuono Sh-6 Mamaie K11-9 Sahand 8-3

Filippo Ceo Ne Plus Ultra Sefid K4-13 K9-7 D101

Marcona Sh-17 K8-32 K3-8 K5-6

Supernova K1-5 K6-4 K5-17 Rabie

Fragiulo Sh-13 K2-22 K5-27 D-99

Sh-12 Sh-15 K3-12 K3-19 D-8

A-230 Saba Talkh asli Z-3

Table 1 - Almond cultivars and genotypes evaluated in the pro-
ject

Table 2 - Quantitative traits using in 60 almond cultivars and
genotypes

Trait
Measuring

unit
Measuring

method

Flower characteristics

Flower size cm Caliper

Petal length cm Caliper

Petal width cm Caliper

Stamen number number Counting

Pistil length cm Caliper

Pistil Diameter cm Caliper

Nut characteristics

Nut Length mm Caliper

Nut Width mm Caliper

Nut Thickness mm Caliper

Nut Weight g Digital balance

Kernel characteristics

Kernel Length mm Caliper

Kernel Thickness mm Caliper

Kernel Width mm Caliper

Kernel Weight g Digital balance

Kernel Percentage % Calculating

Double kernels % Counting

Yield Kg/tree Digital balance
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the independent variables, which have the best esti-
mation of some important dependent variables (like
flower size, double kernel percentage) were select-
ed. Then Path analysis was used to describe the
direct relation among variables focusing on causality.

3. Results

Table 3 represents the statistical descriptive and
variance component. Based on the results, the most
genotypic variance (126.37 and 99.08 respectively)
belonged to the double kernel and the kernel per-
centage, while pistil length and thickness had the
least (0.01).

The most heritability belonged to kernel percent-
age and double kernel (92.13% and 89.74% respec-
tively). The rest of the variables had heritability over
20.73%.

Various researches reported different almond
kernel weigh heritability such as 64% (Kester et al.,

1977), 45% (Spiegel-Roy and Kochba, 1981) and 78%
(Dicenta et al., 1993 b); so to have high kernel weight
(5.1 grams) progenies, the parents with high kernel
weight should be chosen. In the present study kernel
weigh heritability was 70.15%.

Filippo Ceo (9.6 kg/tree), k8-24 (6.84 kg/tree),
Fragiulo (6.78 kg/tree) and k9-24 (6.7 kg/tree) had

the most yield and Talkh asli (2.33 kg/tree), D101 (2.
44 kg/tree), 12-3 (2.45 kg/tree), 8-3 (2.8 kg kg/tree)
and Sefid (2.82 kg/tree) had the lowest.

In some environmental conditions (e.g. low tem-
perature before flowering) almond progenies have
been produced double kernel nuts even if the par-
ents did not appearance the trait (Egea and Burgos,
1995; Sánchez-Pérez et al., 2007). It has been found
that complexity and dominant inheritance of the
mentioned trait is affected by genotype and pheno-
type, which have been reported by several
researchers (Dicenta et al., 1993 a, b; Arteaga and
Socias i Company, 2001; Sánchez-Pérez et al., 2007).
In our study, the double kernel varied from 0 to 57%,
suggests it have been influenced by the genotypes
differences.

Food industries seeks for almond progenies with
the medium thickness and smooth surface nuts
(Sánchez-Pérez et al., 2007). We found nut thickness
between 9.08-20 mm. Kester et al. (1977) reported
nut thickness heritability about 0.71, whereas we
estimated it about 0.41.

In the present investigation, stepwise regression
was used to identify the yield causal system which
separates independent variables into direct and indi-
rect ones (Table 4 and Fig. 2). According the data, nut
weight had the most standardized beta (0. 944). As
well as the nut related traits (length, width, thickness

Table 3 - Descriptive statistic, heritability, phenotypic and genotypic coefficients of almond traits

Traits Max Mean Min
Variance components

Heritability
Coefficient of variance

Phenotypic Environmental Genotypic Genotypic Phenotypic

Flower size 5 3.88 2.9 0.39 0.11 0.28 71.04 13.57 16.10

Petal length 2.5 1.65 1 0.13 0.05 0.08 59.08 16.81 21.87

Petal width 1.8 1.35 0.98 0.08 0.04 0.04 52.38 15.54 21.47

Stamen number 37 26.83 15 25.57 4.00 21.57 84.35 17.31 18.84

Pistil length 1.72 1.46 1.1 0.03 0.02 0.01 45.65 8.10 11.98

Pistil thickness 0.52 0.26 0.1 0.04 0.03 0.01 23.08 38.21 79.54

Nut length 47.17 33.35 26.59 24.05 4.67 19.38 80.60 13.20 14.70

Nut width 28.82 20.08 13.28 15.66 4.00 11.66 74.45 17.00 19.70

Nut thickness 20 14.07 9.08 9.64 5.67 3.98 41.23 14.17 22.06

Nut weight 4.76 2.72 0.97 5.47 4.33 1.13 20.73 38.99 85.65

Kernel length 30.89 24.29 18 8.50 1.00 7.50 88.23 11.27 12.00

Kernel width 16.78 12.10 9.19 4.94 1.63 3.31 66.97 15.03 18.37

Kernel thickness 9.12 6.98 4.61 1.38 0.63 0.74 54.02 12.35 16.81

Kernel weight 1.67 1.06 0.56 0.13 0.04 0.09 70.15 28.82 34.41

Kernel percentage 68.88 42.02 23.52 137.17 10.80 126.37 92.13 26.75 27.87

Double Kernel 57 9.95 1 110.41 11.33 99.08 89.74 100.00 105.56

Yield 7.4 5.21 2.62 2.69 0.95 1.74 64.72 25.31 31.46



Adv. Hort. Sci., 2018 32(1): 27-32

30

and weight); the kernel variables (length, width and
percentage) significantly influenced the yield (Table
4). The most direct effect related to kernel weight,
nut weight, nut thickness, nut width and nut length,
respectively (Fig. 2). It is recommended that these
traits can be assumed as the selection criteria to
improve almond commercial yield.

Also, direct and indirect variables which effect
kernel weight (Table 5), double kernel and flower size
have been evaluated via multivariate linear regres-
sion. Nut characteristics (nut weight and width) had
more regression coefficients. Kernel weight estima-
tion entering three independent variables (for exam-
ple, kernel length, width and thickness) had more R2

than two variables (like kernel length and width). 
Double kernel estimation using nut traits did not

have acceptable R2, neither kernel traits. Although
the flower size was influenced by the number of sta-
mens, petal length, and width significantly, but the R2

was very low (0.353).

4. Discussion and Conclusions

Yield improvement is the most important objec-
tive of the almond breeding programs. The commer-
cial yield of almond fruit trees (kg kernel per tree)
results the interaction of self (in)compatibility, flower

Table 4 - Yield causality analysis and stepwise correlation coefficients

Yield Nut weight Kernel weight Kernel thickness Kernel width Nut width

Nut weight 0.488** 1

Kernel weight 0.655** 0.780* 1

Kernel thickness 0.565** 0.630** 0.697** 1

Kernel width 0.612** 0.625** 0.752** 0.778** 1

Nut width 0.466** 0.568** 0.587** 0.594** 0.832** 1

Kernel length 0.266* 0.608** 0.524** 0.281* 0.516** 0.381**

Nut length 0.266* 0.580** 0.489** 0.203

Kernel percentage -0.570** -0.176

Flower size 0

Pistil length -0.088

Petal width -0.053

Stamen number -0.153

Pistil length -0.110

Nut thickness -0.022

Double Kernel 0.140

Fig. 2 - Path analysis for traits that affect almonds yield (beta
coefficients have given at parenthesis).

Table 5 - Kernel weight estimation based on different independent variables

Dependent variable Independent variables entering to equation R2

Kernel weight Nut weight Nut width Kernel thickness Kernel percentage 0.9461
Kernel weight Nut length Nut weight Nut width Double Kernel 0.9455

Kernel weight Nut weight Nut width Kernel percentage 0.9454

Kernel weight Kernel length Kernel width Kernel thickness 0.6193

Kernel weight Kernel length Kernel thickness 0.5888

Kernel weight Kernel width Kernel thickness 0.5827

Kernel weight Kernel length Kernel width 0.5759

*, **, denote statistical significance at 5 and 1% levels, respectively.
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buds density, fruit abscission, kernel dry weight and
Kernel size (Garcia et al., 1996).

Although some small kernel cultivar (such as
‘Felisia’) are ideal for chocolate bars and almond
drops (Socias i Company and Felipe, 1999), large ker-
nel almond are valued almost. The trait, as well as its
correlated trait, varies each year.

High correlation between almond in shell weight
and kernel weight (-0.82) (Sánchez-Pérez et al.,
2007), in shell kernel ratio and in shell weight (-0.72)
and in shell kernel ratio and kernel weight (0.7)
(Dicenta and García, 1993) have been reported previ-
ously.

Based on our result nut length significantly corre-
lated with nut width (0.59) and nut weight (0.71).
Moreover kernel weight showed high correlation
with kernel length (0.64) and nut weight (0.69). the
kernel weight influenced the yield directly and nut
weight indirectly. While nut width, weight and diam-
eter influenced nut length.

Based on the results K8-24 had relatively high nut
length (33.5 mm), nut width (28.82 mm), kernel
length (25.01 mm) and kernel width (7.48 mm).
Fragiulo, K8-24 and Filippo Ceo had relatively high
kernel weight (1.486, 1.378 and 1.373 gr respective-
ly). K8-24 and Fragiulo had relatively high nut and
kernel weight.

According to our findings, Kernel weight can be
used as a selection criterion for almond breeding
programs. Regression models for kernel weight esti-
mation revealed that nut characteristics like length,
width and weight had more R2 (0.94) than the kernel
characteristic such as weight, width and percentage
(R2= 0.61).
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Abstract: Peach trees were treated with salicylic acid at 0 (control) and 1.5 mM

at 15 days before harvest to study the impacts of salicylic acid on nutritional

quality of peach fruits at harvest and during storage at 1°C for 28 days. Total

phenols, flavonoids, and ascorbic acid contents were significantly higher in sali-

cylic acid treated peach fruits after cold storage, leading to fruits with higher

DPPH• and FRAP radicals scavenging capacity. In addition, peach fruits treated

with salicylic acid exhibited higher antioxidant enzymes catalase (CAT), ascor-

bate peroxidase (APX) and superoxide dismutase (SOD) activity after storage at

1°C for 2-4 week, leading to fruits with higher firmness and lower weight loss.

Thus, salicylic acid treatment of peach trees could increase nutritional quality

of peach fruits consumption, due to its effect on increasing antioxidant mole-

cules, with additional effect on delaying the fruit postharvest senescence by

increasing the ROS scavenging enzymes activity.

1. Introduction 

Peach (Prunus persica L.) is highly perishable climacteric stone fruit

and is a rich source of ascorbic acid, carotenoids, and phenolics that are

good sources of antioxidants (Tomas-Barberan et al., 2001). However, the

rapid softening of fruit during storage at ambient temperature results in a

short shelf-life of the commodity and reduced commercial fruit quality

and consumer acceptance (Nunes, 2008). Due to its economic impact and

also human health, great efforts have been done by researchers for

delaying postharvest senescence of peach fruits during cold storage lead-

ing to fruits with higher sensory and nutritional quality by applying

postharvest treatment such as modified and controlled atmosphere stor-

age, heat treatment, glycine betaine, nitric oxide, brassinolide; 1-methyl-

cyclopropene, methyl jasmonate, oxalic acid and salicylic acid (Cao et al.,
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2010; Liu et al., 2015; Kang et al., 2016; Gao et al.,

2016; Razavi and Hajilou, 2016; Shan et al., 2016; Yu

et al., 2016).

Fruit ripening with oxidative fact is associated

with reactive oxygen species (ROS) such as superox-

ide radical (O2
-), hydrogen peroxide (H2O2) and

hydroxyl radicals (OH-) accumulation leading to mem-

brane deterioration, lipid peroxidation and DNA

mutation and ultimately economical quality and

quantity losses of fruits results from deterioration of

their cellular metabolism (Halliwell and Gutteridge,

1989). For overcome to oxidative stress during ripen-

ing which is crucial for delaying fruits deterioration

and maintaining fruits sensory and nutritional quali-

ty, fruits cells employed an antioxidant system,

superoxide dismutase (SOD), catalase (CAT), and

ascorbate peroxidase (APX) as enzymatic and ascor-

bate and glutathione, tocopherols, phenolics,

flavonoids, alkaloids and carotenoids as non-enzy-

matic antioxidants (Apel and Hirt, 2004). SOD vocal-

izes the first line of ROS scavenging and catalyzes the

dismutation of O2
_

to H2O2. Then, H2O2 is eliminated

by the actions of APX and CAT. APX dismutes H2O2 by

conversion of AA to DHA (Foyer and Noctor, 2005).

Due to extra ROS production and or incapable antiox-

idant system activity, fruits may encounter oxidative

damage during ripening leading to quality losses.

Thus, delaying fruits ripening and maintaining fruits

quality, due to its economic impact and also human

health, can be results from effective antioxidant sys-

tem activity in fruits during ripening, which is achiev-

able by using of environmentally friendly technolo-

gies such as salicylic acid (SA) as safe signaling mole-

cule (Hodges et al., 2004; Asghari and Aghdam, 2010;

Kumar et al., 2014), which have potential in delaying

ripening, enhancing quality and attenuating biotic

and abiotic stress of fruits (Asghari and Aghdam,

2010).

According to capability of SA in using as prehar-

vest treatment, Gimenez et al. (2014) reported that

sweet cherry fruits treated at preharvest with SA at

0.5 mM and ASA at 1 mM exhibited higher total phe-

nolics and total anthocyanins, as well as higher

hydrophilic and lipophilic antioxidant activity at com-

mercial harvest (Gimenez et al., 2014). Also, Gimenez

et al. (2017) reported that sweet cherry fruits treated

at preharvest with SA at 0.5 mM and ASA at 1 mM

exhibited higher total phenolics and total antho-

cyanins, as well as higher hydrophilic antioxidant

activity during storage at 2°C for 28 days. Also, cherry

fruits treated at preharvest with SA and ASA exhibit-

ed higher antioxidant enzymes catalase (CAT), ascor-

bate peroxidase (APX) and superoxide dismutase

(SOD) during storage at 2°C for 28 days. Valverde et

al. (2015) reported that the sweet cherry fruits treat-

ed with preharvest 1 mM methyl salicylate exhibited

higher total phenolics and anthocyanins content at

harvest and during storage at 2°C for 28 days, leading

to fruit with higher hydrophilic TAA (H-AA). Also,

sweet cherry fruits treated with preharvest 1 mM

methyl salicylate exhibited higher antioxidant

enzymes CAT, APX and SOD activities during storage

at 2°C for 28 days. Thus, salicylates treatment of

sweet cherry trees enhances health boosting attrib-

utes of cherry fruits consumption, by increasing

antioxidant molecules, with supernumerary impacts

on delaying the sweet cherry fruits postharvest

senescence by enhancing ROS scavenging enzymes

activities (Gimenez et al., 2017). It has been suggest-

ed that the preharvest salicylates treatments would

have commercial fondness with low earnings costs

and with considerable profits in fruit nutritional qual-

ity (Gimenez et al., 2017). Moreover, postharvest

treatment of peach fruit with SA at 2 mM enhanced

higher levels of POD, CAT and SOD activities during

cold storage as compared with control peaches,

which were accompanied by lower polyphenol oxi-

dase (PPO) activity. In addition, SA treated fruits

exhibited higher firmness and radical scavenging

activity (Tareen et al., 2012).

Then, the aim of this research was to evaluate for

the first time the impacts of preharvest SA treatment

of peach trees on bioactive molecules and the antiox-

idant enzymes SOD, CAT, and APX activities at har-

vest and during cold storage. 

2. Materials and Methods

Fruits and treatments

The experiment was carried out on 5-year-old

peach [Prunus persica (L.) Batsch ‘Anjiry maleki’]

trees grafted on GF 677 rootstock, in a commercial

orchard located in the north-west Iran. The trees

were spaced at 6×5 m, receiving identical cultural

practices and trained to an open vase system. Twelve

trees were selected for uniform size and fruit load

and sprayed with SA at concentrations of 1.5 mM on

whole tree and control trees receiving only water. A

surfactant (Tween-20) was added to each solution as

a wetting agent for maximum SA absorption, and

sprays were applied at 15-day before commercial

harvest. Fruit from control and SA treated trees were
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harvested at commercial maturity and immediately

transported to the laboratory. The fruits were select-

ed for uniform size, color and absence of mechanical

damage, and then one group was analyzed 24 h after

harvest and another groups stored at 1±0.5°C and

90% RH for 28 d. At 7-day intervals, 5 fruits from

each of three replications were selected, and left for

a further 24 h at 20°C (shelf-life), and subjected to

physicochemical analysis.

Flesh firmness and weight loss

At each sampling date, flesh firmness (N) was

measured on the opposite sides of the fruit after

peel removal using an Effegi penetrometer (Model FT

011) equipped with an 8 mm diameter probe. To

determine the weight loss, five fruits for each repli-

cates were weighed at harvest and at 7 day intervals

during cold storage. Results were expressed as per-

centage of weight loss relative to the initial fruit

weight.

Antioxidant enzymes activity assays 

Crude extract for APX enzymes was performed by

homogenizing 1 g of frozen fruits tissue with 5 mL of

phosphate buffer 100 mM, pH= 7.8 containing 1%

(w/v) PVP, 1 mM EDTA and 5 mM ascorbic acid. The

homogenate was centrifuged at 18,000 g for 10 min

at 4°C and the supernatant used for enzyme assay.

APX activity was determined by the method of

Nakano and Asada (1987) with some modification.

The reaction mixture consisted of 3 mL of 50 mM

potassium phosphate, pH 7.0, 0.2 mM ascorbic acid,

0.2 mM EDTA and 0.5 mL of crude extract, and the

reaction was allowed to start by adding 0.5 mL of 0.5

mM H2O2. The decrease in absorbance at 290 nm

was recorded spectrophotometrically for 3 min and

APX activity expressed as U mg protein-1.

Crude extract for CAT and SOD enzymes was per-

formed by homogenizing 1 g of frozen fruits tissue

with 3 mL of phosphate buffer 50 mM, pH= 7.8 con-

taining 2% (w/v) PVP, 1 mM EDTA. The homogenate

was centrifuged at 14,000 g for 20 min at 4°C and the

resulting supernatant was used for enzyme assay.

CAT activity was quantified following the method

described by Zhang et al. (2013). The reaction mix-

ture consisted of 50 mM phosphate buffer (pH 7), 15

mM H2O2 and 0.1 mL of crude extract in a final vol-

ume of 3 mL. Decreases in absorbance at 240 nm at

intervals of 30 s were recorded spectrophotometri-

cally. CAT activity expressed as U mg protein-1. SOD

activity was assayed according to the method

described by Zhang et al. (2013). One unit of SOD

activity was defined as the amount of enzyme that

causes a 50% inhibition of nitro blue tetrazolium

reduction under assay conditions and the results

were expressed as U mg protein-1. Total protein con-

tent in the enzyme extract was assayed according to

the method described by Bradford (1976).

Total phenolics, flavonoids and ascorbic acid contents 

The amount of total phenolics in extracts was

determined according to the Folin-Ciocalteu reagent

method (Singleton and Rossi, 1965). Gallic acid was

used as a reference standard, and the total phenolic

contents of extract were expressed as mg gallic acid

equivalent 100 g-1 fresh weight (FW). Total flavonoids

content was determined in accordance with a proto-

col described by Kaijv et al. (2006). A calibration

curve was obtained using quercetin as a standard,

and the results were expressed as µmol quercetin

equivalent (QE) 100 g-1 FW. Ascorbic acid content in

the fruits was measured by 2,6-dichlorophenol

indophenol dye method (AOAC, 1984). For each sam-

ple, 10 g fresh fruits pulp was homogenized with 3%

metaphosphoric acid solution and the mixture was

made up to 100 mL. An aliquot of 10 ml was then

titrated against the dye (2,6-dichlorophenol indophe-

nol) till the pink color appeared. Ascorbic acid con-

tent was estimated from a calibration curve of L-

ascorbic acid and results expressed as mg ascorbic

acid equivalents 100 g-1 FW.

Total antioxidant activity 

The FRAP assay was carried out using TPTZ (2,4,6-

tripyridyl-Striazine) solution according to the proce-

dure described by Benzie and Strain (1999). FRAP

reagent was prepared freshly by mixing 2.5 ml of

solutions TPTZ (10 mM, dissolved in 40 mM HCl) and

FeCl3 (20 mM) in 25 ml of acetate buffer (300 mM

concentration and 3.6 pH). A 50 μL of the diluted

sample was added to 1.5 mL of FRAP reagent. The

absorbance of the mixture was measured at 593 nm

after 4 min. incubation at 37°C using a UV-visible

spectrophotometer (T-60, PG Instrument UK). A cali-

bration curve was built using a standard solution of

FeSO4 and the FRAP values of extract were expressed

as mmol Fe(II)/g fresh weight.

The method of Dehghan and Khoshkam (2012)

was used for measuring the DPPH radical scavenging

ability of peach extracts. The amount of 50 μL of

peach extract was allowed to react with 1.95 mL of

DPPH radical solution (0.1 mM in methanol) for 30

min. The decrease in absorbance from the resulting

solution (AS) was monitored at 517 nm in a UV-visi-

ble spectrophotometer (T-60, PG Instrument UK).

Absorbance of the blank solution of DPPH (2 ml) was
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used as an experimental control (AC). The radical

scavenging activity (RSA %) of the peach fruits

extracts was calculated according to the following

formula:

RSA % =        
100 (Ac-As)

Ac

Statistical analysis

The experiment was performed using a factorial

design with SA treatment and storage time as the

two factors. Differences among means of data were

analyzed by Duncan’s test at p≤0.05 (n=3). All statisti-

cal analyses were performed with SPSS version 20.0.

3. Results and Discussion

As shown in figure 1, fruits weight loss increased

and fruits firmness decreased during cold storage in

control and treated fruits, but fruits weight loss was

significantly lower (P<0.05) and fruits firmness were

significantly higher (P<0.05) after storage at 1°C for

2-4 weeks in peach fruits coming from SA treated

trees than in controls (Fig. 2). Cell wall degradation

by cell wall hydrolases such as polygalactosidase

(PG), pectin methyl esterase (PME), β-galactosidase

(β-Gal) and xylanase along with cell membrane dete-

rioration led to fruits softening that are associated

with climacteric rise in ethylene production

(Srivastava and Dwivedi, 2000). Zhang et al. (2003)

reported that kiwifruit treated with acetyl salicylic

acid exhibited lower ethylene biosynthesis during

fruit ripening, results from lower ACC oxidase (ACO)

and ACC synthase (ACS) activity. Kiwifruits during

postharvest softening of at 20°C exhibited lower

endogenous SA content, which was concurrent with

higher LOX activity and higher ethylene production.

LOX by generation of O2
- have a regulatory role in

ethylene biosynthesis via a contribution in ACC con-

version to ethylene (Xu et al., 2000). Kiwifruit treated

with acetyl salicylic acid exhibited higher endogenous

SA accumulation associated with lower LOX activity,

O2
- accumulation, and ACS and ACO activities and

eventually delayed ethylene biosynthesis. Zhang et

al. (2003) suggested that the higher fruits endoge-

nous SA accumulation leads to lower ethylene

biosynthesis and higher firmness. Also, Srivastava

and Dwivedi (2000) reported that SA treatment

delayed banana fruits ripening, results from lower

ethylene biosynthesis due to lower ACS and ACO

enzymes activity. They also reported that SA treat-

ment maintains fruits firmness, results from lower

PG, xylanase and cellulase activity. Maintaining firm-

ness in peach fruits treated with SA may be result of

directly inhibition of cell wall degradation enzymes

activity, indirectly decreasing ethylene production,

and also higher firmness in peach fruit treated with

SA could be attributed to endogenous SA accumula-

tion which lead to lower LOX activity and ROS accu-

mulation. Loss of weight in stored peach is mainly

due to evaporation of water from the fruits and

becomes apparent as shriveling. The lower weight

loss in peach fruits treated with SA could be attrib-

uted to stabilization of cell membrane as well as cell

wall integrity and the permeability of tissues.

Maintaining ascorbic acid content in fruits during

postharvest ripening is crucial for human health, due

to antioxidant function of ascorbic acid and also for

human disability for ascorbic acid synthesis (Davey et

al., 2000; Hassanpour et al., 2011). As shown in fig-

ure 3, ascorbic acid content decreased in control and

treated fruits during storage at 1°C for 28 days, but

ascorbic acid content was significantly higher during

cold storage in SA treated peach fruits than in con-

trols (P<0.05) (Fig. 3). Huang et al. (2008) reported

Fig. 2 - Firmness of peach fruits treated with preharvest SA at

1.5 mM stored at 1±0.5°C for up to 28 days. Data shown

are mean ± standard deviation of three replicate (n = 3).

Fig. 1 - Weight loss of peach fruits treated with preharvest SA at

1.5 mM stored at 1 ± 0.5°C for up to 28 days. Data shown

are mean ± standard deviation of three replicate (n = 3).
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that navel orange fruit treated with SA exhibited

higher ascorbic acid content, results from increasing

cytosolic Ca+2, enhancing GR enzyme activity, which

in turn could increase GR/APX system activity leading

to higher ascorbate/dehydroascorbate (AA/DHA) and

glutathione/glutathione disulfide (GSH/GSSG) ratios.

Also, Rao et al. (2011) reported that the sweet pep-

per treated with SA and CaCl2 exhibited higher ascor-

bic acid content, which results from lower ascorbic

acid oxidase (AAO) enzyme activity. Higher AA con-

tent in peach fruits treated with SA may be attrib-

uted to higher GR/APX system activity due to

increase of cytosolic Ca+2 concentrations and or

lower AAO enzyme activity.

Enhancing phenols accumulation in fruits during

postharvest ripening is crucial not only due to their

contribution in nutritional quality attributes of fruits

such as color, astringency, bitterness and flavor, but

also phenols are superior antioxidants and display

ROS scavenging activity (Hassanpour et al., 2011).

Due to phenols ROS scavenging capacity and their

function in decreasing low-density lipoproteins (LDL),

consumption of fruits with higher phenols would be

associated with lowered risk of heart disease (Vinson

et al., 2001). As shown in figure 4 and 5, total phe-

nols and flavonoids contents were significantly higher

after storage at 1°C for 2-4 week in SA treated peach

fruits than in controls (P<0.05).

It has been reported that sweet cherry fruits

treated at preharvest with SA at 0.5 mM and ASA at 1

mM exhibited higher total phenolics and total antho-

cyanins, as well as higher total antioxidant activity at

commercial harvest (Gimenez et al., 2014) and during

storage at 2°C for 28 days (Gimenez et al., 2017).

Also, Valverde et al. (2015) reported that the total

phenolics and anthocyanins content were significant-

ly higher in methyl salicylate treated sweet cherry

fruits at harvest and during storage at 2°C for 28

days, leading to fruits with higher hydrophilic TAA (H-

AA). Due to higher PAL enzyme activity in cornelian

cherry fruits treated with SA and CaCl2, which was

associated with higher total phenols, flavonoids and

anthocyanins accumulation (Aghdam et al., 2013;

Dokhanieh et al., 2013), it can be postulated that the

higher total phenols and flavonoids contents in SA

treated peach fruits may attributed to higher PAL

activity. Wang et al. (2015) reported that the apricot

fruits treated with SA exhibited higher total phenols

and flavonoids accumulation and higher hydrophilic

antioxidant capacity. Higher hydrophilic antioxidant

capacity in apricot fruits treated with SA was associ-

ated with higher PAL enzyme activity. Also, apricot

fruits treated with SA exhibited higher SOD enzyme

activity and lower CAT and APX enzymes activity,

which leads to lower O2
- and higher H2O2 accumula-

tion. H2O2 as second messenger can activate PAL

enzyme activity, as a key enzyme in phenyl-

propanoids pathway, and ultimately higher total phe-

Fig. 4 - Total flavonoids content of peach fruits treated with

preharvest SA at 1.5 mM stored at 1±0.5°C for up to 28

days. Data shown are mean ± standard deviation of three

replicate (n = 3).

Fig. 5 - Total phenolics content of peach fruits treated with

preharvest SA at 1.5 mM stored at 1±0.5°C for up to 28

days. Data shown are mean ± standard deviation of three

replicate (n = 3).

Fig. 3 - Ascorbic acid content of peach fruits treated with

preharvest SA at 1.5 mM stored at 1±0.5°C for up to 28

days. Data shown are mean ± standard deviation of three

replicate (n = 3).
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nols and flavonoids accumulation (Wang et al., 2015).

Since peach fruits treated with SA exhibited higher

CAT and APX enzymes activity, higher total phenols

and flavonoids contents cannot be attributed to high-

er H2O2 accumulation.

As shown in figure 6 and 7, DPPH and FRAP scav-

enging capacity of the peach fruits treated with SA

were significantly enhanced during storage at 1°C for

28 days (P<0.05), showing that SA treatment stimu-

lated the scavenging capacity of the peach fruits on

DPPH and FRAP radicals, which may be results from

higher total phenols and flavonoids accumulation

(Razavi and Hajilou, 2016). Dokhanieh et al. (2013)

and Aghdam et al. (2013) reported that the cornelian

cherry fruits treated with SA and CaCl2 exhibited

higher total phenols, flavonoids, and anthocyanins

accumulation results from higher PAL enzyme activity

as key enzyme in phenylpropanoid pathway which is

responsible for antioxidant molecules biosynthesis.

We proposed that SA treatment may stimulate the

accumulation of phenol, and flavonoid in the peach

fruits by activating phenylpropanoid pathway. Higher

DPPH and FRAP scavenging capacity of the peach

fruits treated with SA may be results from higher

total phenols and flavonoids accumulation due to

higher PAL enzyme activity concurrent with higher

ascorbic acid accumulation due to higher cytosolic

Ca2+ and or lower AAO enzyme activity.

As shown in figure 8, 9 and 10, antioxidant

enzymes CAT, SOD and APX activity increased during

storage at 1°C for 28 days in control and treated

fruits, and SOD and APX activities were significantly

higher during all the storage period at 1°C for 28 days

in SA treated peach fruits than in controls (P<0.05),

while concerning CAT, higher activity was observed

only after 3-4 weeks of storage. Valverde et al.

(2015) reported that sweet cherry fruits treated at

preharvest with methyl salicylate exhibited higher

antioxidant enzymes CAT, APX and SOD during stor-

age at 2°C for 28 days. Gimenez et al. (2017) report-

ed that sweet cherry fruits treated at preharvest with

SA at 0.5 mM and ASA at 1 mM exhibited higher

antioxidant enzymes CAT, APX and SOD during stor-

age at 2°C for 28 days. Thus, salicylates treatment of

peach trees enhances health boosting attributes of

peach fruits consumption, by increasing antioxidant

Fig. 8 - CAT activity of peach fruits treated with preharvest SA at

1.5 mM stored at 1±0.5°C for up to 28 days. Data shown

are mean ± standard deviation of three replicate (n = 3).

Fig. 9 - SOD activity of peach fruits treated with preharvest SA at

1.5 mM stored at 1±0.5°C for up to 28 days. Data shown

are mean ± standard deviation of three replicate (n = 3).

Fig. 6 - DPPH scavenging capacity of peach fruits treated with

preharvest SA at 1.5 mM stored at 1 ± 0.5°C for up to 28

days. Data shown are mean±standard deviation of three

replicate (n = 3).

Fig. 7 - FRAP scavenging capacity of peach fruits treated with

preharvest SA at 1.5 mM stored at 1±0.5°C for up to 28

days. Data shown are mean ± standard deviation of three

replicate (n = 3).
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molecules, with supernumerary impacts on delaying

the peach fruits postharvest senescence by enhanc-

ing ROS scavenging enzymes activities. Higher antiox-

idant enzymes activity, together with higher antioxi-

dants molecules accumulation, in peach fruits during

storage, as a results of preharvest SA treatment,

could contribute to ROS scavenging during the

postharvest ripening, which in turn, leads to delaying

peach fruits postharvest ripening and senescence. SA

enhance antioxidant systems activity by avoiding

and/or scavenging ROS, which led to decrease oxida-

tive stress during peach fruits ripening and ultimately

maintain postharvest quality by prevention of

adverse effects of ROS on fruits quality.

4. Conclusions

SA, as safe signaling molecule, could enhance

nutritional quality and improve health promoting

attributes of peach fruits consumption. In addition,

the increase in antioxidant enzymes by SA preharvest

treatment may result in a high ROS scavenging

potential, and in turn in delaying senescence process

leading to the preservation of fruits quality attribut-

es.
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Abstract: Tomato is a typical plant that has distinct response to different nitro-

gen forms in hydroponic culture. In addition, it is a well known susceptible

plant to ammonium nutrition in hydroponic culture. However, its response to

foliar application of nitrogen sources and N-forms has not been well investigat-

ed. In the present study, the growth, productivity and fruit quality of tomato

was investigated under foliar application of nitrogen from different sources.

Ammonium sulfate, urea and calcium nitrate with constant concentration of

100 mM N were weekly sprayed during four months under hydroponic culture

system. A water spray treatment was considered as control. The results

showed that vegetative growth parameters were significantly affected by N

sources in different patterns. The factors such as plant height, leaf area, num-

ber of lateral shoots and shoot fresh and dry weight, as well as leaf nitrate

reductase activity was significantly reduced by foliar application of ammonium

sulfate and to less extent by urea, while there was improvement of these traits

by foliar application of calcium nitrate compared to control. However, ammoni-

um sulfate treated plants had the highest leaf SPAD value and leaf N concentra-

tions. Plant fruiting pattern was also influenced by treatments, as ammonium

sulfate spray reduced the fruit yield, and fruit vitamin C content, while it

increased fruit TSS and titratable acidity. The highest value of yield and vitamin

C was recorded in calcium nitrate sprayed plants. 

1. Introduction

Application of different fertilizers play important role in agricultural pro-
duction of food commodities. Supply of adequate essential nutrients can
significantly improve plant growth, quality and their nutritional values
(Marschner, 2011). Different sources of each nutrient element can be
applied as fertilizer to meet plant’s need of that special element.
Generally for most nutrients, there is little difference among effects of
various sources; however, regarding nitrogen there is significant different
effect of N form and sources on many vegetative and reproductive traits
of plants (Souri and Roemheld, 2009).
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Nitrogen fertilizers have important role in improv-
ing crop productivity; however low use efficiency rate
of N fertilizers threatens sustainable plant production
(Souri, 2010). On market, various nitrogen sources
exist for application under field and hydroponic cul-
ture. Urea, ammonium sulfate and ammonium
nitrate are the main nitrogen fertilizers for soil appli-
cation, while calcium nitrate and potassium nitrate
are the major nitrogen sources commonly are used in
hydroponic systems (Marschner, 2011). Nitrogen
forms (ammonium vs. nitrate) can have significant
effect on morphology and physiology of plants partic-
ularly under hydroponic culture (Souri and
Roemheld, 2009). In addition, ammonium instead of
nitrate (Smoleń and Sady, 2009; Souri 2010;
Marschner, 2011) and foliar complementation
(Kolota and Osinska, 1999; Dehnavard et al., 2017)
supply of nitrogen can significantly improve N fertiliz-
ing efficiency in cropping systems.

There may be several potential benefits of provid-
ing nitrogen to greenhouse crops via the foliage.
These include: reduced nitrogen losses through deni-
trification and leaching, the ability to supply nitrogen
when root activity is impaired e.g. in soil or water
saline conditions, and luxury supply of plants with
nitrogen. In cereals and some agronomic crops, late
foliar application of urea generally results in higher
grain protein and N content (Fageria et al., 2009).
The best quality parameters of plant growth and pro-
ductivity of cabbage was reported when foliar versus
soil application of fertilizers was applied (Atanasova
et al., 2007).

Tomato is one of the major vegetable crops that is
cultivated in many parts of the world and consumed
in many dishes. The application rate of N fertilizers in
tomato culture is generally high (Souri and
Roemheld, 2009), with N efficiency of about 30-50%
(Zotarelli et al., 2009; Souri, 2010). In many green-
houses due to continuous cultivation and fertiliza-
tion, soil salinity level is generally much higher than
the threshold. If some levels of required N could be
applied on plants as foliar spray, it can improve N use
efficiency with less soil salinity buildup and less envi-
ronmental side effects. In literature the tomato
responses to continuous foliar spray of nitrogen
sources have not well been established. Therefore,
the aim of this study was to evaluate response of
tomato plants to foliar application of various nitrogen
forms and sources under greenhouse and hydroponic
culture.

2. Materials and Methods

Experimental set up

This study was conducted during 2012 under green-
house conditions at Faculty of Agriculture, Trabiat
Modares Uni., Tehran-Iran. The experiment was done
in hydroponic system with four treatments and four
replications arranged in completely randomized
design. Tomato seeds (Lycopersicon esculentum var.
Money Maker) were germinated in quartz sands and
after germination (in four-leaf stage) two homoge-
neous seedlings were transferred to pots containing
a mixture of cocopeat and perlite in ratio of 3:1 (v/v).
One week later one of them was removed and one
week later foliar treatments were applied on plants.
The nutrient solution composition was prepared fol-
lowing Hoagland formula (Dehnavard et al., 2017).
Black plastic pots as replication, with a volume of
nearly 12 liter were used for plants cultivation. For
first two weeks after seedling transplanting, plants
were supplied with one daily application of 100-200
ml of nutrient solution. Thereafter, pots were sup-
plied two times per day with nutrient solution of a
final quantity of 250-1500 mL until end of experi-
ment. The amount of applied solution increased with
plant size and reached the amount of 1.5 liter per
day at full plant size.

Treatments were foliar spray of three nitrogen
sources of ammonium sulfate (AS), urea, calcium
nitrate (CN) and a no spray control. All three N
sources were applied in constant concentration of
100 mM N (equals to 1400 mg L-1 N). Sprays were
done on weekly basis during 4 months of active
growth period from 25 March (first foliar spray) until
the end of July 2012. Distilled water was sprayed in
control plants. Spraying treatments were done in the
early morning, one hour after sun rise.

Measurements

During plant growth period for four months, various
vegetative traits as well as fruit harvesting records
were collected. The final harvest of plants was done
at the end of July. Chlorophyll index was measured
two times by SPAD meter (model 502 Plus, Illinois,
USA), each time with 30 readings on 3 different areas
for 10 randomly selected leaves per pot that the
average was presented as leaf SPAD value. SPAD
readings were done at the middle of experiment and
before final harvest, at 10 o’clock in the morning.
Plant height, number of lateral shoots,
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shoots fresh and dry weight were measured at final
harvest. Cumulative harvest of fruits was recorded as
final yield. Plant leaf area was measured by leaf area
meter and calculated as average area of a single leaf.

Fruits after harvesting were transferred to labora-
tory for further quality assessment. Fruit firmness
was measured by penetrometer (Model Wagner)
after removing fruit skin using a blade. Fruit total sol-
uble solids (TSS), titratable acidity (TA) and pH were
determined in fruit juice squeezed by a squeezer.
Fruit TSS percentage was measured by a portable
refractometer (Atago, Tokyo, Japan). Fruit pH was
determined using a portable pH meter, and titratable
acidity was determined with titration of 5 mL of fruit
juice with NaOH 0.1 N until end pH of 8.1.

For determination of vitamin C (L-ascorbic acid), 50
g of fresh fruit tissue was crushed in a porcelain mor-
tar in vicinity of 20 mL metaphosphoric acid 6%, and
then the juice transferred into a 50 ml tube, then
centrifuged at 4000 rpm for 10 min. Five mL of the
supernatant transferred into an Erlenmeyer flask,
and received 20 mL of metaphosphoric acid 3%. Then
titration of the extract was done by di-chloro phenol
indophenols until appearance of a rosa color, which
the amount of vitamin C (mg 100-1 g FW) was calcu-
lated accordingly and based on a standard curve of L-
ascorbic acid concentrations.

From each treatment and replicates 3 fruits were
kept in room temperature (25±2°C) for one week,
thereafter their weight loss percentage was calculat-
ed. Total nitrogen of leaves was determined using
kejeldahl method and the activity of leaf nitrate
reductase enzyme (NR) was determined after grind-
ing and homogenizing of leaf materials in a mortar
containing liquid nitrogen. Nitrate reductase was
extracted in a buffer consisting of 100 mM HEPES (pH
7.5), 1 mM EDTA, 7mM cystein, 3% polyvinyl polypy-

rolidone (PVPP), 10 Μm leupeptin, and 1 mM phenyl
methyl sulfonyl fluoride (PMSF). After preparation of
extracts sulfanilamide (0.5%) and N-(1-naphthyl)-eth-
ylenediamine dihydrochloride (0.01%) in 1.5 M
hydrochloric acid (HCl) were used for color develop-
ment and the amount of NO2

- was determined spec-
trophotometrically at 540 nm and then nitrate reduc-
tase activity was calculated accordingly.

Statistical analysis

Excel software was used for calculating means and
standard deviations and data were analyzed by SPSS
software. Comparison of means was performed at
5% by Duncan’s multiple range test.

3. Results

The results of present study showed that plant veg-
etative growth parameters were significantly affect-
ed by nitrogen sources. Plant height was significantly
higher in calcium nitrate treated plants compared to
ammonium sulfate and urea treated plants (Table 1).
The significant largest area of a single leaf and the
highest number of lateral shoots were recorded in
those plants which were treated with calcium nitrate,
while the significant lowest records were in ammoni-
um sulfate treated plants (Table 1). SPAD value as a
chlorophyll concentration index of plants were high-
est in ammonium sulfate treated plants (Table 1),
and there was no significant effects among other
treatments.

Plant shoot fresh and dry weights were significantly
affected by foliar spray of nitrogen sources. The sig-
nificant highest shoot fresh and dry weight was
obtained from plants treated with calcium nitrate
and control plants. The significant lowest shoot fresh

Foliar spray treatment
Plant height

(m)
Leaf area 

(cm2)
Lateral shoots 

(no.)
SPAD value

Control (d-water) 1.98±0.16 ab 74.95±6.2 b 59.25±3.5 b 37.025±1.6 b

Ammonium sulfate 1.365±0.22 c 66.60±6.0 c 43.25±5.6 c 46.925±3.8 a

Urea 1.753±0.17 b 71.25±5.6 bc 51.00±9.7 bc 39.825±1.8 b

Calcium nitrate 2.225±0.22 a 80.60±2.7 a 70.50±5.2 a 39.275±1.8 b

Table 1 - Mean values of plant height, leaf area, number of lateral shoots and leaf SPAD of tomato plants. Plants were grown in
Hoagland nutrient solution for 17 weeks

All three N sources were applied in constant concentration of 100 mM N.
SPAD readings were done two times at the middle of experiment and before final harvest, and the average was presented.
Data are average of 4 replications ± SD. In each column means with a common letter have no significant difference at 5% of Duncan test.
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and dry weight was in plants treated with ammonium
sulfate and urea (Table 2). Determination of leaf
nitrogen concentration (Table 2) revealed that plants
treated with ammonium sulfate and urea had signifi-
cantly higher amounts compared to control and calci-
um nitrate treated plants. Foliar spray of nitrogen
sources showed significant effect on leaf nitrate
reductase enzyme activity (Table 2). Nitrate reduc-
tase is the key enzyme in nitrate assimilation that its
activity depends on several factors including nitrogen
and nitrate status of plant tissues. The significant
highest activity of this enzyme was in leaf of plants
treated with calcium nitrate followed by control
plants and those treated with urea. The significant
lowest nitrate reductase activity was in ammonium
sulfate treated plants.

