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Enhance the longevity and aesthetic 
appeal of Anthurium andraeanum  
cv. Fire cut leaves by using some 

natural components 
 
 
M.F. Rida (*), A.M. Taha 
Ornamental Plants Research and Landscape Gardening Department, 
Horticulture Research Institute, Agriculture Research Center, Alexandria, 
Egypt. 
 
 
Key words:   Anthurium, Arabic gum, chitosan, glossiness, leaf postharvest, 

rosehip oil. 
 
 
Abstract: This experiment was conducted to examine the effects of rosehip oil 
(Rh oil), Arabic gum (AG), and chitosan (CS) on the vase life and quality of 
Anthurium andraeanum cv. Fire under laboratory conditions. The experimental 
layout followed a completely randomized design. Seven treatments were 
applied: tap water (control), Rh oil (2% or 4%), Rh oil (2% or 4%) + AG (5%), and 
Rh oil (2% or 4%) + AG (5%) + CS (500 ppm). The leaves were sprayed using a 
hand sprayer until runoff occurred. Results showed that the highest increases 
in vase life, final water uptake, chlorophyll a and b content, and the degree of 
leaf health and glossiness were obtained after the application of 4% Rh oil. 
Scanning electron micrographs illustrated that stomata were open in untreated 
leaves, moderately open after application of 2% Rh oil, slightly open after 
spraying with 4% Rh oil, and completely closed after the application of Rh oil 
(2% or 4%) + AG (5%). 
 
 
1. Introduction 
 
     Anthurium andraeanum (Flamingo flower) is a very popular plant 
which grows up to 60 cm tall. It features rich green, elongated, heart­
shaped leaves and waxy white or coral­colored spathes, which are used in 
wedding arrangements (Jack, 1985). Its attractive foliage and showy cut 
flowers make it highly valuable in the global flower market (Anand et al., 
2017). When the plant is not in flower, the leaves harmonize with those 
of other tropical plants suitable for shady spots (Jane and Graham, 1997). 
In recent years several varieties of Anthuriums have been introduced into 
the Egyptian market. Most of these varieties have large, glossy leaves, 
making them suitable for use as cut foliage. Unfortunately, Anthuriums 
andraeanum cv. Fire has large, pale green leaves, which reduce its 
economic value. 
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     To optimize the commercial worth of cut flowers, 
researchers have concentrated on enhancing their 
longevity and quality through flower preservation; 
nevertheless, chemical flower preservation has 
negative environmental consequences. (Moussa et 
al., 2024). Natural ingredients, such as plant extracts 
and essential oils, are utilized instead of chemicals in 
cut flower preserving solutions due to their negative 
impact on human health, particularly those with 
silver components. Numerous researchers have 
explored the impact of natural materials (Sarhan et 
al., 2023). In this respect Hashemabadi et al. (2021) 
found that adding dill essential oil to Dianthus 
caryophyllus L. cv. Yellow Candy solution improved 
vase life and solution uptake compared to pure 
water. Bañuelos­Hernández et al. (2017) found that 
applying 1.0 and 1.5% chitosan coating to Heliconia 
bihai flower stems increased vase life by 10.3 and 7 
days, respectively, compared to the control. Also, 
Creel (2006) reported that soaking flowers in 10% or 
20% Acacia gum can extend the vase life of 
snapdragon. 
     The fruit of Rosa canina L. is known as rosehip 
(Rh) or rose haw. It is red to orange in color. It 
consists of approx. 30­35% seeds and 65­70% 
pericarp (Uggla and Nybom, 1998). Rosehip oil is rich 
in polyunsaturated fatty acids, stearic acid (48.11%), 
linoleic acid (35.38%), palmitoleic acid (33.78%) and 
eicosadienoic acid (30.57%) (Vasić et al., 2020). Due 
to its antioxidant properties, rosehip oli is widely 
used in pharmaceutical industry (Franco et al., 2007; 
Machmudah et al., 2007). 
     Acacia Senegal and Acacia Seyal trees are the 
primary sources of Arabic gum (AG), a natural 
polysaccharide polymer used in the biological 
industry. Recently, Arabic gum has gained 
considerable attention as a postharvest edible 
coating due to its ability to preserve the quality and 
extend the shelf life of fresh products. It’s excellent 
emulsifying, stabilizing, binding, and shelf­life­
extending properties make it an efficient food 
additive (Tiamiyu et al., 2023). The shelf life of 
various fruits and vegetables, including tomatoes (Ali 
et al., 2010), sweet cherries (Mahafaudi and Hamdi, 
2014), green chilies (Chitravathi et al., 2014) and 
mangoes (Khaliq et al., 2015), has been successfully 
extended by  Arabic gum coating. 
     Chitosan (CS) is a naturally occurring polymer with 
several advantageous properties, including non­
toxicity, biocompatibility, biodegradability, and the 
ability to form chelates. These characteristics, along 

