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Abstract: ‘Piyarom’ dates are one of the most important commercial date culti
vars grown in Iran but fruit quality and postharvest losses can be a problem.
Thinning and the use of bunch covers were examined to improve the date fruit
quality. Three diﬀerent levels of fruit thinning were applied (without thinning,
removal of one third of total strands from terminal tips during pollination and
removal of one third of terminal tips of central strands in early kimri). In addi
tion, the eﬀects of bunch covers were assessed with the use of polyethylene
bunch covers that were applied in the early stages of Khalal. The results
showed that bunch covering reduced the lightness of the fruit but increased
bunch weight, fruit length, total antioxidant activity and total phenolic com
pounds compared to the control. Thinning during pollination increased the
weight of the fruit compared to the control. The thinning during Kimri stage
increased the percentage of Tamar and ascorbic acid content. These results
show that the use of covers play a positive role in increasing quality and bunch
weight and thinning at both pollination and Kimri ripening stage is recommend
ed to produce high quality ‘Piyarom’ dates.

1. Introduction
Date palms (Phoenix dactylifera L.) are an ancient horticultural crop
cultivated for its sweet fruit which are also rich in nutrients, antioxidants
and phenolic compounds (Hussain et al., 2016). Iran is one of the largest
producing countries of dates growing 171,647 hectares of date palms
with an annual production of 1,204,158 tons (FAO, 2018).
Date fruit has ﬁve stages of growth and ripening; (1) Hababouk (cell
division and elongation), (2) Kimri (ﬁrm full colored), (3) Khalal (physiolog
ically mature with a hard and crisp texture and a moisture content
between 5085%), (4) Rutab (partially browned, reduced moisture con
tent 3045%, ﬁbres softened, perishable), and (5) Tamar (fruit colour from
amber to dark brown with a moisture content further reduced  below
25% down to 10% and less, and the texture is soft pliable to ﬁrm to hard)
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(Awad and AlQurashi, 2012). Date palm (Phoenix
dactylifera L.) cv. Piyarom is one of the most impor
tant commercial semidry dates in Iran which is con
sumed at tamar ripening stage and fruit reaches full
maturity. It is widely grown in Hormozgan province
of Iran with increasing export production. In com
mercial production, larger fruit with higher quality
are more marketable and therefore fruit thinning is
one of the main agronomic methods to improve fruit
size and quality. Fruit thinning is widely used in horti
cultural production which increases fruit quality,
reduces biannual bearing and ensures a physiologi
cal balance between vegetative and reproductive
parts due to reduced competition for water and food
absorption (Slatnar et al., 2020). There are diﬀerent
times and methods for date palm thinning. For exam
ple, thinning 1/3 of the bunch at pollination period or
1/3 terminal tips of central strands in early kimri
stage of fruit development, as has been described by
ElBadawy et al. (2018) and Moustafa et al. (2019).
However some date palm cultivars can react contrari
ly to the diﬀerent treatments of thinning for exam
ple, Awad and AlQurashi (2015) reported that thin
ning 510 cm bunch four weeks after pollination in
‘Barhee’ date did not aﬀect the qualitative characters
of fruit. However, Ahmed et al. (2019) showed that
thinning 1/3 terminal tips of central strands in early
Kimri stage of fruit development of ‘Zaghlool’
decreased titrable acidity and increased soluble solid
content. However there has been no research on the
eﬀects of diﬀerent thinning options on the quality of
‘Piyarom’ date where most farmers in southern Iran
currently use bunch thinning only at pollination peri
od.
Preharvest covering of fruit is practiced in many
crops and its usage is increasing in many countries to
improve fruit quality. However, the eﬀects of fruit
covering on ﬁnal fruit quality is variable and reﬂect
diﬀerences in the covering type, fruit age at covering
and cultivar response (Sharma et al., 2014). For
example Kassem et al. (2010) stated that ‘Zaghlool’
dates covering with dark polyethylene at kimri stage
did not aﬀect total acidity (TA) and total soluble solid
content (TSS). However, Awad and AlQurashi (2012)
concluded that bunch craft bagging after pollination
increased bunch weight, TA and TSS, ascorbic acid
and decreased total phenols and Rutab percentage of
‘Barhee’ date. Harhash and AlObeed (2010) showed
that bunch bagging increased fruit and bunch weight
and quality of ‘Succary’ and ‘Khalas’ dates. Harhash
et al. (2020) further showed that bunch weight was
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greatly increased by covering bunches with white
paper and white and brown cloth as compared to
control. Fruit weight was increased remarkably by
using white or kraft paper and white or brown cloth
in covering bunches of ‘Barhee’ date palm while TSS
was increased in the fruit which were produced from
bunch covering with white or kraft paper and white
or brown cloth over control.
Due to its high consumer appeal, ‘Piyarom’ date is
a promising cultivar for export but a more consistent
high fruit quality is required. Therefore, this study
assessed the eﬀects of both date fruit thinning and
the use of bunch covers on the bunch weight and
quality of ‘Piyarom’ dates over two seasons.