Fruiting pattern of plants was also influenced by
sprays of nitrogen sources and forms (Table 3 and 4).
Number of fruits per plant was highest in calcium
nitrate treated plants; however, they had no signifi-
cant difference with control and urea treated plants.
Those plants which were treated with ammonium
sulfate produced significant lowest number of fruits
(Table 3). The amounts of fruit yield per plant was
significantly higher in calcium nitrate treated plants
(Table 3), followed by control, urea and ammonium
sulfate treated plants. Fruit firmness was not affect-
ed by foliar spray of nitrogen sources; however the
percentage of fruit weight loss was significantly influ-
enced by N foliar treatments. The highest weight
loss, during one week keeping fruits at room temper-
ature, was in fruits of those plants which were treat-

Table 2 - Mean values of shoot fresh and dry weight, leaf N concentration and nitrate reductase activity of tomato plants

Plants were grown in Hoagland nutrient solution for 17 weeks.
All three N sources were applied in constant concentration of 100 mM N.
Data are average of 4 replications ± SD. In each column means with a common letter have no significant difference at 5% of Duncan test.

Foliar spray treatment
Shoot FW

(g)
Shoot DW 

(g)
Leaf N concentration

(%)

Leaf nitrate reductase activity
(µ mol NO

2
g FW h)

Control (d-water) 1581±122 ab 13.7±1.6 a 2.3±0.17 b 0.71±0.1 b

Ammonium sulfate 1213±59 c 11.5±0.8 b 3.2±0.30 a 0.17±0.01 d

Urea 1469.5±79 b 11.4±1.14 b 2.9±0.32 a 0.30±0.09 c

Calcium nitrate 1758.3±186 a 14.2±1.7 a 2.5±0.13 b 0.90±0.06 a

Table 3 - Mean values of fruit number, fruit yield, fruit firmness and fruit postharvest weight loss in tomato

Plants were grown in Hoagland nutrient solution for 17 weeks.
All three N sources were applied in constant concentration of 100 mM N.
Fruit weight loss was measured after one week in room temperature of 25±°C
Data are average of 4 replications ± SD. In each column means with a common letter have no significant diff erence at 5% of Duncan test.

Foliar spray treatment
Number of 

fruits plant-1

Fruit yield
(g plant-1)

Fruit firmness
(kg cm2)

Fruit weight loss
(%)

Control (d-water) 19.7±2.7 a 2210.7±253 b 1.24±0.16 a 5.15±0.83 b

Ammonium sulfate 17.2±2.6 b 1824.5±218 c 1.32±0.10 a 12.25±2.04 a

Urea 19.0±2.2 a 1896.0±230 c 1.23±0.21 a 6.35±0.79 b

Calcium nitrate 20.2±2.2 a 2994.5±306 a 1.38±0.11 a 5.40±1.01 b

Table 4 - Mean values of fruit TSS, fruit TA, fruit pH, and fruit L-ascorbic acid content in tomato under different fertilization

Plants were grown in Hoagland nutrient solution for 17 weeks.
All three N sources were applied in constant concentration of 100 mM N.
Data are average of 4 replications ± SD. In each column means with a common letter have no significant difference at 5% of Duncan test.

Foliar spray treatment
Fruit TSS 

(%)
Fruit TA 

(%)
Fruit pH 

Fruit L-ascorbic acid
(mg 100 g FW-1)

Control (d-water) 5.50±0.16 ab 3.75±0.13 b 3.68±0.1 a 36.8±4.1 a

Ammonium sulfate 5.98±0.27 a 4.57±0.22 a 3.95±0.3 a 31.0±2.1 b

Urea 5.48±0.17 ab 3.85±0.21 b 3.90±0.2 a 33.5±2.9 ab

Calcium nitrate 5.35±0.18 b 3.60±0.18 b 3.78±0.2 a 37.1±3.4 a
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ed with foliar spray of ammonium sulfate (Table 3).
Fruit TSS was also highest in ammonium sulfate

treated plants and the significant lowest fruit TSS was
in calcium nitrate treated plants (Table 4). Similarly,
fruit titrateable acidity values (TA) unchanged in urea
and calcium nitrate treated plants compared to con-
trol, however sprays of ammonium sulfate resulted in
significant higher amounts of fruit TA (Table 4). Fruit
juice pH was not affected by foliar sprays of nitrogen
sources (Table 4). The significant highest L-ascorbic
acid concentration was in calcium nitrate treated
plants and control plants, while the significant lowest
L-ascorbic acid was in ammonium sulfate treated
plants (Table 4).

4. Discussion and Conclusions

The results showed that many growth and produc-
tivity traits of tomato plants were significantly affect-
ed by spray of N sources. Plant biomass production
and its different parameters including plant height,
leaf area, number of lateral shoots, fresh and dry
weight were significantly reduced by both ammoni-
um sulfate and to less extent by urea treatments,
while calcium nitrate sprays resulted in improvement
of all these growth parameters compared to AS and
urea treatments.

Reduction in growth parameters of tomato due to
foliar application of various concentration of ammo-
nium sulfate have been reported by Dehnavard et al.

(2017). On the other hand, tomato is a distinct sensi-
tive plant to ammonium nutrition particularly under
hydroponic culture (Loqué and von Wirén, 2004;
Souri and Roemheld, 2009). In present study, despite
plants were fed by nitrate in nutrient solution; how-
ever foliar application of ammonium forms of nitro-
gen (ammonium sulfate and urea) resulted in
reduced growth of plants. Foliar absorption of nitro-
gen cannot be restricted by root medium N status, as
there is always plant affinity to absorb nitrogen
(Marschner, 2011; Dehnavard et al., 2017). Foliar
spray of ammonium sulfate in concentration of 100
and 200 mM with weekly application was resulted in
significant growth restriction and less biomass pro-
duction of tomato plants (Dehnavard et al., 2017),
while sprays of 50 mM improved tomato plant
growth parameters, probably due to the fact that
applied ammonium concentration and corresponding
absorption was not in stressful level, but rather
favored better photosynthesis and plant growth.
Daily foliar application of urea as the sole N source

for tomato seedlings improved seedlings growth
(Nicouloud and Bloom, 1996). Despite the tomato tis-
sue concentrations of ammonium increases signifi-
cantly in 12-24 hour after foliar urea application
(Nicouloud and Bloom, 1996), however from various
studies it seems that plants can tolerate urea sprays
better than ammonium sulfate (Souri and Roemheld,
2009). Metabolism of malate and excretion of pro-
tons play important role in maintaining pH during
ammonium assimilation in the shoot following
ammonium sprays (Peuke et al., 1998). Urea in fre-
quent applications and higher levels may have toxici-
ty to plants (Bowman and Paul, 1992). However,
although foliar spray of urea is common in some
crops, but its physiological effects varies with season,
cultivar and concentration (Bowman and Paul, 1992;
Fageria et al., 2009). In addition, it has been reported
that foliar spray of urea compared to ammonium and
nitrate may has less damage to leaves (Bowman and
Paul, 1992). The absorption rate of urea is generally
higher than calcium nitrate and ammonium sulfate in
foliar spray (Bowman and Paul, 1992; Fageria et al.,
2009). However, within the tissues urea breakdowns
to ammonium ions that similar to ammonium uptake
can result in some toxicities (but with lesser extent)
and restricted plant growth traits. 

SPAD values and leaf N concentration in ammonium
sulfate treated plants were significantly higher com-
pared to control and calcium nitrate sprayed plants.
There are few studies reporting the effects of foliar
application of nitrogen sources on vegetable crops.
Urea has been mainly used in one or limited applica-
tions with no negative side effect on plant growth
(Fageria et al., 2009; Zhang et al., 2009). Higher leaf
SPAD value by ammonium sprays could be mainly
due to higher chlorophyll concentration induced by
restricted leaf expansion and higher N concentrations
(Souri and Roemheld, 2009; Dehnavard et al., 2017).
The effect of foliar applications of ammonium sulfate
and urea on chlorophyll readings in this study is in
agreement with the results of foliar ammonium
application on tomato (Dehnavard et al., 2017), and
urea spray on broccoli (Yildirim et al., 2007) and
onion (Charbaji et al., 2008). Ammonium spray prob-
ably by restriction of leaf area expansion has resulted
in higher leaf N concentrations. In addition, ammoni-
um absorption can take place by many nutrient spe-
cific and unspecific transporters, which results in less
plant cell control over ammonium uptake and trans-
port within the tissues (Souri and Roemheld, 2009).

It seems that chlorophyll biosynthesis is less sensi-
tive to ammonium rather than other leaf parameters
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such as leaf cell expansion and cell division, root and
shoots growth and protein biosynthesis. It has been
shown that foliar application of urea or soil applica-
tion of a stabilized ammonium fertilizer (ENTEC) can
significantly increase N concentrations of leaves and
root in carrot (Smoleń and Sady, 2009) and tomato
(Souri and Roemheld, 2009) with less nitrate content.
Three foliar sprays of urea with 3 days interval on
onion plants showed that bulb fresh and dry weight
were increased by urea levels to 5000 mg L-1 without
any damage to leaves (Charbaji, et al., 2008). The
best quality parameters of dry weight, total soluble
sugars, vitamin C and low nitrate content in the cab-
bage leaves were achieved by foliar versus soil appli-
cation of fertilizers (Atanasova et al., 2007).

Foliar application of ammonium and then urea sig-
nificantly reduced nitrate reductase activity of toma-
to leaves (Table 2). This can be a negative factor
when nitrate is actively taken up by plant roots and
due to low activity of this enzyme most of nitrate
accumulate in vacuoles resulting in higher nitrate
accumulation in leaves and probably in fruits.

Tomato plant yield was significantly reduced by
ammonium sprays, while it was increased by calcium
nitrate treatment. This ammonium effect could be
due to restricted vegetative growth, reduced
hydraulic conductance, phloem translocation and
less fruit set, while calcium nitrate had no effect on
fruit number but it increased the average fruit weight
resulted in higher yield compared to control. Foliar
nitrogen application generally increase plant yield.
The maximum increase in marketable yield in cab-
bage, onion, and cucumber using supplementary
foliar N fertilization was 20.3%, 10.8% and 7.3%,
respectively (Kolata and Osinska, 1999). Foliar fertil-
ization significantly decreased the level of cucumber
leaf infestation by downy mildew disease (Kolata and
Osinska, 1999).

Changes in fruit quality traits are generally
observed due to foliar N applications. In this study
increase in fruit TSS by ammonium spray can be due
to higher chlorophyll content of leaves and higher
photosynthetic rates. It is probably feasible that
foliar sprays of ammonium induced stress signals
leading plant to have more fruit sugars and TSS con-
tent. Guvenc et al. (1995) reported that foliar urea
application improved some quality (Vitamin C and
Titratable acidity) and growth properties of tomato.
In onion plants foliar spray of urea increased N, P, K
and Ca concentration of leaves that resulted in high-
er photosynthesis and sugar production; however,
other nutrients were not affected (Charbaji et al.,

2008). Similar results in carrot were found by foliar
application of nitrogen sources (Smoleń and Sady,
2009).

In present study, ammonium spray reduced vitamin
C content of fruits. This can be due to stress condi-
tions induced by foliar ammonium spray and less
hydraulic conductance of plant tissues (Souri and
Roemheld, 2009). Changes in quality parameters of
tomato by foliar nitrogen sprays are in agreement
with similar studies on other vegetable crops
(Guvenc et al., 1995; Chaurasia et al., 2005; Yildirim
et al., 2007; Dehnavard et al., 2014), which showed
that increasing nitrogen application reduced the vita-
min C content. In addition, foliar application of nitro-
gen compounds can significantly improve plants tol-
erate to heat stress (Zhao et al., 2008). Foliar N appli-
cation can improve plant growth parameters of dry
weight, relative water content and nitrate reductase
activity under moderate water stress particularly
with drought sensitive varieties (Zhang et al., 2009).

In this experiment, foliar application of ammonium
sulfate and to less extent urea reduced normal plant
growth and some quality traits, while calcium nitrate
generally improved tomato growth and some quality
factors. However, calcium nitrate can increase nitrate
content of fruits that is not suitable, and therefore is
not recommended in repeated applications. Spray of
ammonium sulfate increased fruit TSS and titrateable
acidity while it decreased vitamin C and fruit posthar-
vest freshness. So, restricted growth through lower
height and less lateral shoots in ammonium foliar
sprayed plants may suggest benefits regarding labor
requirement for plant pruning-training and manage-
ment under greenhouse production of tomatoes. In
addition, by foliar N application (particularly
Ammonium sulfate and urea) less soil salinity and
less nitrate accumulation occur. Nevertheless, it is
revealed that tomato still show sensitivity to ammo-
nium nutrition through the foliage similar to root
ammonium nutrition via nutrient solution. 
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Abstract: Efficient irrigation technique for mangosteen seedling was evaluated,

from October 2016 to May 2017, in order to determine the growth and mor-

phophysiology of both the conventional deficit irrigation (CD) and partial root-

zone irrigation (PR). A set of randomized block design, with 4 replicates each,

was applied on 100% field capacity (control), 50% field capacity (CD1), 30% field

capacity (CD2), and ratios of 100:50% field capacity (PR1), 100%:30% field

capacity (PR2) and 50:30% field capacity (PR3). The results showed a restriction

in mangosteen growth, except control, as indicated by decrease in total dry

mass, which due to decrement in leaf number, photosynthetic rate and root

growth. Malondialdehyde (MDA) level and glutathione peroxidase (GPX) activi-

ty was higher while proline accumulation was lower in PR compared to those of

both CD and control treatments. Secondary metabolites content changes in

treatments, such as octacosane, cysteamine sulfonic acid, propyl oleate, 1-nan-

odecene, and 2-butyn-1-ol-4metoxy were synthesized in the low soil moisture

conditions. Leaf Ca-pectate, Ca-phosphate and dissolved Ca tended to increase

in low soil moisture. The PR1 treated plant had the highest water use efficien-

cy. Therefore, PR technique could be applied when the soil moisture level rep-

resents 50% (or more) of the field capacity.

1. Introduction

Mangosteen (Garcinia mangostana L.) is a tropical perennial crop that
plays an ecologically important role in agroforestry system (Wijayanto
and Hartoyo, 2015). It produces an exotic fruit with high antioxidant level
(Kurniawati et al., 2010). However, many producing countries, such
Indonesia, Malaysia, Thailand and India (Osman and Milan, 2006), are fac-
ing both fluctuations in production and yellow latex matter in mangos-
teen fruits production (Sdoodee and Limpun-Udom, 2002; Poerwanto et

al., 2010). Matra et al. (2016) reported that mangosteen exhibits moder-
ate genetic variation within a population. On the other hand, according to
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Martias and Mansyah (2014), the variations in man-
gosteen quality were affected by seasonal variation,
water availability, and cultivation techniques.
Furthermore, Poerwanto et al. (2010) stated that
high water fluctuation in the soil will affect the turgor
pressure so that the duct secretory of yellow latex
will break out and contaminate the fruit.

As other tropical fruits, mangosteen requires low
soil moisture root zone to promote flowering (Paull
and Nakasone, 1998). However, extended low water
status might adversely affect the plant growth
(Mustaha, 2012). Preventing water fluctuation on
mangosteen root zone is not easily carried out due to
the fact that mangosteen is usually planted in an arid
area (and depend on rainfall). On the other hand,
mangosteen was spread in hills area with agro-
forestry system, making the irrigation setting diffi-
cult. Thus, the management of irrigation becomes an
important factor.

However, mangosteen is allegedly non-responsive
to irrigation due to the uniqueness of its root mor-
phology (Wiebel et al., 1994). Indeed, irrigation was
observed to be ineffective in decreasing the water
fluctuation (Sdoodee and Chiarawipa, 2005). Besides,
the root growth of mangosteen is both slow and sea-
sonal and it grows faster before the appearance of
new leaves, steadily decreases during the leaves
development, and stops post-dormancy period
(Hidayat, 2005). Thus, an efficient irrigation tech-
nique is needed to decrease water fluctuation. Partial
root-zone irrigation (PRI), often referred to as partial
root-zone drying (PRD), is a well-known irrigation
method which alternately irrigates the root zone
(Sepaskhah and Ahmadi, 2010). Adwirman (2006) has
already applied the PRD technique on mangosteen
but further studies are still needed on both physio-
logical responses and nutrient status of the plant. In
present study, the calcium status was also analyzed,
either in the form of dissolved, pectate, phosphate
and oxalate.

In fact, calcium is one of important mineral in
mangosteen, especially in relation to yellow latex
(Dorly et al., 2011; Kurniadinata, 2015) and plays an
important role in the mechanism of adaptation to
stress condition (Liu et al., 1998; Chen et al., 2002),
especially on signal transduction in the responses to
water deficit (Hong-Bo et al., 2008). Its status was
analyzed in the present research to determine the
correlation between the plant root water status and
the occurrence of yellow latex, especially Ca-complex
such as Ca-oxalate (Korth et al., 2006; Setyaningrum,
2011), Ca-dissolved, phosphate, and pectate (Saure,

2005). Therefore, this study aims to: (1) determine
the growth and morpho-physiological responses of
mangosteen seedlings, (2) determine the role of cal-
cium, and (3) evaluate the level of secondary
metabolites in different water status conditions.

2. Materials and Methods

Orchard and plants

Two-years old mangosteen seedlings at averages
height of 30±2.02 cm and leaves number, ranged
from 17 to 20, were planted on Pasir Kuda experi-
mental field (±260 m asl), Bogor, Indonesia between
October 2016 and May 2017. A set of randomized
block design, with 4 replicates, was used for field
capacities of both conventional deficit irrigation (CD)
and partial root-zone irrigation (PR) methods, com-
prised of 100% (control), 50% (CD1), 30% (CD2),
100% A: 50% B (PR1), 100% A: 30% B (PR2) and 50%
A: 30% B (PR3). Mangosteen seedlings were planted
in root-boxes (50 x 40 x 20 cm) in accordance with
each treatment. One side of the root-box was made
of glass and covered with a black thick cloth to
observe the root growth, in a non-destructive way.
The root-box was divided into two parts (Fig. 1) in the
PR treatment and the partitions were layered by
hydrophobic plastic material, in order to avoid water
flow from one side to the other side. Both sides of
the root-box were filled with soil and compost at a
ratio of 1:1 (w/w). Mangosteen roots were carefully
cleaned and divided into two symmetrical parts and
planted on both side A and side B of the root-box,
respectively. The planted mangosteen seedlings were
acclimatized and watered within the field capacity
conditions for four weeks. In the last week of the
acclimatization period 100 g dolomite [CaMg(CO3)2;
±30% CaO] was applied in each root-box.

Fig. 1 - Root-box illustration in conventional deficit (A) and par-
tial root-zone (B) irrigation treatment. In the PR treat-
ment, the root was planted on 2 sides, side A and side B.
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Field capacity determination

Soil water content (WC) and humidity (RH) were
measured to quickly determine the field capacity
(FC). Soil water content was determined by gravimet-
ric method (Abdurachman et al., 2006). A hundred
grams of soil was weighed (FW) and heated at 105oC
for 24 hours (DW) and the soil water content calcu-
lated with the following equation: 

FC = (FW - DW) / DW x 100%

Soil RH was measured by means of a soil moisture
meter (HT5213, China). Soil water content and RH
were measured every 3 days for the optimization
(Table 1). Water treatment was applied based on
Table 1. The 100% field capacity occurred when the
condition was 64.39% for the soil water content and
10 for the RH. The 50% and 30% field capacity treat-
ments were obtained at a soil water content of
28.16% (day 13) and 20.06% (day 25), respectively. In
order to simplify the water availability application,
the watering syllabus was set for every 2 days, 2
weeks and 3 weeks for the 100%, 50% and 30% field
capacity treatments. Soil moisture meter was
installed on root-box to control the soil condition.

Measurements

Leaf water potential and relative water content.
Healthy mature leave samples were taken at 7.00
A.M., placed into sealed plastic, and kept in a cooler
box for further observation in laboratories. The
leaves were cut in a cup and measured in a WP4
chamber and leaf water potential was measured
using a WP4 Dewpoint Potential Meter (Decagon
Devices Inc, USA). The relative water content (RWC)
measurement of leaves was carried out in accor-
dance with the leaf water potential. The samples
used in the leaf water potential measurement (the
fresh weight/FW measured) were soaked in the cup
containing distilled water. The surface of the cup was
covered with filtering paper so that the leaves do not
float. Afterwards, the cup was kept in a cool storage
for 24 hours, then drained and weighed to determine
the turgid weight (TW). Leaves samples were dried at

70°C for 3 days and weighed to determine the dry
weight (DW). The RWC was calculated by means of
the following equation: 

RWC = [(FW-DW) / (TW-DW)] x 100

Photosynthesis and transpiration rates .
Photosynthesis and transpiration rate were mea-
sured prior to treatment and 2 months post-treat-
ment using LI-COR 6400 (LI-COR Inc, USA). 

Calcium content. Calcium content in dissolved
form was determined following the method devel-
oped by Suwwan and Poovaiah (1978), while calcium
in complexed forms was measured gradually accord-
ing to Chen and Uetomo (1976) procedure. 

Malondialdehyde (MDA) level. Lipid peroxidation
activity was determined from MDA content that was
measured by mean of Wang et al. (2013) procedure.
Briefly, 0.4 g leaves sample was homogenized with 10
ml TCA. Homogenate was centrifuged at 4oC for 10
min at 3000 g. Then, 2.5 ml supernatant was added
to the reagent which is containing of 0.5% TBA and
20% TCA to be incubated at 80°C for 25 min. The
absorbance was read at 440, 532 and 600 nm. MDA
level was calculated with the following equation:

MDA = 6.45 (A532-A600) - (0.56 x A440)

Proline content. Proline content was measured
following the method developed by Bates (1973). In
brief, 0.5 g leaves sample was homogenized with 3%
sulfosalicylic acid. The homogenate was centrifuged
at 12.000 g for 10 min. The supernatant was mixed
with reagent which contains ninhydrin and glacial
acetic acid. The mixture was incubated at 100°C for
60 min and transferred into an ice bath immediately.
Afterwards, sample was extracted with 4 ml toluene
and stirred in vortex. The absorbance was read at
520 nm. Proline concentration was calculated using
proline standard curve.

Glutathione peroxidase (GPX) activity. GPX activity
was analyzed following the method developed by
Urbanek et al. (1991). In brief, leaf were extracted in
phosphate buffer. The reaction mixture containing

Table 1 - Optimization of soil water content and humidity of mangosteen root zone during drought stress to determine the watering syl-
labus

Numbers, within the same row, followed by the same letters showed no significant differences based on DMRT at a probability level of
5%. Bold numbers indicating 100%, 50% and 30% field capacity, consecutively.

Variables
Period of drought stress (days)

1 4 7 10 13 16 19 22 25

Water content (%) 64.39 a 43.06 b 44.24b 41.37 b 28.16 c 27.43 c 24.19 cd 21.12 d 20.06 d

Relative humidity (1-10) 10.00 a 8.68 b 8.41 bc 8.04 bc 7.60 c 7.60 c 5.71 d 5.71 d 5.53 d
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phosphate buffer (pH 7.0), EDTA, guaiacol, H2O2 and
50 l enzyme extract. The enzymatic reaction was initi-
ated by addition of extract and the increase in
absorbance recorded at 470 nm for 1 min. Enzyme
activity was quantified by the amount of tetraguaia-
col formed using its molar extinction coefficient (26.6
mM-1 cm-1). 

Secondary metabolites content. Secondary
metabolites was analyzed in Jakarta Regional Health
Laboratory using GCMS on fresh mature leaves from
control and the most severe (PR3) treatment.

Plant growth and biomass. The length and volume
of the root, the fresh and dry weight of plant were
observed 2 months post treatments. Plants were
cleaned prior to observation. The root variable obser-
vation, in PR treatment, was carried out by merging
both side A and side B. The length of root was mea-
sured from the boundary between root and main
stem. The volume of root was measured based on
Archimedes principle. Plant was weighed to measure
the fresh weight then heated at 80oC for 72 h to
determine the dry weight.

Statistical analysis

Data were analyzed with F test and Duncan
Multiple Range Test (DMRT) at a probability level of
5% using Statistical Analysis System 9.4 (SAS 9.4M4)
software. 

3. Results

The leaves in all treatments, except control, with-
ered on three weeks post-treatment (Fig. 2).
However, the plants became fresh again after re-
watered, except in CD2 and PR3 treatments. Besides,
abortion and drying leaves were also observed in
mangosteen seedlings. Abortion of old leaves was
more severe in PR2 and PR3 treatments. In fact,
stressed mangosteen leaf has a unique dried pattern.
The whole leaves of the stressed mangosteen
seedling did not dry entirely, indeed, it dried step by
step starting from both the edge and tip of the leaf
blade (Fig. 2G).

The reduction in leaves number was observed
since the first month of the treatment; the decrease
was more severe during the second month, especial-
ly in CD2, PR2, and PR3 treatments (average 9.1, 8.7,
7.2 leaves per plant, respectively) compared to con-
trol which had 14.9 leaves (Table 2). PR1 treatment
did not indicate any severe leaves abortion. Thus,
there were no significant differences in terms of

leaves number between control and PR1 treatments
from the beginning until the end of the treatment
period (Fig. 2 and Table 2).

Fig. 2 - Mangosteen seedling canopy in different water availabi-
lity treatments (2 months post treatment). A= control, B=
conventional deficit irrigation, 50%, C =conventional defi-
cit irrigation, 30%, D= partial root-zone irrigation 100%
side A: 50% side B, E= partial root-zone irrigation 100%
side A: 30% side B, F= partial root-zone irrigation 50%
side A: 30% side B, G= dried pattern on mangosteen
leaf).

Field capacity
Number of leaves

0 MAT 1 MAT 2 MAT

Control (100%) 18.2 16.6 a 14.9 a

CD1 (50%) 18.2 15.2 abc 10.8 b

CD2 (30%) 19.2 14.7 bc 9.1 c

PR1 (100%A:50%B) 19 16.0 ab 13.6 a

PR2 (100%A:30%B) 18.3 14.0 c 8.7 c

PR3 (50%A:30%B) 18.4 14.6 bc 7.2 d

F-test NS * *

Table 2 - Decreasing in mangosteen leaves number in different
water availability treatments

Numbers, in the same column, followed by the same letter indi-
cates no significant differences based on DMRT at a probability
level of 5%. MAT= month after treatment.

Mangosteen leaf water potential ranged from 
-2.95 to -3.59 MPa before the treatments (Table 3).
In present research, the leaf water potential above 
-3.59 MPa in two months after treatment was classi-
fied as a stress condition for seedlings, coincide with
the leaf morphological characteristics which showed
withered condition (Fig. 2). Leaf water content
decreased post-drought treatment in both CD and PR
conditions (Table 3). The lowest water potential was
observed in PR3 treatment (-4.72 MPa) which had a
field capacity of 50% on side A and 30% on side B. On
the other hand, leaf water content also decreased in
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all treatment compared to control, although the
decreasing was not significant (α 5%), except for PR3
treatment which had the lowest leaf water content
(Table 3).

Drought treatment decreased both photosynthe-
sis and transpiration rates of mangosteen seedlings
two months after treatment (Table 4). PR treatments

showed the lowest photosynthesis and transpiration
rate and, among PR treatments, PR3 recorded the
worst performances in terms of photosynthesis and
transpiration rate (6.06 µmol CO2 m-2 s-1 and 0.02
Mmol H2O m-2 s-1, respectively).

The dry weights of canopies and roots were signif-
icantly lower in CD and PR treated plants than control
(Table 5). Unexpectedly, PR1 treatment tended to
have the lowest decrement in dry weights of the
canopy, roots and total plant. On the other hand, the
highest decrements were observed in CD2 and PR2
treatments on both canopy and total plant dry
weight, although statistically similiar. Control and
PR1 treatments had the longest root apparatus (Fig.
3), although they did not differ significantly (Table 6).
Drought stress significantly restricted the root
growth in CD1, CD2 and PR3, excepted PR1 and PR2
treatments. Meanwhile the root volume did not
show any differences among treatments.

MDA content in CD1, CD2 and PR1 treatments did
not differ significantly to that of the control treat-
ment (Fig. 4). PR2 and PR3 treatments had the high-

Table 3 - Water potential and content of mangosteen seedling
leaf in different water availability treatments at the
beginning (0 months) and 2 months post-treatment

Numbers, in the same column, followed by the same letter indi-
cates no significant differences based on DMRT at a probability
level of 5%. MAT= month after treatment.

Treatment (FC)
Leaf water potential (Mpa) Leaf water content (%)

0 MAT 2 MAT 0 MAT 2 MAT

Control (100%) -2.95 -3.09 a 81.71 97.57 a

CD1 (50%) -2.96 -4.00 b 77.5 71.62 ab

CD2 (30%) -3.00 -3.99 b 73.93 53.55 ab

PR1 (100%A:50%B) -3.59 -4.12 b 69.51 56.89 ab

PR2 (100%A:30%B) -3.37 -4.51 b 68.08 58.81 ab

PR3 (50%A:30%B) -3.53 -4.72 b 68.04 31.68 b

F-test NS * NS *

Table 4 - Photosynthesis and transpiration rates of mangosteen
seedling in different water availability treatments at
the beginning (0 months) and 2 months post-treatment

Numbers, in the same column, followed by the same letter indi-
cates no significant differences based on DMRT at a probability
level of 5%. MAT= month after treatment.

Treatment

Photosynthesis rate
(µmol CO

2
m-2 s-1)

Transpiration rate
(Mmol H

2
O m-2 s-1)

0 MAT 2 MAT 0 MAT 2 MAT

Control (100%) 16.23 16.20 a 0.52 0.21 a

CD1 (50%) 15.49 11.76 ab 0.49 0.11 ab

CD2 (30%) 18.27 12.05 b 0.56 0.05 ab

PR1 (100%A:50%B) 15.51 8.35 cd 0.62 0.07 ab

PR2 (100%A:30%B) 15.56 10.42 bc 0.55 0.05 ab

PR3 (50%A:30%B) 15.33 6.06 d 0.61 0.02 b

F-test NS * NS *

Table 5 - Dry weight of mangosteen seedling canopy, root and total plant in different water availability treatments at 2 months post-
treatment

Numbers, in the same column, followed by the same letter indicates no significant differences based on DMRT at a probability level of
5%.

Treatment
Dry weight (g) Relative decrease to control (%)

Canopy Root Total Canopy dry weight Root dry weight Total dry weight

Control (100%) 12.84 a 5.15 a 16.43 a - - -

CD1 (50%) 9.20 b 3.08 b 12.28 b 28.35± 0.15 40.19±1.02 39.80±0.11

CD2 (30%) 7.44 b 3.33 b 10.77 b 42.06±0.11 35.34±1.00 47.21±0.10

PR1 (100%A:50%B) 9.65 b 4.83 ab 13.98 ab 24.84±0.11 6.21±0.73 31.47±0.13

PR2 (100%A:30%B) 6.99 b 3.87 ab 10.49 b 45.56±0.07 24.85±1.14 48.58±0.01

PR3 (50%A:30%B) 8.30 b 3.49 b 12.17 b 35.36±0.08 32.23±2.05 40.34±0.03

F-test * * * - - -

Fig. 3 - The root system of mangosteen seedling in different
water availability treatments (2 months post treatment).
C= control), CD1= conventional deficit irrigation 50%,
CD2= conventional deficit irrigation 30%, PR1= partial
root-zone irrigation 100% side A:50% side B, PR2= partial
root-zone irrigation 100% side A:30% side B, PR3= partial
root-zone irrigation 50% side A:30% side B.
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est MDA content, being 1.033 and 1.501 µmol/ml
respectively, which were significantly different to
that of the control treatment. Proline accumulation
was in accordance with that of MDA content with the
highest value in PR3 treatment followed by CD1 and
CD2 (Fig. 4). Proline content in PR1 and PR2 treat-
ments did not show any significant different to that
of the control treatment. Glutathione peroxidase
(GPX) activity showed different result compared to
proline and MDA. In fact, the control treatment had
the highest GPX activity showed not significantly dif-
ferences among treatments, except PR3 treatment
(Fig. 4), as a result of severe stress.

Mangosteen seedling, on limited water condition,
produced more diverse secondary metabolites than
the control, especially terpenoid and fatty acid (Table
7). Five secondary metabolites were found in the
leaves of control plant, i.e. oleic and hexadecenoic
acid (from the fatty acid group), squalene, vitamin E
and neophytadiene (from terpenoid group). Vitamin
E and squalene content increased in stressed man-
gosteen seedling by 28% and 62% respectively, while
oleic acid content decreased by 15%. On the other
hand, hexadecenoic acid and neophytadiene were
not detected in stress plant. There were 2 kinds of
unknown compounds produced in severe stress, i.e.
1-nonadecene and 2-butyn-1-ol 4 metoxy. Dissolved
Ca was mostly found in mature leaves, young leaves,
roots, and branch, while Ca-pectate and Ca-phos-
phate were mostly found in mature leaves, roots,
young leaves and branch (Table 8). Table 8 shows
that both dissolved and pectate calcium contents
were high in severely stressed plants, especially in
young and mature leaves. Furthermore, the leaves
calcium content in dissolved and pectate form of CD1
treatment were significantly higher than that of con-
trol. In CD2 treatment, calcium, in dissolved and pec-
tate form, was tended to be lower compared to CD1
treatment but not significantly different from the
control. A similar result was observed in dissolved
calcium content of mangosteen seedling roots, while
no differences in calcium content in branch, was
observed. Table 8 also shows that Ca-phosphate and
Ca-oxalate in branch were significantly higher in all
PR treatments compared to control, while there
were no differences in Ca-oxalate content in leaves
and roots.

Table 6 - Root length and volume of mangosteen seedling in dif-
ferent water availability treatments at 2 months post-
treatment

Numbers, in the same column, followed by the same letter indi-
cates no significant differences based on DMRT at probability
level of 5%.

Treatment
Root length

(cm)
Root volume

(ml)

Control (100%) 35.00 ab 11.67

CD1 (50%) 32.70 bc 8.33

CD2 (30%) 29.45 cd 6.33

PR1 (100%A:50%B) 37.75 ab 10.33

PR2 (100%A:30%B) 33.30 abc 7.67

PR3 (50%A:30%B) 28.00 d 7.5

F-test * NS

Fig. 4 - MDA (A), proline (B) content and GPX activity (C) of man-
gosteen seedling in different water availability treat-
ments (2 months post-treatment). Numbers followed by
the same letter indicates no significant differences based
on DMRT at a probability level of 5%. 

Table 7 - Secondary metabolites content in control and PR3
treatments of mangosteen seedling 2 months post-
treatment

Secondary metabolite
compound

Group of compounds
The existence

Control PR3

Oleic acid Unsaturated fatty acid ++ ++

Iliadic acid Unsaturated fatty acid - +

Hexadecenoic acid Saturated fatty acid + -

Squalene Terpenoid + +

Vitamin E Terpenoid + +

Neophytadiene Terpenoid + -

Octacaine Acyclic hydrocarbon - +

Cysteaminesulfonic acid Amino acid - +

Propyl oleate Ester fatty acid - +

1-nonadecene Unknown - +

2-butyn-1-ol, 4 methoxy Unknown - +

- not detected, + peak area below 20%, ++ peak area between
20-50%, PR3= partial root-zone irrigation 50% side A:30% side B.
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4. Discussion and Conclusions

In the present study, mangosteen leaves changes
its morphology and aborts as a consequence of
drought stress in different water treatments. Leaves
abortion was more marked in CD2, PR2 and PR3
treatments, a common symptom of plants under
drought stress (Munne-Bosch and Alegre, 2004). It
was expected that the leaves of CD2, PR2 and PR3
treatments would accumulate more ABA and trigger
the abscission process (Wingler and Roitsch, 2008;
Peleg and Blumewald, 2011). On the other hand,
leaves abortion in control and PR1 treatments were
not significantly different from the beginning until
the end of the treatment period, indicating that PR1
were not severely water stressed. Morphological
changes and leaves abortion suggest that mangos-

teen seedlings were less tolerant to drought stress.
However, mangosteen showed a low response to
drought stress since the withered leaves occurred on
3 weeks post-treatment. The low response in man-
gosteen was expected to be a consequence of man-
gosteen seedling low growth as stated by Ramlan et

al. (1992).
An high relation between leaf morphology and

changes in water potential due to the variations in
terms of water treatments was observed. It is expect-
ed to be the mechanism of mangosteen adjustment
by decreasing water potential in tissues in order to
absorb the water in the soil. Zimmerman (1978) stat-
ed that turgor potential is partially or fully main-
tained by osmoregulation during water stress by a
reduction in the outflow of water from the cell. In
previous study, the decrement of the leaf water

Table 8 - Calcium content of mangosteen seedling in different water availability treatments at 2 months post-treatment

Numbers, in the same column, followed by the same letter indicates no significant differences based on DMRT at a probability level of
5%.

Treatment
Calcium (%)

Dissolved Pectate Phosphate Oxalate Total

Young leaves

Control (100%) 0.133 c 0.134 c 0.084 c 0.405 0.756 c
CD (50%) 0.396 bc 0.247 bc 0.096 bc 0.547 1.287 bc
CD (30%) 0.349 c 0.227 bc 0.091 c 0.428 1.096 bc
PR1 (100%A:50%B) 0.473 bc 0.290 abc 0.135 ab 0.668 1.568 ab
PR2 (100%A:30%B) 0.826 ab 0.429 ab 0.135 ab 0.372 1.763 ab
PR3 (50%A:30%B) 1.065 a 0.488 a 0.157 a 0.425 2.136 a
Mature leaves

Control (100%) 0.322 b 0.267 b 0.124 b 0.611 1.326 b
CD (50%) 0.741 a 0.462 a 0.319 a 0.814 2.337 a
CD (30%) 0.600 ab 0.362 ab 0.187 ab 0.501 1.651 ab
PR1 (100%A:50%B) 0.690 a 0.428 a 0.185 ab 0.743 2.047 ab
PR2 (100%A:30%B) 0.814 a 0.346 ab 0.209 ab 0.68 2.051 ab
PR3 (50%A:30%B) 0.763 a 0.441 a 0.174 ab 0.473 1.851 ab
Branch

Control (100%) 0.078 0.171 0.086 b 0.763 bc 1.099 bc
CD (50%) 0.134 0.198 0.107 ab 0.923 abc 1.364 abc
CD (30%) 0.144 0.159 0.104 ab 0.555 c 0.963 c
PR1 (100%A:50%B) 0.156 0.247 0.127 ab 1.266 a 1.798 a
PR2 (100%A:30%B) 0.142 0.236 0.139 a 1.108 ab 1.627 ab
PR3 (50%A:30%B) 0.148 0.227 0.123 ab 1.335 a 1.835 a
Root

Control (100%) 0.202 b 0.373 0.148 0.675 1.399
CD (50%) 0.342 a 0.307 0.219 0.971 1.84
CD (30%) 0.231 ab 0.317 0.192 0.862 1.604
PR1 (100%A:50%B) 0.185 b 0.232 0.167 1.443 2.052
PR2 (100%A:30%B) 0.208 b 0.247 0.17 1.296 1.904
PR3 (50%A:30%B) 0.273 ab 0.287 0.198 1.316 2.075
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potential and relative water content were occurred
in stressed wheat (Siddique et al., 2001) and Hibiscus

rosa-sinensis (Egilla et al., 2005). 
The decreasing of photosynthesis and transpira-

tion rate in stress mangosteen seedlings indicated
that both moderate (50% FC) and severe (30% FC)
stress conditions greatly affect mangosteen gas
exchange. Purwanto and Agustono (2010) reported
that photosynthesis rate in soybean, which was
watered at a condition of 60% FC, decreased by 50%,
while no significant fall in transpiration rate was
noticed. As response to drought stress, stomata
respond by reducing aperture, thereby restricting
water loss, however, an inevitable consequence is
the photosynthesis and canopy transpiration (Loveys
et al., 1999) reduction.

As mentioned in Table 6, control and PR1 treat-
ments showed the longest roots compared to the
other treatments, while the root volume did not
show any differences among treatments.  Hidayat
(2005) reported in his research that mangosteen root
has a seasonal growth where roots alternately grow
with shoots. It expected lead to the slow response of
mangosteen roots to drought stress. On the other
hand, no significant differences were noticed in PR1
treatment in terms of root dry weight compared to
control (Table 5). This was in agreement with Liu et

al. (2006) which reported that PRD increased bio-
mass allocation to roots. Promoting root growth
under PRD has been reported in grapevine (Dry et al.,

2000), therefore this has been considered as an
advantage of PRD irrigation.

Drought stress condition lead to high production
of MDA which used as a stress indicator in the plant.
High MDA content indicated that the lipid peroxida-
tion rate, as the main effect of oxidative damage (Gill
and Tuteja, 2010), was also high. Sofo et al. (2005)
conclude that there is a direct correlation between
MDA and drought stress, particularly at severe
degrees of stress. In present research, the most
severe case was observed in PR3 treatment which
had highly MDA level that coincided with decrements
in leaf water potential, photosynthesis and transpira-
tion rates. Besides mangosteen, lipid peroxidation
was also noticed in cucumber (Kubis et al., 2014),
bean (Svetleva et al., 2012) and maize (Ti-da et al.,
2006) within a stress condition.

The accumulation of proline is a common
response in plants to abiotic stress. Increasing proline
is a plant response to adjust its osmotic potential
(Slama et al., 2006) which has a strong relation with

plant water potential. In addition to its role as an
osmolyte for osmotic adjustment, proline contributes
to stabilizing sub-cellular structures, scavenging free
radicals, and buffering cellular redox potential under
stress conditions (Ashraf and Foolad, 2007). Present
research was in agreement with Omidi (2010) which
stated that in canola plants, proline content
increased twofold as a result of drought stress treat-
ment.

In the present study, the control treatment had
the high GPX activity but did not show significantly
differences among treatments, except PR3. It indi-
cates that in normal condition, mangosteen seedlings
have the high antioxidant activity, then became high-
er when the stress condition occurs, such as PR3.
Halušková et al. (2009) stated that different abiotic
stresses may cause differences in the GPX activation.
Miller et al. (2010) noticed that GPX is plant protec-
tor against free radical. Previous studies by Sofo et al.

(2005) and Aganchich et al. (2007) have reported up-
regulation of the antioxidant defense system in
young olive plants subjected to different degrees of
water stress.