with its versatility, make chitosan a valuable material 
for various applications (Lingait et al., 2024). It can be 
processed into hydrogels, nanoparticles, pastes, 
nanofibers, fi lms, membranes, microgranules, 
sponges, etc. Additionally, chitosan can be modified 
by grafting, crosslinking, ion templating, or blending 
with other materials to provide a variety of specific 
properties for new and targeted applications 
(Kluczka, 2024). It’s excellent film­forming ability 
makes chitosan an effective edible surface coating for 
fruits and vegetables. 
     This study investigate the effects of rosehip oil, 
Arabic gum, and chitosan on the vase life and visual 
appeal of Anthurium andraeanum cv. Fire cut leaves. 
 
 
2. Materials and Methods 
 
     This experiment was carried out at Antoniades 
Gardens, Ornamental Plants Research and Landscape 
Gardening Department, Horticulture Research 
Institute, Agriculture Research Center, Alexandria, 
Egypt, in the years of 2022 and 2023. 
 
Plant materials and treatments 
     On March 29, 2022, and March 31, 2023, during 
the first and second seasons, Anthurium andraeanum 
leaves were sourced from a well­known commercial 
nursery. The leaves were transported to the 
laboratory under dry conditions, and the petioles 
were re­cut to a length of 27 cm before treatment. 
     Preliminary experiment was done by using several 
concentrations of rosehip (Rh) oil, Arabic gum (AG), 
chitosan (CS) and their combinations. Seven 
treatments with the higher vase life and best appeal 
beside control were chosen to do this experiment. 
Treatments included: 
i.     Tap water (control); 
ii.    Rh oil (2%); 
iii.   Rh oil (4%);  
iv.   Rh (2%) + AG (5%); 
v.    Rh oil (4%) + AG (5%); 
vi.   Rh oil (2%) (5%) + CS (500 ppm);  
vii.  Rh oil (4%) + AG (5%) + CS (500 ppm). 
     All treatments included the addition of Tween 80 
(2%). The Anthurium leaves were sprayed with the 
different treatments using a hand sprayer until runoff 
occurred. Afterward, the leaves were placed in glass 
jars containing 500 ml of tap water to complete their 
shelf­life period. 
     The leaves were maintained at the average 
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temperature of 19o to 23o, average humidity (59­65%) 
and 24 hours fluorescent light (about 550 ­575 lux). 
 
Data collection on postharvest characteristics 
     Vase life (VL) expressed in days. Anthurium leaf 
was excluded when about 20% of its surface was 
yellow. This stage was considered the end of the 
potential valuable longevity of the cut leaf. 
     Loss of leaf fresh weight percentage (LLFW). It was 
set at the end of vase life as expressed by the 
following formula: 
 
 
LLFW (%)=      

(Initial leaf fresh weight ­ Final leaf  fresh weight)
      × 100 

                                                  (Initial leaf fresh weight )  

 
     Final water uptake (FWU) expressed in grams. 
Four evaporation control jars [jars which did not 
contain any leaves] were located between these 
containg leaves at different places. The evaporation 
of each jar was taken and the average of the four jars 
was calculated. It was calculated at the end of the 
experiment using the following formula:  
 
                    FWU (g) =    FWU (g) = [ASS ­ASE] ­ ED 
 
Where ASS is the amount of solution at the start of 
the experiment, ASE is the amount of the solution 
remaining at the end of the experiment and ED is the 
average of evaporation data. 
     Leaf fresh weight/Leaf dry weight ratio (LWR). At 
the end of the experiment, the leaves were oven 
dried at 72oC for 48 hours for a constant weight to 
get the leaves dry weight. The fresh weight was then 
divided by the dry weight based on the following 
equation: 
 
              LWR =              Fresh weight per leaf (g)         ×100 
                                        Dry weight per leaf (g)  
 