2. Materials and Methods
Experimental procedure
Fruits selected for this trial were from ‘Piyarom’
date palms of the same age (18 years old) and size
which were grown on sandy loam soil and drip irri
gated at the Hajiabad Agricultural Research Station in
Hormozgan province in Iran for two years during
20182019. All regular cultural practices were con
ducted according to the normal commercial sched
ules. Pollination was conducted using a local ‘Green’
male cultivar to manually pollinate the female ﬂow
ers in April each year with a total of eight 8 bunches
were left on each experimental tree.
This trial was a factorial trial with fruit thinning
and bunch covers as the two factors. Within the fruit
thinning treatment, three levels of thinning were
examined; (1) removal of one third of the end of total
strands from terminal tips of bunch at the time of
pollination, (2) removal of one third of terminal tips
of central strands in early Kimri (performed in June),
and (3) untreated ﬂowers (control). The second fac
tor of experiment was bunch covering at two levels
(uncovered bunches and bunch covering with poly
ethylene mesh which consisted on a 100 cm long and
80 cm wide bag with mesh holes (diameter of each
hole is about 2 mm) which were applied in early
stage of Khalal. The thinning treatments and bunch
coverings were performed on four bunches in each
palm tree, and fruit sampling of these bunches was
performed at harvest. In November on each tree, all
bunches were harvested and bunch weight per palm
was recorded. The Tamar percentage was also calcu
lated. Fruit samples were collected at the Tamar
stage for physicochemical characteristics measure
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ments.
Physico‐chemical characters
At harvest time (Tamar stage), 100 fruit subsam
ples from each replicate were sampled from palm
trees and the factors related to the colour of the fruit
measured by Minolta (CR300, Minolta Corp, Osaka,
Japan) colorimeter and expressed as L*, C* and h◦.
Fruit weight, length and diameter of each fruit
and seed were measured on 25 fruit per replicate.
Fruit and seed length and diameter were measured
by a digital caliper and the weight of the fruit and
seed were measured by a digital scale. Fruit total sol
uble solid content (TSS), ascorbic acid, moisture con
tent, total phenolic compounds and total antioxidant
activity were measured on a composite sample of 20
fruit per replicate. TSS was measured as Brix % with a
digital refractometer (DBR95, Taiwan). The spec
trophotometric method was used for measuring
ascorbic acid content (Etemadipoor et al., 2019). Ten
ml of distilled water used for homogenizing one gram
of fruit tissue. Then, the solution ﬁltered and 0.1 ml
of it was added to 1% metaphosphoric acid. Then,
solution combined with 9 ml of 2, 6dichloro
indophenol (0.0025%). After that, the mixture
absorbance was evaluated by spectrophotometer
(Cecil, CE2501, England) at 517 nm. The results were
reported accordingly (mg/100 g fresh fruit tissue).
For moisture content 20 g of fruit sample from each
replicate was cut into small pieces by a sterilized
knife. Then, the fresh weight of each sample was
measured. Then, dried to a constant weight in oven
at 70◦C. Dry weight was measured and fruit moisture
expressed as percentage (Marzouk and Kassem,
2011).
Total antioxidant activity (TAA), total phenolic con‐
tent (TPC)
Measuring TAA involved adding 1 ml 2,2
Diphenyl1picrylhydrazyl (DPPH) (0.1 mM) to 0.1 ml
methanolic extract. This solution was subsequently
mixed with 1 ml of TrisHCl (pH 7.5). The absorption
value of each sample was determined at 517 nm
wavelength via spectrophotometer (Cecil, CE2501,
England) (Etemadipoor et al., 2020). The antioxidant
activity was determined as follows:
Antioxidant activity (%) = [1  (Abs sample /Abs control) × 100]