Mangosteen seedlings in limited water media pro-
duced secondary metabolites more than control,
especially terpenoid and fatty acid groups. Varied
antioxidant profile in different plant species is one of
the principle reasons for the different adaptability
and abiotic stress tolerance in plants (Jamali et al.,
2016). Changes in composition and synthesis in
drought stress condition were reported for group of
terpenoid such as vitamin E (Gershenzon et al.,

1978), an important antioxidant that protects the cell
from free radical effects (Serbinova and Packer,
1994) and photosynthetic apparatus (Fryer, 1992)
from oxidative damages. In the present research, the
increasing in vitamin E content by 3.2%, in stress
mangosteen seedlings, was a response to the stress
condition. Abiotic stress-induced changes in the fatty
acid composition of plant membrane lipids mainly
occur through the regulated activities of fatty acid
desaturases (Upchurch, 2008). Arabidopsis thaliana

shows remarkable tolerance to drought stress and
has capacities to maintain polar lipid content and sta-
ble lipid composition, and increase the fatty acid
unsaturation (Gigon et al., 2004).

Mangosteen seedlings under PR1 treatment had
the highest calcium level. According to Bell and
Biddulph (1963) some plants absorb calcium based
on their physiological demand which is sometimes
not comparable to the transpiration rate. As men-
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tioned in Table 8, calcium contents were higher in
drought stress plants in treatments of CD1, PR1, PR2
and PR3. Allegedly, there was a relationship between
the response of mangosteen seedlings and both long
watering interval time and calcium metabolism. CD2
treatment had a longer watering interval time com-
pared to CD1 so that when the drought signaling
occurred the water was not available, leading to a fail
in calcium absorption. The increment in calcium lev-
els in CD1, PR1, PR2 and PR3 treatments occurred in
the forms of Ca-pectate and Ca-dissolved, both of
which play a role in cell wall component (Peaucelle et

al., 2012) and cytoplasmic transduction signaling
(Klimecka and Muszyńska, 2007), respectively. This
was in agreement with Jin et al. (2016) which report-
ed that increment in calcium levels in a salinity stress
condition occurred in Ziziphus jujuba species.
Mangosteen seedlings in PR1 treatment had higher
water use efficiency (WUE) leading the possibility of
calcium absorption in stress condition. In PR treat-
ment, improvement in WUE was a results from par-
tial stomatal closure. However, an inevitable conse-
quence is the photosynthesis and canopy transpira-
tion reduction (McCarthy et al., 2002). Hu et al.

(2008) showed that PR method in maize able to pre-
serve 29.5-33% water and increased WUE. The use of
partial root-zone or deficit irrigation in grapevine
(Vitis vinifera) increased WUE by about 40% while
only decreasing yield by 15% when compared with
full irrigation (Dos Santos et al., 2003).

Mangosteen seedlings had a low response and
different mechanisms in facing drought, by increasing
MDA, proline, Ca-pectate and Ca-dissolved, GPX
activity and synthetizing various secondary metabo-
lites in mature leaves. In the present study, there
were no significant differences between control and
PR1 treatments in leaf morphology, proline, MDA
and GPX activity, indicating that PR1 treatments were
not severely water stressed. Therefore, present
research concluded that irrigation of mangosteen
through PR method was a promising method for
implementation, especially in limited water areas,
when the soil moisture level represents 50% (or
more) of the field capacity. The implementation of PR
method can reduce water requirement without sig-
nificantly affecting the plant growth. It can reduce
both time and labor requirements. However,
improvements in the technical application to develop
an effective procedure for field implementation and
its relation to flowering and yellow latex of mangos-
teen, are still needed as further studies.
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Abstract: Recent studies showed that some essential oils functions as antibac-

terial compounds. In this study results showed treatment with essential oils

promoted vase life of cut roses via decreasing bacteria number inside the stem.

We investigated components in the hydrodistilled essential oils of Bunium per-

sicum Bioss, Mentha spicata L., Thymus vulgaris L. and Satureja hortensis L., as

hold solutions, and their effects on relative fresh weight, water uptake, vase

life, electrolyte leakage, anthocyanin content, soluble sugar content and num-

ber of bacteria at stem end of cut flowers of rose. GC-MS analysis of the

extracted essential oil of B. persicum, M. spicata, Th. vulgaris and S. hortensis L.

led to the identification of 14, 20, 13 and 14 major compounds, respectively. In

cut rose, the treatment containing the essential oils extended flower opening

period longer than the control. The 200 µl l-1 essential oil of M. spicata treat-

ment almost doubled the vase life of cut roses. Hence these essential oils might

be powerful, environmentally friendly substitutes for the chemical compounds

currently added to vase waters to control bacterial content.

1. Introduction

Rose (Rosa hybrida L.) cut flowers play an important role in the florist

trade (Cairns et al., 2000). The cut flowers can have limited marketable

value because they dehydrate during vase life as a result of decreased

water uptake and the vase life is often very short. The cut flowers wilt and

the floral axis becomes bent just under the flower head (bent neck). The

appearance of such symptoms is considered to be caused by various fac-

tors such as bacteria, physiological responses of stems to cutting and air

emboli. The development of this occlusion is correlated with the growth

of bacteria at the cut surface and inside the stem (Van Doorn et al., 1989,

1990) and accumulation of bacteria in vase water shortens the vase life of

cut rose flowers (De Witte and Van Doorn, 1988). The addition of chemi-

cals, including some trace elements such as silver nitrate, aluminum sul-

phate and 8-hydroxyquinoline sulphate into holding solutions has been

tried with various accomplishments in efforts to prolong the vase life of

cut roses (Van Doorn et al., 1990).

The use of essential oils has recently become a common practice
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because of strong antimicrobial activities against sev-

eral pathogens. Some essential oils of plants have

been reported to be effective in extending the vase

life of gerbera cut flowers (Solgi et al., 2009). These

natural organic substances have high levels of pheno-

lic compounds such as carvacrol (Sharififar et al.,

2007). Essential oils indicate a wide range of protec-

tive properties against disease states, oxidative

stress, and microbial infection (Botelho et al., 2007;

Yahyazadeh et al., 2008). And have reportedly been

used for controlling plant diseases, particularly on

fruits (Yahyazadeh et al., 2008; Ramezanian et al.,

2016). However, there is little available information

(Solgi et al., 2009) on the use of essential oils for the

control of microbial contaminations and extending

the vase life of cut flowers. Appropriate use of chemi-

cal fungicides during the postharvest could help mini-

mize fungal infections; however, the use of chemical

compounds is being discouraged for economic aims

and because of growing concern about environment

safety issues (Wagacha and Muthomi, 2008).

In this study, an attempt has been made to inves-

tigate the protective role of carvacrol during vase life

in ‘Bacara’ cut-roses. This information will help to

elucidate the best concentrations of these essential

oils to be used in holding solutions to obtain remark-

able beneficial results.

2. Materials and Methods

Extraction, analysis and antioxidant activity of essen-

tial oils

The essential oils from fresh leaves and flowers of

Bunium persicum Bioss, Mentha spicata L., Thymus

vulgaris L. and Satureja hortensis L. were extracted

following hydro-distillation method. The leaves and

flowers (100 g) were hydrodistilled in a clevenger

apparatus with 400 ml of water. The extraction was

carried out for 3.5 h. The extracted oils were collect-

ed from the graduated receiver. For the deletion of

water traces from the oil, the extracts were dried

over anhydrous Na2SO4 and were stored in sealed

ampoule bottle in a refrigerator at 4°C until for analy-

sis. 

Gas chromatographic analysis was performed

with Agilent 6890A with helium as a carrier gas with a

linear velocity of 30 cm/s on HP-5 column (30 m ×

0.25 mm i.d, 0.25 µm film thickness). The oven was

programmed to rise 50°C (3 min) isotherm, and then

to 265°C at a rate of 5°C/min. Injector and detector

temperatures were 300°C and 265°C, respectively.

The GC mass analysis was carried out on Agilent 5975

equipped with a HP-5 column with the same charac-

teristics as the one used in GC. Unknown essential oil

was recognized by comparing its GC retention time to

that of known compounds and by comparison of its

mass spectra either with identified compounds or

available spectra in the literature.

The antioxidant activity of essential oils was

determined based on the DPPH (1,1-Diphenyl-2-

picrylhydrazyl) free radical scavenging capacity by the

method described by Brand-Williams et al. (1995).

The amount of 180 µl DPPH reagent and 20 µl sam-

ples were mixed and shocked. Decline of absorbance

of tested fusions was monitored for 30 min at 517

nm. For each essential oil, the tests were repeated

three times.

Plant material and general processing

Rose flowers (Rosa hybrida L.) ‘Bacara’ grown

under standard commercial conditions in a glass cov-

ered greenhouse were used as plant material.

Flowers were harvested at commercial stage to 0.45

m in length. Flower stems were placed in tap water

after harvest and transported by non-refrigerated car

to the laboratory within 2 h. The flowers were placed

randomly in 3 L glass vases containing 1 L of essential

oils solutions of 100, 200 and 400 µl.l-1 concentra-

tions for 24 h. Distilled water was used as control.

Sucrose (4%, w/v) was added to all solutions and the

concentrations of essential oils were prepared in

Tween 20 (0.1%). Then, flowers were individually

placed in glass bottles of 25 cm height. Each bottle

contained approximately 200 ml of distilled water.

Bottles were standing in a controlled room under the

following conditions: 12 h photoperiod (06.00-18.00)

at photosynthetically activated radiation of 12 µmol

m-2 s-1 provided by fluorescent lamps, 25±1°C and

relative humidity of 60-70%. In total, nine floin three

replications were placed in Bottles.

Measurements

Relative fresh weight was calculated by the for-

mula: 

RFW (% initial fresh weight)= (FWt/FWt=0)×100 

where RFW was Relative fresh weight, FWt was the

fresh weight of flower (g) at t (in day) = 0, 1, 2, 3, etc.,

and FWt=0 was the fresh weight of the same flower

(g) at t (in day) = 0 (He et al., 2006).

Total vase solution uptake. Weight of vases con-

taining vase solution without the cut stems were

measured during the experiment period and flower

opening was measured daily until the flowers
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attained their largest size in the vase and began loss

their size.

Cut flower longevity was documented as days

vase life from the stage flowers were placed into

glass bottles till the end of vase life defined as the

time that flowers showed indications of petal wilting

or curling, fall of one or more petals (Van der Sman

et al., 1996).

Electrolyte leakage was measured using an elec-

trical conductivity meter. Leaves were excised and

washed with deionized water. After drying with tis-

sue paper, 1 g fresh weight of leaves were cut into

small pieces (about 1 cm2) and then immersed in 20

ml deionized water and incubated at 25°C. After 24

h, electrical conductivity (EC1) and after 48 h (EC2) of

the bathing solution were recorded for the samples

(Lutts et al., 1996).

Determination of anthocyanins. Samples of petal

(100 mg) were powdered in a pre-chilled pestle and

extracted into methanol: HCl (99:1). Samples were

incubated overnight at 4°C in darkness. The content

of anthocyanins determined spectrophotometrically

at 535 nm using an extinction coefficient (ε) of

29,600. The final concentration of anthocyanin was

calculated based on weight of sample used and total

volume of the extract.

For determination of soluble sugars, fresh petals

(0.30 g) were put into test tubes with 10 mL distilled

water and sealed. The tubes were incubated in a

water bath at 90°C for 30 min, then the tubes were

removed and the volume set at 25 ml. The amount of

0.5 ml of supernatant was mixed with 1.5 ml distilled

water, 5 ml concentrated sulfuric acid and 0.5 ml

anthrone. The mixed solution was read at 620 nm

(Frohlich and Kutscherah, 1995).

Ascorbate peroxidase activity. The fresh leaves (1

g) were mixed in 100 mM potassium phosphate

buffer (pH 7.8) containing 1% (w:v) PVP (polyvinyl-

pyrrolidone), 0.1 mM EDTA (ethylenediamine-

tetraacetic acid), and 0.5% (v:v) Triton X-100 at 4°C,

except that in the case of APX activity leaves were

homogenized in 100 mM sodium phosphate buffer

(pH 7.0) containing 1 mM EDTA and 5 mM ascorbate.

The homogenate was filtered through 4 layers of

cheesecloth and centrifuged at 18000 g for 20 min at

4°C. Peroxidase activity was assayed as per the

method of Kar and Mishra (1976). 

Determination of bacterial numbers. The lower-

most 2 cm (about 0.5 g in weight) of the stems were

cut. The samples were washed 3 times with sterile

deionized water. They were ground and then dilution

was made with a 0.9% normal salt solution. Liquid

extract (0.1 ml) was spread on Plate Count Agar

(PCA) plates. Before counting of bacteria, PCA plates

were incubated at 38°C for 2 days (Balestra et al.,

2005).

Statistical analysis

Completely randomized experiment designs were

used. Statistical significance between mean values

was assessed using analysis of variance (ANOVA) and

a conventional Tukey’s test at p≤0.05 using SAS (9.1)

statistical software. For data of maximum flower

opening, standard deviation (SD) was calculated and

data are expressed in mean±SD of three replicates.

3. Results and Discussion

GC-MS analysis of the extracted essential oil of B.

persicum, M. spicata, Th. vulgaris and S. hortensis L.

led to the identification of 14, 20, 13 and 14 major

compounds, respectively (Table 1). The results

revealed that 5 major components of essential oil

from B. persicum contained γ-Terpinene, β-

Caryophyllene, Cuminyl acetate, p-Cymene and β-

Pinene. Investigation is limited about the chemical

composition of the B. persicum essential oil. It has

been reported that γ-Terpinene and β-Caryophyllene

are main components (Shahsavari et al., 2008). Five

major components of Mentha spicata L. essential oil

were Carvone, 1,8-Cineole, Borneol, Limonene and

Pulegone. Mentha essential oil was characterized by

the dominant presence of carvone (56.9%) in agree-

ment with results from other authors, who reported

the presence of 76.65% in samples collected from

India (Chauhan et al., 2009) and 64.4% in samples

collected in Montenegro (Scherer et al., 2013).

Carvacrol (67.3%), Thymol (12.7%), α-Pinene (4.25%),

γ-Terpinene (3.53%) and Eucalyptol (3.32%) were

most abundant in essential oil of Th. vulgaris. Similar

results have been obtained by Ben El Hadj Ali et al.,

(2014) with Th. numidicus. The principle compounds

identified in essential oil of Satureja hortensis L. were

Carvacrol (66.4%), p-Cymene (18.1%), Linalool (4.5%),

γ-Terpinene (3.95%) and Borneol (1.8%). A compari-

son of our study with a previous report (Ghasemi-

Pirbalouti et al., 2014) suggests that the few differ-

ences in the volatile composition of the plant materi-

al could be attributed to a series of factors such as

the genotype, plant developmental stage, environ-

mental conditions and the methods of extraction.

All assayed essential oils were able to reduce
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DPPH, reaching 50% of reduction with IC50 values

ranging 54.19±0.87 mg/mL for M. spicata, to 258.16

± 1.53 mg/mL for S. hortensis (Table 2). The variance

analysis performed on the DPPH scavenging activity

of the essential oils showed significant differences

among species (p≤0.05) and that the essential oil of

M. spicata was the most potent of all the oils.

Therefore, some compounds such as compound

Carvone, 1,8-Cineole and Borneol were responsible

for the DPPH scavenging effects of M. spicata

(Mahdavikia and Saharkhiz, 2015). The essential oil of

Th. vulgaris possessed slightly higher DPPH scaveng-

ing effects than that of B. persicum and S. hortensis.

This meant that the common compound Thymol and

high value of Carvacrol played a leading role

(Ghasemi-Pirbalouti and Dadfar, 2013).

Bacterial numbers

Essential oils treatment, particularly 200, 400 µl 

l-1 M. spicata and 200, 400 µl.l-1 Th. vulgaris, had

negative effect on bacterial numbers. Preventing

bacterial division in vase water can reduce the occur-

rence of stem bending (Solgi et al., 2009), suggesting

that bacteria are a main cause. A positive correlation

between the number of bacteria and water uptake

of the flower stem have been reported (Van Doorn

et al., 1989). Vascular occlusions in cut rose flower

usually develop when the number of bacteria in vase

water reach 7-11 Log10 CFU/ml (Van Doorn et al.,

1990). Some antimicrobial compounds have been

used in tests with cut flowers. These compounds

included silver nitrate (Nair et al., 2003), nano-Silver

(Nazemi Rafi and Ramezanian, 2013), 8-hydrox-

Table 1 - Major natural volatile components in the hydrodistilled essential oils of B. persicum, M. spicata, Th. vulgaris and S. hortensis

No. Component
Retention 

indices

Percentage (%)

B. persicum M. spicata Th. vulgaris S. hortensis

1 α-Thujene 924 0.05 0.03 0.18 0.3

2 α-Pinene 932 1.75 1.09 4.25 0.5

3 Camphene 946 - 0.56 - -

4 Sabinene 971 0.8 0.74 - -

5 β-Pinene 977 3.68 1.59 0.44 0.1

6 Myrcene 989 0.71 0.41 0.86 0.6

7 3-Octanol 922 - 0.21 - 0.1

8 Eucalyptol 1018 - - 3.32 -

9 p-Cymene 1021 6.91 0.83 - 18.1

10 Limonene 1036 3.28 5.69 0.44 -

11 1,8-Cineole 1039 0.1 13.53 0.2 -

12 γ-Terpinene 1059 27.61 0.58 3.53 3.95

13 Linalool 1086 1.1 - 0.71 4.5

14 Menthone 1154 - 0.26 - -

15 Borneol 1159 - 8.15 - 1.8

16 α-Terpineol 1169 0.98 3.25 0.54 1.02

17 Pulegone 1231 0.2 3.28 - -

18 Carvone 1237 - 56.94 - -

19 Thymol 1287 3.4 0.67 12.79 0.3

20 Carvacrol 1293 0.35 0.47 67.36 66.46

21 β-Caryophyllene 1415 25.1 0.93 - 0.85

22 Cuminyl acetate 1434 16.68 - - -

23 Caryophyllene oxide 1580 0.47 0.16 1.23 1.2

Mean separation by Tukey Test, P≤0.05.

Table 2 - Antioxidant activity of essential oil extracts of B. persicum, M. spicata, Th. vulgaris and S. hortensis

DPPH B. persicum M. spicata Th. vulgaris S. hortensis

IC
50

(mg/mL) 183.5 ± 2.15 b 54.19 ± 0.87 d 153.52 ± 2.66 c 258.16 ± 1.53 a
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yquinoline citrate (Solgi et al., 2009), chlorine bleach,

dichloroisocyanuric acid (Jones and Hill, 1993) and

essential oils such as carvacrol (Nazemi Rafi and

Ramezanian, 2013) and thymol (Solgi et al., 2009).

The inhibitory effect of some essential oils on bacter-

ial growth has been attributed to alcohols, esters,

aldehydes, phenols, carvacrol, thymol, and eugenol

(Bassole and Juliani, 2012). Burt (2004) reported that

essential oil components including thymol and car-

vacrol partition in the lipids of the cell membrane,

rendering the membrane permeable and leading to

leakage of cell contents, thus exerting their antibac-

terial action.

Relative fresh weight and total water uptake 

As expected, relative fresh weight continuously

increased early days of experiment (Table 3).

Nevertheless, such increases were significantly pro-

longed by using essential oils in hold solution. The

relative fresh weight in 200 µl.l-1 M. spicata essential

oils treated cut flowers was initially about 105.2%

(day 1), and increased to 130.1% over 6 days of hold-

ing, but in untreated (control) cut flowers, relative

fresh weight was initially about 111.3% (day 1), and

decreased over 4 days of holding to 105%. Similarly,

as with different concentrations of M. spicata essen-

tial oil, a positive effect of other essential oils on rela-

tive fresh weight was confirmed by their impact on

duration of increase and percentage of fresh weight.

Total water uptake of cut flowers under various

treatments from day 1 to 8 in control as well as in all

treated samples (Table 3). The maximum uptake of

vase solution was found 1.14-fold increase in the

treated flower with 200 µl.l-1 Th. vulgaris as com-

pared to untreated (control) cut flowers. All treated

flowers always took up water more than the control.

Water status is a factor directly correlated with

the vase life of rose cut flower. This factor is deter-

mined by the balance between water uptake and loss

due to transpiration (Fanourakis et al., 2016). Water

uptake depends on variation of cultivars (Fanourakis

et al., 2016), the viscosity of the vase solution, vascu-

lar conductivity and the osmosis gradient between

vase solution and stem solute (Alaey et al., 2011).

The improved water uptake in this study may be due

to possible antibacterial activity of essential oils by

inhibiting vascular blockage and/or increasing osmo-

sis gradient. The water lose was affected by treat-

ments and essential oils increased water retaining

capacity compared to control treatment (without

essential oil). It may be due to positive regulatory

role of essential oils on stomatal closure which regu-

lates the rates of transpiration and decreases the

water loss of leaves and petals (Solgi et al., 2009).

Flower opening

Generally, the opening of cut flowers kept in

essential oils vase solutions was more than those

flowers kept in distilled water (control). Also maxi-

mum opening of control flowers occurred earlier.

Time and diameters of maximum opening flower

were different between treatments. However, maxi-

Table 3 - Vase life, total solution uptake, electrolyte leakage, petal anthocyanin content, soluble sugars of petal and bacterial numbers

of cut rose (Rosa hybrida L.) cv. Bacara treated with B. persicum, M. spicata, Th. vulgaris and S. hortensis

Mean separation for each parameter within rows by Tukey Test, P≤0.05.

Characteristic
Vase life 

(days)

Total solution

uptake 

(g)

Electrolyte

leakage

(%)

Petal

anthocyanins 

content

(mg g-1 FW)

Soluble 

sugars of petal 

(mg g-1 FW)

Ascorbate 

peroxidase 

activity 

(Units min-1 mg-1

protein)

Bacterial

numbers 

(Log10

CFU/ml)

Relative FW

in 10th day

(%)

Control 6.70 e 98.350 f 60.6 a 5.24 d 1.41 f 22.6 h 8.2 a 79.41 g

B. persicum 100 µl.l-1
8.70 bc 103.25 e 51.4 b 6.52 bc 1.70 f 25.1 g 8.1 a 94.72 cd

B. persicum 200 µl.l-1
9.80 b 106.44 b 48.5 bc 7.37 ab 2.29 e 24.6 gh 7.8 ab 100.80 ab

B. persicum 400 µl.l-1
7.90 cd 100.23 e 45.7 c 6.07 c 2.14 e 22.9 h 7.3 d 84.22 f

M. spicata 100 µl.l-1
11.2 a 110.31 a 19.8 i 7.95 a 4.52 b 54.9 a 6.1 f 104.50 a

M. spicata 200 µl.l-1
10.4 ab 108.65 ab 28.3 g 7.68 a 4.05 bc 46.7 b 5.7 g 95.00 c

M. spicata 400 µl.l-1
8.70 bc 106.71 b 33.1 f 6.03 c 3.77 c 43.3 bc 5.5 gh 91.48 de

Th. Vulgaris 100 µl.l-1
8.30 c 105.94 c 22.4 h 7.19 b 4.35 b 38.6 d 7.5 cd 91.71 de

Th. Vulgaris 200 µl.l-1
10.6 ab 112.67 a 17.4 j 7.70 a 5.18 a 40.8 cd 5.5 gh 104.50 a

Th. Vulgaris 400 µl.l-1
9.20 b 107.36 b 32.0 f 7.36 ab 3.95 c 41.0 c 5.3 h 98.54 bc

S. hortensis 100 µl.l-1
7.80 d 98.670 f 41.5 d 5.83 c 2.35 e 33.7 ef 7.8 bc 83.54 fg

S. hortensis 200 µl.l-1
8.60 bc 103.68 de 38.5 e 6.44 bc 3.28 d 32.1 f 7.2 d 87.83 ef

S. hortensis 400 µl.l-1
9.10 bc 104.86 d 37.5 e 6.87 b 3.46 cd 35.9 e 6.8 e 97.87 bc
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mum diameter was observed with flowers kept in

100 µl.l-1 M. spicata essential oil vase solution (Fig. 1).

Mechanisms of flower opening vary for different

flowers and are sensitive to various environmental

conditions such as temperature, light, carbohydrate

supply (Kumar et al., 2008) and water relations.

During the opening, numerous proceedings take

place in a well-defined sequence, representing all

parts of plant development, such as division, differ-

entiation and elongation of cell (Kumar et al., 2008)

or gene expression (Hoeberichts et al., 2005). In an

experiment, essential oils at some concentrations

had a noticeable effect on promoting flower opening

of cut rose flowers. However, the treatments with a

relatively higher concentration of essential oils

showed a less effect on flower opening. According to

Mahdavikia and Saharkhiz (2015) the function of

essential oils as an effective antioxidant mainly

depends on its concentration. It has been demon-

strated that a relatively high dose of essential oils

may be associated with injury of membranes and

nucleic acids and cell death (Ghasemi-Pirbalouti and

Dadfar, 2013). The results suggest that essential oils

at effective concentrations maintained water uptake

and inhibited vascular occlusions development. Thus,

essential oils may improve water relations and sup-

plementation of carbon sources, leading to cell

expansion and flower opening.

Petal anthocyanin content

Petal anthocyanin content in cut flowers was

determined. Cut flowers treated with 100 µl.l-1 M.

spicata essential oil in hold solution were observed

to accumulate the highest rates of anthocyanin in the

petals. Other treatments led to higher amounts of

anthocyanins compared to untreated (control) cut

flowers. Generally, all cut flowers treated with essen-

tial oils showed a similar tendency to maintain antho-

cyanin Petal, however, essential oils of Th. vulgaris

and M. spicata were more efficient than B. persicum

and S. hortensis.

One of plant defense system is the presence of

endogenous antioxidative compounds such as antho-

cyanins (Apel and Hirt, 2004). Singlet oxygen pro-

duced can be detoxified by anthocyanins and affect

the vase life. Accumulation of these pigments in cell

vacuoles, their hue and intensity depend on external

conditions. Anthocyanin biosynthesis is an essential

part of flower development (Dela et al., 2003). In the

primary developmental phases of the flower, the

anther produces a signal or GA, which promotes

petal pigmentation (Kumar et al., 2008). So, in this

study, flower opening and development could be

effect on anthocyanins accumulation. Additionally,

earlier studies have indicated that sugars such as

sucrose are required as substrates for anthocyanin

biosynthesis (Nagira and Ozeki, 2004). Here, we

showed that essential oils increased petal soluble

sugar content. It seems that there is an interaction

between the soluble sugars concentration and antho-

cyanins.

Ascorbate peroxidase activity

With cut roses, the highest ascorbate peroxidase

activity in petals occurred in those treated with M.

spicata essential oils at the concentration of 100 µl 

l-1. As shown in Table 3, the activity of ascorbate per-

oxidase in control flowers was less than that of the

flowers treated with essential oils, however, there

were no significant difference between control flow-

ers and flowers treated with different concentrations

of B. persicum essential oils. Ascorbate peroxidase

enzyme is considered to play significant roles in cellu-

lar defense against stresses (Sevillano et al., 2009).

During the later stages of vase life, petals contain

higher levels of reactive oxygen species leading to

oxidative damage (Hossain et al., 2006). Generally,

treatment with essential oils increased ascorbate

peroxidase activity compared the control. Higher lev-

els of the enzymatic activity in treated flowers were

likely to counteract the oxidative stress and to scav-

enge the active oxygen species alleviate to the oxida-

tive stress induced in cut roses and thus delayed

flower senescence. These results are in agreement

with the findings of Hasan et al., (2014) who men-

tioned that cut roses were of an efficient antioxidant

defense system.

Electrolyte leakage

The ability to increase membrane stability is a

characteristic of drought tolerance strategy (Turner,

1986). With control flowers, a significant increase in

Fig. 1 - Time of maximum flower opening. Values are given as

mean±SD of three replicates.
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electrolyte leakage was detected; however, treat-

ment with any essential oils level significantly inhibit-

ed electrolyte leakage increase relative to the control

(Table 3). The treatment with 200 µl l-1 Th. vulgaris

essential oils resulted in the lowest electrolyte leak-

age followed by 100 µl l-1 M. spicata essential oils.

Wilting in cut flower is often accompanied by mem-

brane damage resulting in the leakage of solutes (Ye

et al., 2000). With studied cut flower, such as day lily

(Panavas et al., 1998), the most changes in the rate

of electrolyte leakage were observed during the late

stage of vase life. Maintenance of membrane stability

in response to essential oils application was most

likely due to induced reduction of lipid peroxidation.

This is supported by a lower level of electrolyte leak-

age in essential oil treatments. 

Soluble sugars

Another factor controlling vase life of cut rose

flower is sugar content, as the carbon supply is cut

(Halevy and Mayak, 1979). The essential oils had a

strong influence on the soluble sugars concentration

in the petal of cut flowers and all treatments led to

significantly more soluble sugars. Soluble sugars

increased approximately 3.6 fold from 1.41 mg g-1

FW for the control to 5.18 mg g-1 FW for pulsing

flowers in solutions containing essential oil of Th. vul-

garis (200 µl l-1) and to 4.52 mg g-1 FW using 100 µl 

l-1 M. spicata essential oil. With cut flowers treated

with preservative solution, minimum soluble sugar

contents were observed in flowers kept in solutions

containing 100 µl l-1 B. persicum essential oils. It

seems that essential oils can change the capacity for

sugar uptake in petals and stimulate active sucrose

uptake. Translocation of soluble sugars is considered

as a key factor affecting the vase life (Khayat and

Zieslin, 1989). The addition of chemicals including

some componds such as silver nitrate, aluminum sul-

phate and 8-hydroxyquinoline sulphate to holding

solutions has been tried with varied success in efforts

to control vascular blockage and prolong the vase life

of cut roses (Van Doorn et al., 1990). However, there

is no available evidence on the use of essential oils

for control of microbial contaminations and holding

soluble sugars petal of cut flowers such as rose.

Vase life

Cut flower wilting is a widely reported problem

during vase life of rose, particularly when xylem ves-

sels are blocked by microorganisms (Damunupola

and Joyce, 2008). In this study, longevity of treated

cut flowers was significantly improved compared

with the untreated (control) cut flower. Also, signifi-

cant differences were found in longevity conferred by

the essential oils of species and concentrations.

However, B. persicum, M. spicata and Th. vulgaris

decreased vase life at concentrations more than 200

µl l-1, 100 µl l-1 and 200 µl l-1, respectively. The treat-

ment with M. spicata 200 µl l-1 essential oil almost

doubled the vase life of cut roses. Proper doses of

some essential oils at proper dose could delay senes-

cence in selected fruits (Ramezanian et al., 2016) and

cut flowers (Solgi et al., 2009). For example, Solgi et

al. (2009) concluded that the vase life of gerbera

flowers was extended by the 50 or 100 mg l-1 car-

vacrol from 8.3 to 16 days. In the present study, simi-

lar results was obtained with the vase life of cut rose.

4. Conclusions

The naturally occurring compounds in essential oils,

such as thymol, carvone, carvacrol and menthol

showed different levels of antibacterial activity. The

major qualitative trait of cut roses is their vase life,

which mainly depends on the water uptake of the

stems after harvest and is hampered by the presence

of bacteria. Also, at relatively high concentration of the

essential oils tested, early flower opening and senes-

cence were related to an effect other than bacteria.

This effect was correlated with low relative fresh

weight and water uptake. It cannot be excluded at pre-

sent that this early senescence might be due to a toxic

effect. More information regarding the action of essen-

tial oils during vase life is required for better under-

standing of the mechanism of petal senescence of rose.
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Abstract: Foliar application of 25% w/v crude aqueous extracts of Calotrophus pro-

cera (Aiton) W.T. Aiton, Canarium schweinfurthii (Engl.) and Bryscocarpus coc-

cineus (Schum. & Thonn.) were evaluated for their insecticidal activity in reducing

Podagrica infestation on okra. Results showed that the plants extracts significantly

suppress Podagrica spp. infestation and protect okra plant from severe leaves

defoliation, with C. schweinfurthii (21.67 and 20.14) and B. coccineus (23.07 and

24.55) showing promising insecticidal activity for both cropping seasons. The yield

attributes from okra sprayed with Lambda cyhalothrin did not differ significantly

compared to those sprayed with botanical insecticide despite having highest yield

attributes. Qualitative phytochemical screening revealed the presence of

Triterpenoids, Steroids, Flavonoids, Phlobatanins, Saponins, Tannins, Cardiac gly-

coside and Anthraquinones. Alkaloids and Anthraquinones were not detected in C.

procera and C. schweinfurthii while Triterpenoids and Phlobatanins were absent in

C. schweinfurthii. The presence of these phytochemicals indicates that the plants

possess insecticidal properties responsible for significant reduction in Podagrica

spp. infestation, severity of leaves damaged and improved okra yields.

Performance of the treatments is rated in the following order: Lambda cyhalothrin

> B. coccineus > C. schweinfurthii > C. procera, with B. coccineus and C. schwein-

furthii having similar treatment means in all the parameters evaluated. In light of

the foregoing, crude extracts of B. coccineus and C. schweinfurthii could be utilized

as suitable alternative to synthetic insecticide in sustainable okra production.

1. Introduction

Okra (Abelmoschus esculentus L. Moench) is an important fruit veg-
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etable crop in the diets of most people in the tropics
and subtropical countries. It is grown mainly for its
freshly immature pods and ranks fourth worldwide
after pepper, tomato and onion on the basis of land
area, production and value.

Despite the great demand for okra due to its nutri-
tional and economic importance, okra production is
being hampered by array of insect pest infestation
resulting in poor yield and low market value.
Different growth stages of okra are generally
attacked by different insect pests (Adesina and
Afolabi, 2014; Kedar et al., 2014) and Podagrica

species (Coleoptera: Chrysomelidae) is one of the
most prevalent and damaging insect pests consid-
ered as major constraint to cultivation of okra which
defoliate or damage the plant leaves and flowers;
thereby results in reduction of the photosynthetic
capability of the crop (Odebiyi, 1980). The insects
equally act as vectors in transmitting mosaic viral dis-
eases and ultimately reduce yield (Fasunwon and
Banjo, 2010), mainly if control measures are not
undertaken. Important yield losses of 20-50% are
reported in Nigerian and Ghana (Obeng-Ofori and
Sackey, 2003; Ahmed et al., 2007; Fajinmi and
Fajinmi, 2010).

Currently, synthetic insecticide is being used across
the globe to control agriculturally important insect
pests due to their quick action and lasting effect
(Alao et al., 2011). The failure of synthetic insecti-
cides to ensure total insect pest control due to devel-
opment of resistant and resurgence and couple with
increasing concern over environmental pollution, car-
cinogenic effect and destruction of beneficiary
insects (Isman, 2008), level of pesticide residues in
food had compelled the scientific community to
explore the abandoned and neglected traditional and
indigenous products that are cheap, environmental
safe and easily biodegradable products as alterna-
tives to synthetic insecticides for tackling agricultural
insect pests (Antonio, 2009; Alao et al., 2011; Aetiba
and Osekre, 2016).

Presently, in many parts of the world, attention has
been focused on the utilization of plant products that
possess both medicinal and aromatic properties
which are abound in various agro-ecological zones of
the world as novel chemotherapeutants in plant pro-
tection (Dubey et al., 2010). The popularity of botani-
cal pesticides is once again increasing and some plant
products either in crude form or by processing into
different formulations are being used globally as
green pesticides (Dubey et al., 2008).

The shortcomings associated with the use of syn-

thetic chemicals, necessitated the idea of developing
effective, cheap and easily biodegradable alternative
products. Therefore, this study aims to screen and
report the efficacy of aqueous extracts of
Calotrophus procera (Ait.) Ait., Canarium schwein-

furthii (Engl.) and Bryscocarpus coccineus (Shum and
Thonn.) in suppressing flea beetles Podagrica spp.
(Coleoptera: Chrysomelidae) infestation on okra.

2. Materials and Methods

Experimental location, designs and treatments

The study was carried out on 168 m2 area of land
manually cleared and prepared at the Teaching and
Research Farm, Rufus Giwa Polytechnic (RUGIPO),
Owo, Ondo State located in South Western Nigeria
and lies on latitude 7° 12’ N and longitude 7° 35’ E.
The experiment was laid out in a Randomized
Complete Block Design (RCBD) with three replica-
tions. The experimental land was divided into 4
blocks of 4x4 m to produce a total of 12 plots. The
plot size was 2x1.5 m with 0.5 m between plots and
1x1 m between blocks to prevent pesticide drift and
inter-plot interference, respectively. 

An early maturity okra cultivar (NH-47) obtained
from Ondo state Agricultural Development Project
(ADP), Akure, Ondo State, Nigeria was sown with two
to three seeds per hole at a depth of 2-3 cm and
spaced 50x60 cm and later thinned to one plant per
stand. Weeding was carried out manually as at when
due to ensure clean plots free from weed competi-
tion.

The treatments applied were 25% w/v B. coccineus,

C. schweinfurthii, C. procera and 0.8 L/ha synthetic
insecticide (Lambda cyhalothrin) as control.
Application of treatments commenced four weeks
after planting (WAP) with a 2-litre capacity hand-held
sprayer. The spraying was carried out weekly till fruit-
ing early in the morning to avoid photo decomposi-
tion and drifting of the extracts. Synthetic insecticide
was applied every two weeks.

Collection and preparation of plant extracts 

Leaves of B. coccineus and C. schweinfurthii were
collected from Owo, Ondo state, Nigeria and C.

procera were collected from Ogbagi Akoko Ondo
State, Nigeria (7° 35’ N, 5° 43’ E) at full blooming and
25 kg were weighed separately using electronic bal-
ance (Table 1). Thereafter, the weighed plants were
washed with water to remove dirt or other contami-
nants and each of the plant materials was pounded
separately in a mortar into a fine soft paste form. The
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paste (crushed plant leaves) was then put into a 10-
litre plastic bucket and the appropriate volume of
distilled water added to make a 25% w/v crude aque-
ous extract solution (25% w/v represents an extract
made with 25 g of crushed plant leaves per every 100
ml of water). The pastes were soaked overnight
(approximately 14 hours) in a covered bucket with
occasional stirring and filtered using muslin cloth
with the filtrates stored in a 10 L keg in a cool dry
place till use.

Phytochemical screening

The qualitative phytochemical tests were per-
formed on the crude aqueous extract to detect the
presence of bioactive secondary metabolites in test-
ed plant materials using standard laboratory meth-
ods following the procedure described by Odebiyi
and Sofowora, 1978; Sofowora, 1982; Williamson et

al., 1996; Banso and Ngbede, 2006; Ngbede et al.,
2008.

Data collection and statistical analysis

All data were collected from five plants randomly
tagged per treatment in the two middle rows of each
plot. Leaves damage index was determined by visual
counting of the number of holes caused by the insect
feeding activities. While insect count for estimation
of the population densities of P. uniformis and P.

sjostedti was made 4 WAP between the hours 6-7 AM

when the insects are still inactive through visual
counting. The fruits were harvested two months
after planting (MAP), when the fruits were still fresh
at the interval of 4 days. Weighing balance was used
to determine the weight of the fruits and the fruits
length measured using ruler. Data collected were

analyzed by analysis of variance (ANOVA) using
Gester Version 1.2, insect count were subjected to
square root (y =√) transformation before analysis to
normalize the data. Significant treatment means
were compared using Tukey test at 5% probability.

3. Results

Podagrica spp. population before application of some

plant aqueous extracts

Table 2 shows Podagrica spp. population on okra
before the application of the aqueous plant extracts
treatments. The results showed that the insect popu-
lations were not significantly different. The popula-
tion ranges between 4.07-4.93/plant for 2015 crop-
ping season and 4.10-4.98/plant for 2016 cropping
season.

Toxicity effect of some plant aqueous extracts in sup-

pressing Podagrica spp. infestation

The utilization of plant aqueous extracts to sup-
press Podagrica spp. infestation on okra was present-
ed in Tables 3 and 4 for 2015 and 2016 cropping sea-
son, respectively. Application of the various treat-

Scientific name Common name Family Part used

Calotropis procera Giant swallow wort or Milkweed Asclepiadaceae leaves

Canarium schweinfurthii African elemi or canarium Burseraceae leaves

Byrsocarpus coccineus Short-pod Connaraceae leaves

Table 1 - Plant materials used for the experiment

Table 2 - Podagrica spp. population before application of some
plant aqueous extracts

Treatments
Insect population

2015 2016

C. procera 4.07±0.77 a 4.98±0.15 a

C. schweinfurthii 4.08±0.66 a 4.46±0.34 a

B. coccineus 4.27±0.38 a 4.10±0.07 a

Lambda cyhalothrin 4.93±0.66 a 4.47±0.28 a

Treatments with the same letter in column are not statistically
significant different from each other.

Treatments
4 WAP 5 WAP 6 WAP 7 WAP 8 WAP 9 WAP

3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS

C. procera 2.93±1.86 a 0.33±0.31 ab 0.80±0.60 ab 0.87±1.17 a 1.80±1.51 a 3.27±1.36 b 1.33±1.03 a 0.67±0.12 a 0.20±0.20 b 0.60±0.35 a 0.33±0.31 a 0.80±0.31 ab

C. schweinfurthii 1.13±1.14 ab 0.07±0.12 c 0.27±0.23 c 0.07±0.12 b 0.37±0.35 b 1.13±0.70 a 0.27±0.35 ab 0.20±0.35 a 0.00 0.53±0.61 a 0.18±0.12 a 0.73±0.51 ab

B. coccineus 1.40±1.22 ab 0.6±0.87 a 1.0±1.40 a 0.40±0.53 a 0.22±0.06 b 0.47±0.53 a 0.4±0.69 ab 0.80±1.22 a 0.82±1.05 a 0.6±0.53 a 0.8±1.22 a 0.93±0.52 a

Lambda cyhalothrin 0.13±0.23 c 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00a 0.00

Table 3 - Toxicity effect some plant aqueous extracts in suppressing Podagrica spp. infestation 2015

WAP = Weeks after planting; DAS = Days after spray.
Treatments with the same letters in columns are not statistically significant different from each other.
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ments resulted in significant reduction in the insect
population, while synthetic insecticides completely
suppressed the insect pest infestation. The results
clearly indicate that insect population reduced in rela-
tion to the number of spraying regimes, with the
exception of okra plants sprayed with C. procera aque-
ous extract, which slightly increased or resurgence at 6
WAP for both seasons and 3 days after spraying (DAS)
at 7 WAP in 2015 cropping season only. In 2015 non-
significant difference was observed at 3 DAS and 7
DAS in all the treatments at 7, 8 and 9 WAP, while in
2016 non-significant difference was recorded 7 DAS at
6, 8 and 9 WAP in 2016 cropping season, respectively.

The insecticidal activity of the aqueous plant
extracts treatments is rated in the following decreas-
ing order: B. coccineus > C. schweinfurthii > C. pro-

cera, with B. coccineus and C. schweinfurthii having
similar treatment means which is not significantly dif-
ferent in most instances but significantly differ com-
pared to C. procera in both seasons.