     The amount of transpired water from the leaf 
surface (TW) expressed in grams. After 2, 4 and 6 
days from the beginning of experiment, the 
transpired water from the leaf surface was calculated 
as given by the formula below:  

TW (g) = {WF + JW + WVS at (day n )} – {WF +JW+ WVS at day 
(n+1)})/(IFW) 
 
Where WF is the weight of the leaf, JW is jar weight,  
WVS is the weight of vase solution, IFW is initial leaf  
fresh weight, n = 1, 3 and 5 days and n+1 is the next 
day. 

 
where n = 1, 3 and 5 days and n+1 is the next day. 
     Relative fresh weight (RFW). Fresh weight of the 
leaves was set just before the immersion of the 
leaves into the solutions and recorded on the 2nd, 4th , 
6th ,  8th,  14th, 20th ,  26th and 30th day from the 
beginning of the experiment. The fresh weight of 
each leaf was expressed relative to the initial weight 
to represent the water status of the leaf as follows: 
 

RFW = Wt    ×100 
W0 

 
where (Wt) the weight of leaf (g) on the 2nd, 4th, 6th, 
8th, 14th, 20th, 26th and 30th day from the beginning of 
the experiment, (W0) the initial fresh weight of the 
same leaf (g). 
 
Vase Solution Uptake Rate (VSUR). It was measured 
according to the following formula: 
 
                  VSU rate =         (St ­ 1) ­ St         x 100 
                                             IFW of stem  

 
where (St) is the weight of vase solution (g) after 2, 4, 
6, 8 and 10 days from the beginning of experiment, 
(St­1) is weight of the vase solution (g) on the 
previous day and (IFW) is the initial fresh weight (g). 
     Chlorophyll content. Samples from each 
treatment were collected at the end of the vase life 
of the control treatment, and the amounts of 
chlorophyll a and b (mg/100 g fresh leaf weight) were 
determined according to Moran (1982). 
     Appearances and glossiness. On the 6th day from 
the experiment start. A jury of twenty members from 
different age groups evaluated the leaves visually for 
its glossiness  and scored on a scale (not glossy, 
moderate glossy, glossy and high glossy) and its 
appearance and scored a scale (bad, good and very 
good). 
     Visualization of stomatal apparatus by Scanning 
Electron Microscope )SEM). At the end of the first 
experiment season, the treatments which led to the 
longest vase life were chosen to investigate its effect 
on stomata structure. Anthurium  leaves were 
sprayed with these treatments beside tap water. 
After 24 hours of the treatment, small pieces of fresh 
specimens of Anthurium leaves were removed and 
fixed by immersing them immediately in 4F1G 
(Fixative, phosphate buffer solution) pH=7.4 at 4oC 
for 3 hours. Specimens were then post fixed in 2% 
Osmium tetroxide (OsO4) in the buffer at 4oC for 2 
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hours. Samples were washed in the buffer and 
dehydrated at 4oC through a graded series of 
ethanol. Samples of Anthurium leaves were dried by 
means of critical point method  , mounted using 
carbon paste on an Al­ stub and coated with gold up 
to thickness in a sputter coating unit (JFC­1100E). 
Observation of stomata morphology in the coded 
specimens were performed in a JEOL JSM ­ 5300 
scanning electron microscope operated between 15 
and 20 Kev. The examination by electron microscope 
was done at the Electron Microscope Unit at the 
Faculty of Science, Alexandria University, Egypt 
(Tahmasebi et al., 2015 ) 
 
Experimental layout and statistical analysis 
     The experimental layout was a complete 
randomized design (CRD). It consisted of seven 
treatments with three replicates, and each replicate 
contained four cut leaves. The means of the different 
variables were compared using the “Least Significant 
Difference (LSD)” test at 5% level of probability. 
(Snedecor and Cochran, 1989). 
 