The FolinCiocalteu reagent was used for measur
ing TPC (Ehteshami et al., 2019). Brieﬂy, fruit tissue
(0.5 g) was squashed and mixed into methanol (3 ml,
85%). The resultant solution was centrifuged at

12,000 × g at 4°C for 20 min. The extract was consid
ered as supernatant. Then, 300 μl of extract was
combined with sodium carbonate (1.2 ml, 7%). This
mixture was stored at ambient temperature for 5
min. After that FolinCiocalteu (10%, 1.5 ml) was
added. The absorbance was determined at 760 nm
and TPC was presented as mg GAE 100 g1 FW.
Statistical analysis of data
The experimental was as factorial in a randomized
complete block design with three replicates (block)
and each replicate consisted of two palm tree. Two
factors included bunch thinning and bunch covering.
Bunch thinning consisted of 3 levels and bunch cov
ering consisted of 2 levels. The treatment unit con
sisted of four bunches on each of the two tree treat
ment blocks. Data were analyzed by Statistical
Analysis System version 9.1 (SAS Institute Inc., Cary,
NC, USA). The means were compared using LSD at a
signiﬁcance level of p= 0.05.

3. Results and Discussion
Bunch weight and Tamar percentage
The results of this experiment showed that the
coverage did not have a signiﬁcant eﬀect on the per
centage of Tamar, but date palm fruit thinning in the
Kimri and pollination stages signiﬁcantly increased
Tamar percentage of both years (Table 1). The Tamar
percentage was approximately 94.25113.75% higher
than the control group and occurred as a result of
thinning in the Kimri stage during both years of
experiment. Also, the bunch weight was signiﬁcantly
higher in the control as compared to bunch weights
that occurred after date palm fruit thinning at the
pollination and Kimri stages, for both years (Table 1).
In this research, the Tamar percentage was not
aﬀected by covering. In the available literature, there
are inconsistent results on the use of covering for
fruit ripening. For example, Awad and AlQurashi
(2012) stated that bunch bagging of ‘Barhee’ date
can eventually reduce the percentage of Rutab in
comparison with the control. However, Kassem et al.
(2011) stated that spathebagging increased fruit
ripening in ‘Zaghlool’ date, as compared to the con
trol. Tamar is the last stage of ‘Piyarom’ date fruit
maturity. However, date fruit do not ripen evenly,
and even in a bunch Rutab and Khalal can be
observed at harvest. This causes economic loss of
fruit. Therefore, increasing Tamar percentage in the
bunch can rise the commercial value of product. The
13
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Table 1  Main effects of bunch date palm fruit thinning and
covering on bunch weight and Tamar percentage of
‘Piyarom’ date
Treatment
2018
Thinning
Control
Removal of one third of total strands from
terminal tips during pollination
Removal of one third of terminal tips of
central strands in early Kimri
LSD
Bunch covering
Control
Bunch covering
LSD
Thinning x bunch covering
2019
Thinning
Control
Removal of one third of total strands from
terminal tips during pollination
Removal of one third of terminal tips of
central strands in early Kimri
LSD