Toxicity effect of some plant aqueous extracts on

okra yield attributes

The yield of okra plant in response to various plant
aqueous extracts evaluated in reducing Podagrica

spp. infestation was presented in Table 5. From the
results, fruit weight and fruit diameter were not sig-
nificantly different in both cropping seasons for all
the treatments sprayed on the okra against
Podagrica spp. infestation. Also non-significant dif-
ference equally observed between okra plants
sprayed with B. coccineus and C. schweinfurthii com-
pared to Lambda cyhalothrin for number of harvest-
ed fruit and fruit lengths for both seasons except for
C. schweinfurthii in 2015 season. Although, there
was significant difference in the number of harvest-
ed fruits and fruit lengths between okra sprayed with
B. coccineus ,  C. schweinfurthii and Lambda
cyhalothrin compared to C. procera in both seasons.
The yield attribute performance of the treatments is
rated in the following decreasing order: Lambda
cyhalothrin > B. coccineus > C. schweinfurthii > C.

procera, with B. coccineus and C. schweinfurthii hav-
ing similar treatment means.

Effects of plants aqueous extracts on severity of

leaves damage on Okra by Podagrica spp.

The utilization of plants aqueous extract on severity
of leaves damage on Okra (A. esculentus L.) by
Podagrica spp. was presented in Table 6. Significant

Table 5 - Toxicity effect some plant aqueous extracts okra yield attributes

Treatments
4 WAP 5 WAP 6 WAP 7WAP 8 WAP 9 WAP

3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS 3 DAS 7 DAS

C. procera 2.05±0.62 a 0.73±0.31 a 0.98±0.56 a 0.53±1.04 a 1.18±1.51 a 1.02±0.16 a 0.88±1.06 a 0.63±0.14 b 0.42±0.20 b 0.6±0.35 a 0.55±0.24 a 0.56±0.31 a

C. schweinfurthii 1.89±0.14 ab 0.28±1.52 b 0.67±0.23 a 0.18±0.32 a 0.37±0.35 ab 0.63±1.08 a 0.41±0.05 ab 0.4±0.33 a 0.20±0.07 b 0.53±0.61 a 0.17±0.16 b 0.41±1.61 a

B. coccineus 1.44±0.21 ab 0.92±0.87 a 0.82±1.03 a 0.46±1.07 a 0.08±0.11 b 0.82±0.12 a 0.2±0.09 ab 0.87±0.22 a 1.0±0.35 a 0.6±0.53 a 0.46±1.42 a 0.57±0.25 a

Lambda cyhalothrin 0.10±0.23 c 0.22±1.61 b 0.00 0.00 0.00 0.00 0.00 0.00a 0.00 12:00 0.00 0.00

WAP = Weeks after Planting; DAS = Days after spray.
Treatments with the same letters in columns are not statistically significant different from each other.

Table 4 - Toxicity effect some plant aqueous extracts in suppressing Podagrica spp. infestation 2016

Parameters
C. procera C. schweinfurthii B. coccineus Lambda cyhalothrin

2015 2016 2015 2016 2015 2016 2015 2016

Number of pod 3.75±1.13 b 3.98 ±0.19 b 4.69±1.59 a 4.51±1.79 a 4.75±1.79 a 4.93±2.41 a 5.12±0.84 a 5.45±1.79 a

Fruit length 3.02±0.88 ab 3.47±1.66 ab 3.93±2.71 ab 4.00±1.34 a 4.12±1.76 a 4.70±0.28 a 4.83±2.02 a 4.67±1.17 a

Fruit weight 0.08±0.06 a 0.05±0.02 a 0.05±0.03 a 0.09±0.11 a 0.05±0.06 a 0.07±0.12 a 0.04±0.03 a 0.06±0.02 a

Diameter 5.51±1.89 a 4.80±0.43 a 4.9±1.45 a 4.64±0.93 a 4.44±1.72 a 4.03±1.06 a 4.72±0.69 a 4.46±0.82 a

Severity of leaf damage
C. procera C. schweinfurthii B. coccineus Lambda cyhalothrin

2015 2016 2015 2016 2015 2016 2015 2016

4 WAP 3.47±1.08 e 4.51±0.71 e 4.73±0.43 e 4.02±0.66 b 3.40 ±1.83 c 3.27±1.10 d 1.67±0.76 a 1.44 ±0.83 a

5 WAP 6.27±0.73 e 8.12±2.46 e 5.82±1.18 e 6.83±0.37 b 4.00±1.95 c 4.17±1.38 d 3.20 ±1.51 a 4.27 ±0.73 a

6 WAP 12.23±1.09 d 12. 85±2.03 d 9.50±1.76 d 8.91±1.92 b 10.53±1.68 b 11.48±2.06 c 4.07 ±0.69 a 4.23 ±1.09 a

7 WAP 19.93±1.93 c 20.14±1.17 c 11.97±0.86 c 13.25±1.81 ab 16.27 ±2.68 ab 17.04±1.39 b 4.07 ±0.39 a 4.93 ±2.93 a

8 WAP 29.60±1.55 b 26.92±2.41 b 15.53±1.78 b 17.09±2.01 a 20.67±2.61 a 19.85±2.14 ab 4.80 ±1.70 a 5.60 ±1.55 a

9 WAP 32.20±0.66 a 33.32±1.82 a 21.67±2.90 a 20.14±1.26 a 23.07±1.32 a 24.55±2.82 a 5.20 ±1.30 a 6.33 ±1.75 a

Table 6 - Effects of plants aqueous extracts on severity of leaves damage on Okra by Podagrica spp.

Treatments with the same letters in columns are not statistically significant different from each other.

Treatments with the same letters in columns are not statistically significant different from each other.
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difference was not recorded between okra plant
sprayed with the extracts at 4, 5, 6, 8 and 9 WAP.
However, there was significant difference in the
severity of leaves recorded at 7 WAP. Significant dif-
ference was also recorded between C. procera and
chemical insect controlled okra but C. schweinfurthii

and B. coccineus were not statistically significant
from each other. The highest severity was recorded
at 9 WAP followed by 7 WAP which could be due to
lack of rainfall in these periods.

Severity of leaves damage by Podagrica spp. is
presented in Table 6. The least percentage leaves
defoliation was observed from the plants treated
with synthetic insecticide and C. procera treated
plant recorded highest percentage of defoliation
among the botanical insecticides. C. schweinfurthii

and B. coccineus showed significantly promising
effect in reducing severity of leaves damage.
However, all botanical treated okra plants prevented
the leaves from being severely defoliated as all the
plants suffered below 33.32% defoliation at 9 WAP.
In general term, leaves damage increased with the
increasing age of okra plants.

Phytochemical screening

The result of phytochemical screening of crude leaf
extracts revealed the presence of Triterpenoids,
Steroids, Flavonoids, Phlobatanins, Saponins,
Tannins, Cardiac glycoside and Anthraquinones in the
plants (Table 7). Alkaloids and Anthraquinones were
not detected in both C. procera and C. schweinfurthii

while Triterpenoids and Phlobatanins were absent in
C. schweinfurthii. The presence of these bioactive
compounds in the plant materials is an indication
that it may have some insecticidal potential against
agriculturally important insect pest.

4. Discussion and Conclusions

Plants are rich sources of natural substances that
can be utilized in the development of environmental-
ly safe methods for insect pests control as veritable
alternative to synthetic insecticide (Sadek, 2003).

Moreover, growing awareness of health and environ-
mental issues  accompanied by the intensive use of
chemical inputs has led to increased concerns and
the need for alternate forms of crop protection in the
world (Adesina, 2013). 

The crude aqueous extracts evaluated in this study
have been reported to contain insecticidal, termitici-
dal, antifeedant, ovacidal and larvacidal properties
(Ahmed, 1993; Shaaya et al., 1977; David, 1989;
Jahan et al., 1991; Abayeh et al., 1999; Abbassi et al.,
2003; Umsalama et al., 2006; Bakavathiappan et al.,
2012; Katunku et al., 2014; Nagawa et al., 2015; Okoli
et al., 2016). The result of the study showed that the
crude plant extracts were able to reduce insect popu-
lation, but not significantly, compared to the synthet-
ic insecticide, but were able to show some suppress-
ing effect on the rate of feeding of the insects as the
severity of the leaves damaged by the insects was
not enough to cause significant reduction in yield
compared to results obtained from okra plants
sprayed with chemical.

The target insects are notorious for leaves defolia-
tion owing to their biting and chewing mouthparts
resulting in reduction of photosynthetic ability of the
infested plants which invariably affect the plant
growth and yield (Dent, 1999). The aqueous extracts
were not effective at first two weeks of application.
Synthetic insecticide recorded a higher efficacy com-
pared to aqueous extract. This might be as a result of
active ingredients of aqueous extracts being easily
volatilized especially in the sun, thereby leading to
their limited efficacy (Ware, 2000) and the delayed
effect of aqueous extracts is reported to be one of
the major problems of botanical insecticides
(Oparaeke, 2006; Isman, 2008). 

Since the beetles live and feed on the vegetative
parts, any chemical that shows a remarkable efficacy
against them must have contact toxicity, repellent or
anti-feeding action. Several authors have reported
that, the deleterious effects of crude plant extracts
on insects are manifested in several ways, including
toxicity (Hiremath et al., 1997) and feeding inhibition
(Klepzig and Schlyter, 1999; Wheeler and Isman,
2001). Thus, reducing the level of beetle infestation
and increasing okra pod carrying capacity; this con-
firmed the earlier report of Thirumalai et al. (2003)+ = Present, - = absent.

Table 7 - Phytochemical screening of crude aqueous extract of
C. procera, C. schweinfurthii and B. coccineus

Chemical constituents
Calotrophus

procera

Canarium 

schweinfurthii

Bryscocarpus

coccineus

Alkaloids - - +

Terpenoids + - +

Flavonoids + + +

Anthraquinones - - +

Tannins + + +

Phlobatanins + - +

Saponins + + +

Cardiac glycosides + + +

Steroids + + +
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who observed the effective reduction of mite popula-
tion with application of neem seed kernel extract.

The reduction in Podagrica beetle population and
increase in yield caused by the plant extracts treat-
ment was comparable with those caused by synthetic
insecticide. This supports the findings of Katunku et

al. (2014) and those of Yusuf and Mohammed (2009)
who reported that C. schweinfurthii and Monordica

balsamina powder treatments were as effective as
and comparable to permethrin and pirimiphos
methyl in suppressing C. maculatus population and
growth in cowpea storage.

The high rate of Podagrica spp. population reduc-
tion on exposure to the aqueous extracts treatments
may be attributed to the chemical composition of the
products. Plant extracts often consist of complex
mixtures of bioactive constituents which may act as
antifeedants, disturb insect growth, development
and inhibit oviposition (Gerard and Ruf, 1991;
Emimal Victoria, 2010). Thus, suggesting that most of
the secondary metabolites such as terpenoids and
alkaloids can be used as active insecticidal com-
pounds that could be an effective alternative to syn-
thetic insecticides for insect pest management. The
toxicity of alkaloids was reported by Abbassi et al.

(2003) and David (1989) reported that tannic acid
acts as toxin and feeding deterrent to insects.
Bernhoft (2010) reported that saponnins is found to
affect the respiratory system of insects and causes
emetic effect due to their detergent action. In the
same vein, Philip et al. (2009) reported that plant
products have repellent properties and toxic effect
on the heart muscles in insects. Frazier (1986) report-
ed that antifeedants can be found amongst all major
classes of secondary metabolites (alkaloids,
flavonoids, terpenoids and phenolics). Plant metabo-
lites may produce toxic effects if ingested leading to
rejection of the host plant (Russel and Lane, 1993).

The utilization of C. schweinfurthii and B. coccineus

aqueous extracts had positive toxicity impact in
decreasing the rate of Podagrica spp. infestation and
also increased the yield of okra plant thus could serve
as alternative to synthetic insecticide to protect okra
plant against Podagrica spp. infestation to maximize
the yield and income of the resource poor farmers.
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Abstract: Two accredited cotton (Gossypium hirsutum L.) cultivars (Aleppo 118

and Deir Al-Zour 22) have been investigated to assess physiological, morpho-

logical, and molecular responses under water shortage conditions. Both culti-

vars have shown early flowering. However, higher percentage of treated

‘Aleppo 118’ plants kept flowering towards the end of the growing season com-

pared to treated ‘Deir Al-Zour 22’ plants. Both cultivars kept consistent micron-

aire and cohesion under normal and water shortage conditions. The cultivar

Aleppo 118 displayed more consistent fiber quality between control and treat-

ed plants, while ‘Deir Al-Zour 22’ showed variation in fiber length and strength

between control and treated plants. Results have demonstrated an increase in

fold expression of DREB1A, TPS and HSPCB genes in the flowering stage of

treated plants compared to the controls. Results also showed a continuous acti-

vation of DREB1A gene in the two critical growing stages of a cotton life cycle,

flowering and boll development in treated plants of ‘Deir Al-Zour 22’. This work

illustrates the different responses of two cotton cultivars under water shortage

stress and its impact on flowering and fiber traits.

1. Introduction

The supply of groundwater in agriculture is reduced due to intersect-
ing environmental, industrial and domestic sectors. Groundwater-depen-
dent agro-economies are mostly affected by drought stress, water deficits
and aquifer depletion, specifically in the arid and semi-arid regions.
Drought is considered a major constraint to crop productivity and yield
stability around the world. It is therefore, a major challenge to farmers in
drought subjected regions. Water saving and stable crop production are
the main challenges that urge researchers to develop new cultivars and
irrigation strategies for a sustainable use of water in agriculture.

Developing new cultivars that tolerate water stress has been assisted
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and supported by wide range of strategies and proce-
dures that enable the selection of candidate parents
and an efficient screening of targeted progenies.
Genomics, marker-assisted selection, the manipula-
tion of QTLs using genetic engineering and transcrip-
tomics can contribute in the release of improved,
drought-tolerant cultivars (Tuberosa and Salvi, 2006).
The metabolomics-assisted breeding is another can-
didate approach for the development of crops with
increased tolerance to abiotic stresses (Fernie and
Schauer, 2009). Improving drought tolerance in crops
requires understanding the biochemical responses
under water deficit (Reddy et al., 2004) and the char-
acterization of drought patterns in the growing
regions along with the physio-morphological traits of
these crops under such environments (Fukai and
Cooper, 1995; Khan et al., 2010). Plants have evolved
their drought-adaptive strategies (Meyre et al.,
2001), between drought escape (early flowering) and
drought tolerance. Comprehending the flowering
pattern of each crop under stressed and non-stressed
environments is a key to which drought-adaptive
strategy the crop plant follows. Early flowering and
maturity can help in saving groundwater for irrigation
and can help in avoiding early rainfall that usually
affects the harvest of certain crops such as cotton
(Jawdat et al., 2012). Therefore, a vigilant assessment
of crop responses to alteration in irrigation regimes is
needed. At any rate, amendments and management
of irrigation and water saving methods has a great
potential in saving water sources in the arid and
semi-arid regions (Oweis et al., 2011; Ünlü et al.,
2011).

Cotton is a major cash oilseed and fiber crop with
a world production estimated to be 25.01 million
tonnes in 2013-2014 as announced at the official
website of the International Cotton Advisory
Committee (ICAC) (https://www.icac.org). The widely
famous, allotetraploid Gossypium hirsutum L. has a
distinct growth manner and can be useful in monitor-
ing growth and developmental changes under
diverse conditions (Jawdat et al., 2012). Cotton is
grown in around 70 countries where the irrigated
system dominates in arid regions; and is used to sup-
plement rainfall in the humid regions to ensure yield
stability. Seed cotton production in Syria (mostly
semi-arid where cotton is irrigated) was around one
million tonnes in 2000. A decrease in production
from around 670 K tonnes in 2009 to around 472 K
tonnes in 2010 and then up to about 671 K tonnes in
2011 in the same cultivation area (~200 K hectares),
was attributed to the drought wave that hit the coun-

try in 2010. A rapid decline in production was record-
ed between 2011 and 2014, from around 670 to
around 162 K tonnes respectively. This was concur-
rent with the unfortunate events taking place in
Syria. 

The principal objective of this paper is to assess
physiological, morphological, molecular, and bio-
chemical responses of two accredited cotton culti-
vars in Syria under deficit water regime, in benefits of
future breeding programs.

2. Materials and Methods

Plant materials

Plant material consisted of cotton seeds of two G.

hirsutum L. accredited local cultivars: Aleppo 118
[Aleppo 40 (Aleppo 1 x Acala SJ1) x American cultivar
BW 76-31] and Deir Al-Zour 22 (a selected line from
Deltapine 41).

Drought stress treatment

Seeds were sown in rows, where the distance
between rows and plants were kept at 75 and 25 cm
respectively. Experimental plots were designed
according to a randomized complete block design
(RCBD) with each treatment is replicated once in
each block. The experiment site was located in
Doubaya in Damascus country side (980 m above sea
level, 33° 29´ 36´ N and 36° 04´ 57´ E). The experi-
ment consists of two irrigation treatments (control
with full irrigation and treated with 50% of control
irrigation), two cultivars (Aleppo 118 and Deir Al Zour
22) and three replicates per treatment. The soil (total
N: 0.08%, available P: 12 ppm, K: 1.30 Meq/100 g,
and organic matter: 1.19%) was prepared by tractor
ploughing deep for 45 cm, followed by two surface
ploughings for 15 cm deep. Fertilization was conduct-
ed following the Cotton Research Administration
(CRA) guidelines and recommendations. Nitrogen fer-
tilizer as urea 46% [CO(NH2)2] was applied at a rate of
415 Kg/ha in four unequally split applications, 20%
before sowing, 40% 30 days after sowing, 20% at flo-
ral bud emergence, and 20% at bolls initiation phase.
Phosphorus fertilizer [Ca(H2PO4)2] was applied at a
rate of 130 Kg/ha before sowing. Potassium fertilizer
was applied at the rate of 170 Kg/ha in the form of
potassium sulphate (K2SO4). Drip irrigation was
applied at 250 m3/ha, at first, for both control and
treated blocks. Consequent irrigations were applied
during the growing season of cultivated plants once a
week at 250 m3/ha (full irrigation) in control blocks,
and once in every 10 days at 125 m3/ha (deficit irriga-
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tion; receiving water at 50% of control treatment) in
the treated blocks. Except for one week where tem-
peratures reached around 45 degrees in the after-
noon, we had to irrigate both control and treatment
blocks with emergency full irrigation. The distance
between emitters was 25 cm and the emitter dis-
charge was 8 L/h. Thinning of plants was conducted
around 4 weeks of germination.

Physiological data

Chlorophyll a and b content. Leaves samples (100
mg/sample) were each immersed in 4 ml of 95% ace-
tone and incubated at 6-8°C for 24 hrs. Chlorophyll a
and b concentration was determined spectrophoto-
metrically by measuring the absorbance (optical den-
sity-OD) at 662 and 644 nm respectively. The concen-
trations of Chlorophyll a and Chlorophyll b (μg. g-1

FW) in leaf tissues were calculated using the follow-
ing equations (Cha-Um et al., 2006):

Chlorophyll a= 9.784*D
662

- 0.99*D
644

Chlorophyll b= 21.426*D
644

- 4.65*D
662

Where Di is an optical density at the wavelength i.

Osmotic potential OP) and osmotic adjustment

(OA). Osmometer readings in mOsm/kg, were taken
using the freezing point osmometer, the Micro-
OsmoetteTM (Precision systems Inc., USA). Frozen 100
mg of leaf samples in liquid nitrogen were ground (a
pool of three leaves per treatment). Two milliliters of
autoclaved d.d. water were added to each sample
and samples were vortexed briefly and centrifuged
for one minute at 13000 rpm. Fifty microliters of the
supernatant were used for each reading. The osmotic
potential Ψs was calculated using the following for-
mula:

OP (MPa)= - {R * T * osmometer reading}/1000

where R is the gas constant (0.008314), and T is the
laboratory temperature in Kelvin (298). The osmotic
adjustment (OA) was calculated as the difference
between the osmotic potential of non-stressed
plants and the water stressed plants.

Morphological data

Twenty plants of each replicate were randomly
tagged and flowering behavior data for days after
planting (DAP) were recorded such as: first floral bud
emergence, plant height at first flower, and nodes
above white flower (NAWF). The percentage of plants
bearing flowers and plants bearing floral buds were
recorded towards end of season. End of season data
also included: plant height, root depth (randomly
selected plants from each replicate were carefully
pulled out of ground), and number of secondary roots.

Physical and chemical fiber properties

Fiber quality testing. Thirty bolls of each replicate
were picked and sent to the fiber quality lab at the
Cotton Research Administration (CRA) for testing:
micronaire, fiber length, fiber strength, fiber cohe-
sion, and ginning percentage. CRA fiber quality lab
conducts its testing according to the international
testing standards with a temperature of 22±2°C and
relative humidity of 64%±4%. The lab uses the follow-
ing instruments: Micronaire 775, Digital Fibrograph,
Pressley tester and Stelometer for fiber testing.

Fourier Transform Infrared (FTIR) acquisition spectra of

cotton fiber

FTIR was conducted to study the chemical vari-
ance, if any, between fibers from control and treated
plants of the two studied cultivars. The infrared spec-
tra were recorded on Nicolet 6700 in the range 4000
to 400 cm-1 with a resolution of 4 cm-1 at 32 scans as
direct measurements of the cotton fibers (three
replicates per treatment) samples using universal
attenuated total reflectance technique FTIR-ATR with
KRS-5 crystals. The instrument is equipped with DTGS
detector and KBr beam splitter. The operating system
used was the OMNIC software (Version 7.3, Thermo
Nicolet, USA). The infrared spectra of fiber samples
for control and treated plants of Aleppo 118 and Deir
Al Zour 22 cultivars were recorded. The recorded
spectra were repeated three times for each investi-
gated sample.

Measurement of crystallinity by conventional X-Ray

powder diffractometry (XRD)

XRD was applied to determine the crystallinity of
fiber samples from control and treated plants of
‘Aleppo 118’ and ‘Deir Al-Zour 22’ samples. X-ray
powder diffraction patterns were obtained on a STOE
transmission Stadi-P diffractometer with
monochromatic Cu Kα1 radiation (λ = 1.5406 Å)
selected using an incident-beam curved-crystal ger-
manium Ge (111) monochromator, with the STOE
transmission geometry (horizontal set-up) and a lin-
ear position-sensitive detector (PSD).

The determination of crystallinity of the samples
was performed with the program WinXPOW (Stoe
and Cie, 1999) using single-sample method. This
method requires defining the portions of the diagram
due to air scatter and inelastic scattering, amorphous
scattering and Bragg or crystal scattering. If Ic(2q) and
Ia(2q) are known for the whole diagram, the crys-
tallinity index is calculated from the relation:

xc=(∑Ic(2θ)⁄(LP∙F∙T)⁄(∑[(Ic (2θ)⁄T+Ia (2θ)]⁄(LP∙F) Eq. 1
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The summing is over Bragg angle (2q).  The
Lorentz-Polarization factor LP, the average form fac-
tor F and the temperature factor T are all 2q-depen-
dent functions:

LP(2θ)= 1 + cos2 (2θ) ⁄ (sin2 (2θ) cosθ Eq. 2

F(2θ)= ∑f (n, 2θ) Eq. 3

T(2θ)= exp(-2B sin22θ) ⁄ λ2 ) Eq. 4

The summing in Eq. 3 is over all atoms in the for-
mula unit. The sample’s overall formula and average
temperature factor (B) have to be known in order to
be able to apply this method. It’s noteworthy to
mention that sample absorption is always neglected;
therefore, this method works well for transmission
data of organic samples within ± 3% error of the true
crystallinity. The formula of cellulose (C6H12O5) and B
= 4.0 Å2 was used for our cotton fiber samples. 

Thermogravimetry analysis (TGA) and differential

scanning calorimetry (DSC)

The dynamic weight loss of fiber samples as a
function of increasing temperature tests were con-
ducted using a Mettler instrument (TG50). The tests
were carried out in a nitrogen atmosphere, purged
(30 ml/min) using sample weights of 10-15 mg at a
heating rate of 10oC/min. The resolution of the bal-
ance is given, as 1 microgram for weights less than
100 milligrams, and the temperature precision of the
instrument is ± 2oC.

DSC was used to determine the glass transition
temperatures of the prepared samples. A Mettler
instrument (DSC20) was utilized to record the DSC
spectra. All samples were tested in aluminum pans at
a heating rate of 10oC/min over a temperature range
from room temperature to 400oC. The precision of
the used instrument is ± 0.2oC.

Scanning electron microscopy (SEM)

Scanning electron microscopy (VEGAII XMU, TES-
CAN, Czech Republic) with an accelerating voltage of
30 Kv, was operated to capture SEM images of cotton

fibers coming from control and treated plants of
both cultivars.

Gene expression analysis

RNA isolation and cDNA synthesis. Total RNA was
isolated from leaves of cotton plants using the modi-
fied hot borate method (Jawdat and Karajoli, 2012).
Quality of total RNA was tested by agarose-formalde-
hyde gel electrophoresis using standard protocols.
The iScriptTM Select cDNA Synthesis kit (BioRad, USA)
was used to obtain first strand cDNA starting from 1
µg total RNA following the manufacturer’s protocol.
The cDNA was diluted 4X and stored at -20°C. 

Relative quantification of gene expression

The cDNA samples (control and treated) were
used as a template to quantify target genes
(DREB1A, TPS and HSPCB) expression level. Real-
Time PCR was performed in two replicates in a 25 µl
of a reaction mixture composed of 12.5 µl IQ SYBR
super mix (BioRad, USA), 1 µl of cDNA, 1 µl of each of
the forward and reverse primer (10 µM), and 9.5 µl
of d.d. water.

The quantification of mRNA levels was normalized
with the level of mRNA for GhEF1α5 (Artico et al.,

2010). The relative expression (fold expression) was
calculated using the -∆∆Ct method as follows:

2-∆∆Ct = 2- [(Ct treated 
target gene

– Ct treated 
reference gene

) - (Ct untreated 
target gene

- Ct untreated 
reference gene

)]

Specific target and reference gene primers are listed in
Table 1.

3. Results

Physiological, morphological, molecular and
chemical data were recorded to identify main
changes in two cash cultivars of cotton. The physio-
logical and molecular analysis were carried out on
leaf material from control and treated plants of
‘Aleppo 118’ and ‘Deir Al-Zour 22’, harvested 45 DAP

Table 1 - Target and reference genes accession numbers and primers sequences

Gene
GenBank 

accession No.
Forward and reverse primers (5’-3’)

Dehydration responsive element binding gene (DREB1A) AY321150.3 F-AGCTATAGCACTGAGAGGGAAG

R-GCTTCTTCGTCCAAGTAAAACC

Trehalose-6-phosphate-synthase gene (TPS) AY628139.1 F-TTCACTACATGCTGCCCATGTG

R-GGCTGTGGAGGAAAAAACCAAG
Heat-shock protein calmodulin binding gene (HSPCB) AY819767.1 F-CTCCTTGAATGTATTTACTGCC

R-GTGCGTCCTCTAGTGTCTTT

Elongation Factor 1-alphagene (Ef1α5) DQ174254 F-TCCCCATCTCTGGTTTTGAG

R-CTTGGGCTCATTGATCTGGGT
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in the course of floral bud initiation stage. 

Chlorophyll a and b content and osmotic potential

The chlorophyll a content showed a non-signifi-
cant decreasing trend in treated plants compared to
control plants in both cultivars. However, the chloro-
phyll b content showed a small increment in the
treated plants. The chlorophyll a/b ratio showed a
reduction in treated plants of both cultivars. A larger
reduction (18%) was observed in treated plants of
‘Deir Al-Zour 22’ compared to the small reduction
(4%) in treated plants of ‘Aleppo 118’ (Fig. 1 inset
graph). A non-significant drop in the osmotic poten-
tial of leaves in treated plants was observed in both
cultivars and the osmotic adjustment was higher
(0.016 MPa) in ‘Aleppo 118’ compared to ‘Deir Al-
Zour 22’ (0.006 MPa) (Fig. 1).

Plant morphology 

Early floral bud emergence was observed in both
treated cultivars compared to control plants (Fig. 2
inset graph I). The control plants of Aleppo 118 culti-
vars flowered earlier than control plants of ‘Deir Al-
Zour 22’. NAWF counts, another indicator of flower-
ing earliness, was also recorded in the third week of
first flower emergence (Fig. 2 inset graph II).
Recorded NAWF counts showed a significant
decrease in treated plants of both cultivars. A final
record of plants with flowers, and plants with floral

bud percentages were also taken five months after
planting towards the end of season (Fig. 2). End of
season flowering counts have shown ‘Aleppo 118’
tendency to keep initiating floral buds (~ 21%) in
treated plants compared to control plants (5.6%),
and produce fully opened flowers (~ 31%) in treated
compared to control plants (~ 2%). However, a simi-
lar but less potent flowering counts pattern was
observed in Deir Al-Zour 22 cultivar.

End of season measurements have also included
plant stem height, taproot depth and number of sec-
ondary roots (Table 2). Treated plants in both culti-
vars showed a slight increase in plant stem height
and minor decrease in root depth. However, non-sig-
nificant increase in number of secondary roots was
observed in treated plants of both cultivars.

Physical and chemical fiber properties

Fiber quality testing. The two tested cultivars have
presented slightly different behavior in terms of fiber
properties. Seed cotton yield showed no significant
difference between treated and control plants in
each cultivar. The cultivar Deir Al-Zour 22 showed a
significant increase in both fiber length and strength
in the treated plants compared to control ones. Fiber

Fig. 1 - The inset graph is chlorophyll a/b ratio in leaves of con-
trol (C) and treated (T) ‘Aleppo 118’ and ‘Deir-Al Zour 22’
plants. Main graph represents osmotic potential and
osmotic adjustment in leaves of control and treated
‘Aleppo 118’ and ‘Deir Al-Zour 22’ plants. Plants were
under drip irrigation system, where the control plants
were given full irrigation each week, and treated plants
have been given deficit irrigation each 10 days. Data
represent means and standard error of three replica-
tions.

Fig. 2 - The inset graph-I shows floral buds emergence in days
after planting (DAP) in control and treated ‘Aleppo 118’
and ‘Deir Al-Zour 22’ plants. The inset graph-II repre-
sents NAWF counts in control and treated plants of both
cultivars. Data were subjected to Duncan’s test with a
confidence level of 95% using STATISTICA program.
Columns sharing a letter are not significantly different.
Data represent means and standard error of three repli-
cations. The Original graph is the percentages of plants
with flowers and plants with floral buds of both control
and treated Aleppo 118 and Deir Al-Zour 22 cultivars,
five months after planting. Data were subjected to
Duncan’s test with a confidence level of 95% using STA-
TISTICA program. Line markers sharing a letter are not
significantly different (capital letters for plants with floral
buds and small letters for plants with flowers.
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elongation showed no significant difference between
control and treated plants in each cultivar.
Furthermore, no significant difference was recorded
in the cultivar Aleppo 118. Two fiber properties, fiber
cohesion and micronaire, exhibited no significant dif-
ference between cultivars and between treatments.
A significant increase in fiber maturity was observed
in the treated plants of Aleppo 118 cultivar, whereas,
a non-significant increase was recorded in treated
plants of ‘Deir Al-Zour 22’ (Fig. 3).

FTIR-ATR spectra acquisition of the cotton fiber.

The FTIR-ATR spectra of fiber samples from control
and treated plants of Aleppo 118 and Deir Al-Zour 22
cultivars were recorded. The spectra showed a typi-
cal characteristic reflectance bands for common cot-
ton fiber substances. The spectra of fiber samples
from control and treated ‘Aleppo 118’ plants were
aligned for comparison and showed minimum varia-
tion (Fig. 4 A). The spectra of fiber from ‘Aleppo 118’

control plants showed 15 distinctive bands centered
at 3310, 2890, 1740, 1605, 1429, 1372, 1315, 1203,
1160, 1103, 1055, 1020, 675, 554 and 431 cm-1. The
vibration at 1429 cm-1 is designated and assigned as a
“crystalline” absorption band of the fiber (Abidi et

al. ,  2014). The band at 1372 cm-1 vibration is
assigned to C-H bending, and it may be most suitable
for indicating cellulose crystallinity associated with
the band at 2890 cm-1. The spectra of control and
treated samples were highly similar except for the
band at 1740 cm-1 which was absent in the treated
sample.

Similar spectra range was observed in Deir Al-Zour
22 cultivar. However, few noticeable new bands with
distinctive structures were observed in the treated
sample at 2890, 1740, and 1605 cm-1. The band cen-
tered at 2890 cm-1 contains two prominent peaks
vibrations at 2910 and 2847 cm-1, which are assigned
to CH2 asymmetrical and symmetrical stretching,

Cultivar
Plant height (cm) Root depth (cm) No. secondary roots

Control Treatment Control Treatment Control Treatment

Aleppo 118 99.3±3.5 ab 105.9±5.5 a 19.8±2.2 17.7±2.1 10.4±0.8 AB 13.1±0.8 A 

Deir Al-Zour 22 80.3±3.8 c 87.6±5.1 bc 18.3±2.8 17.0±0.7 9.9±0.9 B 11.4±1.1 AB

Table 2 - End of season measurements of plant stem height, taproot depth and number of secondary roots in control and treated plants
of Aleppo 118 and Deir Al-Zour 22 cultivars

Data were subjected to Duncan’s test with a confidence level of 95% using STATISTICA program. Numbers in rows and columns sharing a
letter in each block (Plant height and No. secondary roots) are not significantly different. Data represent means and standard error of
three replications.

Fig. 3 - Fiber properties of control and
treated Aleppo 118 and Deir Al-
Zour 22 cultivars. Fiber length
(A), fiber strength (B), fiber cohe-
sion (C), fiber elongation (D),
micronaire (E), and maturity
index (F). Data were subjected to
Duncan’s test with a confidence
level of 95% using STATISTICA
program. Columns sharing a let-
ter are not significantly different.
Data represent means and stan-
dard error of three replications.
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respectively. As for the second band at 1740 cm-1,
which is assigned to a carboxylic ester group (C=O
stretching), a clearer structure is noticed in the treat-
ed sample in comparison with the control. Another
distinctive banding pattern is observed at 1605 cm-1

(adsorbed water), which is neither seen in the treat-
ed Aleppo 118 cultivar and nor observed in Deir Al-
Zour 22 cultivar control sample. This band contains
two prominent peaks vibrations at 1577 and 1540
cm-1 (Fig. 4 B).

Measurement of crystallinity by conventional x-ray

powder diffractometry. Fiber analysis using the XRD
procedure showed a typical cellulose pattern in both
control and treated plants for each cultivar (Fig. 5).
The amount of crystalline cellulose in studied sam-
ples was between 66-75% (Table 3). As seen in Table
3, there was a minor difference between the CI val-
ues of the treated and control ‘Deir Al-Zour 22’ sam-
ples. However, there is no variation between control
and treated samples of Aleppo 118 cultivar.

Thermogravimetry analysis (TGA) and differential

scanning calorimetry (DSC). Typical dynamic TGA
thermograms of the studied samples have been
recorded and are shown in figure 6 A. The TGA ther-
mograms show a slight decrease in the weight and
one significant step at high temperature.

Differential scanning calorimetry (DSC) was used
to locate a possible glass transition temperature (Tg)
of the samples. The glass transition temperature
could not be observed in all DSC thermograms. The
endothermic peak at around 100oC could be due to
evaporation of adsorbed water (Fig. 6 B).

Scanning electron microscopy (SEM). SEM images
reveal the longitudinal morphology of fibers coming
from control and treated plants of Aleppo 118 and
Deir Al-Zour 22 cultivars under three magnifications

Table 3 - Fiber crystalline index in control and treated Aleppo
118 and Deir Al-Zour 22 cultivars

Fig. 4 - FTIR-ATR spectra of the cotton fibers obtained from (A)
‘Aleppo 118’ control and treated plants and (B) ‘Deir Al-
Zour 22’ control and treated at room temperature in the
range 400-4000 cm-1. The recorded spectra were repea-
ted three times and showed a typical and characteristic
absorption bands for common cotton fibers substances.

Fig. 5 - X-ray powder diffraction patterns of fibers in control and
treated Aleppo 118 and Deir Al-Zour 22 cultivars.

Cultivar
Crystallinity Index (%)

Control Treatment

Aleppo 118 66.5±3.0 66.8±3.0

Deir Al-Zour 22 73.7±3.0 68.5±3.0
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(1.00 kx, 3.00 kx and 20.00 kx) (Fig. 7). Images of the
two cultivars show the ribbon fiber shape rolled in a
helicoid manner, a typical cotton morphological fea-
ture. The spiral and twisting fiber nature is present in
both cultivars under both conditions.

Expression analysis of DREB1A, TPS and HSPCB

drought-related genes

Fold expression of three drought-related genes in
cotton (DREB1A, TPS and HSPCB) was analyzed,
assisted by GhEF1α5 gene expression for normaliza-
tion (Fig. 8). Leaf samples of control and treated
plants of both cultivars were harvested at two points
(stages), S1 and S2. Where S1 represents leaf materi-
al harvested at 40 DAP (during floral bud to flower
transition stage) and S2 represents leaf material har-
vested at 60 DAP (bolls opening and maturation).
Gene expression analysis showed an activation of the
studied genes in treated plants compared to the con-
trols of both cultivars during S1. The S2 stage, experi-
enced a drop in genes activity in both treated culti-
vars. Analysis showed a major significant drop in
gene activity (HSPCB and TPS) in treated ‘Deir Al-Zour
22’ plants (S2) compared to samples of the earlier
stage (S1). Exceptionally, DREB 1A gene showed a
slight decrease in gene expression keeping its high
activity in treated plants ~4 fold higher than the con-

Fig. 6 - (A) TGA thermograms of cotton fibers in presence of
nitrogen. (B) DSC thermograms of cotton fibers in pre-
sence of nitrogen.

Fig. 7 - SEM images of cotton fibers. A, B and C. fibers of control ‘Aleppo 118’ under 1.00, 3.00 and 20.00 kx magnifications. D, E and F.
fibers of treated ‘Aleppo 118’ under 1.00, 3.00 and 20.00 kx magnifications. G, H and I. fibers of control ‘Deir Al Zour 22’ under
1.00, 3.00 and 20.00 kx magnifications. J, K and L. fibers of treated ‘Deir Al Zour 22’ under 1.00, 3.00 and 20.00 kx magnifications.
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trols. On the other hand, Aleppo 118 cultivar showed
an almost steady expression pattern of the three
genes in the two stages (high expression in S1 and
low in S2). This continuous high expression activity of
DREB 1A needs to be further investigated in ‘Deir Al-
Zour 22’ to study its relation to water deficit toler-
ance.

4. Discussion and Conclusions

This study overlooks the behavior of two accredit-
ed cotton cultivars subjected to two irrigation
regimes along their life cycle. It is anticipated that
water scarcity in the Mediterranean region will
increase under climatic change and this can be
addressed by evaluating the impacts of climate
change on water resources and their management,
the adaptive capacity and the policy responses
(Iglesias et al., 2011). 

Improving water resources management is chal-
lenged by the physiology and biology of the crop, irri-
gation practices, environment, farmers’ perspectives,
and government funding. Increasing crop water pro-
ductivity, i.e. producing more food, income, better
livelihoods and ecosystem services with less water
(Molden et al., 2010), has been a major interest to
agronomists, farmers, environmentalists and econo-
mists.

Our research is mainly interested in understand-
ing the responses of two credited Syrian cotton culti-
vars grown under water-shortage stress conditions,
motivated by the concept of reaching a better quality
and quantity of cotton fiber coupled with saving
ground water resources in a cotton growing country. 

Recently, drip irrigation systems have been widely
employed, due to their improvement of water use
efficiency (Patanè et al., 2011). Hence, our field
experiments were irrigated using the drip irrigation
system to reduce water runoff losses. 

Two credited cotton local cultivars, Aleppo 118
and Deir Al-Zour 22, have been investigated in our
study. The two cultivars are assigned by the Ministry
of Agriculture to be grown in their pertinent environ-
ments in the Syrian land. ‘Deir Al-Zour 22’ is the fea-
tured cultivar for cultivation in Deir Al-Zour Province,
along the Euphrates, where high temperature is the
dominant feature of the area especially during the
growing season. ‘Aleppo 118’, an early maturity culti-
var, is cultivated in the arid and semi-arid Northern-
West regions of Syria, mostly in Aleppo province. 

Control (full irrigation) and treated (deficit irriga-
tion) plants of both cultivars were tested using some
physiological, morphological, molecular, and bio-
chemical parameters. The restricted water regime
applied on our treated plants showed mild, non-sig-
nificant effects on chlorophyll a and b content, which
indicates a weak impact of the water-shortage stress
regime on the photosynthesis process. However, the
cultivar Aleppo 118 showed a slight reduction in
chlorophyll a/b ratio in treated plants compared to a
larger reduction in treated plants of ‘Deir Al-Zour 22’,
which indicate the presence of higher chlorophyll b
content in treated ‘Deir Al-Zour 22’ plants. This in
turn may suggest a slower degradation process of chl
b coming from a decrease in the enzymatic activities
that are known to render the conversion of chl b to
chl a (Folly and Engel, 1999). It is suggested that
drought stress has to be prolonged and severe before
the chloroplast start to break down (Jiang et al.,
2010). Another non-significant drop was also
observed in the osmotic potential values of treated
plants in both cultivars. However, the cultivar Aleppo
118 showed a greater osmotic adjustment value
which may indicate its stronger turgor maintenance
mechanism. Osmotic adjustment has been also asso-
ciated with maintenance of membranes and protein
structure, protection against oxidative damage
(Dacosta and Huang, 2006). It has been reported that
the greater the stress duration (increasing the num-
ber of stress cycles), the larger the osmotic adjust-

Fig. 8 - Fold expression of DREB1A, TPS and HSPCB genes in lea-
ves of treated ‘Aleppo 118’ and ‘Deir Al-Zour 22’ plants.
Leaf samples were collected in two stages, S1 (during flo-
ral bud to flower transition stage) and S2 (bolls opening
and maturation). Data were subjected to Duncan’s test
with a confidence level of 95% using STATISTICA pro-
gram. Significant fold expression change of TPS and
HSPCB genes was observed between S1 and S2 treated
‘Deir Al-Zour 22’. Data represent means and standard
deviation of three replications.
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ment in cotton leaves (Oosterhuis and Wullschleger,
1987).

The morphology and phenology of plants can be
significant indicators of drought tolerance. Changes
in plant growth rate and/or in flowering time are two
common strategies that plants use to cope with
drought (Schmalenbach et al., 2014).

The allotetraploid G. hirsutum L. species has a dis-
tinct growth manner in which the plant keeps a sys-
tematic morphological architecture (Khan, 2003) that
can be useful in monitoring growth and developmen-
tal changes under diverse environmental conditions
(Jawdat et al., 2012). In general, physiological
processes are induced in plants under stress condi-
tions to reduce the cellular damage and to alter
developmental timing to complete their life cycle fit-
tingly (Yaish et al., 2011). Stress-mediated flowering
has been reported in several plant species; stresses
like ultraviolet C, poor nutrition, low temperature
and drought (Wada and Takeno, 2010). Our results
noted earliness in treated plants of both varieties and
a tendency of ‘Aleppo 118’ to bear higher percentage
of flowers and floral buds toward the end of season.
‘Aleppo 118’ has been reported to show excessive
vegetative growth under excess water and nitrogen
compared to other local cultivars (CRA, personal
communication). This may suggest that water status
(excess and shortage) may hold back or trigger floral
cues, and this needs to be investigated fully taking
into consideration our result of the higher osmotic
adjustment in ‘Aleppo 118’ compared to ‘Deir Al-Zour
22’.