 
3. Results 
 
Post harvest parameters  
     The postharvest parameter results are 
summarized in Table 1. Vase life data show that all 
treatments outperformed the control. The most 
notable increase in vase life occurred with the 
application of 4% Rh oil in both seasons, with values 
of 33.22 days in 2022 and 33.28 days in 2023. In 
contrast, the lowest vase life was observed with the 

combination of 2% or 4% Rh oil + 5% AG + 500 ppm 
CS, which had a significance level value comparable 
to the control in both seasons. 
     The greatest reduction in LLWT percentage was 
achieved with 4% Rh oil, which resulted in 1.62% in 
2022 and 1.88% in 2023. The highest increase in 
LFWT was found with the combination of 2% or 4% 
Rh oil + 5% AG + 500 ppm CS or 4% Rh oil + 5% AG, 
yielding similar significant results in both seasons. 
     The highest final water uptake was recorded with 
2% or 4% Rh oil, with no significant difference 
between the two concentrations across both season. 
Additionally, the greatest increase in LWR was 
observed with 4% Rh oil,  with values ranging 
between 5.36 in 2022 and 5.24 in 2023. 
     Table 2 revealed that during the first six days of 
the experiment the greatest significant increase in 
transpiration rate fluctuated between the control 
and application of either Rh oil (2%) + AG (5%) + CS 
(500 ppm) or Rh oil (4%) + AG (5%) + CS (500 ppm) in 
both experimental seasons. Two days after 
experiment started, in 2022 season, the application 
of Rh oil (4%) + AG (5%) + CS (500 ppm) resulted in 
the highest significant increase in transpiration rate, 
with a recorded value of 0.3391. In 2023 season, the 
highest significant increase in transpiration rate was 
obtained following control treatment, which 
recorded 0.3493, and Rh oil (4%) + AG (5%) + CS (500 
ppm), which recorded 0.3411 with the same level of 
significance. Four days after the experiment began, 
the untreated control showed the largest significant 
rise, with results of 0.2469 and 0.3215 for 2022 and 
2023 seasons , respectively. Furthermore, the 
application of Rh oil (4%) + AG (5%) + CS (500 ppm) in 

Table 1 ­    Effect of foliar application of rosehip oil, Arabic gum, and chitosan on vase life, fresh weight loss, final water uptake, and 
fresh/dry weight ratio of Anthurium leaves during the 2022 and 2023 seasons

Treatment
VL (days) LLFW (%) FWU (g) LWR (%)

2022 2023 2022 2023 2022 2023 2022 2023

Control 10.55 10.78 4.90 4.64 19.95 23.51 4.43 4.51
Rh oil (2%) 26.10 23.00 6.07 6.01 47.06 49.95 4.80 4.77
Rh oil (4%) 33.22 33.28 1.62 1.88 50.79 57.61 5.36 5.24
Rh oil (2%) + AG (5%) 17.87 17.83 7.22 6.27 23.01 28.46 4.81 4.46
Rh oil (4%) + AG (5%) 17.89 18.67 10.88 10.77 22.28 26.50 4.89 4.69
Rh oil (2%) + AG (5%) + CS (500 ppm) 13.11 14.17 11.56 10.74 25.08 25.03 4.26 4.46
Rh oil (4%) + AG (5%) + CS (500 ppm) 12.89 12.00 13.71 12.48 26.97 18.82 4.17 4.37
LSD at 0.05 5.66 5.38 3.23 2.14 12.15 14.53 0.18 0.06

LSD at 0.05 = Least Significant Difference test at 5% level of probability. Rh oil = Rosehip oil; AG = Arabic gum; CS = Chitosan. VL = vase 
life; LLFW = Loss of leaf fresh weight percentage; FWU = Final water uptake; LWR = leaf fresh weight/leaf dry weight ratio.
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     For RFW, figure 1 showed that the untreated 
leaves had the greatest rise in RFW% on the 2nd day 
after the experiment began. While the largest drop in 
RFW was recorded following application of Rh oil 
(4%), AG (5%), and CS (500 ppm). Also, figure 1 
revealed a minor decline in RFW% following all 
treatments, with the exception of Rh oil (4%) which 
increased slightly in the season of 2022, but for 2023, 
all treatments caused a slight decrease in RFW% on 
the 4th day after the experiment began. The drop in 
RFW% persisted marginally on the 6th day after start 
of the experiment for all treatments except Rh oil 
(4%) + AG (5%) + CS (500 ppm), which declined 
considerably in both seasons. On the 14th day of the 
experiment, the Rh oil (2%) + AG (5%) + CS (500 ppm) 
and Rh oil (4%) + AG (5%) + CS (500 ppm) treatments 
ended, and the RFW% continued to decline 
marginally following the use of Rh oil (2%) in both 
experimental seasons. On the 20th day, all treatments 
were discontinued with the exception of Rh oil 2% 
and 4%, and RFW% decreased gradually in 2022 
season and 2023 season. On the 26th and 30th days 
after the trial began, the reduction in RFW% 
persisted somewhat. 
     Figure 2 shows that the control treatment had the 
greatest rise in VSUR on the 2nd day of the 
experiment, and this increase persisted on the 4th day 
of the experiment when compared to the other 
treatments. The VSUR of control treatments declined 
dramatically on the 6th and reached its lowest point 
on the 10th of the experiment in the 2022 and 2023 
seasons. While the lowest VSUR value was observed 
on the 2nd day following the application of Rh oil (4%) 
treatment, the drop in this value over the first 10 