Bunch
weight
(kg)

Tamar
(%)

15.49 az 29.16 c
13.44 b 49.33 b
11.37 c 62.33 a
4.89

3.82

13.09 b 47.66 a
13.77 a 46.22 a
3.99
3.12
NS y

NS

15.51 a 32.00 c
14.05 b 45.66 b

Table 2  Effect of fresh organic amendments on nematode
population, gall number and galling index

11.00 c 62.16 a

Treatments

3.23

5.10

Bunch covering
Control
13.29 b 46.33 a
Bunch covering
13.75 a 46.88 a
LSD
2.64
4.16
Thinning x bunch covering
NS
NS
z
Means within each column for each treatment followed by the
same letter are not significantly different at P=0.05.
y
NS= non significant.

increase in the percentage of Tamar, as a result of the
thinning treatment, can be due to a lowered level of
competition between fruit for the absorption of
water and nutrients, thereby accelerating fruit matu
rity and increasing the percentage of Tamar (Radwan,
2017). The results of this study on increasing bunch
weight of the control, as compared to the date palm
fruit thinning treatment, are consistent with previous
results (Moustafa et al., 2019) on the Khadravi culti
var. However, the primary goal is to determine an
optimum method of date palm fruit thinning so as to
improve fruit quality, obtain a reasonable bunch
weight and thus enhance marketability.
TAA, TPC
The antioxidant properties of date fruit diﬀer
depending on the amount of phenolic compounds in
the fruit (Hussain et al., 2016). Phenolic compounds
account for most of the antioxidant properties of
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dates. They exhibit a range of biological eﬀects such
as the prevention of nucleic acid damage. There has
been growing interest in the topic of antioxidants,
regarding the ability of antioxidants to scavenge free
radicals associated with various diseases (Aleid,
2014). Thus, dates can be used as antioxidative func
tional food ingredients (Aleid, 2014). Fruit of diﬀer
ent date palm cultivars have diﬀerent total phenolic
contents and antioxidant activities (AlTurki et al.,
2010).
In the current study, comparison of the main
eﬀects of date palm fruit thinning on total antioxi
dant activity (TAA) showed that date palm fruit thin
ning during the Kimri phase increased the TAA as
compared to the control (Table 2). Also, date palm
fruit thinning during the Kimri phase increased the
TPC as compared to the control for both years.
Moreover, bunch covering increased TAA and TPC

2018
Thinning
Control
Removal of one third of total strands
from terminal tips during pollination
Removal of one third of terminal tips
of central strands in early Kimri
LSD
Bunch covering
Control
Bunch covering
LSD
Thinning x bunch covering
2019
Thinning
Control
Removal of one third of total strands
from terminal tips during pollination
Removal of one third of terminal tips
of central strands in early Kimri
LSD
Bunch covering
Control
Bunch covering
LSD
Thinning x bunch covering
z

y

TAA (%)

TPC
(mg GAE
100 g fw)