The small increase in stem height in treated plants
of both cultivars can be explained that plants accu-
mulate reserves in shoots and stems to cope with
water stress (Chavez et al., 2002). The water deficit
regime, applied in our study through drip irrigation,
encouraged the increase in number of secondary
roots in treated plants of both cultivars on the
expenses of a decrease in tap root length.

Fiber quality, which is a result of interactions
between genetics and environment, controls fiber
prices of cotton textile products (Wang et al., 2014).
The quest for cotton growers is the balance between
fiber quality and quantity. Achieving such a balance
in cotton cultivation regions with growing water
shortages is a main concern to the agricultural and
industrial sectors. An escalating number of publica-
tions aim at understanding the mechanism of cotton
fiber development and adaptation to abiotic stresses,
such as drought, for the improvement of cotton fiber
yields and quality (Zhu et al., 2011; Deeba et al.,

2012; Padmalatha et al., 2012; Bowman et al., 2013;
Riaz et al., 2013; Wang et al., 2013; Zhang et al.,
2013; Sekmen et al., 2014; Xie et al., 2015). Cotton
growth and yield are severely affected by excessive
water-shortage stress, especially at critical growth
stages such as the flowering phase (Dağdelen et al.,
2009). Soil water was found to be correlated with
fiber strength, elongation (Johnson et al., 2002) and
fiber maturity (Davidonis et al., 2004). Our results
showed that two fiber properties, cohesion and
micronaire, had no significant differences between
control and treated plants of the two cultivars. It is
with fiber cohesion, a property that causes materials
to cling together, yarn spinning from staple fiber is
possible (Wakelyn, 2007). A previous study showed
fiber cohesion stability of ‘Deir Al-Zour 22’ between
seasons and locations; whereas, ‘Aleppo 118’
showed cohesion stability between seasons in one
location (Jawdat et al., 2012). As for fiber micronaire,
it reflects fiber fineness and is a measure of internal
fiber thickness and deposits of cellulose. It has a
desired value range in the international market
between 3.5 and 4.9 (Jawdat et al., 2012). Fiber
micronaire, showed stability in both ‘Aleppo 118’ and
‘Deir Al-Zour 22’ between seasons and locations
(Jawdat et al., 2012). This indicates that environmen-
tal factors including water deficit have weak impact
on the two fiber properties, cohesion and micron-
aire. Deficit irrigation showed no significant effect on
fiber length and strength in Aleppo 118 cultivar.
However, it had significant impact on the two fiber
properties, causing increment in both strength and
length of fiber in treated plants of Deir Al-Zour 22
cultivar. Fiber strength is an indicator of fiber resis-
tance to stretching (Wang et al., 2014) and is deter-
mined by environmental conditions and cultivar
traits (Zhou et al., 2011). It has been found that fiber
strength is correlated with daily mean temperature
during fiber development (Hanson and Ewing, 1956;
Ma et al., 2006; Wang et al., 2009). This has been
also observed on a previous study where a difference
of 4-5°C showed a significant effect on fiber strength
in both ‘Aleppo 118’ and ‘Deir Al-Zour 22’ (Jawdat et

al., 2012). However, this temperature difference did
not affect fiber length in both cultivars (Jawdat et al.,
2012). This shows the impact of each of water deficit
and temperature on fiber strength of ‘Deir Al-Zour
22’ compared to the impact of only temperature on
fiber strength of ‘Aleppo 118’. Fiber maturity can be
defined as the relative wall thickness and wall devel-
opment (Wakelyn, 2007). In our work, we observed
an increase in fiber maturity factor values in treated
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plants compared to the controls, which suggests that
water deficit did not affect the maturity of cotton
fiber in a negative way and hence their quality as
related to dye-ability and ease of processing. 

The FTIR-ATR spectra of the cotton fibers
obtained from control and treated Aleppo 118 and
Deir Al-Zour 22 cultivars showed similar spectra
range except for few noticeable bands. This can be
due to a reduction in surface water adsorption which
leads to stronger fibers. The minimized accessibility
of water molecules to the internal hydroxyl groups
can be mostly due to the formation of cellulose
macromolecules that induce a re-organization of cel-
lulose and also increase the ordered cellulose (or
crystalline) portion to produce a stronger fiber (Liu,
2013) in Deir Al-Zour 22 treated cultivar. Results of
XRD showed minor CI variation between fibers from
control and treated Deir Al-Zour 22. Both TGA and
DSC showed no variation between fibers of treated
and control plants in both cultivars.

Our work has also investigated gene fold change
in expression of the transcription factor gene
(DREB1A), the molecular chaperone gene (HSPCB)
(Sotirios et al., 2006), and the trehalose biosynthesis
gene (TPS) (Kosmas et al., 2006). The two genes
HSPCB and TPS have been found in few studies to be
expressed differently between drought-tolerant and
drought-sensitive cotton genotypes. While the HSPCB

showed differential expression during the drought
period in leaves of drought tolerant genotypes and
not in the sensitive ones (Nepomuceno et al., 2002;
Voloudakis et al., 2002), the TPS gene was induced
during the water stress period in both tolerant and
sensitive cultivars (Nepomuceno et al., 2002).
Interestingly, our study showed a significant reduc-
tion in HSPCB and TPS genes activity in leaves during
bolls opening and maturation in both cultivars.
Whereas, DREB 1A gene kept a high active mode in
leaves of treated ‘Deir Al-Zour 22’ plants compared
to ‘Aleppo 118’ treated plants during that stage.
Dehydration-responsive element binding proteins
(DREBs) are transcription factors known to activate
the expression of abiotic stress-responsive genes in
divergent species via specific binding to the dehydra-
tion-responsive element/C-repeat (DRE/CRT) cis-act-
ing element in promoters of target genes (Mizoi et

al., 2012). In Arabidopsis, the overexpression of
DREB1A revealed both freezing and dehydration tol-
erance in transgenic plants (Liu et al., 1998). A better
drought and salt tolerance was observed in trans-
genic wheat plants with DREB1 from Glycine max

(Shiqing et al., 2005). The overexpression of Oryza

sativa DREB1 in rice transgenic plants has also
showed improved tolerance to drought, salt and low
temperature stresses (Dubouzet et al., 2003; Ito et

al., 2006). A group of researchers found that DREB 1A

was induced at a high level in pistils, three days after
drought treatment which suggests its possible role as
an early drought response regulator in the
Arabidopsis flower (Su et al., 2013). Our study adds
to such findings and points to DREB 1A constant up-
regulation in leaves of ‘Deir Al-Zour 22’ under
drought stress, during flowering and boll maturation. 

Our study has presented the responses of two
accredited cotton cultivars, Aleppo 118 and Deir Al-
Zour 22 which have shown different behavior under
water shortage. Both cultivars have shown early
flowering. However, a larger percentage of treated
‘Aleppo 118’ plants kept flowering towards end of
season compared to treated ‘Deir Al-Zour 22’ plants.
This may indicate a potential survival mechanism and
fruiting cycle extension in Aleppo 118 cultivar under
water deficit regime, compared to the cultivar Deir
Al-Zour 22. 

Aleppo 118 cultivar displayed more consistent
fiber quality between control and treated plants,
while ‘Deir Al-Zour 22’ showed variation in fiber
length and strength between control and treated
plants. Both cultivars kept consistent micronaire and
cohesion under normal and water deficit conditions.
Two critical stages in cotton life cycle, flowering and
boll development, were screened for HSPCB, TPS and
DREB 1A gene activity using leaf material. Results
have demonstrated an increase in fold expression of
these genes in the flowering stage of treated plants
compared to the controls. A large regression in genes
activity was noticed during boll development except
for DREB1A gene in treated ‘Deir Al-Zour 22’ plants.
DREB1A gene showed continuous activation in the
two stages and can be considered a candidate gene
to support water deficit stress tolerance mechanism
in this cultivar.

The question of which cultivar is more drought-
tolerant than the other is to be deeply investigated in
both cultivars, since each cultivar has shown differ-
ent approach towards water-shortage stress toler-
ance. 
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Abstract: The study was conducted to evaluate the physio-morphological varia-

tions of 21 pummelo genotype. The experiment was carried out at the existing

plantation of Bangladesh Agricultural University Germplasm Centre,

Mymensingh, during September 2014 to June 2015. Results showed that differ-

ent genotype exhibited differently in their physio-morphological features.

Genotype Thai Jambura exhibited highest leaf and petiole wing length (16.77

cm and 11.63 cm, respectively), while maximum number of anthers (44.33)

were recorded in genotype Green skin. The heaviest and lightest fruits were

recorded in genotype Hybrid (1283.33 g) and Accession-52 (300 g). While the

maximum weight of non-edible portion (463.33 g), pulp to peel ratio (3.97),

thickness of pulp (11.50 cm), amount of juice (366.67 ml), total soluble solids

(TSS) (18.67%), number of seeds (114) and weight of seeds (58 g) were found in

genotype Hybrid. Correlation coefficient study indicated that leaf length,

breadth, petiole wing length, fruit weight, weight of non-edible portion, seed

weight, seed number/fruit had positive and highly significant association with

leaf breadth, petiole wing breadth, weight of non-edible portion, pulp thick-

ness, total weight of seeds/fruit and number of fruits/plant, respectively. In

respect of path analysis, leaf breadth, petiole wing length, fruit weight, average

weight of seed, %TSS, seed number/fruit had positive direct effect on

fruits/plant indicating its importance as a selection criteria.

1. Introduction

Pummelo (Citrus grandis L. Osbeck) belonging to the family Rutaceae,

is one of the most distinctive and easily recognized species of the genus

citrus (Verdi, 1988). It is one of the most important fruit in Bangladesh

because of its taste, aroma and nutrient value. Citrus carry some vitamins

like vitamins C, B, A and some minerals like calcium, iron, citric acid etc.

The pummelo is an exotic large citrus fruit that is an ancestor of the com-

mon grapefruit. In Bangladesh it is locally known as jambura, batabilabu,
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badami, jamir. The pummelo is significantly larger

than the grapefruit. Its flesh is sweet and it has a

thick skin and rind. The fruit of the pummelo has a

light green colored rind but this gradually becomes

mostly yellow when it has fully ripened. The inside of

the fruit has a pink color when it is ripe. The pumme-

lo tree thrives well in tropical or near tropical cli-

mates. Like other citrus fruits, the pummelo usually

ripen in winter. It is an important commercial citrus

fruit, grown and available almost everywhere in

Bangladesh. The availability of this fruits helping peo-

ple to overcome the malnutrition problem. There is a

special pummelo fruit based diet to treat asthma.

Pummelo is a dietary fruit; its caloric value is 25-58

kcal/100 g (Morton, 1987). In Vietnam, the aromatic

flowers are used in making perfume. The wood is

used for tool handles and firewood while leaves,

flowers, fruits, and seeds are sometimes used as

herbal medicine to treat cough, fever and gastric dis-

orders (Verheij and Coronel, 1992).

Pummelo grows well everywhere in Bangladesh

and is comparatively more tolerate to insects and dis-

eases than other citrus fruits. But the number of

trees with good quality fruit is very negligible in com-

parison to other citrus growing countries of the

world. In the year 2015, Bangladesh produces 31,036

metric tons pummelo from 4159.10 hectares of land

(BBS, 2015). Although it is one of the most important

citrus fruit in Bangladesh, production as well as yield

of pummelo fruits is very low due to lack of high

yielding and good quality variety. It is reported that a

single pummel tree can yield 70-100 fruits/year

which is equivalent to 20 tons/ha/year (Verheij and

Coronel, 1992). Therefore, selection of high yielding

genotype is necessarily important to increase the

yield of pummelo in Bangladesh.

Characterization of pummelo using morphological

traits will help in the selection of genetically potential

genotype for cultivation and also for their exploita-

tion in plant breeding program. Selection of superior

genotype from the collected accessions will help in

increasing production of pummelo in this country.

For improving the production as well as yield of pum-

melo fruits in this country, Bangladesh Agriculture

University - Germplasm Center (BAU-GPC) has

already been collected some pummelo genotype

from different corner of Bangladesh and also from

Thailand, Vietnam, and Malaysia. This experiment

has been undertaken to study the physio-morpholog-

ical characteristics of those pummel accessions to

evaluate their relative performance. In plant breed-

ing program, knowledge of the interrelationship

among and between yield contributing characters is

necessary. Correlation and the path coefficient analy-

sis will provide a true picture of genetic associating

among different traits (Bhatt, 1973). Path coefficient

analysis specifics the cause and effect and measures

their relative importance. Therefore, correlations in

combination with the path co-efficient analysis quan-

tify the direct and indirect contribution of one char-

acter upon another (Dewey and Lu, 1959). This

experiment was therefore, undertaken to study the

physio-morphological characteristics of pummelo

genotype collected from different parts of the world

and to access the interrelationship between yield and

yield contributing characters and to select better

quality genotype for cultivation in Bangladesh.

2. Materials and Methods

The experiment was conducted at Bangladesh

Agricultural University Germplasm Center,

Department of Horticulture, Bangladesh Agricultural

University, Mymensingh during September 2014 to

June 2015. The location of BAU-GPC was medium

high land, well drained and slightly acidic soil with pH

range from 5.5 to 6.8. The study was conducted in an

established orchard where 21 indigenous and exotic

pummelo genotype were collected and established

(Table 1). The average age of plants were 3-4 years.

Treatment Pummelo genotype Sources of origin

T
1 BAU-1 Bangladesh

T
2 BAU-2 ,,

T
3 BAU-4 ,,

T
4 Hybrid ,,

T
5 Jambura (seeded) ,,

T
6 Mohini ,,

T
7 Green skin Vietnam

T
8 Malaysian Malaysia

T
9 Thai jambura Thailand

T
10 Accession-51 Bangladesh

T
11 Accession-52 ,,

T
12 Accession-57 Bangladesh

T
13 Accession-58 ,,

T
14 Accession-59 ,,

T
15 Accession-62 ,,

T
16 Accession-63 ,,

T
17 Accession-76 ,,

T
18 Accession-87 ,,

T
19 Accession-93 ,,

T
20 Accession-101 ,,

T
21 Accession-103 ,,

Table 1 - Collected pummelo genotype with their source of 

origin
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These 21 genotype were considered as experimental

treatments. The experiment was carried out in a ran-

domized complete block design with three replica-

tions. Data on different physio-morphological charac-

ters of leaves, flowers, fruits and seeds were record-

ed from sample plants of each genotype following

citrus IPGRI descriptor (IPGRI, 1999). Leaf length,

breadth, petiole wing length, petiole wing breadth

were measured by using measuring scale. Individual

fruit weight was recorded by a digital balance and

expressed in grams (g). For determination of pulp to

peel ratio, fruits were peeled off and weight was

taken for separated pulp and peel and expressed in

g. Thickness of fruit pulp and peel was measured by

using measuring tape after cross-sectioning of the

fruits and expressed in centimeter (cm). The pulp

vesicles were removed and blended in a blenderin

addition with 150 ml of water. Then juice was filtered

by a sieve. Except juice the rest of waste materials

was considered as non-edible portion and recorded

the weight. The amount of juice was measured by

measuring cylinder and expressed in milliliter (ml).

Total soluble solids (TSS) was determined by Abbe

Hand Refractometer. A drop of juice squeezed from

the pulp vesicles of fruit then placed on the prism of

the refractometer and percent total soluble solids

was observed from reading. Temperature correction

was made using the method describe by Ranganna

(1978) .Total number of fruits of each plant was

counted during 15 days interval. Thereafter, the

average number of fruits per plant was recorded. The

total number of seeds per fruit was counted. The

total number of seeds, which was obtained from

fruits, was weighted in a balance and expressed in g.

After counting and weighing the total seeds average

weight of seed was determined by the following for-

mula and expressed in g.

Average weight of seed (g) =
weight of seeds (g)

total number of seeds

Estimation of simple correlation coefficient

Association of different characters under the

study was analyzed by working out simple correla-

tion coefficient for all the possible pairs of character

combination. Simple correlation coefficient (r)

among the important characters of pummelo geno-

type was estimated with the formula stated by Singh

and Chaudhary (1985).

Estimation of path coefficient

Path coefficient analysis was done according to

the procedure stated by Dewey and Lu (1959) using

simple correlation values. In path analysis, correla-

tion coefficient is partitioned into direct and indirect

effects of independent variable on the dependent

variable. In order to estimate direct and indirect

effects of the correlated characters, i.e.X1, X2 and X3,

yield Y, a set of simultaneous equations (three equa-

tions in the examples) is required to be formulated as

shown below:
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Where, ‘r’ denotes simple correlation coefficient

and ‘P’ denotes path coefficient. 

Total correlation, say between x1 and Y is thus

partitioned as followed:

Pyx1 = indirect effect of x1, Pyx2rx1x3 = indirect effect of x1

via x2 only, Pyx3rx1x3 = indirect effect of x1 via x3 only.

After calculating the direct and indirect effect of

the characters, residual effect (R) was calculated by

using the formula stated by Singh and Chaudhary

(1985). 

Component of variance

The genotypic and phenotypic variances were cal-

culated according to Johnson et al. (1955). Estimation

of genotypic and phenotypic coefficient of variation

were calculated according to Burton (1952).

Estimation of heritability

Heritability in broad sense can be calculated by

using following formula:

H2 
b (%) =

Genotipic variance
x 100

Penotypic variance

Statistical analysis

Data on different physio-morphological parame-

ters were statistically analyzed to find out the signifi-

cance of difference among genotype means. The

analyses of variances for most of the characters

under consideration were performed by F variance

test. The significance of the difference between

treatments means was evaluated by least signifi-

cance difference test describe by Gomez and Gomez

(1984).

3. Results

Morphological features of leaves

As regard to leaf length it was observed that leaf

length varied significantly among the genotype. The

longest value was observed in genotype Thai

Jambura (16.77 cm) and minimum value in genotype
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BAU-2 (7.67 cm) (Fig. 1). It was revealed that the leaf

breadth of the plant also varied significantly and

ranged from 5.00 to 11.63 cm (Table 2). The geno-

type Thai Jambura showed the highest leaf breadth

(11.63 cm) and the lowest leaf breadth (5 cm) was

observed in Accession-62 (Table 2). It was revealed

that the petiole wing length of the leaf varied signifi-

cantly and ranged from 1.23 to 3.60 cm (Table 2). The

genotype Thai Jambura showed the highest petiole

wing length (3.60 cm) and the lowest petiole wing

length (1.23 cm) was observed in Accession-62 (Table

2). Petiole wing breadth of pummelo genotype varied

significantly. The genotype Thai Jambura showed the

highest petiole wing breadth (4.17 cm) and the low-

est petiole wing breadth (0.90 cm) was observed in

Accession-63 (Table 2).

Morphological features of flowers

In case of number of petals per flower it was

observed that petals varied significantly genotype to

genotype. The maximum number of petals was found

in genotype Hybrid (6) and minimum value (4) in

genotype BAU-2, BAU-4, Mohini, Accession-59, 63,

93 and 103 (Table 2). Similarly, calyx number was

also found significantly varied among the genotype.

The height number of calyx was observed in geno-

** = Significant at 1% level of probability.

Table 2 - Leaf breadth, petiole wing length, petiole wing breadth, number of petals, calyx, anthers per flowers of 21 pummelo genotype

Genotype
Leaf breadth

(cm)

Petiole wing

length (cm)

Petiole wing

breadth (cm)

No. of

petals/flower

No. of 

calyx/flower

No. of

anthers/flower

BAU-1 5.70 2.00 1.60 5.00 5.00 42.00

BAU-2 5.83 2.00 1.50 4.00 4.00 35.67

BAU-4 5.93 2.83 2.87 4.00 4.00 39.00

Hybrid 5.93 1.67 0.93 6.00 6.00 32.33

Jambura (Seeded) 6.23 3.33 2.33 5.00 5.00 32.33

Mohini 6.17 2.17 1.67 4.00 4.00 38.00

Green skin 5.93 2.50 1.73 5.00 5.00 44.33

Malaysian 5.63 1.73 1.17 5.00 5.00 43.00

Thai jambura 11.63 3.6 4.17 5.00 5.00 41.33

Accession-51 5.90 1.33 1.17 4.00 4.00 34.33

Accession-52 5.17 2.70 2.23 5.00 5.00 42.67

Accession-57 5.80 2.40 1.40 5.00 5.00 32.33

Accession-58 8.17 1.67 1.50 5.00 5.00 41.00

Accession-59 5.80 2.40 1.40 4.00 4.00 43.67

Accession-62 5.00 1.23 1.10 5.00 5.00 31.33

Accession-63 5.63 1.40 0.90 4.00 4.00 33.33

Accession-76 5.17 2.40 2.50 5.00 5.00 22.67

Accession-87 6.27 2.73 3.33 5.00 5.00 43.67

Accession-93 7.13 2.10 2.00 4.00 4.00 35.33

Accession-101 7.07 2.00 1.47 5.00 5.00 37.67

Accession-103 5.43 1.83 1.33 4.00 4.00 29.00

LSD
0.01 0.69 0.62 0.76 0.78 0.78 6.07

Level of significance ** ** ** ** ** **

Fig. 1 - Leaf length of 21 pummelo genotype. Vertical bar indica-

tes LSD at 1% level of probability.

type Hybrid (6) and lowest number (4) in genotype

BAU-2, BAU-4, Mohini, Accession-51, 59, 63, 93 and

103 (Table 2). However, number of anthers/flower

significantly varied among 21 pummelo genotype

and ranged from 22.67 to 44.33. The maximum value

was recorded in genotype Green skin (44.33) and the

minimum value in Accession-76 (22.67) (Table 2).

Physio-morphological features of fruits

Individual fruit weight varied significantly among

the genotype and it ranged from 300 to 1283.33 g.

Fruit with the heaviest weight (1283.33 g) was

observed in genotype Hybrid and the lowest (300 g)
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fruit was recorded in Accession-52 (Table 3). In

respect of non-edible portion weight, statistically sig-

nificant variations were noticed among the genotype.

The maximum weight of non-edible portion (463.33

g) was obtained from the genotype Hybrid. On the

other hand, the minimum weight of non-edible por-

tion (100 g) was recorded from the genotype

Accession-52 (Table 3). Pulp to peel ratio of fruits var-

ied significantly among the 21 pummelo genotype.

The amount of pulp to peel ratio was highest in geno-

type Hybrid and lowest in Accession-87 (Fig. 2).

Among the genotype thickness of fruit pulp dif-

fered significantly and ranged from 6.50 to 11.50 cm

(Table 3). The pulp of the fruits of genotype BAU-1

and BAU-2 was the thickest (11.50 cm) followed by

the Hybrid genotype (11.37 cm) and Thai Jambura

(11.00 cm) and the thinnest (6.33 cm) pulp was

observed in Accession-51 (Table 3). The thickness of

peel also differed significantly among the genotype.

The peel of the genotype Jambura (seeded) and

Accession-93 was thickest (2.17 cm) and the thinnest

(1.00 cm) peel was observed in genotype Accession-

76 and Accession-103 (Table 3). In terms of juice con-

tent of fruits it was noticed that pummelo genotype

varied significantly. The highest amount of juice

(366.67 ml) was measured in genotype BAU-1 and

Hybrid followed by BAU-2 (350 ml) and Thai Jambura

(336.67 ml) while the lowest (90 ml) found in

Accession-52 (Table 3).

Total soluble solids (TSS) contents of fruits was

significantly different in different pummelo geno-

type. The highest TSS was recorded in genotype

Hybrid (18.67% Brix) followed by Accession-62

(18.23% Brix), Accession-63 and Accession-87

(17.33% Brix) and the lowest TSS was observed in

genotype Mohini (13.5% Brix) (Fig. 3).

Table 3 - Fruit weight, weight of non-edible portion, thickness of pulp, peel, average weight of seed/ fruit, amount of juice/fruit and

number of fruits/plant of 21 pummelo genotype

** = Significant at 1% level of probability.

Genotype Fruit weight (g)
Non-edible portion

weight (g/fruit)  

Pulp thickness

(cm)

Peel thickness

(cm)

Juice amount

(ml/fruit)

Number of

fruits/plant

Seed weight

average (g)

BAU-1 1160.00 450.00 11.50 2.03 366.67 20.16 0.50

BAU-2 1250.00 426.67 11.50 1.83 350.00 17.38 0.48

BAU-4 1060.00 266.67 10.17 1.83 143.33 33.33 0.47

Hybrid 1283.33 463.33 11.37 1.80 366.67 29.56 0.51

Jambura (Seeded) 696.67 290.00 8.97 2.17 233.33 47.16 0.24

Mohini 543.33 206.67 7.33 1.57 101.67 35.00 0.08

Green skin 866.67 243.33 10.50 1.30 223.33 10.00 0.33

Malaysian 1020.00 290.00 10.83 1.67 206.67 25.86 0.43

Thai jambura 1013.33 346.67 11.00 1.50 336.67 31.16 0.29

Accession-51 516. 67 233.33 6.33 1.83 130.00 14.16 0.55

Accession-52 300.00 100.00 6.50 1.33 90.00 14.53 0.58

Accession-57 906.67 380.00 9.50 2.00 200.00 15.60 0.39

Accession-58 490.00 236.67 7.33 1.33 140.00 11.36 0.06

Accession-59 696.67 276.67 8.67 1.50 206.67 13.53 0.65

Accession-62 613.33 306.67 8.17 2.00 123.33 9.20 0.42

Accession-63 760.00 323.33 9.33 1.83 233.33 10.58 0.47

Accession-76 640.00 136.67 9.73 1.00 193.33 12.24 0.45

Accession-87 720.00 276.67 8.50 1.17 170.00 12.73 0.47

Accession-93 876.67 310.00 9.50 2.17 216.67 24.00 0.58

Accession-101 776.67 333.33 9.21 1.93 150.00 27.53 0.42

Accession-103 816.67 236.67 9.90 1.00 156.67 23.33 0.39

LSD
0.01 80.19 64.57 1.77 0.48 63.96 1.81 0.11

Level of significance ** ** ** ** ** ** **

Fig. 2 - Pulp to peel ratio of 21 pummelo genotype. Vertical bar

indicates LSD at 1% level of probability.
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The number of fruits/plant varied significantly and

ranged from 9.20 to 47.16 with the mean value of

20.88. Among the genotype Jambura (seeded) bears

the maximum number of fruits (47.16) followed by

Mohini (35.00) and BAU-4 (33.33) whereas

Accession-62 (9.20) bears the minimum number of

fruits (Table 3). In respect of number of seeds/fruit it

was observed that different genotype differed signifi-

cantly. The maximum number of seeds per fruit was

recorded in the genotype Hybrid (114) followed by

Seeded Jambura (110), BAU-4 (108.67) whereas the

minimum number of seeds was found in Accession-

58 (10) (Fig. 4).

Like number of seeds, seed weight/fruit was also

differed significantly from genotype to other geno-

type. The maximum weight of seeds/fruit was found

in the genotype Hybrid (58 g) followed by BAU-4

(51.67 g), Accession-93 (50.00 g) whereas the mini-

mum weight of seeds was found in the Accession-58

(1.00 g) (Fig. 5). Average weight of seed differed sig-

nificantly ranging from 0.06 to 0.65 g with the mean

value of 0.42 g. The heaviest average weight of seed

(0.65 g) was found from the Accession-59 whereas

Accession-58 gave the lowest average seed weight

(0.06 g) (Table 3).

Correlation coefficient

Estimation of simple correlation coefficient was

made among some important fruit producing charac-

ters of 21 pummelo genotype. The values of ‘r’ and

the characters correlated are presented in Table 4. It

was observed that leaf length had highly significant

positive correlation with leaf breadth (r= 0.853**)

and significant positive association with petiole wing

length (0.519*) and petiole wing breadth (0.544*). It

had also significant negative correlation with number

of fruits/plant (-0.464*) (Table 4). Leaf breadth had

highly significant positive correlation with wing

breadth (0.584**) and significant positive correlation

with wing length (0.450*). On the other hand, this

character had negative correlation with %TSS, num-

ber of seeds, weight of seed and average weight of

seed (Table 4). Correlation coefficient revealed that

petiole wing length had highly positive significant

correlation with petiole wing breadth (0.846**) and

number of fruits/plant (0.773**). On the other hand,

this character had negative correlation with weight

of non-edible portion, pulp to peel ratio, average

weight of seed and %TSS (Table 4). It was observed

that wing breadth had positive correlation with num-

Fig. 3 - Total soluble solids (TSS) of pummelo genotype. Vertical

bar indicates LSD value at 1% level of probability.

Fig. 4 - Number of seeds per fruit (A) and weight of seeds per

fruit (B) of pummelo genotype. Vertical bars indicates

LSD at 1% level of probability.

Fig. 5 - Weight of seeds per fruit of pummelo genotype. Vertical

bar indicates LSD at 1% level of probability.
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ber of anthers, thickness of pulp, total soluble solids,

number of seeds/fruit and number of fruits/plant. On

the other hand, this character had negative correla-

tion with weight of fruit, weight of non-edible por-

tion, pulp to peel ratio, average weight of seed and

weight of seeds/fruit (Table 4). It was observed that

number of anther had simply positive correlation with

weight of fruit and weight of non-edible portion. This

character had highly negative significant correlation

with number of fruits/plant (-0.686**) and had nega-

tive significant correlation with number of seeds/fruit

(-0.455*) (Table 4).

Correlation coefficient revealed that weight of

fruit had highly positive significant correlation with

weight of non-edible portion (0.818**) and thickness

of pulp (0.930**). On the other hand, this character

had negative significant correlation with %TSS 

(-0.487*) (Table 4). It was observed that weight of

non-edible portion had highly positive significant cor-

relation with thickness of pulp (0.671**) and number

of fruits/plant (0.655**). On the other hand, this

character had only negative correlation with %TSS

(Table 4). Correlation coefficient revealed that pulp

to peel ratio had simply positive correlation with

thickness of pulp, %TSS, number of seeds and weight

of seed/fruit. This character had negative correlation

with average weight of seed and number of

fruits/plant (Table 4). It was observed that thickness

of pulp had significant positive correlation with num-

ber of seeds/fruit (0.440*) and had significant nega-

tive correlation with %TSS (-0.452*) (Table 4).

Correlation coefficient revealed that average weight

of seed had highly positive significant correlation

with weight of seeds/fruit (0.588**) and number of

fruits/plant (0.605**). This character had simply posi-

tive association with number of seeds/fruit (Table 4).

It was observed that TSS had highly positive signifi-

cant correlation with number of fruits/plant

(0.823**) and had simply negative association with

number of seeds/fruit (Table 4). Correlation coeffi-

cient revealed that number of seeds/fruit had highly

positive significant with total weight of seed

(0.822**) and had highly negative significant with

number of fruits/plant (Table 4).

Path coefficient analysis

A path coefficient is simply a standardized partial

regression coefficient and as such measures of the

influence of one variable upon another permits sepa-

ration of correlation coefficient into components of

Traits

Leaf

breadth

(cm)

Petiole

wing

length

(cm)

Petiole

wing

breadth

(cm)

Number 

of 

anthers/

flower

Weight 

of fruit

(g)

Weight of

non-edible

portion

(g/fruit)

Pulp to 

peel 

ratio

Thickness

of pulp

(cm)

Average

weight of

seed

(g/fruit)

TSS

(% Brix)

Number 

of seeds/

fruit

Weight

of seeds

(g/fruit)

No. of 

fruits/

plant

Leaf length (cm) 0.853** 0.519* 0.544* 0.176 0.011 -0.043 0.236 0.071 -0.393 -0.093 0.18 -0.052 -0.464*

Leaf breadth (cm) 0.450* 0.584** 0.292 0.121 0.169 0.301 0.132 -0.39 -0.151 -0.097 -0.18 0.192

Petiole wing

length (cm)
0.846** 0.259 0.045 -0.15 -0.102 0.151 -0.095 -0.161 0.231 0.069 0.773**

Petiole wing

breadth (cm)
0.227 -0.002 -0.208 -0.128 0.082 -0.099 0.014 0.051 -0.018 0.121

Number of

anthers/flower
0.021 0.024 -0.334 -0.035 -0.01 -0.242 -0.455* -0.414 -0.686**

Weight of fruit (g) 0.818** 0.195 0.930** 0.143 -0.487* 0.413 0.387 0.208

Weight of non-

edible portion

(g/fruit) 

0.195 0.671** 0.1 -0.298 0.26 0.308 0.655**

Pulp to peel ratio 0.235 -0.059 0.079 0.162 0.234 -0.106

Thickness of pulp

(cm)
0.094 -0.452* 0.440* 0.351 0.056

Average wt. of

seed (g/fruit)
0.306 0.152 0.588** 0.605**

TSS (% Brix) -0.114 0.139 0.823**

Number of

seeds/fruit
0.822** -0.754**

Weight of seeds

(g/fruit)
-0.822**

Table 4 - Correlation coefficient between fruits per plant and fruit producing characters in pummelo genotype

* = indicates 5% level of significance (using mean values).

** = indicate 1% level of significance (using mean values).
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direct and indirect effects. The simple correlation val-

ues were used to compute the path coefficient analy-

sis. Direct and indirect effects of different characters

on fruits per plant have been presented in Table 5.

4. Discussion and Conclusions

The physio-morphological features of 21 pumme-

lo genotype were found significantly different among

each other. The variations were observed in leaves,

flowers, fruits and seeds of all genotype. A wide vari-

ation of morphological characters of trees, leaves,

fruits and seeds were identified among the pummelo

clones (Paudyal and Haq, 2008). Hossain (1983)

noticed varied leaf length, breadth, wing length and

breadth of citrus. However, minor differences were

observed between genotypic (4.043 cm) and pheno-

typic (4.542 cm) variance as well as genotypic

(20.10%) and phenotypic (21.30%) coefficient of vari-

ation indicating minimum environmental effect upon

the expression of this character. Heritability in broad

sense (H2b) was also calculated and it was moderate-

ly high as 89.01% (Table 6). In case of leaf breadth,

Table 5 - Path coefficient between fruits per plant and fruit producing characters in pummelo genotype

Residual effetct: 0.1579, Bold and underlined direct effect.

Traits
Leaf

length 

(cm)

Leaf 

breadth 

(cm)

Petiole

wing 

length 

(cm)

Petiole 

wing

breadth 

(cm)

Number of

anthers/

flower

Weight 

of fruit 

(g)

Weight of

non-edible

portion

(g/fruit)

Pulp to 

peel 

ratio

Thickness 

of pulp 

(cm)

Average

weight of

seeds

(g/fruit)

TSS

(% Brix)

Number 

of 

seeds/

fruit

Weight 

of 

seeds

(g/fruit)

Number

of fruits/

plant

Leaf length (cm) -0.660 0.312 0.613 -0.940 -0.044 0.032 0.069 -0.091 -0.135 -0.366 -0.062 0.647 0.161 -0.464*

Leaf breadth (cm) -0.270 0.650 0.531 -0.101 -0.073 0.350 -0.272 -0.116 -0.253 -0.363 -0.100 -0.349 0.558 0.192

Petiole wing length (cm) -0.380 0.640 0.180 -0.146 -0.065 0.130 0.242 0.039 -0.289 -0.088 -0.107 0.831 -0.214 0.773**

Petiole wing breadth (cm) -0.145 0.213 0.999 -0.173 -0.057 -0.006 0.335 0.049 -0.157 -0.092 0.009 0.184 0.056 0.121

Number of anthers/flower -0.468 0.107 0.306 -0.392 -0.252 0.061 -0.038 0.128 0.066 -0.009 -0.160 -0.163 0.128 -0.686**

Weight of fruit (g) -0.029 0.441 0.053 0.004 -0.005 0.289 -0.132 -0.075 -0.177 0.133 -0.322 0.149 -0.120 0.208

Weight of non-edible portion (g/fruit) 0.114 0.616 -0.177 0.359 -0.006 0.237 -0.161 -0.075 -0.128 0.093 -0.197 0.935 -0.955 0.655**

Pulp to peel ratio -0.628 0.109 -0.121 0.229 0.084 0.564 -0.314 -0.385 -0.449 -0.055 0.052 0.583 -0.726 -0.106

Thickness of pulp (cm) -0.188 0.481 0.178 -0.141 0.009 0.269 -0.108 -0.090 -0.191 0.087 -0.299 0.157 -0.108 0.056

Average weight of  seeds (g/fruit) 0.105 -0.142 -0.112 0.171 0.003 0.414 -0.161 0.023 -0.179 0.930 0.193 -0.457 -0.182 0.605**

TSS (% Brix) 0.247 -0.551 -0.190 -0.024 0.061 -0.141 0.480 -0.030 0.864 0.285 0.663 -0.410 -0.431 0.823**

Number of seeds/fruit -0.479 -0.354 0.473 -0.088 0.114 0.119 -0.418 -0.062 -0.842 0.752 -0.075 0.361 -0.255 -0.754**

Weight of seeds (g/fruit) 0.138 -0.656 0.082 0.031 0.104 0.112 -0.496 -0.090 -0.671 0.546 0.092 0.296 -0.310 -0.822**

Table 6 - Genotypic variance, phenotypic variance, genotypic coefficient of variation, phenotypic coefficient of variation and per cent

heritability of fruit producing characters of 21 pummelo genotype

Traits Genotypic variance Phenotypic variance Genotypic CV Phenotypic CV Heritability (%)

Leaf length (cm) 4.043 4.542 20.10 21.30 89.01

Leaf breadth (cm) 2.004 2.103 22.61 23.16 95.29

Petiole wing length (cm) 0.362 0.441 27.46 30.30 82.09

Petiole wing breadth (cm) 0.651 0.771 44.25 48.16 84.44

Number of anthers/flower 30.870 38.432 15.06 16.80 80.32

Weight of fruit (g) 66033.637 67396.887 31.73 32.06 97.98

Weight of non-edible portion (g/fruit) 8092.547 8976.507 30.80 32.44 90.15

Pulp to peel ratio 0.350 0.406 23.28 25.08 86.20

Thickness of pulp (cm) 2.218 2.884 15.97 18.21 76.91

Average weight of seed (g/fruit) 0.021 0.024 35.01 37.40 87.67

TSS (% Brix) 1.436 1.890 7.47 8.56 75.98

Number of seeds/fruit 754.160 804.840 37.21 38.44 93.70

Weight of seeds (g/fruit) 195.793 209.793 43.17 44.69 93.33

Number of fruits/plant 103.963 104.635 48.84 49.00 99.36
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petiole wing length and petiole wing breadth little

differences were observed between genotypic (2.004

cm, 0.362 cm, 0.651 cm) and phenotypic variances

(2.103 cm, 0.441 cm, 0.771 cm) as well as genotypic

(22.61%, 27.46%, 44.25%) and phenotypic coefficient

of variation (23.16%, 30.30%, 48.16%) indicating min-

imum environmental effect upon the expression of

these characters. Heritability in broad sense (H2b)

was also calculated and it was high as 95.29%,

82.09%, 84.44% (Table 6). Flower characters of differ-

ent pummelo genotype were also varied significantly

in this experiment. Hoque (2015) reported that

petals number of pummelo genotype ranged from 4

to 4.5. Considerable differences were observed

between genotypic (30.870) and phenotypic (38.432)

variance as well as genotypic (15.06%) and phenotyp-

ic (16.80%) coefficient of variation indicating consid-

erable environmental effect upon the expression of

this character. H2b was also calculated and it was

very high as 80.32% (Table 6).

Regarding fruit weight, it was found that fruit

weight varied significantly among the pummelo geno-

type. Rahman et al. (2003) reported that fruit weight

of local pummelo accessions varied from 718.33 g to

2160 g. While Hays (1966) noticed that the pummelo

fruit is larger than the other important commercial

citrus species, somewhat weighing more than 1 kg.

Purseglove (1968) also observed that the fruit of pum-

melo is large to very large. The weight of pummelo

fruit were ranged from 250 to 1218.75 g (Hossain,

1983). In Bangladesh, weight of fruit varied from 396

to 1418 g. This variation might be due to genetical,

physiological, nutritional or environmental influences.

The genotypic and phenotypic variances of weight of

fruits were 66033.637 g and 67396.887 g, respective-

ly. The genotypic coefficient of variation (31.73%) was

lower than phenotypic coefficient of variation

(32.06%), which indicated more influence of environ-

ment on the performance of particular trait. H2b was

also calculated and it was 97.98% which was high.

The genotypic and phenotypic variances of weight

of non-edible portion were 8092.547 g and 8976.507

g, respectively. The genotypic coefficient of variation

(30.80%) was lower than phenotypic coefficient of

variation (32.44%), which indicated more influence of

environment on the performance of particular trait.

Heritability in broad sense (H2b) was also calculated

and it was 90.15%, which was moderately high. The

genotypic and phenotypic variances of ratio of pulp

and peel were 0.350 and 0.406, respectively. The

genotypic coefficient of variation (23.28%) was lower

than the phenotypic coefficient of variation (25.08%),

which indicated more influence of environment on

the performance of particular trait. H2b was also cal-

culated and it was 86.20%, which was very high.

The genotypic and phenotypic variances of thick-

ness of pulp were 2.218 cm and 2.884 cm, respective-

ly. The genotypic coefficient of variation (15.97%) was

lower than the phenotypic coefficient of variation

(18.21%), which indicated more influence of environ-

ment on the performance of particular trait. H2b was

calculated and it was 76.91%, which was very high.

TSS content significantly varied among the genotype.

But little differences were observed between geno-

typic (1.436%) and phenotypic (1.890%) variances as

well as genotypic (7.47%) and phenotypic (8.56%)

coefficient of variation indicating low environmental

influence on this trait. H2b was calculated and it was

75.98% which was high. The number of fruits/plant

varied significantly among the genotype. Verheij and

Coronel (1992) reported that a single tree can yield

70-100 fruits/year. The genotypic and phenotypic

variances of thickness of number of fruits/plant were

103.963 and 104.635, respectively. The genotypic

coefficient of variation (48.84%) was lower than the

phenotypic coefficient of variation (49.00%), which

indicated more influence of environment on the per-

formance of particular trait. H2b was also calculated

and it was 99.36% which was very high.

Maximum number of seeds/fruit was observed in

Hybrid (114) among the studied genotype and mini-

mum seed number was found in Accession-58.

Hossain (1983) reported that the number of seeds in

pummelo fruits varied from 8 to 94/fruit and also he

found both seedless and seeded genotype. The geno-

typic and phenotypic variances of number of

seeds/fruit were 754.160 and 804.840, respectively.