Fig. 1 ­ Effect of foliar application of rosehip oil, Arabic gum, and 
chitosan on the relative fresh weight (RFW%) of 
Anthurium cut leaves during the 2022 and 2023 seasons, 
measured at 2, 4, 6, 14, 20, 26, and 30 days after the 
start of the experiment.

Table 2 ­    Effect of foliar spray with rosehip oil, Arabic gum, and chitosan on the amount of water transpired from the surface of 
Anthurium leaves during the 2022 and 2023 seasons, measured at 2, 4, and 6 days after the start of the experiment

Treatment

TW (g)

2022 2023

2 days 4 days 6 days 2 days 4 days 6 days

Control 0.3320 0.2469 0.1437 0.3493 0.3215 0.1570
Rh oil ( 2%) 0.2173 0.1482 0.1350 0.2478 0.1690 0.1447
Rh oil (4%) 0.1928 0.1638 0.1075 0.2316 0.1659 0.1343
Rh oil (2%) + AG (5%) 0.2574 0.1677 0.1401 0.2781 0.1694 0.1146
Rh oil (4%) + AG (5%) 0.1705 0.1287 0.1042 0.1616 0.1190 0.1194
Rh oil (2%) + AG (5%) + CS (500 ppm) 0.3228 0.2302 0.1736 0.3343 0.1852 0.1822
Rh oil (4%) + AG (5%) + CS (500 ppm) 0.3391 0.1830 0.1425 0.3411 0.1648 0.1482
LSD at 0.05 0.0029 0.0004 0.0003 0.0033 0.0007 0.0002

LSD at 0.05 = Least Significant Difference test at 5% level of probability. Rh oil = Rosehip oil; AG = Arabic gum; CS = Chitosan. TW = 
Amount of transpired water from the leaf surface.

both seasons produced the greatest significant rise 
six days after the experiment began, with values of 
0.1736 in 2022  season and 0.18822 in 2023 season. 
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days of the experiment persisted with a gradual 
rhythm in both experimental seasons. 
     Table 3 shows that the control treatment resulted 
in the lowest significant levels of leaf pigments. In 

contrast, the application of 4% Rh oil led to the most 
substantial increase in chlorophyll a and b levels in 
both seasons. 
Leaves appearance and glossiness 
     Figure 3 shows that all jury members agreed the 
glossiness of Anthurium cut leaves was high when 
treated with Rh oil (2% or 4%) combined with AG 

Fig. 2 ­ Effect of foliar application of rosehip oil, Arabic gum, and 
chitosan on vase solution uptake rate (VSUR) of 
Anthurium cut leaves during the 2022 and 2023 seasons, 
measured at 2, 4, 6, and 10 days after the start of the 
experiment.

Table 3 ­    Effect of foliar spray with rosehip oil, Arabic gum, and chitosan on leaf pigment content in Anthurium leaves during the 2022 
and 2023 seasons

LSD at 0.05 = Least Significant Difference test at 5% level of probability. Rh oil = Rosehip oil; AG = Arabic gum; CS = Chitosan. TW = 
Amount of transpired water from the leaf surface.

Treatment

Chlorophyll (mg / 100 g FW)

a b

2022 2023 2022 2023

Control 1.05 1.19 0.63 0.80
Rh oil (2%) 2.03 2.11 1.07 1.07
Rh oil (4%)  2.44 2.26 1.41 1.59
Rh oil (2%) + AG (5%) 2.17 1.96 1.20 1.02
Rh oil (4%) + AG (5%) 2.09 1.98 1.04 1.19
Rh oil (2%) + AG (5%) + CS (500 ppm) 1.78 2.10 0.91 1.04
Rh oil (4%) + AG (5%) + CS (500 ppm) 1.87 1.69 1.06 0.92
LSD at 0.05 0.10 0.11 0.03 0.04

Fig. 3 ­ Percentage of jury evaluations for glossiness of 
Anthurium leaves following foliar application of rosehip 
oil, Arabic gum, and chitosan, compared to untreated 
(control) leaves.