49.66 c z
67.26 b

130.16 b
135.45 ab

70.43 a

138.21 a

2.89

5.73

58.73 b
66.17 a
2.36

131.23 b
137.98 a
4.68

NS y

NS

48.18 c
67.83 b

126.51 b
141.16 a

71.10 a

140.06 a

2.21

4.15

57.31 b
67.43 a
1.80

134.28 b
138.21 a
3.39

NS

NS

Means within each column for each treatment followed by the
same letter are not significantly different at P=0.05.
NS= non significant.
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compared to the control for both years (Table 2).
Little research exists on the eﬀects of bunch thinning
and covering on TAA and TPC of date. Hussain et al.
(2016) stated that thinning treatments of ‘Hillawi’
and ‘Khadrawi’ increased TPC in comparison with the
control, probably because of a greater light exposure
to the fruit in response to less fruit density in each
bunch. Indeed, light plays an important role in
processes that are responsible for the accumulation
of phenolic compounds. On the other hand, in fruit of
the control group, there were lower amounts of light
and air circulation available to the fruit, thereby
aﬀecting the rate of photosynthetic carbon assimila
tion rate and TPC (Hussain et al., 2016). The contra
dictory eﬀects of covering on phenoliccompound
might be due to diﬀerences in the covering material,
exact time and period of covering, cultivars and cli
matic conditions (Sharma and Sanikommu, 2018).
Chen et al. (2012) stated that fruit bagging reduced
the concentration of phenolic compounds in ‘Golden
Delicious’ apple, whereas Griñán et al. (2019) report

ed that pomegranate fruit bagging increased the
antioxidant content.
Physiochemical characteristics
Comparison of main eﬀects of coverage on color
lightness, chroma and hue showed that coverage sig
niﬁcantly reduced the lightness and chroma, while at
the same time increased the hue in comparison with
the control for both years (Table 3). Also, the com
parison of main eﬀects of thinning on lightness, chro
ma and hue showed that thinning in pollination and
the early Kimri stage signiﬁcantly reduced the light
ness and chroma, compared to the control. In addi
tion, this treatment increased the hue in fruit, com
pared to the control for both years (Table 3). The
colour of date fruit is one of the most important fac
tors that can largely inﬂuence customers and can
determine prices. So far, the available literature does
not include measurements of lightness, chroma and
hue when bunch covering and thinning are used as
treatments for date palm. The positive correlation

Table 3  Main effects of bunch date palm fruit thinning and covering on colour, TSS, ascorbic acid and moisture of ‘Piyarom’ date

Treatment

L
(*)

c
(*)

2018
Thinning
Control
30.31 a z 11.99 a
Removal of one third of total strands from terminal tips during pollination 25.66 b 9.45 b
Removal of one third of terminal tips of central strands in early Kimri
22.58 c 7.12 c
LSD
2.19
1.49
Bunch covering
Control
Bunch covering
LSD
Thinning x bunch covering
2019
Thinning
Control
Removal of one third of total strands from terminal tips during pollination
Removal of one third of terminal tips of central strands in early Kimri
LSD
Bunch covering
Control
Bunch covering
LSD
Thinning x bunch covering
z
y

H
(◦)

TSS Brix
(%)

Ascorbic
Moisture
acid
(%)
1
(mg 100 g )