The genotypic coefficient of variation (37.21%) was

lower than the phenotypic coefficient of variation

(38.44%), which indicated more influence of environ-

ment on the performance of particular trait. H2b was

also calculated and it was 93.70% which was very

high. The genotypic and phenotypic variances of total

weight of seeds were 195.793 g and 209.793 g,

respectively. The genotypic coefficient of variation

(43.17%) was lower than the phenotypic coefficient

of variation (44.69%), which indicated more influence

of environment on the performance of particular

trait. H2b was also calculated and it was 93.33%,

which was very high.

Correlation coefficient revealed that leaf breadth,

petiole wing length and breadth will be increased with

the increase of leaf length. On the other hand, this

trait had negatively associated with weight of non-edi-



Adv. Hort. Sci., 2018 32(1): 93-103

102

ble portion, average weight of seeds/fruit, %TSS and

weight of seeds/fruit. This indicate that petiole wing

length and breadth will be increased with the increase

of leaf breadth. On the other hand, this trait had neg-

atively associated with TSS, number of seeds/fruit and

total weight of seeds/fruit. Correlation coefficient

revealed that petiole wing breadth and number of

fruits/plant will be increased with the increase of peti-

ole wing length. Correlation coefficient revealed that

weight of non-edible portion and thickness of pulp

will be increased with the increase of fruit weight.

This indicate that thickness of pulp and number of

fruits/plant will be increased with the increase of

weight of non-edible portion. On the other hand, this

trait had negatively associated with %TSS. It was

observed that Correlation coefficient revealed that

thickness of pulp indicates that number of seeds/fruit

will be increased with the increase of thickness of

pulp. Correlation coefficient revealed that average

weight of seed/fruit indicates total weight of seeds

and number of fruits/plant will be increased with the

increase of average weight of seed.

Correlation coefficient revealed that %TSS indi-

cates number of fruits/plant will be increased with

the increase of %TSS. Correlation coefficient revealed

that number of seeds/fruit indicates weight of

seeds/fruit will be increased with the increase of

number of seeds/fruit. Leaf length showed low direct

negative effect (-0.66) on fruits/plant whereas it also

contributed indirect positive effect via leaf breadth,

petiole wing length, fruit weight, weight of non-edi-

ble portion, number of seeds/fruit and weight of

seeds/fruit. Leaf breadth contributed low direct posi-

tive effect (0.65) on fruits/plant. This trait had also

indirect positive effect on wing length, fruit weight,

weight of seeds/fruit and number of fruits/plant.

Petiole wing length showed low direct positive effect

(0.18) on fruits/plant whereas it also contributed

indirect positive effect on fruits/plant via leaf

breadth, fruit weight, weight of non-edible portion,

pulp to peel ratio and number of seeds/fruit.

Petiole wing breadth contributed low direct nega-

tive effect (-0.173) on fruits/plant. This trait had also

indirect positive effect on number of fruits/plant via

leaf breadth, petiole wing length, weight of non-edi-

ble portion, pulp to peel ratio, %TSS, number of

seeds/fruit and weight of seeds per fruit. Number of

anthers/flower showed low direct negative effect 

(-0.252) on fruits/plant. This trait had also indirect

positive effect on leaf length, wing length, weight of

fruit, pulp to peel ratio, thickness of pulp and weight

of seeds/fruit. Fruit weight showed low positive

effect (0.289) on fruits/plant whereas it also con-

tributed indirect positive effect on number of

fruits/plant via leaf length, leaf breadth, wing length,

average weight of seed and number of seeds/fruit.

Weight of non-edible portion contributed direct neg-

ative effect (-0.161) on fruits/plant. This trait had

also indirect positive effect on number of fruits/plant

via leaf length, leaf breadth, petiole wing breadth,

weight of fruit, average weight of seed and number

of seeds/fruit.

Pulp to peel ratio showed direct negative effect (-

0.385) on fruits/plant whereas it also contributed

indirect positive effect via leaf breadth, petiole wing

breadth, number of anthers/flower, weight of fruit,

%TSS and number of seeds/fruit. Thickness of pulp

contributed direct negative effect (-0.191) on

fruits/plant. This trait had also indirect positive effect

on number of fruits/plant via leaf breadth, petiole

wing length, weight of fruit, number of anthers, aver-

age weight of seeds and number of seeds/fruit.

Average weight of seeds/fruit showed direct positive

effect (0.93) on fruits/plant whereas it also con-

tributed indirect positive effect on fruits/plant via

leaf length, petiole wing breadth, number of

anthers/flower, fruit weight, pulp to peel ratio and

TSS. TSS showed direct positive effect (0.663) on

fruits/plant. This trait had also indirect positive effect

on number of fruits/plant via leaf length, number of

anthers/flower, weight of non-edible portion, thick-

ness of pulp and mean weight of single seed. Number

of seeds/fruit contributed direct positive effect

(0.361) on fruits/plant whereas it also contributed

indirect effect via petiole wing length, number of

anthers/flower, weight of fruit and average weight of

seeds/fruit. Weight of seeds/fruit showed direct neg-

ative effect (-0.31) on fruits/plant. This trait had also

indirect positive effect via leaf length, petiole wing

length, petiole wing breadth, number of

anthers/flower, weight of fruit, average weight of

seeds/fruit, TSS (%) and number of seeds/fruit.

It was noticed that a wide variations existed

among the pummelo genotype and these variability

could be useful for varietal improvement of pumme-

lo in Bangladesh. It appeared from the study that

grouping of the genotype differed based on morpho-

logical traits. In respect on different traits genotype

hybrid was found potential followed by BAU-1.
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Abstract: Quince is characterized as a fragrant fruit which, unlike other pomes

(apple, pear), is not used for fresh consumption due to its astringency and com-

pactness, but only in its processed form (jams, jelly, distillery products, and

nutraceutical compounds). As a consequence, there is little knowledge current-

ly available concerning the characteristics of the fruit, and in particular its aro-

matic and chemotaxonomic patterns. In this work, carpometric, chemometric

and spectrophotometric measurements were performed on quince fruits. VOCs

emitted by different tissues or parts of the fruit were studied to describe its

aromatic profile. The study was carried out on the fruits of an old, well-known

cultivar (‘Gigante di Wranja’, commonly called ‘Wranja’) and a new Tuscan

accession. Intact, halved and solely pulp (cubed) samples were evaluated for

each individual fruit. Data obtained from VOC analysis through Proton Transfer

Reaction Time-of-Flight Mass Spectrometer (PTR-ToF-MS) were evaluated by

multivariate statistical analysis. The spectra obtained from the intact fruit sam-

ples showed a higher amount of masses corresponding to terpenes or ter-

penoid compounds, which fundamentally characterize the aroma of this type of

fruit; these substances were found to be much less present in the VOCs emitted

by the pulp, where high values of masses linked to the maturation processes

were instead found.

1. Introduction

plants are not only a dietary source for both human beings and ani-
mals but also serve as medicinal, nutritional, and ornamental purposes
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(Ashraf et al., 2016). The potential of plants as medi-
cine is supported by abundant scientific evidence
(lattanzio et al., 2009) and researchers are currently
focused on isolating new aromas and active phyto-
chemicals produced by different plant organs. Quince
is the fruit of an ancient tree, Cydonia oblonga miller
of the rosaceae family, and has a very wide origin
area that ranges from Anatolia to the Caucasus. It
was known to the Greeks and romans, and it seems
that the name of the genus Cydonia comes from the
ancient name of the town of Chania on the island of
Crete (roversi, 1991). It is a climacteric, large-sized
(up to 500 g) fruit, namely pome (false fruit), and
generally oblong (pyriform types) or rounded (apple-
shared types) (bellini et al., 2007). The harvest is still
carried out by hand, although the desire to mecha-
nize this operation with systems similar to those used
for the mechanical harvesting of the apple tree is
increasing (Fiorino et al., 2010). when ripening, the
color of the fruit epidermis turns from greenish-yel-
low to bright yellow when fully ripe. The pulp is very
firm, and not directly edible due to the presence of
tannins and pectic substances (bellini et al., 2007).
ripe fruits are commonly used as a source of pectin,
and to produce jam or jelly, liquors, and distilled
products with aromatic notes typical of quince (Silva
et al., 2004). The fruits can also be beneficial to
human health thanks to their high phytochemical
content (Ashraf et al., 2016). many studies have
reported Cydonia oblonga as an excellent natural
source of phenolic and flavonoid compounds which
are considered potent antioxidants (Silva et al., 2004;
oliveira et al., 2007). Quince fruit is considered an
important dietary source of health-promoting com-
pounds due to its antioxidant, antimicrobial and
antiulcerative properties (magalhães et al., 2009). 

Although the aroma is one its most important
fruit-derived parameters, only a few studies have
focused on the volatile emission by Cydonia (Tateo
and bononi, 2010), and in particular, by different tis-
sues of the fruit. Indeed, the intense and pleasant
aroma released by Cydonia may represent an impor-
tant starting point in the genetic improvement of this
species.

recently, proton Transfer reaction-Time of Flight-
mass Spectrometry (pTr-ToF-mS) was proposed as
an innovative analytical technology for volatile organ-
ic compound (VoC) detection and quantification on
fruit matrices due to its capacity to rapidly provide a
comprehensive mass spectrum with high-time reso-
lution and without sample treatment (mayr et al.,
2003; Taiti et al., 2017 a). The aim of the current

study was to analyze the aroma profile of different
fruit parts of two Cydonia oblonga genotypes, both
grown in Italy, to increase the chemotaxonomic
knowledge, fruit management and quince product
trade.

2. Materials and Methods

Plant materials

Quince fruits belonging to an old, well-known cul-
tivar (‘Gigante di wranja’, commonly called ‘wranja’)
and a new Tuscan accession were harvested in
Tuscany (Italy) in the last week of September 2017.
For each cultivar, 12 homogeneous and healthy fruits
were selected, gently brushed to eliminate the hair
cover and washed in deionized water. Fruits were
stored in a climatic chamber (14±1°C, 85-90% relative
humidity) for three days prior to laboratory analysis.
For all the fruits, color, weight, maximum diameter
and height were determined. Six fruits were used for
the spectrophotometric tests by pTr-ToF-mS and the
remaining six for the physicochemical measure-
ments. For chemical analyses (lugol starch test and
refractometric grade), fruits were divided in half so
that one half of each fruit was used for the starch
test and the other to evaluate refractometric grade.

Color and physicochemical fruit parameters

Peel color. The identification of the different peel
color of quince fruits was assessed using a minolta
Cr-200 Chroma-meter (minolta, ramsey, nJ, uSA)
according to the Hunter scale, as previously
described by Taiti et al. (2017 b).

Fruits dimensions and firmness. For each cultivar,
the weight (g), maximum diameter (cm), and height
(cm) of twelve samples were measured. The firmness
of each fruit (expressed as kgf) was measured as the
force needed to reduce fruit diameter by 2 mm using
a penetrometer (model 53205d, Turoni, Italy). 

Total soluble solids (TSS). To evaluate TSS concen-
tration, six quince halved fruits for each genotype
were squeezed to collect a few drops of juice; then
TSS levels were measured with an n1 Atago refrac-
tometer (Atago Co., Japan) and expressed as °brix.

Starch Iodine Test. Starch-iodine test (lugol solu-
tion) was performed by visual evaluation on halved
fruits and by scoring samples on a ‘Golden delicious’
standardized 1-9 scale (Smith et al., 1979).

Volatile compounds detection

VoCs analyses were carried out with a high-reso-
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lution pTr-ToF-mS (IonICon Analytik GmbH, Austria)
using H3o+ as ion donor. For each genotype, six fruits
were used; the same fruit was first analyzed as intact
whole, then divided into two parts, analyzing the
halves together; finally, two cubes were got from
each one of the halved fruit respectively, without
peel (5 × 5 × 5 cm, about 10 g each one); all the mea-
surements were performed in triplicates on the same
sample. All whole and halved samples were weighed,
and the VoCs data were based on 100 g samples for
whole and halved samples to allow for comparisons
between the obtained results.

The drift tube of pTr-ToF-mS instrument was set
to 80°C and operated with a drift pressure of 2.30
mbar and a voltage of 550 V. These settings lead to
an e/n ratio (e, electric field strength in the drift
tube; n, buffer gas number density in the drift tube)
equal to 135 Townsends (1 Td = 1017 Vcm2).
mass/charge ratio of peaks detected at m/z 21 (sig-
nal for H3o+) and m/z 37 [signal for water clusters
(H2o)H3o+] were monitored during all measurements
to check the instrument’s stability and cluster ion
formation. To reach a good mass accuracy (up to
0.001 Th), internal calibration was based on three
points and was performed off-line. Acquisition and
post-processing data were performed as reported by
marone et al. (2017).

Statistical analyses

one-way analyses of variance (AnoVA) were per-
formed (1) to compare the physicochemical parame-
ters of two quince genotypes, and (2) to compare the
VoC emission profiles whole, halved, and cubed fruit
samples. Separation of means was performed by the
Fisher’s lSd test (p= 0.05). Computations were per-
formed by Statgraphics Centurion XV v. 15.0.04. A
principal Component Analysis (pCA) was applied to
the whole spectral data of 36 quince samples, previ-
ously submitted to a logarithmic transformation and
mean centering as pre-processing. Computations
were performed by plS-Toolbox v. 8.0.2 (eigenvector
research Inc., west eaglerock drive, wenatchee,
wA) for mATlAb_ r2015b (mathworks Inc., natick,

mA, uSA). A Correspondent Analysis (CA) was applied
to the spectral data of the 36 quince samples to build
up a simultaneous ordination of quince samples and
protonated m/z, thus facilitating the evaluation of
their reciprocal relationships. The analysis preserves
the Χ2-distances between the data matrix rows and
columns. data were weighted using the symmetric
option (module HIerCluS, SYn-TAX 2000 program
package).

3. Results and Discussion

Physicochemical analyses

The results of the physicochemical analyses on
the different cultivars are reported in Table 1, and
are largely in agreement with a previous study on dif-
ferent cultivars (leonel et al., 2016). Among the
physicochemical parameters analyzed, some signifi-
cant differences were observed between the two
Cydonia accessions, with regard to firmness, °brix val-
ues and starch contents. In particular, the °brix con-
tent was lower for ‘wranja’ (12.2±0.9) compared to
Tuscan accession (17.2±0.9); vice versa the starch
content was higher for ‘wranja’. The starch and
sugar contents measured for the Tuscan accession
indicate that these fruits may have been further
along in the ripening process than the ‘wranja’ fruits. 

VOCs headspace analysis

Samples (whole, halved and cubed) belonging to
two different Cydonia genotypes were analyzed by
pTr-ToF-mS detecting a total of 67 peak signals (Fig.
1). These signals represent different groups of
volatile compounds including hydrocarbons, esters,
alcohols, terpenoids, aldehydes, ketones and lac-
tones. These results show that, even if no different
volatile compounds were identified, different emis-
sion intensities were found between the two geno-
types (Fig. 1). on the other hand, among fruit tissues,
both differences in number and emission intensity of
each detected compound were instead observed.
Figure 1 shows that for both cultivars, the intensity
and number of compounds emitted were higher in

Table 1 - one-way analysis of variance (AnoVA) related to the quince fruits physicochemical parameters (average ± sd)

different lowercase letters within a column indicate differences by the lSd test at the 95% confidence level (p= 0.05).

Cydonia accessions
weight 

(g)
Ø

(mm)
High
(mm)

Firmness
(kgf)

°brix Starch
overcolor background color

l* A* b* l* A* b*

wranja 268.9 82.8 77.8 6.1 12.2 4.25 77.7 -12.5 62.6 72.6 -15.9 58.4

±54.5 ±7.0 ±4.5 ±0.9 a ±0.9 a ±0.5 a ±2.4 ±2.4 ±3.3 ±4.1 ±2.3 ±3.1

Tuscan 320 86.5 85.4 7.6 17.2 2.75 76.9 -13.1 57.6 76.6 -12.8 60

±92.6 ±9.2 ±9.7 ±0.4 b ±0.9 b ±0.5 b ±4.7 ±2.3 ±5.6 ±2.6 ±2.2 ±2.9
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the whole fruit followed by halved fruit, and lowest
in cubed fruit. These results are in agreement with a
previous study of Imayoshi et al. (1995) on nashi
pear, where differences in the total number of VoCs
among pulp, peel, and whole fruit were found.
Indeed, as reported by paillard (1981) for many fruits
species, VoC production changes among different
fruit tissues, being highest in the skin and nearby tis-
sues. It is noteworthy that fruit’s aroma depends on
the combination of VoCs produced, and on the con-
centration and odor threshold of each in the blend. A
further investigation of the spectral data was per-
formed by a multivariate ordination. The pCA (Fig. 2)
approach applied to the whole dataset (ppbv) of 67
detected protonated masses (data not shown) give a
general view of the quince sample ordination, based
on the analysis of defined fruits parts (intact, halved,
and cubed fruits) related to the two chosen acces-
sions (Tuscan accession and ‘wranja’). The first three
components accounted for 96.4% of the total vari-
ability (66.1%, 17.7%, 12.7%, respectively). A strong
effect related to the type of the sample used rather
than the cultivar is evident. The whole fruit samples
of both cultivars, joined in the lower right quadrant

of the diagram, strongly differ from those obtained
from the head space of the pulp only, both correlat-
ed with the negative part of the x-axis (pC1), but
clustered based on the cultivar, and respectively
related to the positive part (Tuscan accession) and to
the negative part (wranja) of the y-axis (pC2). The
halved fruit group is placed in the upper right quad-
rant, with the two cultivars partially overlapped, indi-

Fig. 1 - Typical pTr-mS mass spectrum (average, n=6) obtained by different fruit parts of two cultivars of Cydonia. (A) Tuscan accession,
(b) ‘wranja’; (1) whole fruit, (2) halve fruit, (3) cube fruit.

Fig. 2 - pCA scores of the quince samples based on the full spec-
tra distribution of the ‘Tuscan accession’ and ‘wranja’.
(A1) = ‘Tuscan accession’ whole fruits; (A2) = ‘Tuscan
accession’ halved fruits; (A3) = ‘Tuscan accession’ cube
fruits; (b1) = ‘wranja’ whole fruits; (b2) = ‘wranja’ hal-
ved fruits, (b3) = ‘wranja’ cube fruits.
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cating a greater similarity of masses with the intact
whole fruit, even if positively correlated with pC2. To
better evaluate the effect of specific chemical family
compounds, the 20 masses with statistically signifi-
cant (p= 0.05) discriminating power among the differ-
ent parts of the fruit were selected by AnoVA within
the whole spectrum (Table 2), upon which a
Correspondence Analysis was subsequently applied.

The join plot from CA (Fig. 3) simultaneously dis-
plays quince different sample and protonated m/z

ordinations based on the results of the variable selec-
tion. The intact fruits of both cultivars are character-
ized by a group of masses in which terpenes and ter-
penoids are well represented. In particular, the high-
est presence of monoterpene (m/z 135, m/z 137),
terpenoid (m/z 153) and sesquiterpene (m/z 205)
compounds distinguished the whole fruit from the
other two types of cut samples. According to Taiti et

al. (2017 b), the higher emission intensity and num-
ber of VoCs detected in whole fruits was associated
to the presence of the peel. It is well known that a
great diversity of VoCs linked to the pericarp tissue
of the peel are emitted, such as esters, alcohols,
aldehydes and terpenes (Chervin et al.,  2000;
rodriguez et al., 2013).

The VoCs linked to cutting, such as the green leaf
volatiles (GlVs) (i.e., hexenal, hexanal), are highest in
halved and cubed fruits, compared to intact fruits

where the intensities of these signals were very low
(Table 2), and confirmed by the fact that these com-
pounds were well represented in pulp tissue.

moreover, halved fruits occupy an intermediate
position, while cubed fruit samples are shifted to the
right in the diagram (Fig. 3), with a differentiation
along the axis of the y (axis 2) determined by the
masses m/z = 45.033, m/z = 47.049 and m/z 33.033
(only for the Tuscan accession). As reported by Taiti
et al. (2015) the methanol emission in fruits increase

Table 2 - protonated selected masses discriminating whole, halved and cubed fruit samples, identified via pTr-ToF-mS: mass/charge
(m/z) ratios, chemical formula, tentative identifications, minimum and maximum values detected (ppbv) and VoC, as previou-
sly reported in the literature (Cydonia*; pTr-mS#)

no.
protonated 

m/z

Chemical 
formula

Tentative identification
min detected
value (ppbv)

max detected
value (ppbv)

references

1 33.033 CH
5
o+ methanol 11.7 2724.1 Khoubnasabjafari and Jouyban (2011)*

2 45.033 C
2
H

5
o+ Acetaldehyde 35 16416.9 umano et al. (1986)*

3 47.049 C
2
H

7
o+ ethanol 1.5 199.8 umano et al. (1986)

4 55.054 C
4
H

7
+ C4 aldehydes fragment 65.3 433.1 Taiti et al. (2017 b)#

5 57.033 C
3
H

5
o+ Alkyl fragment (hexanal/hexyl acetate) 8.5 25.4 Taiti et al. (2017 b)#

6 57.069 C
4
H

9
+ Alkyl fragment (Hexanol/valeric acid) 18.1 75.2 Taiti et al. (2017 b)#

8 75.044 C
4
H

11
o+ 2-butanol/2-methyl-1-propanol 0.5 19.7 umano et al. (1986)*

9 81.069 C
6
H

9
+ Terpenes and C6 fragments 49.8 203.5 maleknia et al. (2007) #

10 83.085 C
6
H

11
+ C6 fragments /hexenol fragment 8.8 50.7 maleknia et al. (2007)#

11 85.064 C
5
H

9
o+ 2-methyl-2-butenal/1-penten-3-one 4.6 26.2 Khoubnasabjafari and Jouyban (2011)*

12 99.080 C
6
H

11
o+ (e)-2-hexenal 1.6 8.9 umano et al. (1986)*

13 101.096 C
6
H

13
o+ Hexanal/(Z)-3-hexen-1-ol 1.7 44.8 Tateo and bonomi (2010)*

14 109.101 C
8
H

13
+ Terpene fragments 0.4 23.6 maleknia et al. (2007) #

15 117.091 C
6
H

13
o

2
+ Isobutyl acetate/ethyl butyrate/butyl acetate 1.5 176.7 Tateo and bonomi (2010)*

16 135.116 C
10

H
15

+ p-Cymene 0.4 11.9 Tateo and bonomi (2010)*

17 137.132 C
10

H
17

+ monoterpenes (e.g. limonene, g-terpinene) 0 5.1 Tateo and bonomi (2010)*

18 145.122 C
8
H

17
o

2
+ ethyl hexanoate 0.5 153.9 Tateo and bonomi (2010)*

19 153.127 C
10

H
17

o+ oxygenated Terpenes (e.g. geranial) 0 0.4 Tsuneya et al. (1983)*

20 205.195 C
15

H
25

+ Sesquiterpenes (e.g. bergamotene) 1.1 49.8 Tateo and bonomi (2010)*

Fig. 3 - Join plot from Correspondence Analysis. (A1) = ‘Tuscan
accession’ whole fruits; (A2) = ‘Tuscan accession’ halved
fruits; (A3) = ‘Tuscan accession’ cube fruits; (b1) =
‘wranja’ whole fruits; (b2) = ‘wranja’ halved fruits, (b3)
= ‘wranja’ cube fruits. numbers correspond to the pro-
tonated m/z.



Adv. Hort. Sci., 2018 32(1): 105-111

110

steadily throughout the ripening process. on the
other hand, ethanol is the product of anaerobic
metabolism and, together with acetaldehyde, accu-
mulates in pome fruit under imposed hypoxia and
poor gas exchange in the pulp tissue (pinto et al.

2001). pome fruit contains ethanol and acetaldehyde
as part of their aroma (ritenour et al. 1997) and as
reported by rapparini and predieri (2003) these com-
pounds increase together with the ripening process
and their emission increased at a faster rate with the
onset of fruit senescence.

4. Conclusions

The typical quince fruit aroma depends on a mix
of volatile compounds which originate by different
parts of the pome. by the analyses of different fruit
tissues, differences in VoCs number and in their
emission intensity were observed, while little dif-
ference was observed between the two varieties
analyzed. moreover, it has been shown that the
intensity and number of compounds emitted was
highest in the whole fruit, followed by halved fruit
and cubed fruit. Through multivariate analysis,
some masses have been highlighted that determine
the differentiation of the spectral composition
between the VoCs emitted by the pulp (halved and
cubed fruit samples) and those obtained from
intact fruit that could be specifically responsible for
the particular aroma of quince fruit. The four mass-
es referring to terpenes and terpenoids are prevalent
in the peel, and are moderately related to the culti-
var. Further work should be done to increase the
knowledge concerning the chemotaxonomic profiles
of the different cultivars, and to understand how
through this tool, innovations can be developed and
moved to quince genetically improved and to the
food industry.
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Abstract: Walnut, Juglans regia (L.) is an economically significant plant for its

immense nutritive and economic value. The breeding character of walnut has

lent it a wide diversity in genetic characteristics. The principal vegetative and

common traditional agronomic traits together with biochemical characteriza-

tion i.e., karyotyping and isoenzyme expression have been the early research

methods. However, these techniques are time-consuming and susceptible to

the environmental variations. Literature is meager in the distribution, applied

applications in general and the use of agriculture biotechnology in particular in

case of walnut plants. The bio-techniques like molecular markers are adequate

in number and there is little or no diversity in the method employed for

research on walnuts. Despite basic research method, the organization of infor-

mation, its retrieval and presentation structures, form elaboration experienced

immense advancement via molecular markers such as RFLP, ISSR, RAPD AFLP,

SSR and SNP. This appraisal in its first part provides detailed information

regarding the present scenario of data on biogeographical distribution, health

benefits of walnut worldwide and current applications in the agroforestry man-

agement, biochemical evaluations and applied uses of a walnut tree which is

relevant for both basic and applied research. The review in its second part

sheds light on the application of sophisticated agricultural biotechnology tech-

niques such as use of molecular markers to evaluate, realize the full potential

of walnut for increasing its quality, quantity and for its sustainable production

which cannot be obtained through usual breeding techniques to meet the

demands of a projected world population.

(*) Corresponding author: 

shabirhussainwani@gmail.com

Citation:

SHAH U.N., MIR J.I., AHMED N., ZAID A., JAN S.,
FAZILI K.M., WANI S.H., 2018 - Bio-techniques for

improvement of qualitative and quantitative

traits in walnut (Juglans regia). - Adv. Hort. Sci.,
32(1): 113-135

Copyright:

© 2018 Shah U.N., Mir J.I., Ahmed N., Zaid A., Jan
S., Fazili K.M., Wani S.H. This is an open access,
peer reviewed article published by Firenze
University Press
(http://www.fupress.net/index.php/ahs/) and
distribuited under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction
in any medium, provided the original author and
source are credited.

Data Availability Statement:

All relevant data are within the paper and its
Supporting Information files.

Competing Interests:

The authors declare no competing interests.

Received for publication 26 September 2017
Accepted for publication 27 October 2017

AHS
Advances in Horticultural Science

Review paper



Adv. Hort. Sci., 2018 32(1): 113-135

114

1. Origin and history of walnut (Juglans regia L.)

Walnut Juglans regia (L.) is commonly recognized
as “Jupiter’s royal acorn”. English walnut is common-
ly known as “Persian walnut” as it originated from
ancient Persia and was adorned as for royalty.
Juglans regia (L.) species is extensively cultivated in
the temperate zones of the world for its best quality
nuts and procurement of commercial timber
(McGranahan and Leslie, 1991, 2009). Lateral fruit
bearing walnut exhibit more genetic variation partic-
ularly among familial varieties. In ancient times, the
recognition of walnut was spread vigorously through
caravans via sea trade. Greek and Romans have lately
acquired trend towards walnut cultivation to avert
the speckled walnut growing along the coastal areas.

2. Botanical description of walnut

Plant morphology

Juglans regia (L.) is a deciduous perennial tree
belonging to the family Juglandaceae and grown
chiefly for its edible seeds. Walnut tree is predomi-
nantly an extensive canopy-dweller decurrent tree
with trunk size ranging from 1.5-2 meters in diame-
ter, 25-35 m in height and its survival rate is about
200 years. Walnut bears smooth bark with olive
brownish color adapted to moderate light conditions.
Leaves are 30-40 cm long, compound, alternately
arranged and odd-pinnate. Male flowers are pro-
duced in drooping catkins and the female flowers, in
clusters of two to five, are terminal, which ripens in
the autumn into a fruit with a semi-fleshy husk and a
brown nut. The kernel of the nut is protected by a
corrugated woody shell.

Flowering, pollination and fruiting

Juglans are monoecious species, having male and
female reproductive organs on separate flowers on
the same tree. Juglans regia is self-fertile, heteroga-
mous and it can be protandrous or protogynous
depending on cultivar. The characteristic inflores-
cence is catkin bearing about 2-3 pistillate flowers
born terminally or laterally. Walnut is self-fertile
however occasionally it requires different cultivar
due to dichogamy. Majority of walnuts are protan-
drous and anemophilous. Nuts are borne individually
or in groups enumerating 2-3 on shoot tips. Walnut is
properly shielded by a fleshy covering which cracks at
maturity. Walnut shape is variable from ovoid to
round attaining a maximum diameter of 2 meters

enclosing two kernels divided by extremely delicate
covering expanding from inner cover of the shell.

Taxonomical classification

Walnut is a member of Juglandaceae family and
includes approximately 60 species, among which 21
species are classified under genus Juglans (Table 1).
Different varieties of walnut and their commercial
uses are given in Table 2. All walnut species are edi-
ble and English walnut is easily crackable and enor-
mous in size.

Different sections and species of walnut

Genus Juglans is classified into four types: Juglans

sect. Cardiocaryon, Juglans sect. Juglans, Juglans

sect. Rhysocaryon, and Juglans sect. Trachycaryon.

Juglans sect. Cardiocaryon. This variety originated
from the northeast Asia. This walnut variety bears
enormous leaves containing 15 leaflets. The wood is
commercially soft, and nuts are thick shelled borne in
a raceme inflorescence, such as, for example, J.

mandshurica and J. ailantifolia.
Juglans sect. Juglans. Originated from the south-

east Europe to central Asia. This variety bears large
leaves with 9 broad hairless leaflets having entire
margins. The wood is commercially hard, for exam-
ple, J. regia (L.) and J. sigillata.

Juglans sect. Rhysocaryon. (black walnuts)

Originated from the North America and the South
America. This variety bears enormous leaves with 20

Table 1 - Taxonomic classification of walnut

Kingdom Plantae

Phylum Tracheophyta

Class Magnoliopsida

Order Fagales

Family Juglandaceae

Subfamily Juglandoideae

Tribe Juglandeae

Subtribe Juglandinae

Genus Juglans

Species ● J. regia Linnaeus

● Juglans ailanthifolia Carr.

● Juglans ailantifolia Carriere

● Juglans bixbyi Rehd.

● Juglans boliviana (C. DC.) Dode

● Juglans californica S. Wats.

● Juglans cinerea Linnaeus

● Juglans hindsii (Jepson) Jepson ex R. E. Sm.
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Table 2 - Different varieties of walnut and their commercial uses

No. Species Description Commercial uses 

1 English/Persian
Walnut 
(Juglans regia)

Native to the region of California, Oregon, Himalayas, Europe and
China. Most ubiquitous cultivated in foothills having high water
table. Characterized by a relatively thin, gnarled shell enclosing a
smooth, large, ivory-colored nut and rich flavor.

As an effective nutraceutical with a high nutritive value.
Procurement of high quality timber in the furniture industry
for high-end flooring, guitars, furniture, veneers, knobs and
handles as well as gunstocks

2 Eastern Black
Walnut 
(Juglans nigra)

Native to eastern North America. Characterized by a thick, hard
shell with sharp, jagged edges and a darker color. Black nuts are
known for their pungent aroma and robust flavor.

Used in timber industry as well as nut production. The hard-
black walnut shell is also used commercially in abrasive clea-
ning, a filtering agent in scrubbers in smoke stacks, cleaning
jet engines, cosmetics, and oil well drilling and water filtration

3 White/
Butternut
(Juglans cine-

rea)

Native to the eastern United States and southeast Canada.
Characterized by slow-growing species, and rarely lives longer 
than 75 years.  Bark is light grey in colour and the whole leaf is
downy-pubescent, and a somewhat brighter, yellower green 
than many other tree leaves. Leaves are alternate and compound
and have odd number of leaflets with a terminal leaflet

Used in lumber industry to make furniture, and is a favorite of
woodcarvers. It is used to dye fabrics. Used as a medicine
owing to its cathartic properties

4 Japanese
Walnut/
Heartnut
(J. ailantifolia)

Native to Japan and Sakhalin. Characterized by light grey bark, 
pinnate and brighter yellower green leaves, nuts produced in
bunches of 4-10 and are of spherical shape

The edible nuts have an oily texture. The husks are also used
to make a yellowish dye

5 Manchurian/
Chinese 
Walnut
(J.mandshurica)

Native to the eastern Asiatic region (China, Russia and Korea).
Characterized by odd, alternate, pinnate, long and broad leaves.
Shell is thick and the kernels are edible but small and difficult to
extract. Also contain less quantities of allelopathic compounds like
Juglone

The timber is in use but is less valuable as compared to English
or Black walnut. Cultivated as an ornamental in colder tempe-
rate regions

6 Iron Walnut
(Juglans

sigillata)

Native to the Yunnan, Guizhou, Sichuan and Xizang in China.
Characterized by oval-shaped nuts with bumps and ridges.
Cultivated for its edible nuts

Used as ornamental plant in gardens and parks

7 California
Walnut 
(Juglans 

californica)

Endemic to California and generally found in southern California
Coast Ranges, Transverse Ranges, and Peninsular Ranges, and the
Central Valley. Characterized by a large shrub or a small tree. It
has a small hard nut in a shallowly grooved, thick shell that is
difficult to remove. It has a better flavour than Juglans nigra

Raw as well as cooked seeds are used in pies, cakes, biscuits,
confections etc. An attractive wood, but the frequent bran-
ching pattern of the trunk limits the use of this wood commer-
cially. Also has a medicinal value

8 Brazilian/
Argentine 
walnut
(J. australis)

Native to Argentina and Bolivia. Characterized by dense, hard and
strong wood. Its more frost resistant than J. regia

Nutritive value. The immature fruits are pickled whole for
human consumption. The mature nuts are also eaten. The
concentrated extract of the husk is also used as a vermifuge

9 Northern
California wal-
nut (Juglans

hindsii)

Endemic to Northern California. Characterized by smooth, brown,
thick shell, that contains a small edible nutmeat

Commercially important as a rootstock for orchard stock
of Juglans regia. Also used as an ornamental tree in wildlife
gardens, and for habitat gardens, natural landscaping projects.
Its wood commonly called claro walnut is used in  the lumber
industry

10 West Indian
walnut (West
Indian walnut)

Not native to Jamaica but found in Cuba, the Dominican Republic,
Haiti, and Puerto Rico. Characterized by a drupe 2-3 cms long 
with a black husk and a seed, which is an edible walnut meat, 
inside. It is listed as an endangered species in the Endangered
Species Act of the United States

Used in timber industry. The attractive wood is similar to that
of the black walnut

11 Cedro negro
(Juglans olan-

chana)

Native to Costa Rica, Guatemala, El Salvador, Honduras, Mexico
and Nicaragua. Commonly called cedro negro.
Characterized by long branches bearing twigs tipped with 40-50 cm
long, glabrous, pinnately compound leaves, darker on the top than
on the bottom. The base of the trunk sometimes has buttresses

Used in the timber industry for light construction, cabinet-
making, parquet floors, luxurious furniture, turnery, musical
instruments, and veneer. The husk is used to dye leather

12 Colombian
walnut 
(Juglans 

neotropica)

Native to Colombia, Ecuador, and Peru. Characterized by slow-
growing tree up to 40 mts height with grooved, red-brown bark 
and an oval-shaped canopy. Leaves are compound with a 
serrated border

Nuts are used as food. Used in timber industry because the
hard, durable wood  is highly prized in cabinetry, flooring,
veneers, utensils, and other forms of decoration
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leaflets, serrate margins. The wood is commercially
very hard, such as, J. californica, J. hindsii, J. australis,

J. nigra, and J. olanchana.

Juglans sect. Trachycaryon. Originated from the
Eastern North America. This variety bears wide
leaves containing 20 leaflets having serrate margins.
The wood is commercially soft and the fruits are
borne in clusters of two to three. The nuts have a
thick and rough shell such as J. cinerea (L.).

3. World walnut production

Walnut grows abundantly in temperate areas of
the world and cultivated commercially in 48 coun-
tries on an area of 1.6 million acres. The worldwide
production of walnuts has reached maximum partic-
ularly in countries of Asia. Global walnut production
for the year 2015-16 rose 155,000 tons from the pre-
vious year to 2.1 million tons, with China and the
United States accounting for over 75 percent of total
production (USDA, 2016). China is the world’s chief
producer of walnut and accounts for 51.49% of
world’s walnut production followed by the USA
(26.86%), European Union (6.02%), Ukraine, Chile,
Turkey and India contribute 5.25%, 3.09%, 3.09%,
1.96%, respectively to the world’s walnut production
(USDA, 2016). Global walnut production for the year
2016-17 is nearly unchanged from the October 2016
record forecast of 2.1 million tons in-shell basis, with
China and the United States accounting for nearly 80
percent of total production (USDA, 2016). Figure 1
gives the schematic representation of year wise pro-
duction of walnuts across the world.

4. Status of walnut in India

Walnuts are commonly called “Akhrot” in India
and they are grown in the northwestern Himalayan
belt, expanding up to Sikkim and Darjeeling. But the
commercial farming of walnut is limited to the states
of Arunachal Pradesh, Himachal Pradesh,
Uttarakhand and Jammu and Kashmir. The area and
production of walnut in India for the year 2014-15
were recorded to be 125,000 ha and 206,000 tons
respectively (Government of India, 2015). India has
exported 3,291.71 MT of walnuts worth of Rupees.
117.92 crores during the year 2015-16 (APEDA,
2016). Figure 2 gives the schematic representation
year wise area versus production of walnut in India.

The major walnut importing countries  from India
are Vietnam Social Republic (15%) followed by Egypt
Arab Republic (11%), Netherland (11%), United
Kingdom (9%), Spain (8%), United States (7%),
Germany (6%), France (4%), Thailand (3%), Australia
(3%) and others (23%) (Ministry of Agriculture, 2015)
(Fig. 3).

Jammu and Kashmir is the main center for com-
mercial walnut production in India and contributes
pretty nearly 98% of the country’s output and the

Fig. 1 - Schematic representation of walnut year wise produc-
tion across the world.

Fig. 2 - Shows the schematic representation of walnut produc-
tion during three consecutive years in India.

Fig. 3 - Showing principal countries which imports walnuts from
India.
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state has been declared as the “Agri. Export zone for
Walnuts” (Isher et al., 2016). Most walnuts that are
produced for export by India are principally produced
in this state. According to the United Nations
Development Programme Special Unit for South-
South Cooperation (UNDP SU/SSC), 63,000 hectares
of Jammu and Kashmir state is under walnut cultiva-
tion. These plantings produce around 60,000 tones of
walnuts worth an estimated 25 million Rupees.

5. Walnut as phytochemical

Walnut is popularly known for its abundant phyto-
chemicals for instance phenolics, fatty acids, mela-
tonin and serotonin (Christopoulos and Tsantili,
2015). In addition to kernels, green shells, walnut

husk, seeds, bark and leaves are utilized in the cos-
metic and pharmaceutical sector (Negi et al., 2011;
Fernández-Agulló et al., 2013; Vinson and Cai, 2012).
Table 3 gives a description of walnut and its phyto-
constituents in diverse walnut varieties. The level of
phenolics in walnut depends on diverse ecological
factors, genotype, type of cultivar, geographical site,
climatic parameters and developmental stages (Solar
et al., 2006; Amaral et al., 2008). Toivonen and
Hodges (2011) illustrated tissue and age specific vari-
ation in phenolic acids. Walnut polyphenols are
potential candidates which work against in vitro plas-
ma and low-density lipoprotein LDL oxidation.
Regueiro et al. (2014) reported several individual
phenolic compounds in walnut kernels and charac-
terized approximately thirty-seven compounds.
Colaric et al. (2005) demonstrated a greater amount

No. Walnut name Part used Phytochemical extracted Reference

1 Persian walnut Kernels Phenolic acids (gallic acid, ellagic acid, syringic acid, chlorogenic acid, 
p-coumaric acid) and flavanols (catechin, epicatechin, gallocatechin, procya-
nidin B2, epigallocatechin, epicatechin gallate)

Figueroa et al., 2016

2 Persian walnut Kernels Ellagic acid Fukuda et al., 2004;
Christopoulos and
Tsantili,  2012

3 Heartnut Juglans 

ailanthifolia var. 
cordiformis) and Persian
walnut (Juglans regia L.)

Kernels Ellagic acid Li et al.,  2006

4 Persian Walnut Leaves Phenolic acids (gallic, vanillic, chlorogenic, caffeic, syringic, p-coumaric, 
ferulic, sinapic, salycilic, ellagic and trans-cinnamic) flavonoids (catechin, 
epicatechin, rutin, myricetin and quercetin) and juglone

Nour et al., 2012

5 Persian Walnut Bark Gallic acid, chlorogenic acid, catechine hydrate;resorcinol;  caffeic acid,
rutin trihydrate, syringic acid, vanillicacid,p-coumaric acid,quercitine
dihydrate, naphto-resorcinol, trans-cinnamic acid etc

Noumi et al.,  2012

6 Persian Walnut Fruit Phenolic acids (gallic, vanillic, chlorogenic, caffeic, syringic, p-coumaric, 
ferulic, sinapic, salicylic, ellagic and trans-cinnamic acid) flavonoids
(catechin, epicatechin, rutin, myricetin and quercetin) and juglone.

Cosmulescu et al., 2014

7 Persian Walnut Walnut husks Chlorogenic acid, caffeic acid, ferulic acid, sinapic acid, gallic acid, ellagic
acid, protocatechuic acid, syringic acid, vanillic acid, catechin, epicatechin, 
myricetin, and juglone.

Stampar et al. 2006

8 Persian Walnut Kernels and
pellicle

Chlorogenic, caffeic, p-coumaric, ferulic, sinapic, ellagic, and syringic
acid. Syringaldehyde and juglone

Colaric et al., 2005

9 Persian Walnut Leaves and
husks

Chlorogenic acid, ferulic acid, gallic acid and trans-cinnamic acid Chrzanowski et al., 2011

10 Persian Walnut Leaves Juglone Thakur, 2011; Babula
et al., 2006

11 Persian Walnut Axillary shoots
(microshoots)

Phenolic acids (gallaicacid, chlorogenic acid, p-coumaric acid, syringic acid,
vanillin) and flavanoids (quercetin, naphthoquinone) and juglone

Cheniany et al., 2013

12 Persian Walnut Fruit Gallic acid, chlorogenic acid, sinapic acid, protocatechuic acid, catechin
and juglone

Jakopič et al., 2009

Table 3 - Description of walnut and its phytoconstituents in diverse walnut varieties
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of phenolics in walnut skin than in kernels. Oliveira et

al. (2008) confirmed protective properties of walnut
husk exhibiting higher anti-microbial activity. Walnut
kernels are known to be an immense resource of
ellagitannins having higher anti-oxidant property
(Shimoda et al., 2009). Amaral et al. (2008) con-
firmed that presence of 96% of tannins as major
causal agent for the medicinal potential of walnuts
along with phenolics and flavanoids. Phenolic com-
pounds are known to confer health benefits.