(5%) and CS (500 ppm), as well as with 4% Rh oil 
alone. In contrast, untreated leaves were rated as 
not glossy. Additionally, figure 3 indicates that 60% 
of jury members rated the glossiness of leaves 
treated with 2% Rh oil alone as high. 
     Figure 4 shows that the overall opinion of the jury 
regarding the appearance quality of Anthurium cut 
leaves treated with Rh oil (2% or 4%) was very good. 
However, the application of Rh oil (2% or 4%) in 
combination with AG (5%) and CS (500 ppm) resulted 
in the development of brown patches on the leaves, 
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leading to a poor appearance rating for these 
treatments, as shown in Figures 4 and 5. 

 
Visualization of stomatal apparatus  
     Scanning electron micrographs of the abaxial 
surface of Anthurium leaves (Fig. 6) showed that fully 
open stomata were observed in untreated control 
leaves. Moderately open stomata were seen 
following application of 2% rosehip oil, while slightly 
open stomata appeared after spraying with 4% 
rosehip oil. In contrast, stomata were completely 
closed after treatment with rosehip oil at 2% or 4% 
combined with 5% Arabic gum. 
     Furthermore, close­up scanning electron 

Fig. 5 ­ Effect of foliar application of rosehip oil, Arabic gum, and 
chitosan on the glossiness and appearance of Anthurium 
leaves on the 6th day after the start of the experiment, 
during the 2023 season.

Fig. 4 ­ Jury evaluation percentages of Anthurium leaf appear­
ance after foliar treatments with rosehip oil, Arabic gum, 
and chitosan, in comparison to control (untreated) 
leaves.

Fig. 6 ­ Scanning electron micrographs (SEM) of the abaxial sur­
face of Anthurium leaves 24 hours after spraying with: 
(A) control; (B) 2% rosehip oil; (C) 4% rosehip oil; (D) 2% 
rosehip oil + 5% Arabic gum; (E) 4% rosehip oil + 5% 
Arabic gum. Micrographs were taken at 600× magnifica­
tion; scale bar = 20 μm.
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micrographs of individual stomata after different 
treatments (Fig. 7) revealed that the largest stomatal 
pore (width: 2.18 µm, height: 24.37 µm) was found in 
untreated leaves. A moderately sized pore (width: 
1.438 µm, height: 12.87 µm) was recorded after 

treatment with 2% rosehip oil, while the smallest 
pore (width: 1.318 µm, height: 8.038 µm) was 
observed after treatment with 4% rosehip oil. 
Stomatal closure was evident following application of 
rosehip oil at 2% or 4% in combination with 5% 
Arabic gum. 
 
 
4. Discussion and Conclusions 
 
     Stomata regulate the diffusive conductance of 
leaves, influencing both carbon assimilation and 
transpirational water loss. Their response is critical in 
maintaining the balance between water supply and 
atmospheric demand. Under low humidity 
conditions, for instance, reduced leaf water content 
triggers stomatal closure to limit transpiration and 
preserve internal water status (Thomas, 2005). 
     In the present study, foliar application of rosehip 
oil induced partial stomatal closure (Figs. 6 and 7), 
leading to decreased water loss through transpiration 
(Table 2). This effect contributed to improved water­
use efficiency and leaf turgor maintenance, as 
reflected in the modest reduction in relative fresh 
weight during the experimental period (Fig. 1) and 
the gradual decline in vase solution uptake rate over 
the first 10 days (Fig. 2). The slight decrease in final 
fresh weight percentage (Table 1) may also be 
attributed to this stomatal behavior. These findings 
are consistent with previous reports identifying 
stomatal regulation as a key determinant of water 
loss in cut flowers (Fanourakis et al., 2016; In et al., 
2016; Schroeder and Stimart, 2005). This stomatal 
response may be further explained by the chemical 
composition of rosehip oil, which contains a range of 
fatty acids ­ including myristic, palmitic, palmitoleic, 
stearic, oleic, linoleic, linolenic, and arachidic acids 
(Paladines et al., 2014). Arachidic acid, in particular, 
has been associated with the endogenous synthesis 
of salicylic acid (SA), a signaling molecule known to 
induce stomatal closure, enhance membrane 
stability, and reduce lipid peroxidation (Coquoz et al., 
1995; Hakimeh, 2012). 
     During the first six days, high water loss through 
transpiration led to a strong drop in relative fresh 
weight (Fig. 1), reduced water uptake, shorter vase 
life, and faster chlorophyll breakdown (Table 1). In 
untreated leaves, this continuous water loss after 
detachment caused the flowers to lose freshness 
earlier and wilt faster. These results confirm that 
keeping good stomatal control after detachment is 
important to reduce water loss and maintain vase life 