40.83 c 61.11 b
46.98 b 63.11 b
51.80 a 66.05 a
2.60
2.41

6.06 c
11.25 b
13.46 a
1.11

12.13 a
11.25 a
11.86 a
1.19

45.21 b 63.01 a
47.86 a 63.84 a
2.13
1.97

10.68 a
9.83 a
0.90

11.95 a
11.54 a
0.97

NS

NS

27.50 a
24.84 b
1.79

10.19 a
8.85 b
1.22

NS Y

NS

28.75 a
24.06 b
21.90 b
2.41

11.14 a
8.05 b
6.36 c
1.25

44.71 c 62.01 c
50.30 b 64.88 b
55.73 a 67.45 a
3.34
2.26

6.81 c
12.13 b
13.66 a
1.28

10.76 a
11.60 a
10.41 a
1.61

25.90 a
23.91 b
1.96

9.17 a
7.86 b
1.02

47.87 b 64.96 a
52.62 a 64.60 a
2.72
1.85

11.34 a
10.40 a
1.04

11.09 a
10.75 a
1.31

NS

NS

NS

NS

NS

NS

NS

NS

Means within each column for each treatment followed by the same letter are not significantly different at P=0.05.
NS= non significant.
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between TAA and hue has been shown in table 4.
Based on our results, bunch covering increased TAA
which can be eﬀective in improving the colour of the
fruit (Siddiq et al., 2013). The mechanism involves
the formation of dark pigments on fruit, thereby
reducing the brightness of the fruit and increasing
hue in fruit (Siddiq et al., 2013). On similar accounts,
covering has reportedly improved the colour of apple
(Sharma and Pal, 2012). A more pronounced fruit
colouring is one of the most important goals of thin
ning. The increase in fruit colour, as a result of the
date palm fruit thinning treatment, is due to the
absorption of more nutrients in the remaining fruit
and also due to the release of more sugars that lead
to antioxidant compounds and dark pigments in fruit
(Hussain et al., 2016). These results are comparable
with previous results reported by Ahmed et al. (2019)
where date palm fruit thinning increased the colour
index in ‘Zaghlool’ date fruit. The results of statistical
compound analysis showed that bunch covering did
not aﬀect signiﬁcantly on soluble solid content (Table
3). Comparison of mean values of the main eﬀects of
thinning on TSS showed that thinning in the early
Kimri caused a signiﬁcant increase in TSS compared
to thinning at the pollination stage and in the control
group (Table 3). With the softening of the fruit,
astringency is lost and TSS increases, thereby sweet
ening the fruit (Serrano et al., 2001). The increase in
TSS due to thinning usually occurs because of the fact
that fruit use more leaf area for the production of
photosynthetic materials, soluble carbohydrates and
soluble solids as the fruit ripens (Moustafa et al.,
2019). The main eﬀects of bunch covering on ascor
bic acid content showed that bunch covering did not
aﬀect this variable compared to the control.
Moreover, comparison of the mean values of the
main eﬀects of date palm fruit thinning on ascorbic
acid content showed that date palm fruit thinning in
the early Kimri caused a signiﬁcant increase in ascor
bic acid compared to the control and also compared
to thinning at the pollination stage (Table 3).
Moreover, Ahmed et al. (2019) reported that date
palm fruit thinning increased ascorbic acid in
“Zaghlool” dates. Also, Awad and AlQurashi (2012)

reported that bagging ‘Barhee’ dates increased
ascorbic acid content. However, the mechanism by
which bunch covering aﬀects ascorbic acid is not
clear. The main eﬀects of bunch date palm fruit thin
ning and covering on the percentage of fruit moisture
were not signiﬁcant (Table 3). The percentage of fruit
moisture is usually aﬀected by many environmental
factors and tree management. In some cultivars,
thinning of dates reduces the percentage of moisture
in the ‘Saidy’ date palms fruit (Samouni et al., 2016).
However Moustafa et al. (2019) showed that date
palm fruit thinning does not aﬀect the moisture con
tent of ‘Khadrawi’ date fruit.
The results of statistical compound analysis
showed signiﬁcant eﬀects of bunch date palm fruit
thinning on fruit length, fruit weight and seed length.
Comparison of mean values on the main eﬀects of
covering bunches revealed that fruit length increased
as compared to the control for both years (Table 5).
Mean comparison of the main eﬀects showed that
date palm fruit thinning caused a signiﬁcant increase
in the length and weight of fruit in comparison with
the control for both years. Also, date palm fruit thin
ning at the time of pollination signiﬁcantly increased
the diameter of fruit and the length of the seeds
compared to the control and thinning in the early
Kimri stage for both years. Thinning did not aﬀect the
weight and diameter of the seeds for both years
(Table 5). The eﬀects of coverage on diﬀerent fruit
have been investigated. However, there are contra
dictory reports on the eﬀects of covering on fruit
size. For example, in mango, covering increased the
size of the fruit (Chonhenchob et al., 2011). In anoth
er study, bagging reduced fruit size in bananas
(Hasan et al., 2001). Fruit weight and size usually
aﬀect the marketing of dates. Larger sizes have bet
ter marketability (AlQurashi and Awad, 2011).
Thinning can be an important treatment in the
orchard which improves the quantitative and qualita
tive properties of fruit for export. In dates, date palm
fruit thinning can be performed until the middle of
the Kimri phase. Growth occurs during the cell divi
sion and enlargement stages. Cell division occurs
after fertilization and continues until the end of the