Juglans regia L. leaves are good sources of
flavonoids. Many types of research are mainly
focused on the extraction/isolation and the antioxi-
dant effect of flavonoids. Walnut flavonoids have not
been extensively analyzed, however, English walnut
leaf was subjected to vigorous chromatographic eval-
uation (Pereira et al., 2007). Amaral et al. (2008) and
Pereira et al. (2007) analysed quercetin 3-galacto-
side, quercetin 3-arabinoside, quercetin 3-xyloside,
quercetin 3-rhamnoside and two other partially iden-
tified quercetin 3-pentoside and kaempferol 3-pento-
side derivatives in walnut leaves along with myricetin
as exclusive flavonoid in walnut husk (Lugasi et al.,
2003; Stampar et al., 2006). Myricetin exhibit excep-
tionally high anti-oxidant property along with the
potential of imparting beneficial effects on bone
heath thereby preventing bone resorption and ele-
vating osteoblastic potential and bone formation
(Hsu et al., 2007). Rutin (Quercetin-3-rutinoside) is
another significant flavonoid in walnut leaves having
elevated levels of anti-oxidant potential that prevent
DNA oxidation (Nour et al., 2012). 

The previous studies on flavonoids present in
Juglans regia (L.) leaves provided a conjectural
source for an additional study on the organic decoc-
tion from J. regia leaves. The promising results from
the medicinal point of view were procured from
flavonoids. Estimation and characterization of pheno-
lic compounds in walnut leaves can be utilized as an
important resource. Carvalho et al. (2010) reported
phenolics and associated anti-oxidant characteristics
of methanolic and petroleum ether extracts procured
from walnut green shells and leaves. Seeds methano-
lic extracts exhibited highest phenolic content
approximately 116 mg gallic acid equivalent (GAE)/g
of extract with EC50 of 0.143 mg/mL using DPPH
(2,2-diphenyl-1-picrylhydrazyl) scavenging activity
followed by leaf and green husk. Solvent polarity was
directly correlated with the distinct disparity in the
activity of samples as observed by the solubility of
phenolics compounds in respective solvents. Hence,

methanol solvent is preferred for phenolics extrac-
tion (Do et al., 2014) while petroleum ether is non-
polar normally employed for extraction of lesser
polar constituents for instance plant pigments,
sterols and fatty acids (Carvalho et al., 2010).
Carvalho et al. (2010) reported maximum phenolics
fraction (116.22±3.76 mg of GAE/g of seed extract
followed by leaf 94.39±5.63 mg of GAE/g of extract)
and green husk (50.18±2.69 mg of GAE/g of extract).
Previous research reports have conformed methano-
lic extracts as most efficient in radical scavenging
activity. Al-Okbi et al. (2014) reported phenolics con-
tent of 47.42 g GAE/100 g in ethanolic extract of wal-
nut seed. Jalili and Sadeghzade (2012) illustrated the
average value of 22.16±0.66 (mg/g) of phenolic con-
tent in aqueous extracts in diverse walnut cultivars.
Ghasemi et al. (2011) illustrated the phenolic content
of 15.15 to 108.11 mg gallic acid equivalents g-1 of
extract and flavonoid content ranging from 3.59 to
22.91 mg quercetin equivalents (QE)g-1 of extract.
Rahimipanah et al. (2010) reported total flavonoids
and phenolics in walnut green husks via aluminum
nitrate and Folin-Ciocalteu colorimetric protocol and
their content were 1.44±0.2 mg quercetin and
34.28±1.35mg gallic acid equivalent per gram of dry
sample correspondingly. Kale et al. (2010) demon-
strated flavonoid fraction of walnut bark extracts
with maximum quercetin between 3.50 to 32.81
mg/g and phenolics content varied from 20.32 to
44.87 mg/g in the extract. Ethyl acetate extract of
walnut showing maximum phenolics and flavonoid
sustaining antioxidant potential walnut extracts and
recommend their utilization for advanced research to
identify secondary metabolites.

6. Phytopharmacology of walnut

All the parts of walnut i.e., bark, leaves, flowers
are exclusively used widely in Ayurveda, Unani,
homeopathy and allopathic medicine system (Shah et

al., 2014). Forino et al., 2016 reported conventional
uses of walnut in health maintenance. Diverse activi-
ties of walnut utilized are due to enormous phyto-
constituents such as saponins, glycosides, alkaloids,
and steroids (Muthaiyah et al., 2011). All parts of
walnuts particularly leave and husk is extensively
used in the pharmaceutical and cosmetic industries
(Ribeiro et al., 2015). Table 4 gives the description of
walnut as phytochemical and its activity against
diverse pathogens.
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Antimicrobial activity

Antimicrobial potential of walnut especially bark
(Farooqui et al., 2015) leaves (Pereira et al., 2007)
and fruits (Pereira et al., 2008) have been extensively
utilized against various infections.

Studies have also demonstrated the antimicrobial
activity of walnut products, particularly of bark,
leaves, fruits and green husk of Juglan regia (L.) was
subjected to hot and cold extraction and resulting
solution exhibited high antibacterial activity against
Pseudomonas aeruginosa, Escherichia coli, Klebsiella

pneumoniae, Staphylococcus epidermidis, Micrococcus

luteus, Salmonella typhimurium, Enterococcus faecalis,

Bacillus thuringiensis, Protomonas extroquens, and
Proteus sp., as evaluated through agar streak and disc
diffusion assays (Biyik, 2010; Deshpande et al., 2011).

Antifungal activity

Aqueous extracts of leaves and bark display anti-
fungal activity against an extensive spectrum of fungi
using disc diffusion, agar dilution, agar streak dilution
and reddish assays. Pereira et al. (2008) demonstrat-

ed the enormous anti-fungal potential of walnut
extracts refluxed with petroleum ether (b.p. 40-60°C)
against Candida albicans and Cryptococcus neofor-

mans. Noumi et al. (2010) demonstrated antifungal
properties of Juglans regia (L.) alongside oral Candida

strains.

Antiviral activity

Zhai et al. (2007) confirmed inhibition of tobacco
mosaic virus (TMV) by 95% ethanol and ethyl acetate
leaves extract of J. regia. At a minimum concentra-
tion of 1.5 µg/ml of methanolic extract of J. regia,

there was distinct inhibition Sindhis (Mouhajir et al.,
2001).

Antioxidant activity

Several research reports demonstrated antioxi-
dant activity of ethyl acetate, butanol, ether and
aqueous methanol extract of walnut kernels, husks
and leaves as evaluated by DPPH  radical scavenging
assay and lipid oxidation inhibition by β-carotene
linoleate (Oliveira et al., 2008; Pereira et al., 2008;
Carvalho et al., 2010; Rahimipanah et al., 2010;

Table 4 - Description of walnut as phytochemical and its activity against diverse pathogens

Walnut Part used Target cell/ pathogen Activity Reference

Juglans regia Bark Staphylococcus aureus, E. coli Antibacterial Farooqui et al., 2015

Juglans regia Bark Candida albicans, Candida glabrata, and Candida parapsilosis

strains
Antifungal Noumi et al., 2010

Juglans regia Kernels MCF-7 (estrogen receptor positive breast adenocarcinoma), KB
(oral and mouth), HepG-2 (liver), Caco2 (colon), and WRL-68
(liver)

Anti-proliferative Negi et al., 2011

Juglans regia Leaves Tobacco mosaic virus Antiviral Zhai et al.,  2007

Juglans regia Leaves Sindbis virus herpessimplex (HSV), Sindbis (SINV), and Poliovirus Antiviral Mouhajir et al., 2001

Juglans regia Leaves 769-P renal and Caco-2 colon cancer cells Anti-proliferative Carvalho et al., 2010

Juglans regia Leaves A375 human melanoma cell Anti-proliferative Shah et al., 2015

Juglans regia Kernels COLO-205 Anti-proliferative Anjum et al.,  2016 

Juglans regia Walnut oil Herpes simplex (HSV), Parainfluenza (PI-3) Escherichia coli,
Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella pneumo-

niae, Acinetobacter baumannii, Staphylococcus aureus, and
Enterococcus faecalis, Fungi: Candida albicans and Candida

parapsilosis

Antiviral, Antibacterial,
Antifungal

Orhan et al., 2011

Juglans regia Leaves Bacillus cereus, Bacillus subtilis, Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumo-

niae, Fungi: Candida albicans, Cryptococcus neoformans

Antibacterial and
antifungal

Pereira et al., 2007

Juglans regia Husks Bacillus cereus, Bacillus subtilis, Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumonia,
Fungi: Candida albicans, Cryptococcus neoformans

Antibacterial and
antifungal

Oliveira et al., 2008
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Qamar and Sultana, 2011).
Consumption of walnuts and walnut skin diet by

C57BL/6 mice showed decline oxidative stress as
observed by a change in the enzymatic and non-enzy-
matic system (Bulló et al., 2010). Furthermore,
research report demonstrated ameliorating effect of
walnut consumption on LDL oxidizing potential owing
to their elevated levels of omega-6 PUFAs.

Antidiabetic activity

In Mediterranean and Asiatic countries, air-dried
leaves of Juglans regia have been employed to treat
diabetic symptoms (Hosseini et al., 2014), and the
potential of walnut leaves to ameliorate hyper-
glycemia in humans has been evaluated by both in

vitro and in vivo. Pitschmann et al. (2014) reported
inhibition of protein-tyrosine phosphatase 1B and no
effect on peroxisome proliferator-activated recep-
tors-gamma (PPARγ) in myocytes fed with methano-
lic extracts from walnut leaves. This study confirmed
walnut leaf extracts drastically decline levels of
serum fasting HbA1c, blood glucose and insulin
(Hosseini et al., 2014). Hence the study concluded
hypoglycemic potential of walnut leaves wielding
lowering effect on sugar levels in the liver as well as
kidney. The mechanisms of action underlying the
antihyperglycaemic effect of the walnut leaf extracts
were investigated by in vitro studies. Inhibition of sig-
nificant enzymes involved in sugar metabolisms like
α-amylase (Rahimzadeh et al., 2014), PTP1B (Ahmad
et al., 2012) and associated processes like glycation
and oxidation reactions have been reported with
walnut leaves (Pitschmann et al., 2014).

Antihelmintic activity

A wide range of anti-worm activities was also
reported from bark extracts of walnut. Kale et al.

(2011) reported antihelminthic activity against
Eiciniafeotida using reference Albendazole.
Methanolic, ethanolic and benzene extracts of
Juglans regia (L.) exhibited inhibitory activity against
annelids like Pheretimaposthuma using standard
drug Piperazine citrate (Upadhyay et al., 2010).

Anti-inflammatory activity

Anti-inflammatory potential of walnut is compara-
tively inadequate. Papoutsi et al. (2008) demonstrat-
ed anti-inflammatory activity because of ellagic acid.

Hepatoprotective activity

Ameliorative effect of walnut polyphenols from
kernel pellicle against a decline in glutamyl
oxaloacetic transaminase (GOT) and glutamyl pyruvic
transaminase (GPT) was reported in mice model after

a single oral administration (200 g/kg) (Shimoda et

al., 2008). These results confirmed higher values of a
hepatoprotective effect than curcumin.

7. Walnut and cancer

Due to the increasing inclination towards plant
based drugs, more vigorous initiatives have been
taken to action to develop more advanced plant
based drug formulations. Among the diverse phyto-
chemicals procured from plants, polyphenols are
known to be most active candidates against cancer
(Kim et al., 2016). Singh and Sukhla (2015) demon-
strated polyphenols as potent cancer inhibiting phy-
toconstituents as revealed by inhibitory effects of
walnut on cancer promotion and progression.
Polyphenols inhibit cancer progression by hampering
nuclear factorkappa B - (NF-kB) activation. NF-kB is a
nuclear transcription factor exhibiting significant role
in gene regulation implicated in inflammation and
carcinogenesis. Upregulation of NF-kB is implicated
in cell-cycle progression. Polyphenol suppresses NF-
kB and activator protein-1 (AP-1), its inhibition is con-
sidered as a potential step in chemoprevention.
Polyphenols further induce inhibition in mitogen acti-
vated protein kinases (MAPK), protein kinases (PK),
of the growth-factor receptor (GFR) leading to cell
cycle arrest, the onset of apoptosis and decline in
angiogenesis (Bonfili et al., 2008). Mertens-Talcott et

al. (2005) illustrated on the synergistic, additive, or
antagonistic interface of polyphenolic compounds to
counteract cancer growth. Shah et al. (2015) report-
ed numerous chemical constituents possessing anti-
cancer activity due to omega-3 fatty acids (Gerber,
2012), vitamin E (mainly the c-tocopherol form)
(Albanes et al., 2014), phytosterols (Ramprasath and
Awad, 2015), ellagic acid (Eskandari et al., 2016), gal-
lic acid (Ho et al., 2013) and flavonoids namely
quercetin (Firdous et al., 2014), carotenoids (Virtamo
et al., 2014), and melatonin (Travis et al., 2014).
Hardman (2014) reported 80% inhibition of breast
cancer in mice following walnut consumption. Due to
the presence of omega-3 fatty acids along with phy-
tosterols in walnut breast cancer was declined
remarkably. Phytosterols bind with estrogen recep-
tors and subsequently decline breast cancer.
Consumption of walnut diet declined a breast
tumour by about 60% in transgenic mouse. Hardman
(2014) confirmed presence of numerous complex
constituents in walnut exhibiting additive or synergis-
tic effect on cancer suppression. Further presence of
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γ-tocopherol in walnut exhibit anti-cancer activities
against prostate, colon, renal and lungs as demon-
strated by anti-proliferative and anti-angiogenic
mechanisms (Rafieian-Kopaie and Nasri, 2015).
Walnut inhibits inflammation by inhibiting endothelin
(Ma et al., 2010). Research on prostate cancer estab-
lished higher levels of endothelin in men indicating
the need for further research to decipher relation
between walnut and prostate cancer. Reiter et al.

(2013) investigated prostate cancer and a deter-
mined decline in tumor and LNCaP (Lymph Node
Carcinoma of the Prostate) xenograft growth. Negi et

al. (2011) determined anti-proliferative activity of
chloroform and ethyl acetate fractions of walnut in
human cancer cell lines such as MCF-7 (Michigan
Cancer Foundation-7) (estrogen receptor positive
breast adenocarcinoma), KB (oral and mouth), HepG-
2 (liver), Caco2 (colon), and WRL-68 (liver) cancer cell
lines. All the cell lines exhibited inhibition against kid-
ney and colon cancer however for 769-P renal and
Caco-2 colon cancer cells, walnut leaf revealed the
elevated rate of anti-proliferative competence than
walnut seeds and husk. The observations procured
confirmed lack of relationship among total phenols
and anti-proliferative activities signifying some class
of compounds implicated in cancer inhibition
(Carvalho et al., 2010). This study was further validat-
ed by Tsoukas et al. (2015) who demonstrated a con-
verse association between walnut intake and colon
cancer incidence. Paur et al. (2010) reported dose
dependent inhibition in lipopolysaccharide(LPS)-
induced NF-κB activity in the monocytic cell line
(U937-κB) by blending clove, oregano, thyme, walnut
and coffee. This study confirmed the comparative
efficacy of the combination of different extracts than
individual plant constituent. Hence, walnut can be
utilized as a natural source of anti-oxidants as well as
chemo preventive candidate. Thakur (2011) demon-
strated inhibition of carcinogenesis in rats by
azoxymethane and can be utilized as chemo preven-
tive agent against neoplasia. During recent years,
juglone is established as effective cytotoxic agent and
induce cell apoptosis via mitochondria dependent
pathway via human lung cancer (A549) cells (Cenas et

al., 2006), human leukemia (HL-60) cells (Xu et al.,
2012 a), and human cervical carcinoma (HeLa) cells
(Zhang et al., 2012). Ji et al. (2008) reported inhibi-
tion of growth and induction of apoptosis of sarcoma
180 cells in vivo. Juglone, being an inhibitor of
Peptidyl-prolyl cis-trans isomerase NIMA-interacting
1 (Pin1) is an impending remedial target for anti-
cancer research. Role of Pin1 in relation to tamox-

ifen-resistant breast cancer has been an important
determinant factor in drug resistance. These observa-
tions demonstrate Pin1 augment E2F-4 and Egr-1-dri-
ven expression of LC-3, an autophagosome marker is
over expressed in cancer cells than non-cancerous.
Namgoong et al. (2010) further established juglone
as potent inhibitor having a distinct declining effect
on the TPA and induced overexpression of E2F-4 and
Egr-1 transcription factors controlling LC-3 gene
expression.

8. Walnut as a nutraceutical

The term “nutraceutical” is used to illustrate food
or food nutrient supplement that suggests a medical
or health benefit by providing simple nutrition (Wong
et al., 2015). Functional foods are known to be a rem-
edy for chronic diseases (Luciano, 2014). Walnut has
been used as functional food. They are important
components of the Mediterranean diet (Ley et al.,
2014). Nutritional profile of walnut is tabulated in
Table 5. Not only the kernel of walnut but also green
shells and bark have also been used in the cosmetic
and pharmaceutical industries (Ribeiro et al., 2015;
Adeel et al., 2017). Walnuts are chiefly consumed for
their organoleptic and nutritional aspects since they
are resources of important anti-oxidants and pre-
serve food attributes (Martinez and Maestri, 2016).
Walnut seeds are now established as major nutraceu-
tical owing to their effects on coronary heart disease
(Nasri et al., 2015; Schwingshackl et al., 2017).
Walnuts possess numerous nutritional aspects
including a maximum fraction of polyphenolics due to
which they are incorporated into recommended
dietary supply (Sanchez-Gonzalez et al., 2017).
Christopoulos and Tsantili (2015) reported numerous
phytochemicals in walnut for example phenolics,
fatty acids, melatonin and serotonin. In addition to
phytochemicals, various hydrolyzable and condensed
tannins have been reported in walnut (Figueroa et

al., 2016). High oil and protein content of kernel of
Juglans regia (L.) (Juglandaceae) validates this fruit
requisite for human nutrition. FAO has categorized
walnut as a deliberate candidate for human nutrition
and phytomedicine (Gandev, 2007). Most of the
energy in walnuts generates from fats which account
for 65% which makes them energy-rich and high-
calorie food (Tapsell et al., 2009). Martinez and
Maestri (2008) reported triacylglycerols, in which
monounsaturated fatty acids (MUFAs) mainly oleic
acid (18:1 n-9) and polyunsaturated FAs (PUFAs;
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linoleic (18:2 n-6) and α-linolenic acids (18:3 n-3) in
walnut oil are present in high amounts in all geno-
types. Walnuts are a chief resource for omega-6 fatty
acid called linoleic acid. They also contain a relatively
high percentage of omega-3 fat called alpha-linolenic
acid (ALA) contributing up to 8-14% of the total fat

content. Deckelbaum and Torrejon (2012) reported
walnut as the sole source of ALA which declines
inflammation and augments blood profile.
Muradoglu et al. (2010) and Martinez et al. (2010)
reported average protein estimation of about 18.1%
comprising of 70% of total seed protein along with
lesser amounts of globulins (18%), albumins (7%) and
prolamins (5%). Walnut proteins possess all essential
amino acids requisite for humans. Amino acids exist
in proper ratio in walnuts e.g., lysine/arginine ratio in
walnut proteins is comparatively lower than in daily
vegetable proteins. The lower lysine/arginine ratio
declines atherosclerosis development (Martinez et

al., 2010). In addition to macronutrients, walnuts are
richest sources of vitamins and minerals, Potassium
(K), phosphorus (P), magnesium (Mg) and iron (Fe)
(Cosmulescu et al., 2009). Calcium (Ca), sodium (Na),
zinc (Zn) and Copper (Cu) are present in moderate
fractions (Siahnouri et al., 2013). Macro elements are
necessary for proper development and growth of
organisms (Jeszka-Skowron et al., 2016). Most of
macroelements assist in enzymatic reaction involved
in the general metabolism of the organism. Trace ele-
ments promote heart health, maintains bone, nerve
and immune system functions (Abdel-Aziz et al.,
2016). Vitamins are indispensable organic substances
and in addition to their role in important metabolic
functions, they are also required for proper function-
ing of hormone regulation. Anjum et al. (2016) con-
firmed presence of ellagic acid, gallic acid, tocopherol
(vitamin E), ellagitannins (tannins) and phytochemi-
cals with potential antioxidant activity, for instance,
melatonin. Walnut also comprises of elevated levels
of α- tocopherol, a vitamin E, which prevents lipid
oxidation process and decline risk of cancer and
coronary heart disease (Jiang, 2014).

Health effects of walnut (Table 6)

Cardiovascular benefits. Nijike et al. (2015) report-
ed daily consumption of walnut lowers risk of heart
diseases. Higher anti-oxidant and elevated levels of
the fat fraction in walnut are important for heart
health.

Brain health. Brain function is immensely
advanced by eating nuts. Walnuts are also associated
with alleviation of depression and age-linked dis-
eases (Grosso and Estruch, 2016). Arab and Ang
(2015) reported daily consumption of walnuts
enhance memory retention.

Walnuts help reduce problems in metabolic syn-

drome. Metabolic syndrome is complex disorder
encompassing increased triglycerides, high blood

Nutrients Total amount /100 gm
walnut

Calories 654

Water 4%

Protein 15.2 g

Carbs 13.7 g

Sugar 2.6 g

Sucrose 2.4 g

Glucose 0.1 g

Fructose 0.1 g

Fiber 6.7 g

Fats 65.2 g

Saturated 6.13 g

16:00 4404 mg

18:00 1659 mg

Monounsaturated fatty acids 8.933 g

18:01 8799 mg

20:01 134 mg

Polyunsaturated fatty acids 47.174 g

Omega-3 9.08 g

Omega-6 38.09 g

Trans fat 0

Vitamins

Vitamin A 1 µg

Vitamin C 1.3 mg

Vitamin D 0 µg

Vitamin E 0.7 mg

Vitamin K 2.7 µg

Vitamin B1 (Thiamine) 0.34 mg

Vitamin B2 (Riboflavin) 0.15 mg

Vitamin B3 (Niacin) 1.13 mg

Vitamin B5 (Panthothenic acid) 0.57 mg

Vitamin B6 (Pyridoxine) 0.54 mg

Vitamin B12 0 µg

Folate 98 µg

Choline 39.2 mg

Minerals

Calcium 98 mg

Iron 2.91 mg

Magnesium 158 mg

Phosphorus 346 mg

Potassium 441 mg

Sodium 2 mg

Zinc 3.09 mg

Copper 1.59 mg

Manganese 3.41 mg

Selenium 4.9 µg

Cholesterol 0 mg

Table 5 - Nutritional profile of Walnut
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pressure, insufficient high-density lipoproteins, cho-
lesterol, and obesity. Saneei et al. (2013) reported
daily consumption of one ounce of walnuts for 2-3
months can lower risk of MetS- associated disorders.

Benefits in treatment of type 2 diabetes. Type 2
diabetes is a growing problem in developed and
industrialized countries. A better understanding of
dietary changes is needed to improve this disorder.
The significant diet regime for type 2 diabetes
patients for lowering cardiovascular issues has been
reported by consumption of walnuts on daily basis
(Farr et al., 2017).

Anti-cancerous effects. Walnuts contain a wide
variety of antioxidant and anti-inflammatory bioac-
tive components that may have anti-cancerous prop-
erties (Byerley et al., 2017). Presence of polyphenolic
compounds, phytosterols, gamma-tocopherol,
omega-3 fatty acids and ellagic acid decline threat of
chronic oxidative stress and ameliorate inflammatory
properties to counteract intimidation of cancer
advancement (Perugu and Vemula, 2014). Choi et al.

(2016) and Al-Mahmood et al. (2016) reported a
lower incidence of colon, breast and prostate cancer
associated with walnut consumption.

Other health benefits. Walnut nutrients exhibit
significant function in the maintenance of bone struc-
ture (Kajarabille et al., 2013). It has been recently
confirmed that walnut consumption decline blood
levels of N-terminal telopeptideNTx of type 1 colla-
gen. More collagen composition signifies higher bone
stability as well as lower mineral loss from bones
(Griel et al., 2007). Katz et al. (2012) confirmed the
potential significance of walnut consumption in body
weight management. 

9. Application of molecular markers in horticultural

crops

Horticultural crops are important for dietary pur-
pose and source of revenue for farmers in the emerg-
ing countries (Behera and France, 2016). Genetic

Table 6 - Health effects of walnut

Cardiovascular aspect Walnut benefit

Blood quality Lowering LDL, the “bad” cholesterol; decreased total cholesterol; increased gamma-tocophe-
rol; increased omega-3 fatty acids in red blood cells (alpha-linolenic acid)

Vasomotor tone Decreased aortic endothelin; improved endothelial cell function

Risk of excessive clotting Decreased maximum platelet aggregation rate; decreased platelet activation

Risk of excessive inflammation Decreased C reactive protein (CRP); decreased tumor necrosis factor alpha (TNF-a)

Blood vessels Improves the function of blood vessels by cutting the risk of plaque buildup in the arteries

Brain tonic Relieves depression and age-related decline in brain function

Decline in metabolic syndrome Reduction of various MetS-related problems

Treatment of type 2 diabetes Regulates blood sugar and insulin metabolism

Development of body structure Decrease blood levels of N-telopeptides of type 1 collagen (NTx); weight maintenance and
prevention of obesity

Anti-cancer activities Anti-inflammatory properties help lower risk of chronic inflammation
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improvement in horticultural crops is not yet as note-
worthy as it has been achieved in case of cereals and
grasses. The advancement and accessibility of
genomic resources in these crops can be utilized
resourcefully to conserve and investigate existing
genetic diversity and to understand the association
between genotype-phenotype and to accelerate
breeding (Chaturvedi and Sahijram, 2015). Current
progress in mechanization and high-throughput
sequencing can be utilized to decipher ambiguous
and intricate genomes. Gene pyramiding and poly-
genic resistance evaluation in diverse genotypes with
extensive resistance have been made possible
through the advent of molecular markers (Ansari,
2015). Walnut is valued for its wood and nut, phyto-
chemicals but so far as its transcriptomics and
genomic data is concerned, it is very limited (Hu et

al., 2016).
From the past few decades, a significant progress

has been achieved by the use of molecular markers
in plant biotechnology and unraveling their genomic
intricacies for detecting and exploiting DNA polymor-
phism in the plants. There are different markers, i.e.
markers based on the morphology of plants, on bio-
chemical functions and DNA-based molecular mark-
ers (Parveen et al., 2016). These molecular markers
are classified as hybridization-based or non-PCR-
based markers. By using, these DNA based molecular
markers, one can get complete information about a
particular plant from the level of the nucleotide to a
segment on DNA and frequencies of alleles, popula-
tion structure and distribution of genetic diversity.
Molecular markers explicitly reveal the polymor-
phism at DNA level (Deoxyribonucleic acid). They are
routinely used in various crop improvement pro-
grams, ecological, physiological, genetic studies of
plants and to progress the effectiveness and accuracy
of traditional plant breeding through marker assisted
selection (Allwright and Taylor, 2016). Important
information for genetic diversity can be evaluated for
different horticultural crops by using RAPD markers,
for example, eggplant and watermelon (Trivedi et al.,
2016), Moringa oleifera (L.) (Kumar et al., 2017).
AFLP markers have effectively been utilized for evalu-
ating genetic diversity in horticultural crops like
Celosia argentea (Olawuyi et al., 2016), Rosa platya-

cantha (Yang et al., 2016) and olive (Mnasri et al.,
2017). Owing to their hyper variability and compe-
tence in distinguishing of polymorphisms, SSR have
become ideal markers for assessment of genetic
diversity in horticultural crops l ike potato
(Ghebreslassie et al., 2016), grapes (Rao, 2017), high

density genetic map construction (Xue et al., 2008),
population and conservation genetic studies, clonal
identification (Liu et al., 2016 a, b), controlled crosses
certification, species and hybrid identification, pater-
nity determination (De La Rosa et al., 2013), marker
assisted selection (Ashraf and Foolad, 2013) and
genotyping (Billot et al., 2013). ISSR is extensively uti-
lized in population genetics of horticultural crops i.e.,
Elaeis guineensis (Chagas et al. ,  2015) and
Rhododendron triflorum (Xu et al., 2017) and deter-
mining the genetic diversity of horticultural crops
such as bael (Aegle marmelos Corr.) (Mujeeb et al.,
2017). This section of the chapter provides a detailed
account of the exploitation of different molecular
markers used in case of walnut study. Use of some
like random amplified polymorphic DNA (RAPD), sim-
ple sequence repeat (SSR), inter-simple sequence
repeat (ISSR), single Nucleotide Polymorphism (SNP)
are briefly discussed in improving, increasing the
quality and quantity of walnut is summarized.

Single Nucleotide Polymorphism (SNPs) have
been widely used in plant germplasm management
and breeding of fruit tree crops (van Nocker and
Gardiner, 2014). These benefits have resulted in
SNPs gradually becoming the markers of choice for
exact genotype identification and diversity analysis
in horticultural crops such as cacao (Theobroma

cacao) (Fang et al., 2014 a), grapevine (Vitis vinifera)
(Cabezas et al., 2011), pummelo (Citrus maxima)
(Wu et al., 2014), strawberry (Fragaria spp.) (Longhi
et al., 2014) and tea (Camellia sinensis) (Fang et al.,
2014 b).

10. Molecular characterization in walnut

Molecular characterization of walnut germplasm
is mandatory requirement for establishing breeding
purposes and establishment of proprietary rights.
Conventional approaches for germplasm characteri-
zation are evaluated based on comparative morpho-
logical analysis. Due to the ecological effects on phe-
notypic expression together with juvenile phase of
walnut, there are ample hindrances in proper classifi-
cation of walnut. To surmount these restrictions,
molecular markers are employed for discrimination
and identification of walnut accessions. These DNA
based markers are not influenced by environment
and can be identified in all development stages of
plant tissues. Characterization of genetic variability in
walnut was done using isozymes (Malvolti et al.,
1994), to identify interspecific hybrids (Arulsekar et
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al., 1985), in species and cultivars differentiation
(Vyas et al., 2003) and to evaluate mating aspects
(Rink et al., 1994). RFLP markers has been employed
for evaluating parentage and ascertaining phyloge-
netic associations and discriminate among species
and cultivars in the genus Juglans (Aly et al., 1992;
Fjellstrom et al., 1994; Fjellstrom and Parfitt, 1995).
Description of various molecular markers used in
molecular characterization of various walnut geno-
types is given in Table 7.

Randomly amplified polymorphic DNA (RAPD)

RAPD is immensely significant in deciphering
closely associated cultivars in walnut and results
obtained are harmonized with preexisting data pro-
cured from RFLPs owing to more vigorous polymor-
phism exhibited by RAPD (Nicese et al., 1998).
Furthermore, RAPD markers were also employed to
assess polymorphism intensity at interspecific level
among Persian walnut (J. regia) and in the Northern
California black walnut [J. hindsii (Jeps.)] (Woeste et

al., 1996 a) and to recognize a marker associated
with hypersensitivity to the cherry leaf-roll virus

(Woeste et al., 1996 b). Nicese et al. (1998) evaluated
eighteen RAPD primers among nineteen walnut
genotypes that comprised of strongly associated cul-
tivars and parents in breeding programs. Following
cluster analysis of closely associated genotypes,
genotypes can be segregated into two classes having
association with their closely related alleles. RAPD
markers can investigate polymorphism to decipher
variation among walnut genotypes particularly
strongly associated genotypes and genetic similarity
subsisting on RAPDs revealing can detect enough
polymorphism to differentiate among walnut geno-
types, even among closely identified (Hayward et al.,
2015). RAPD markers are highly useful for evaluating
genetic variability in genus Juglans through DNA fin-
gerprinting to differentiate between valuable geno-
types for selection (Pop et al., 2010; Ahmed et al.,
2012). RAPD was employed to evaluate association
among eight walnut genotypes thriving in Turkey and
discrimination among indigenous and exotic geno-
types together with their early bearing progenies
(Erturk and Dalkilic, 2011). Xu et al. (2012 b) illustrat-

Table 7 - Description of various molecular markers used in molecular characterisation of various walnut genotypes

Walnut species/variety
Molecular marker

used
Traits associated References

Juglans regia RFLP Inheritance and linkage Fjellstrom et al., 1994

Juglans regia RAPD and SSR Phenotypic Pop et al., 2013

Juglans regia SSR Morphological Mahmoodi et al., 2013

Juglans regia SSR Morphological Karimi et al., 2014

Butternut (Juglans cinerea L.),  Japanese Walnut
(Juglans ailantifolia) and Buartnut (Juglans cinerea ×
Juglans ailantifolia)

SSR Nut phenotype Chen et al., 2014

Juglans regia RAPD Butternut canker disease resistance Zhao et al., 2014

Juglans nigra, Juglans regia, and hybrid (Juglans x 

intermedia (Carr)
RAPD Association between native/foreign

genotypes with their early-bearing natural
hybrids

Erturk and Dalkilic, 2011

Juglans regia SSR Identification of interspecific hybrid Pollegioni et al.,  2014

Juglans regia SSR Morphological Ebrahimi et al.,  2011

Juglans regia ISSR Morphological and biochemical traits Malvolti et al., 2010

Juglans regia ISSR Distinction between native and internatio-
nal cultivated genotypes

Christopoulos et al.,  2010

Juglans regia SLAF Disease resistance to anthracnose Zhu et al., 2015.

Juglans regia AFLP Geographical proximity Bayazit et al., 2007

Juglans regia SNP Fingerprinting of 30 walnut genotypes Ciarmiello et al., 2013

Juglans regia SNP Genome sequencing Liao et al.,  2014
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ed RAPD and AFLP for deciphering genetic diversity
of walnuts in western Sichuan plateau and Qinba
mountainous regions. The walnut genotypes were
procured from 8 different regions and 32 RAPD
primers and 28 AFLP primers in combination were
recognized with polymorphic bands in entire walnut.
In this study, high allelic number and elevated genet-
ic diversity identified with RAPD and AFLP signify
western China has significant genetic diversity
resource and profuse genetic variance among wal-
nuts. Zhao et al. (2014) employed RAPD as chief mol-
ecular implement for characterizing genome of but-
ternut (Juglans cinerea), Japanese walnut (Juglans

ailantifolia), black walnut (Juglans nigra), Persian
walnut (Juglans regia), Manchurian walnut (Juglans

mandshurica), and an interspecific hybrid (J. ailan-

tifolia cinerea) for species-specific markers.
The study revealed 38 amplicons were exclusive

to Japanese walnut and buartnut hybrids lacking in
butternut. RAPD markers were relatively insufficient
to differentiate intraspecific variability inside
Japanese walnut, butternut, or their hybrids. RAPD
can also decipher hybrid lineage as in the case for
discriminating whether Japanese walnut or
Manchurian walnut was the progenitor of hybrid line
or not. The results demonstrated that some of the
hybrids can be distinguished through morphological
and genetic resemblances through RAPD as it
demonstrates pedigree data. The resulting RAPD
markers provide their utility in the conservation of
butternut, an endangered North American species.

Simple sequence repeat (SSR)

SSR is enumerated among most precise molecular
marker owing to their high polymorphism, co-domi-
nant transmission, higher reproducibility, exhibiting
higher resolution and more convenient PCR detec-
tion in deciphering genetic relationship (Miah et al..
2013). Wang et al. (2015), Ali et al. (2016), Ebrahimi
et al. (2016), and Pang et al. (2017) illustrated
research reports where in genetic characterization of
walnut was evaluated using SSR. Han et al. (2016)
described genetic diversity and population structure
study of J. regia germplasm using ten primers devel-
oped from expressed sequence tags (EST-SSR) and
sequence polymorphisms among the phenylalanine
ammonia lyase (PAL) gene. The result showed high
level of population differentiation. In addition, SSR
markers informative in Juglans regia may also be
polymorphic in other Juglans (L.) species (Aldrich et

al., 2003) and have utility for breeding hybrid root-
stocks. SSR are more consistent and trustworthy sys-
tem for molecular characterization. SSR has wide

numerous relevance in case of walnut comprising of
cultivar characterization, cultivar identification, pedi-
gree substantiation for cultivar and in deciphering
evaluation of superior rootstock for breeding and
paternity analysis (Dangl et al., 2005). Ruiz-Garcia et

al. (2011) employed 32 SSR primer pairs to character-
ize 57 walnut cultivars originated from Spain and
USA. In this research reports, 32 primer pairs flanking
simple sequence repeats, were established in Juglans

nigra to screen elite variety with high rate of poly-
morphism. Further selection of 19 selected
microsatellite markers provided differentiation of
evaluated cultivars exhibiting 97 alleles and on an
average 5 alleles per locus establishing SSR as prima-
ry choice for characterization of walnut germplasm.
The data generated from SSR characterization further
confirmed molecular parameters of Spanish walnut
to be different from Californian genotypes. Ahmed et

al. (2012) illustrated genetic association of 82 walnut
genotypes using 13 SSR and 20 RAPD primers exhibit
higher level of genetic diversity in these walnut culti-
vars thriving rigorously in climate of Jammu and
Kashmir. These results demonstrate applications of
SSR markers in walnut breeding and conservation.
Pollegioni et al. (2014) illustrated genetic diversity
and spatial genetic structure of 39 autochthonous
Persian walnut populations analyzed transversely
along Asian range via 14 neutral microsatellite mark-
ers. Shah et al. (2016) reported genetic characteriza-
tion of 96 walnut genotypes growing in North west-
ern Himalaya as investigated by 19 SSR markers and
the study displayed high polymorphism rate of
89.6%. Chen et al. (2014) demonstrated potential of
SSR markers in the cultivar characterization together
with intellectual property rights. Topcu et al. (2015)
developed genomic libraries augmented with CA, GA,
AAC, and AAG repeats via genomic DNA from J. regia

cv. Maraş-18 to develop SSR markers for walnut. This
study confirmed GA-enriched library as preferred
alternative in terms of allelic number, polymorphism,
productivity, and information content.

Inter simple sequence repeat (ISSR) markers

ISSR-PCR is a most convenient approach that sur-
mounts most of these restrictions encountered by
other molecular markers (Karimi et al., 2014). ISSR is
most popular among plant improvement. Potter et

al. (2002) has demonstrated the application of inter-
simple sequence repeat (ISSR) markers in genetic
characterization of English or Persian walnut (Juglans

regia L.). In this study eight ISSR primers presented
exclusive fingerprint for 48 cultivars investigated. The
dendrogram developed from data presented classes
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pertaining to known pedigrees which does not pro-
vide this data anticipating the fact that there is
restriction in context to utility of ISSR in determining
genetic association among species. Christopoulos et

al. (2010) reported immense application of ISSR
markers in genetic characterization for deciphering
genetic diversity among Greek natives of walnut
(Juglans regia L.). In this study, similarity coefficient
values signified presence of a higher extent of genet-
ic variability. Majority of international cultivars were
classified together whilst majority of Greek native
populations cannot be classified in separate class.
International cultivars exhibit lesser diversity than
Greek native population genotypes. The pairwise
regional PhiPT values signified that most geographi-
cally isolated regions are the most genetically differ-
entiated. The intense variability in Greek germplasm
along with their desired traits anticipated that native
germplasm can be utilized for breeding purposes and
preservation of walnut germplasm. Li et al. (2011)
employed ISSR markers to evaluate the genetic varia-
tion and genetic structure to provide a theoretical
basis and technical support for appropriate conserva-
tion and application of existing genetic resources of
walnut. Analysis of ANOVA (Analysis of variance) also
showed genetic variance among populations was
larger than within a population. Mantel test and
UPGMA (Unweighted Pair Group Method with
Arithmetic Mean) dendrogram based Nei’s genetic
distance displayed that genetic distance between
populations had more significant correlation with
geographic distance. Ji et al. (2014) developed ISSR
primers to assess the degree and design of genetic
diversity among eight populations of North China
Mountain Walnut (NCMW). This diversity was further
confirmed through ANOVA analysis. Structure of
NCMW and UPGMA cluster analysis demonstrated
restricted gene flow, habitat devastation and geo-
graphical isolation might be determining factors for
population structure. UPGMA cluster further signify
that eight populations of walnut can be classified into
three discreet groups as per similarity coefficient and
geographic origin but exhibited significant associa-
tion with morphological traits especially nuts. Hu et

al. (2016) in their classical experiments use transcrip-
tomic information from RNA-Seq to understand
development of polymorphic simple sequence
repeats (SSRs, microsatellites) for understanding the
population genetics of walnut. They studied more
than 47.7 million clean reads, 99,869 unigenes having
length of 747 bp. They further identified 39,708
(42.32%) genes, 63 new transcriptome-derived

microsatellite markers. The identification and charac-
terization of microsatellite markers in their study
could help to explore the diversity, genetic structure,
population genetics for improved walnut future
breeding practices, besides providing a useful genetic
resource information for studying and understanding
the genomic and transcriptome aspect of walnut.
Doğan et al. (2014) evaluated genetic association of
59 walnuts (Juglans regia L.) genotypes, international
and Turkish by using three different types of molecu-
lar markers i.e. RAPD, ISSR and SSR primers. These
results exhibited that SSR markers offer elevated
rank of polymorphism as compared to RAPD and
ISSR.

Single nucleotide polymorphism (SNP) markers

SNP is the most abundant type of DNA variation in
most species. The introduction of next generation
sequencing (NGS), together with high throughput
genotyping technology, makes it relatively easy to
identify and use SNPs (Elshire et al., 2011). The new
generation of molecular markers based on single
nucleotide polymorphisms (SNP) represent a promis-
ing and effective tool for fast and accurate species
identification. Ciarmiello et al. (2013) developed a
simple amplification refractory mutation technique,
based on SNP markers of rDNA and cox2 intron I
sequences, to fingerprint 30 walnut genotypes. rDNA
sequences revealed the presence of 402 variations
and Cox2 intron I sequences showed 769 variable
positions. The findings revealed that the cox2 intron I
region, either alone or in conjunction with rDNA,
could be used effectively in identifying these walnut
genotypes. Liao et al. (2014) performed genome
sequencing of walnut and then all the sequence
reads were mapped against genome assembly of wal-
nut. In total, 49,202 nucleotide variations were
detected including 48,165 single nucleotide polymor-
phisms (SNP5) and 1037 insertions/deletions (InDels).

11. Conclusions

The nutritional factors of walnut are improved
due to the presence of numerous micro elements.
The notable nutritive feature of walnuts relates to a
rich range of polyphenols. The breeding character of
walnut has bestowed it an inclusive diversity in
genetic features. These results have been attained
after an extended progression of evolution and by
going through intricate environmental abnormalities.
However, these techniques are susceptible to the
environmental variations. The markers are adequate
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in number and there is little or no diversity in the
method employed for research on walnuts. Despite
basic research method, the organization of informa-
tion, its retrieval and presentation structures, form
elaboration experienced immense advancement via
molecular markers such as RFLP, ISSR, RAPD AFLP,
SSR and SNP. This assessment offers data regarding
health benefits of walnut at the global level and
existing applications in the horticulture. The present
work comprehensively describes the utilization of
molecular markers in walnut plants which could help
to improve/enhance the traits linked to its opti-
mum/yield growth and sustainable production of
innumerable essential metabolites having the ability
to find applications in horticulture and allied science
(Fig. 4).
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Abstract: A greenhouse experiment was conducted in Finlays, Lemotit Flower

Farm in Kenya to determine the residual effect of bioslurry and an amino acids

plant biostimulant on carnation flower quality. A second flush of carnation

plants growing in previous experimental plots was used. This experiment was

laid out in a split plot design with three replications. Four levels of bioslurry: 0,

0.125, 0.25 and 0.5 L m-2 were applied in the main plots while four levels of

plant biostimulant: 0, 2.0, 2.5 and 3.0 L ha-1 were used in the sub-plots. Results

showed that there was no significant residual effect of bioslurry on studied

parameters. Residual effects of plant biostimulant applied at 2.0, 2.5 and 3.0 L

ha-1 resulted in a significant increase in carnation flower stalk length by 1.08 to

1.72 cm compared to control. However, there was negligible reduction of the

flower stalk diameter (0.1 mm) and no significant residual effect of plant bios-

timulant on flower head size. Moreover, there were no residual interactive

effects of bioslurry and plant biostimulant on studied parameters. These results

suggest that plant biostimulant can be used to improve the flower stem length

in the subsequent flush of carnation plants supplied with a full dose of inorgan-

ic fertilizers.

1. Introduction

Carnation (Dianthus caryophyllus L.) is a popular cut-flower through-
out the world (Roychowdhury and Tah, 2011). It is preferred to other cut
flowers in several exporting countries as it lasts longer after being cut, has
a wide range of attractive forms and colours, has the ability to withstand
long distance transportation and significant ability to rehydrate after con-
tinuous shipping (Salunkhe et al., 1990; Kanwar and Kumar, 2009;
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Renukaradya et al., 2011).
Although it is indigenous to the Mediterranean

region, carnation can be grown in almost every cli-
mate in glasshouses, plastic houses, and shade nets
as well as in open field (Aydinsakir et al., 2011). It
was fourth among the top ten imported cut flower to
the Netherlands after roses, St John’s wort
(Hypericum spp.) and gypsophila with a turnover of
€18 million (FloraHolland, 2017). It was also one of
the main cut flowers exported by Kenya in 2012 (CBI,
2013) and among the leading cut flowers locally used
in flower arrangements and in value addition of flow-
ers, in form of bouquets. In 2014, carnations con-
tributed 4% of the domestic value of floriculture in
Kenya (HCD, 2015).

The quality of carnations is currently affected by
many problems such as calyx splitting and short stem
length for some varieties. To meet the required quali-
ty parameters such as stem length and girth, flowers
size and number, farmers resort to heavy application
of inorganic fertilizers and synthetic plant growth
regulators. Although this results in increased produc-
tion and quality, it adversely affects soil productivity
and the environment. This is because pesticides,
phosphorus and nitrate used in carnation production
represent the major agricultural pollutants that
threaten the environment (Nardi et al., 2016).

With the increasing relevance of social and envi-
ronmental standards, current research is focusing on
developing alternative systems in crop production
through development of unconventional and non-
pollutant solutions. Currently, there are limited
organic alternatives to meet plant nutrients. More-
over, organic alternatives for plant growth regulators
are lacking in many crops and limited in other crops
such as carnations.

Use of compost derived from plants and/or ani-
mal wastes as soil amendment or fertilizer additive
has been reported as an alternative in the production
of several ornamental plants. Moreover, bioslurry,
the residual manure generated through anaerobic
decomposition of various organic materials is consid-
ered a quality organic fertilizer (Islam, 2006).
Similarly, the use of biostimulants in sustainable agri-
culture has been growing particularly for their capaci-
ty of enhancing nutrition efficiency and stress
response (du Jardin, 2012). Biostimulants can be
obtained from different organic materials and
include complex organic materials, humic substances,
beneficial chemical elements, peptides and amino
acids (protein hydrolysates), seaweed extracts, inor-
ganic salts, chitin and chitosan derivatives, antitran-

spirants, amino acids and other N-containing sub-
stances (du Jardin, 2015; Nardi et al., 2016). 

Many studies (Karki, 2001; Islam, 2006; Shahbaz,
2011; Jeptoo et al., 2013; Shahariar et al., 2013)
reported yield increases and quality improvement on
many crops such as Okra (Hibiscus esculentus L.),
maize (Zea mays), cabbage (Brassica oleracea var.
capitata) and carrot (Daucus carota) following
bioslurry application. Studies by Nahed et al. (2009 a,
b), Paradiković et al. (2011) and Mondal et al. (2015)
reported that plant biostimulants could be success-
fully used in the production of ornamental and other
horticultural crops such as Antirrhinum majus,
Gladiolus (Gladiolus grandflorum L.) sweet yellow
pepper (Capsicum annuum L.) and Eustoma grandi-

florum. 
However, many studies only evaluated the

bioslurry and biostimulant direct effects, whereas
there are only a few studies which focused on their
residual effects on the quality and yield of many
crops including carnations. This study was therefore
aiming at evaluating residual effects of bioslurry and
plant biostimulant on flower quality in carnation
plants which previously received applications of
bioslurry and plant biostimulant.

2. Materials and Methods

Experiment location

The study was conducted in a greenhouse at
Lemotit flower farm of Finlays Horticulture Kenya
Ltd. situated in Kenya at latitude 0o 22’ South and lon-
gitude 35o 18’ East, from March to September 2015. 

Experimental design and treatments application

Carnation ‘Walker’ plants planted on soil media at
a density of 36 plants per m2 were used. These plants
had received drench applications of bioslurry and
plant biostimulant, four times at bi-weekly intervals
after pinching (three weeks after transplanting) dur-
ing the period September 2014 to February 2015.
The experimental design was a split-plot design with
three replications. The main plot measured 5.5 x 1 m
(5.5 m2) while the sub-plot was 1 x 1 m (1 m2). Buffer
zone of 0.5 m and 1 m separated inter-plots and indi-
vidual main blocks respectively. Cow dung bioslurry
was applied in main plots at the rate of 0.125, 0.25,
0.5 L m-2 and control diluted in one litre of water
prior to application. Rates of plant biostimulant used
were 2.0, 2.5 and 3.0 L ha-1 and control thoroughly
mixed with water at the rate of 5000 L ha-1 and they



Niyokuri et al. - Residual effects of bioslurry and amino-acids on carnation flower quality

139

were applied to the sub-plots during the period of
September 2014 to February 2015.

Bioslurry used had at wet basis a pH of 7.44,
0.23% of N, 4.58 ppm of P, 89.3 ppm of K, 4.31 ppm
of Ca, 19.91 ppm of Mg and density of 1.0195 kg L-1.
The plant biostimulant used was Hicure®, an amino
acids based plant biostimulant. This plant biostimu-
lant contains a balanced mixture of free amino acids
(with higher proline and glycine contents) and pep-
tides (hydrolysed protein) of natural origin. It is com-
posed of amino acids and peptides (62.5%), total
nitrogen (10.9%) and organic carbon (29.4%). After
harvest in February 2015, carnation plants were
allowed to grow for subsequent season in order to
study the residual effects of bioslurry and plant bios-
timulant.

Maintenance practices

All treatments benefited from a weekly application
of mineral fertilizers through fertigation using: 3.06 g
N, 3.51 g P205, 5.19 g K20, 1.71 g Ca and 0.74 g Mg,
plus trace elements per square metre. Routine crop
management practices included irrigation, support-
ing, weeding, training, disbudding and pest manage-
ment. Harvesting was done at the paint brush stage
when petals started to elongate outside the calyx.

Data collection and analysis

Data were collected from 10 tagged sample plants
per sub-plot on three flower quality parameters
namely the length of flower stalk, diameter of flower
stalk and flower head size (diameter and head
length). The length of flower stalk was measured in
centimetres from the point just below the bud to the
point of origin of branch on the main stem at har-
vest; diameter of flower stem was measured in mil-
limetres using digital vernier callipers. The flower
head length was recorded in millimetres from the
point just below the calyx to the upper point of the
flower while the flower head diameter was recorded
in millimetres at harvesting from each harvested cut
flower at paint brush stage using digital vernier cal-
liper. All data were subjected to analysis of variance
(ANOVA) using GENSTAT 14th Edition. Separation of
means was performed using the Tukey’s Honest
Significant Difference (HSD) test at P≤0.05.

3. Results

There was no significant residual effect of bioslur-
ry on measured parameters (Table 1). However, a

significant residual effect of plant biostimulant on
plants which had received any level of plant biostim-
ulant was observed on flower stalk length and flower
stalk diameter (Table 2). Carnations plants that had
received 2.0, 2.5 and 3.0 L of plant biostimulant had
significantly longer flower stalks and significantly
thinner flower stalks compared to the control (Table
2).

The application of different rates of plant biostim-
ulant did not show a significant residual effect on
flower head size (diameter and head height) as pre-
sented in table 2. The interaction between different
levels of bioslurry and those levels of plant biostimu-
lant had no significant residual effects on measured
parameters (Table 3).

4. Discussion and Conclusions

Results of this study showed a significant increase
of flower stalk length as a result of the residual effect
of plant biostimulant. This increase of flower stalk
length may be as a result of enhancement of macro
nutrient uptake by plant biostimulant (Calvo et al.,

2014; Rose et al., 2014) which rapidly improves the
growth compared to treatments without plant bios-
timulant. The other probable reason would be the
direct uptake of amino acids which are immediately
used by carnation plants for their growth and devel-

Table 1 - Residual effect of bioslurry on carnation flower quality

Bioslurry
levels 
(L m-2)

Flower
stalk

length
(cm)

Flower 
stalk 

diameter
(mm)

Flower 
head

diameter
(mm)

Flower 
head 

length
(mm)

0 81.01 5.52 21.77 40.58

0.125 81.18 5.56 22.04 40.44

0.25 81.02 5.55 21.86 40.56

0.5 81.15 5.55 21.81 40.48

Table 2 - Residual effect of plant biostimulant on carnation
flower quality

Levels of plant
biostimulant
(L ha-1)

Flower
stalk

length
(cm)

Flower
stalk 

diameter
(mm)

Flower 
head 

diameter
(mm)

Flower 
head
length
(mm)

0 80.12 b* 5.628 a 21.97 40.53

2 81.20 a 5.512 b 21.83 40.47

2.5 81.20 a 5.515 b 21.74 40.58

3 81.84 a 5.528 b 21.93 40.48

* Means in the same column with the same letter are not signifi-
cantly different at P≤0.05 using Tukey’s HSD test.
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opment (Calvo et al., 2014). There are strong evi-
dences that the increase in flower stalk length may
be attributed to residual auxins and gibberellins like
activities of the plant biostimulant (Brown and Saa,
2015). In fact, both auxins and gibberellins are impor-
tant in plant cell division and elongation (Ertani et al.,
2009; Calvo et al., 2014 and Colla et al., 2014).
Results of this study are in agreement with previous
findings by Ertani et al. (2009) and Colla et al. (2014).
Colla et al. (2014) reported an increase in coleoptile
elongation rate when compared to the control, in a
dose-dependent fashion, comparable with the
effects of indole-3-acetic acid following the treat-
ment of maize with the protein hydrolysate. The
same study provided additional evidences of a gib-
berellin-like activity of protein hydrolysate when
application of plant-derived protein hydrolysate
“Trainer” at all doses significantly increased the
shoot length of the gibberellins deficient dwarf pea
plants by an average value of 33% in comparison with
the control treatment. Similar results previously
reported by Ertani et al. (2009) showed that the
treatment of lettuce with both protein hydrolysate
based fertilizers resulted in an increase in the epi-
cotyl length comparable with the effects of exoge-
nous gibberellic acid. The occurrence of this residual
effect was perhaps the result of previous down-regu-
lation mechanisms which affected the effect of plant
biostimulant in the previous season. Ammonium,

which was used as a source of nitrogen, has been
reported to down-regulate amino acids (Henry and
Jefferies, 2003 cited by Gioseffi et al., 2012; Thornton
and Robinson, 2005 cited by Gioseffi et al., 2012).

The observed reduction in flower stalk diameter is
suspected to be a gibberellin-like activity which pro-
moted the flower stalk length (Ertani et al., 2009;
Colla et al., 2014) at the expense of flower stalk
diameter.

The absence of residual effect of plant biostimu-
lant on flower head size was possibly due to constant
supply of nutrients through fertigation. The flower
head size is usually a result of carbohydrates stored
for subsequent growth and reproductive processes
(Islam et al., 2010). Although there are evidences
that biostimulants can enhance macro nutrient
uptake (Calvo et al., 2014; Rose et al., 2014), it is pos-
sible that the residual effect of plant biostimulant
was limited to stimulating the elongation of flower
stalk. Hence, the residual effect may have con-
tributed much during early stages when carnation
plants started re-growing after the harvest by
improving growth and nutrients assimilation as previ-
ously revealed by Colla et al. (2014).

Bioslurry did not show any significant residual
effect on the flower stalk length, flower stalk diame-
ter and the flower head size. Generally, nutrients in
cow dung slurry and poultry manure slurry are
released in higher amounts compared to their origi-
nal state (Haque et al., 2015). This is because bioslur-
ry, with its narrower C:N than farmyard manure,
shows better results on soil nutrient availability  at
early stages of its application while, farm yard
manure affects the nutrient uptake to the plant in
more consistent manner because its mineralization
occurs at later stages (Muhmood et al., 2014).
However, results of our study are not in agreement
with Shahzad et al. (2015) who reported that the
application of bioslurry and composted poultry
manure as a bio-fertilizer improves soil organic mat-
ter contents and availability of soil nutrients (N, P
and K) to the subsequent crop, resulting in increased
crop productivity and reducing the cost of fertilizer to
subsequent crop. In fact, the residual effect of
bioslurry may depend on its initial content, charac-
teristics and the quantity applied and for these rea-
sons, the residual effect of bioslurry on carnation
grown in the following season was very limited.

Based on results of this study, we can conclude
that the application of plant biostimulant on carna-
tions plants supplied with a full dose of inorganic fer-

Table 3 - Residual effects of the interaction of bioslurry and
plant biostimulant on carnation flower quality

Bioslurry
levels
(L m-2)

Level of
plant bio-
stimulant

(L ha-1)

Flower
stalk

length
(cm)

Flower
stalk 

diameter
(mm)

Flower
head 

diameter
(mm)

Flower
head

length
(mm)

0 0 79.94 5.57 21.81 40.61

2 81.07 5.48 21.74 40.57

2.5 80.83 5.51 21.71 40.45

3 82.21 5.51 21.8 40.70

0.125 0 79.75 5.65 22.13 40.55

2 81.30 5.53 21.81 40.46

2.5 81.68 5.51 21.79 40.67

3 81.97 5.56 22.44 40.08

0.25 0 80.28 5.67 22.06 40.49

2 81.14 5.52 21.95 40.50

2.5 80.85 5.50 21.76 40.60

3 81.82 5.51 21.69 40.64

0.5 L 0 80.52 5.61 21.88 40.47

2 81.29 5.52 21.84 40.35

2.5 81.44 5.55 21.7 40.58

3 81.35 5.53 21.81 40.41
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tilizers may have residual effect on the subsequent
production flush. However, the residual effect of
bioslurry on carnations grown in the same conditions
may depend on its nutrient content and physico-
chemical characteristics. Further works would be
necessary to study the application of both products
under lower rates of inorganic fertilizers and extend
over many productions flushes to find out the extent
of their residual effects.
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Abstract: Virgin olive oils (VOOs) are characterized by peculiar flavors appreci-

ated by the consumers all over the world. Their organoleptic characteristics

depend on the aromatic properties of the fruits of the different cultivars, which

will originate the final products. VOCs spectra of fifteen certified Italian olive

cultivars of the University of Florence Germplasm collection, chosen as their

different geographical origin, diffusion, and product purpose, were acquired

using a Proton Transfer Reaction Time-of-Flight Mass Spectrometer (PTR-ToF-

MS). The VOCs analyses highlighted a great variability among the fifteen culti-

vars, mostly due to compounds (C6 and C5) deriving from polyunsaturated fatty

acids through the LOX pathway. The early identification in the olive fruit of

these compounds which are considered among the major contributors to the

positive VOOs attributes, would be useful to produce high quality olive oils, and

get useful information to individuate the best parents for the genetic improve-

ment. 

1. Introduction

Virgin olive oil is worldwide considered a “commodity”, and until the
Second World War, a strategic food (Fiorino et al., 2010). The complex fla-
vor of virgin olive oil is mainly produced by volatile organic compounds
(VOCs) whose formation is related to olive fruit cell destruction (Morales
et al., 1996; Angerosa, 2004). The total amount and types of VOCs emit-
ted change during the processing steps of olive fruit in the olive mill
(Morales et al., 1997). In particular, VOCs emission is linked to the
destruction of the cell structure of olive fruits which activates a specific
chain of enzymatic reaction (LOX cascade) (Angerosa et al., 2004). The C6
and C5 are the compounds which most affect the aroma of olive oil gen-
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erating the positive attributes such as fruity and
herbaceous notes (Marone et al., 2017). These com-
pounds are usually responsible for typical aromas
and flavors and play a dominant role in determining
the peculiar aroma and quality of olive oils (Zunin et

al., 2005). The synthesis of C5 and C6 compounds is
linked to the level of LipOXygenase (LOX) activity to
be catabolized through its pathway during the mill
process (Garçia-Vico et al., 2017). Different C6
straight chains are produced by the action of
hydroperoxide lyase on polyunsaturated C18 fatty
acids (linoleic C18:2 and linolenic C18:3). While, C5
seem to be synthesized through another branch of
the LOX pathway starting from 13-hydroperoxides
derived from linolenic acid (Garçia-Vico et al., 2017).

Currently, the most innovative analytical tech-
nique used to detect VOCs emitted by fruits, which
provides a high resolution coupled to a rapid screen-
ing power of samples and easy to handle without
sample manipulation, is the Proton Transfer
Reaction-Time of Flight-Mass Spectrometer (PTR-
ToF-MS) (Mayr et al., 2002; Masi et al., 2015; Taiti et

al., 2017 a).
Currently, a little information is  available and at

the best of our knowledge one study was carried out
to understand the VOCs profile emission from olive
fruits related to two cultivars (Masi et al., 2015). The
aim of this study was to develop a quick, accurate
and relatively simple evaluation method based on
the PTR-MS technique, to define the aromatic poten-
tiality of each olive cultivar starting from  olive fruits.

This method could potentially help to address the

choice of the cultivars in new plantations and to
identify parents for future crosses, aimed to improve
some organoleptic characteristics of the oils.

2. Materials and Methods

Plant material

Fruits of 15 certified Italian olive cultivars, clonally
propagated, different in their geographical origin,
distribution and fruit’s use were obtained from plants
of Olive Germplasm collection deriving from the
Italian and World olive Gene bank (Montepaldi
experimental farm (43° 40’ 39’’ North latitude, 11°
08’ 46” East longitude, 210 m asl), University of
Florence) (Table 1). The rainfed, bush trained, four-
teen years old olive plants are ordinarily cultivated,
grown on a slight slope of a sedimentarious gipsy-
arenaceous soil; the annual rainfall average is 867
mm, the average annual temperature results 13.3°C.

Fruit sampling

For each cultivar, 1 kg of sound and healthy fruits
was collected on October 20th from different parts of
the trees of each cultivar. The day after, 100 washed
fruits from each cultivar were weighted (W) and the
color index (CI) was determined (Uceda and Hermoso,
1998). Subsequently, for each cultivar nine whole and
cut samples of fruits (~10 g) were submitted to the
VOCs analysis.

Statistical analyses

One way analysis of variance (ANOVA) was per-

Cultivar Origin
Product

use

Fruit average
weight

(g)

Color 
Index 
(0-7)

Ascolana tenera Marche Table 4.80 ± 0.51 2.2

Bianchera Friuli Venezia Giulia Olive oil 2.68 ± 0.12 1.5

Carolea Calabria Olive oil/Table 3.91 ± 1.17 1.2

Coratina Apulia Olive oil 2.05 ± 0.60 1.5

Fasolona Basilicata Olive oil/Table 3.80 ± 0.58 3.1

Frantoio Tuscany Olive oil 1.96 ± 0.36 1.5

Itrana Lazio Olive oil/Table 2.19 ± 0.94 1.4

Leccino Tuscany Olive oil 2.02 ± 0.19 2.2

Maiatica di Ferrandina Basilicata Olive oil/Table 2.75 ± 0.93 1.2

Moraiolo Tuscany Olive oil 1.42 ± 0.28 2.1

Nocellara del Belice Sicily Olive oil/Table 3.84 ± 0.76 1.8

Palmarola Apulia Olive oil/Table 2.15 ± 0.72 3.1

Sant’Agostino Apulia Table 4.36 ± 0.81 0.7

Santa Caterina Tuscany Table 5.80 ± 0.48 0.4

San Francesco Tuscany Table 2.68 ± 0.22 1.5

Table 1 - List of the characteristics of the genetic material
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formed to compare the considered groups of chemi-
cal compounds: C5, C6, other VOCs, and total VOCs.
Separation of means was performed by the Fisher’s
LSD test (p = 0.01). Computations were performed by
Statgraphics Centurion XV v. 15.0.04.

A Factor Analysis (FA) was applied to the spectral
data of 273 olive oil samples, considering as factors
three grouping of compounds: total VOCs, C5, and C6,
respectively. Computations were performed by XLSTAT
2014.5.03.

A Principal Component Analysis (PCA, unsuper-
vised method) was applied to the whole spectral
data of 273 olive oil samples, submitted to a logarith-
mic transformation and mean centering as pre-pro-
cessing. Computations were performed by PLS-
Toolbox v. 8.0.2 (Eigenvector Research Inc., West
Eaglerock Drive, Wenatchee, WA) for MATLAB_
R2015b (Mathworks Inc., Natick, MA, USA).

Volatile compounds detection

Through a PTR-ToF-8000 (IONICON Analytik,
GmbH, Innsbruck, Austria) measurements were per-
formed in a similar way to the one reported by Taiti
et al. (2017 b). Each analyzed sample consisted of
~10 g of olive fruits intact or cut into 4 parts.
Subsequently the sample was inserted into a 3/4 L
glass container plugged with a cover in which two
Teflon tubes are inserted, connected respectively to
a zero-air generator (Peak Scientific) and to the PTR-
ToF-MS. The drift tube had the following ionization
conditions: pressure of 2.20 mbar, voltage 600V and
temperature 110°C. Mass spectrometric data were

collected over a mass range of m/z 21 to 210 and the
acquisition time for each samples was 0.1 ns, for 120
seconds. The instrument internal calibration was
based on: m/z = 29.997 (NO+); m/z = 59.049 (C3H7O+)
and m/z = 137.132 (C10H17

+) and was performed off-
line. The raw data were acquired with the TofDaq
Software (Tofwerk AG, Switzerland) as cps (count per
second), and subsequently were converted in ppbv
following the formula described by Lindinger and
Jordan (1998) on the basis of the primary ion signal.

3. Results and Discussion

The whole intact olive fruits of the fifteen cultivars
showed no detectable quantities of VOCs emission;
in fact, the LipOXygenase pathway is activated when
the fruit is damaged by the cut, producing a large
quantity of volatile compounds, among which differ-
ent C5 and C6 compounds, which are the main
volatiles responsible for the positive aroma of olive
oil (Angerosa et al., 2004). Meanwhile a great vari-
ability exists among the total VOCs emitted by the
cut fruits of fifteen different cultivars (Table 2), rang-
ing from 1061.8 ppbv in ‘Ascolana Tenera’ to 8767.5
ppbv for ‘Carolea’. Therefore, the total emission from
‘Carolea’ was significantly higher compared to
‘Ascolana Tenera’. The cultivars can be arbitrarily
divided in three main groups according to their total
VOCs emission: (a) low VOCs emission, including
together with the cv. Ascolana tenera, Fasolona and

Cultivar
C5 Compounds 

(ppbv)
C6 Compounds 

(ppbv)
Total VOCs

(ppbv)
VOCs emission

(Arbitrary ranking)

Ascolana tenera 8.01±0.61 A 180.73 ± 47.17 A 1061.77 ± 120.13 A low

Bianchera 35.29±2.15 G 1143.77 ± 148.60 F 5101.34 ± 305.77 G high

Carolea 53.90±7.83 I 2864.58 ± 543.60 I 8767.54 ± 1024.09 G high

Coratina 12.02±1.15 D 261.36 ± 34.62 ABC 3177.13 ± 281.13 F medium

Fasolona 6.64±0.44 AB 229.19 ± 35.91 AB 1845.41 ± 124.20 DE low

Frantoio 11.86±1.43 D 525.42 ± 96.22 DE 2076.17 ± 149.65 ABC medium

Itrana 43.63±1.75 H 2497.20 ± 222.50 H 7877.17 ± 491.75 G high

Leccino 9.07± 0.51 BC 264.10 ± 58.53 ABC 3380.28 ± 148.72 F medium

Maiatica di Ferrandina 24.49±3.21 F 1581.16 ± 262.15 G 5339.86 ± 472.56 EF high

Moraiolo 17.41±1.52 E 533.93 ± 67.89 DE 2768.21 ± 150.04 BC medium

Nocellara del Belice 16.77±1.15 E 544.07 ± 104.33 E 2986.40 ± 128.63 D medium

Palmarola 9.01±0.57 B 404.83 ± 64.22 CDE 3142.02 ± 218.24 DE medium

Sant’Agostino 7.65±1.66 AB 148.79 ± 27.75 A 2309.40 ± 141.08 DE medium

Santa Caterina 8.73±1.61 B 402.58 ± 55.28 CDE 2121.11 ± 148.07 AB medium

San Francesco 11.54±0.76 CD 368.17 ± 43.71 BCD 1934.07 ± 65.61 C low

Table 2 - Analysis of variance (ANOVA) for the C5, C6, and total VOCs related to the fifteen cultivars

Different upper case letters within a column indicate the difference by the LSD test at the 99% confidence leve (p= 0.01).
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San Francesco; (b) medium VOCs emission, including
‘Leccino’, ‘Coratina’, ‘Palmarora’, ‘Nocellara del
Belice’, ‘Moraiolo’, ‘Sant’Agostino’, ‘Santa Caterina’,
‘Frantoio’ and (c) high VOCs emission, including
‘Carolea’, ‘Itrana’, ‘Maiatica di Ferrandina’,
‘Bianchera’. Also C6 and C5 straight chain showed an
ample variability; in particular, C6 compounds ranged
from 148.79 ppbv for the cv. Sant’Agostino to
2864.58 ppbv for the cv. Carolea, with a fluctuation
among the different cultivar of about 1:20. As the
high amount of developed C6 compounds it is note-
worthy to highlight the cv. Carolea, Coratina, and
Itrana. On the other hand, the C5 compounds
showed a minimum value of 6.64 ppbv (cv. Fasolona),
and a maximum of 53.90 ppbv (cv. Carolea).

A biplot from Factor Analysis (Fig. 1) simultane-
ously represents the relationship between total
VOCs, C6, and C5 compounds, highlighting the rela-
tive distances among the fifteen olive cultivars. The
first axis explains the 97.25% of the total variability in
the spectral data. The samples are clustered in two
main groups (Fig. 1), characterized by higher VOCs

emission (right quadrants), and lower VOCs emission
(left quadrants). Although the different total
amount, and despite the quantitatively different
responses of the different cultivars, C5 and C6 com-
pounds resulted directly related to the total VOCs
emission (0.952 ppbv, and 0.964 ppbv, respectively),
as a consequence of a more general phenomenon,
the LipOXygenase (LOX) pathway, common to all the
examined cultivars. Therefore, by evaluating the
total VOCs amount, it is possible to analytically
extrapolate the contribution of C5 and C6 in the total
volatile compounds emission. Moreover, by the
Factor Analysis plot it can be noted that some culti-
vars are characterized by higher C6 compounds
emission (e.g. ‘Itrana’ and ‘Maiatica di Ferrandina’),
while other cultivars showed higher C5 emission (e.g.
‘Bianchera’ and ‘Carolea’).

Subsequently a PCA (Fig. 2) was performed on the
whole VOCs data set to (1) give a general overview of
the cultivars ordination and (2) to detect if the culti-
vars can be grouped basing on their geographical ori-
gin and/or final product use. ANOVA results confirm
(Table 2) that a high variability appears in the VOCs
emission from the different cultivars, widely distrib-
uted without any particular tendency to clustering,
excluding any possible link of the different cultivars
due to their geographical origin or to the final prod-
uct use. The first two components justified 58.32%
for PC1 and 9.43% for PC2 of the total variability,
respectively, indicating that the greatest amount of
the total variance is explained by the PC1. The most
important PC1 loadings resulted in eight m/z as
reported in figure 2. In particular, m/z = 81.069
[Tentatively Identified (T.I.) as Hexenal fragment]
and m/z = 99.080 (T.I. as 2,3-Hexenal) directly deriv-
ing from linolenic acid and responsible for the freshly
cut grass odors, are previously reported as positive
attributes in oils by Marone et al. (2017) and Taiti
and Marone (2017).

Fig. 1 - Biplot from Factor analysis. Relationships among the fif-
teen cultivars and the three groups of chemical com-
pounds (C5, C6, total VOCs).

Fig. 2 - Score plot from PCA related to the VOCs dataset (ppbv) for the fifteen cultivars; in the table the main PC1 loadings are reported.
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The reported data confirmed the possibility to
predict and quickly evaluate during all stages of the
fruit ripening the presence of VOCs characterizing the
positive flavors of the olive fruits obtained from
defined cultivars or new breeding.

4. Conclusions

The data show a great variability in both amount
and type of VOCs emitted by olive fruits, simultane-
ously collected in the same environment from fifteen
different Italian cultivars. For example the total emis-
sion by ‘Carolea’ was significantly higher compared to
‘Ascolana Tenera’. On the other hand, C5 and C6 com-
pounds which most affect the aroma adding positive
attributes to olive oil, were respectively 95% and 96%
correlated to the total VOCs. Among the cultivars it is
possible to note a different relationship between C5
and C6: the cv. Bianchera showed the highest C5/total
VOCs ratio, while the cv. Itrana, and Carolea the high-
est C6/total VOCs ratio.

The presence of these two groups of compounds
(C5 and C6) confirms that the cut of the fruit triggers
the same phenomena that verifies at the moment of
the olive processing, that is the activation of the LOX
cascade, which gives rise to VOCs considered to be
positive attributes for the olive oil aroma.

Further studies would be necessary to deepen
and to develop the information that can be
obtained from the use of the fruits to: (1) under-
stand the behavior of the derived oils, and (2) to
widen the genetic platform from which information
can be acquired and (3) to start  verifying the
responses of fruits deriving from predetermined
crosses. In conclusion, the possibility to early identi-
fy these compounds at the fruit level can allow to
individuate the best conditions to produce high quali-
ty olive oils, and get useful information to individuate
the best parents for the olive genetic improvement.
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Abstract: In this work the emission of volatile organic compounds (VOCs) upon

the heating process of an extra virgin olive oil (EVOO) and a high oleic sun-

flower oil (SFO) was evaluated in real time by spectrometry. Two tests were

carried out, in the first VOCs emitted from both kinds of oil were measured at

room temperatures (not heated, NH) and at 180°C; in the second test, VOCs

emission for selected masses were monitored under increasing temperatures

over time: at room temperature not heated oils (NH), 60, 90, 120, 150, and

180°C, respectively. The spectra were acquired using a Proton Transfer

Reaction Time of Flight Mass Spectrometer (PTR-ToF-MS). The total VOCs emis-

sion increased at 180°C, determined both by the rise of the amount of com-

pounds present in the NH samples and by the formation of new masses gener-

ated by oxidative chemical reaction from triglycerides and fatty acids. From the

set of results it is evident that a good control of the temperatures can be useful

in reducing the quantities of masses potentially harmful to health in human

food.

1. Introduction

A common worldwide operation extensively used in food preparation
is cooking by immersion in hot oil, as for fried and deep fried operations.
Types of oils used for fried and deep frying operations vary with different
cultures and are widely used both domestically and commercially. When
frying and deep frying are used, fats and oils are carried at elevated tem-
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peratures often over 180°C, which in presence of
atmospheric oxygen (between 160 and 240°C) pro-
duce many flavor compounds (alkanes, fatty acids,
aldehydes, ketones, polycyclic aromatic hydrocar-
bons), pleasant or unpleasant, and change their fla-
vor stability. The flavor compounds released during
the heating process are affected by some parameters
such as  cooking temperature, preparation time,
chemical composition of the oils, physical and physic-
ochemical constants and the presence of additives
and contaminants (Fullana et al., 2004). The volatile
compounds and sensory characteristics from differ-
ent edible oils (Brewer et al., 1999; Katragadda et al.,
2010) were altered after intense heating and the
main alterations were in the emission of volatile
compounds linked to the oxidation process, com-
pounds which are negatively related with the sensory
attributes. In particular, the oxidation process in  oils
mainly lead to the formation of alkyl radicals,
alkylperoxyl radicals and decomposition of hydroper-
oxide and cause the decay of both their nutritional
and sensory quality (Velasco and Dobarganes, 2002;
Silvagni et al., 2012). Moreover,  there are some
human health risks both linked to oil oxidations
process and to many of the originated compounds
released by the heating process (Vaclavik et al.,
2013).

The PTR-ToF-MS tool represents a simple, and
high-throughput strategy, applicable without any
laborious sample preparations and treatments, par-
ticularly suited for analysis in real time of dynamic
flavor release (both in vitro and in vivo) from diverse
food matrices along the food-to-fork production
chain (Costa et al., 2016).

The aims of this study are (1) to test the PTR-ToF-
MS as a sampling system for the detection of the
released compounds from not heated olive and sun-
flower oils and to compare with heated oils at their
smoking point (180°C); (2) to monitor and evaluate in
real-time the VOCs emitted from different oils, upon
the heating from 25°C to 180°C, to understand the
dynamic of oxidation phenomena.

2. Materials and Methods

Vegetable oil material

Two different types of commercial oils were used
for this experiment, extra virgin olive oil (EVOO) and
a high oleic sunflower oil (SFO). They have different
heating temperatures, this latter (SFO) considered
more resistant to thermal increases (Smith et al.,

2007). Both oils were acquired at the local supermar-
ket in Florence city (Italy). The analysis of volatile
organic compounds (VOCs) emitted from both oils
virgin has been obtained through a PTR-ToF-MS
(Ionicon Analytik GmbH, Innsbruck, Austria), which  is
an instrument with high resolution mass and sensibil-
ity (5-10 ppt) and makes analysis possible without
any pretreatment of samples. H3O+ was used as a
reagent ion for the proton transfer reaction.

Sample preparation and analysis

First experiment. For this experiment, 100 ml of
each type of oil was placed inside a 250 ml Pyrex
glass jar, hermetically sealed; the jar’s lid was
equipped with two holes that permitted the insertion
of Teflon tubes, which were respectively connected
to a zero-air generator (Peak Scientific instruments,
USA) and to the PTR-ToF-MS system. It was essential
to avoid the entry of foreign substances inside the
jar, and that was obtained by means of a sealing
paste placed around the lid and the two entry holes.
Oil samples were analyzed at two points: Room tem-
perature (25°C) and at 180°C.

Second experiment. The same steps of the first
experiment was followed, in addition each oil sample
was heated by using a round electric heating plate
and analyzed in real time to verify the VOCs emitted
from both types of oil at different temperatures:
room temperature (25°C), 60, 90, 120, 150, 180°C.
Once reached each of the five thermal steps, the
temperature was kept constant for 5 minutes and
then passed to the subsequent thermal step. The
evaluation of the aromatic profile of each oil exam-
ined was carried out in real time in order to monitor
the behavior of the various volatile substances during
the heating process. For each sample the analysis
lasted for a period of about 50 minutes, recording a
spectrum per second for a total of 60 spectra per
minute. To determine the achievement of the select-
ed temperatures, a trial was performed in parallel; in
details, a thermometer was placed into the jar con-
tained 100 ml of different kinds of oil and the times
required to reach each temperature, for both sam-
ples, were measured as well. The whole analyses
were carried out inside a conditioned room, with an
internal temperature of 25°C in order not to condi-
tion the chemical reactions, as they are strongly sen-
sitive to variations in temperature and humidity. The
value of the white (control) represented by an empty
sealant jar was recorded before starting with samples
analysis, and the volatile profile of the white (control)
has always been subtracted from the final value of



Sabbatini et al. - VOCs emission in sunflower and extra virgin olive oil upon heating by PTR-TOF-MS

151

each sample.
The VOCs in the headspace were observed by

direct injection into the PTR-ToF-MS and separation
of single ions happened accordingly to their mass to
charge (m/z) ratio. All the instrumental parameters
were settled in the following way as in Taiti et al.

(2017): drift tube ionization condition at 600 V and a
continuous pressure of 2.20±0.02 mbar; while instru-
ment internal calibration was based on: m/z = 29.997
(NO+); m/z = 59.049 (C3H7O+) and m/z = 21.022 (H3O+)
and was performed off-line. The experiment data
was acquired through the TofDaq software (Tofwerk
AG, Switzerland) and all spectra were analyzed and
acquired using a dead time of 20 ns for the Poisson
correction and peak extraction following the
methodology described in Cappellin et al. (2011),
using a modified Gaussian peak shape.

3. Results

The signal intensity (ncps) generally vary among
different oils. In figure 1 the signal intensity (ncps) of
protonated m/z detected at 25°C and 180°C in sun-
flower oil (SFO) and extra virgin olive oil (EVOO) are
clearly indicated. As a general consideration, the
intensity of the signals is always higher in EVOO than
in the SFO at the same temperature. At room tem-
perature (25°C) the SFO spectrum is smoother, char-
acterized by only 16 signals, being a very refined oil
compared to EVOO. The EVOO presents instead 33
signals at room temperature when not heated, which
are characteristics of the extra virgin olive oil in gen-
eral, even if among them there are some masses that
could generate off-flavor (m/z = 47.049, m/z =
61.028, m/z = 89.060) (Marone et al., 2017; Taiti and
Marone, 2017). At temperatures of 180°C, 43 m/z

were measured in EVOO and 39 m/z in SFO, with the
formation of 23 new masses generated as a result of
the high temperature in SFO and 11 new m/z in
EVOO, of which only 7 common to both matrices.

To better verify the intensity of the signals at tem-
peratures below 180°C, some masses of particular
relevance have been selected in SFO and EVOO,
found in the most recent literature (Klein et al.,
2016). In particular, in the SFO emerge the masses
m/z = 57, m/z = 101, and m/z = 113 (Fig. 2); these
masses are also reported in Klein et al. (2016) as par-
ticularly relevant emissions by SFO. For olive oil
emerge the masses m/z = 57, m/z = 101, m/z = 115,
m/z = 143, also reported in Klein et al. (2016).
Moreover, as its peculiar trend, it should be noted

the mass m/z = 45 (Fig. 2), that sharply increases in
EVOO starting from 150°C.

The emission assessment of the selected masses
by PTR-ToF-MS allows to directly examine in real
time the trend of their quantities in SFO and EVOO in
relation to the heating temperatures, avoiding alter-
ations due to foods present together with the cook-
ing oil, as generally found in the current scientific lit-
erature (Ontanón et al., 2013; Klein et al., 2016). The
increasing temperature determines the increase of
the emission of the total VOCs produced at each
temperature point for both SFO and EVOO. The
intensity of VOCs emission by the refined SFO, always
appears lower than that of the EVOO. In both oils the
increases are progressive, and related to the increas-
ing temperature, in agreement with Katragadda et al.

(2010). Both in SFO and EVOO the mass m/z = 57, still
absent at 90°C, present at 120°C, showed a dramatic
increase at 150°C according to Katragadda et al.

(2010), and subsequently restart a trend proportional
to the increase in temperatures. For each matrix all
the other selected masses showed a common trend;

Fig. 1 - Signal intensity (ncps) of VOCs compounds in sunflower
oil (SFO) and extra virgin olive oil (EVOO) at 25°C and
180°C. Bars represent standard deviations (n = 3).
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while they were absent, or present in small quanti-
ties, up to a temperature of 90°C, they have a rela-
tively modest rise to 120°C, and showed a dramatic
increase from 150°C, according to Nunes et al.
(2013). The mass m/z = 57, always absent in the
unheated oils, would derive from the dehydration of
glycerol subjected to high temperatures (Klein et al.,

2016), and this would be a phenomenon common to
all vegetable oils: the aldehydes that may be present
in virgin olive oils as a result of a natural enzymatic
oxidation of polyunsaturated fatty acids
(LypOXigenase cascade, LOX) increase due to the
temperature through a chemical oxidative reaction of
the same polyunsaturated fatty acids (Muik et al.,
2005).

4. Discussion and Conclusions

The PTR-ToF-MS tool represents a simple, and
high-throughput strategy, applicable without any
laborious sample preparations and treatments, for
the real-time detection of oxidative changes occurred

during the heating process of both vegetable oils.
There are numerous studies that examine the quality
of the oil, as well as its composition and characteris-
tics during the heating or frying process; neverthe-
less, a fewer number of studies examine the compo-
sition of the fumes generated during this process.

In this work, it is pointed out that EVOO emissions
are always higher than those of the SFO; the effect of
the heating causes an increase in the emission of the
masses present at the origin and the generation of
new compounds, deriving from transformations of
triglycerides and above all of the polyunsaturated
fatty acids (Moreno et al., 1999). In particular, the
trend of emissions in relation to the temperature has
been highlighted for some selected masses, and it is
clear that change due to chemical oxidation occur
between 120 and 150°C, temperatures above which
the production of volatiles increases enormously for
all the examined masses. Since the increase in oil
temperature proportionally increases the emission of
VOCs, including some compounds that could be con-
sidered as pollutants, it is clear that an accurate con-
trol of the temperatures of  oils used for frying food
is important for the industry and for the home cook-
ing. Many VOCs depend on the temperature, emis-
sions at temperatures below the smoke point will be
actually reduced. Some compounds, such as mass
m/z = 57, start to form consistently already at rela-
tively low temperatures (150°C). It should be noted
that in the case of EVOO, masses of naturally occur-
ring compounds are also very high, as they are
derived from an oxidative process linked to enzymat-
ic reactions of the polyunsaturated fatty acids
(LipOXygenase pathway, LOX) (Campestre et al.,
2017). The increase determined by high tempera-
tures is no longer enzymatic but chemical oxidative.
Further studies are needed to deepen the knowledge
on the effect of heating temperature in the forma-
tion of compounds potentially harmful to human
health, in order to reduce the effect of pollution not
only at commercial but also at the domestic level, for
the daily use of fried oils.
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