Table 4  Pearson correlation between TAA, lightness, chroma and hue
Correlation

TAA

TAA
1
**= Correlation is significant at the 0.01 level.
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Lightness

Chroma

hue

0.88**

0.84**

0.82**
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Kimri phase. Then, cellular growth ensues. A proper
distribution of nutrients during cell division and
enlargement increases the size of the fruit and caus
es better marketability. In the process of fruit growth
and development, there is competition for water and
nutrients. Thinning reduces competition between
fruit for their absorption of water and nutrients,
while providing adequate conditions for growth. This
reduces the number of fruit and increases the length
of the fruit. These results agree with the results of
Ahmed et al. (2019) that thinning in ‘Zaghlool’ dates
at an early stage of fruit development can have a
greater eﬀect on fruit size due to a more comprehen
sive allocation of water and nutrients.

dant activity and total phenolic compounds. Thinning
at the pollination stage increased the weight of the
fruit compared to the control. Thinning at the Kimri
stage increased the percentage of Tamar, ascorbic
acid content, and total antioxidant activity. We con
clude that bunch covering at the preharvest stage is a
simple, growerfriendly method. It is safe to use and
has several beneﬁcial eﬀects on the physiochemical
traits of fruit. This approach can be an integral part of
fruit production in orchards. Moreover, fruit thinning
and covering increased total antioxidant activity and
total phenolic compounds of fruit which are important
quality factors. Also, thinning is recommended for
‘Piyarom’ dates at both pollination and Kimri stages.

4. Conclusions
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Table 5  Main effects of bunch date palm fruit thinning and covering on fruit and seed length, diameter and weight of ‘Piyarom’ date

Treatments
2018
Thinning
Control
Removal of one third of total strands from terminal tips
Removal of one third of terminal tips of central strands in
LSD
Bunch covering
Control
Bunch covering
LSD
Thinning x bunch covering
2019
Thinning
Control
Removal of one third of total strands from terminal tips
Removal of one third of terminal tips of central strands in
LSD
Bunch covering
Control
Bunch covering
LSD
Thinning x bunch covering
z
y

Fruits
length
(cm)

Fruits
diameter
(cm)

Fruits
weight
(g)

Seed
length
(cm)

Seed
diameter
(cm)

Seed
weight
(g)

3.42 c z
4.95 a
4.30 b
0.42

1.78 b
2.76 a
1.95 b
0.52

6.75 c
10.46 a
8.77 b
1.45

2.30 b
3.10 a
2.10 b
0.32

1.06 a
1.08 a
1.00 a
0.21

0.99 a
1.05 a
1.11 a
0.18

3.97 b
4.48 a
0.34

2.33 a
2.00 a
0.42

8.34 a
8.98 a
1.18

2.50 a
2.50 a
0.26

1.11 a
0.98 a
0.17

1.06 a
1.04 a
0.15

NS y

NS

NS

NS

NS

NS

3.75 b
4.75 a
4.66 a
0.31

1.96 b
3.31 a
2.26 b
0.45

7.08 c
11.50 a
8.73 b
1.04

2.23 b
3.25 a
2.06 b
0.36

0.75 a
0.81 a
0.78 a
0.20

0.98 a
0.99 a
1.05 a
0.18

4.05 b
4.72 a
0.25

2.41 a
2.62 a
0.37

8.90 a
9.31 a
8.85

2.62 a
2.41 a
0.29

0.82 a
0.74 a
0.16

0.95 a
1.06 a
0.14

NS

NS

NS

NS

NS

NS

Means within each column for each treatment followed by the same letter are not significantly different at P=0.05.
NS= non significant.
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