Fig. 7 ­ Scanning electron micrographs (SEM) of a single stoma 
on the abaxial surface of Anthurium leaves 24 hours after 
spraying with: (A) control; (B) 2% rosehip oil; (C) 4% rose­
hip oil; (D) 2% rosehip oil + 5% Arabic gum; (E) 4% rose­
hip oil + 5% Arabic gum. Micrographs were taken at 
2000× magnification; scale bar = 10 μm.
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(Salunkhe et al., 1990). 
     Treatment with 4% rosehip oil markedly improved 
leaf longevity and freshness, likely by limiting early 
transpiration (Table 2), sustaining vase solution 
uptake over time (Fig. 2), and reducing fresh weight 
loss (Table 1). The increased chlorophyll a and b 
contents further supported better color retention 
and extended vase life, aligning with the findings of 
Rida (2019) on Aster New York. 
     Application of 4% rosehip oil as a foliar spray on 
Anthurium leaves is recommended, as it enhanced 
vase life, final water uptake, and chlorophyll a and b 
levels, while also promoting healthier and glossier 
leaf appearance. 
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Abstract: The affordability of packaging materials and proper storage facilities 
to preserve the quality of lettuce (Lactuca sativa L.) has become a problematic 
issue for small­scale farmers in Malaysia, who have limited resources and rely 
on their crops for income. This study compares the post­harvest quality 
preservation of lettuce using plastic bags and newspapers as cost­effective 
packaging materials under storage durations of 0, 3, 6, 12, and 15 days. The 
lettuce quality parameters measured were chlorophyll, sucrose, weight loss, 
and overall visual quality (OVQ). The results showed newspapers had the 
highest mean weight loss (7.91 g), while plastic had the lowest one (5.81 g). 
However, chlorophyll content did not significantly differ between the two 
packaging types. Lettuce packaged in plastic bags had a significantly lower total 
soluble solids (TSS) content mean value (2.89%) compared to newspaper 
(3.89%). In addition, the plastic bag materials gave a better OVQ than that of 
the newspaper. Generally, the use of plastic bags as a packaging option for 
small­scale lettuce farmers in Malaysia is affordable and readily available. 
 
 
1. Introduction 
 
     Lettuce (Lactuca sativa L.) is a widely consumed vegetable known for 
its high nutritional value, low calorie content, and potential health 
benefits. It is a valuable source of vitamins, minerals, and dietary fiber, 
which are essential for maintaining good health and preventing chronic 
diseases (Shatilov et al., 2019). The increasing demand for organic lettuce 
in Malaysia has led to more farmers adopting organic farming practices. 
This crop, along with tomatoes, brassicas, cabbage, and cucumbers, 
ranked in the top 5 among vegetables with the highest production in the 
country. FAOSTAT (2025) reported that lettuce production from 
Malaysian farmers was recorded at 101,680.39 metric tons in 2023. Such 
production gave a share of 8.99% of the total 1,130,287.58 metric tons’ 
production of all 30 types of cash crops and vegetables in the country. 
     Being a perishable crop, lettuce requires proper post­harvest handling 
and storage conditions, such as optimal temperature and humidity levels, 
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are critical to ensure the quality and freshness of 
lettuce. The optimal storage temperature ranges of 
0ºC to 5°C is crucial to maintain the quality and 
freshness of lettuce (Gross et al., 2016). Farmers 
need to get the vegetables to the market or supplier 
as quickly as possible to maintain their freshness and 
quality. Once lettuce has lost its freshness, it cannot 
be sold, leading to further losses and waste (Ravula 
et al., 2020). 
     Unfortunately, many small­scale farmers in 
Malaysia sti l l  lack access to adequate storage 
facilities, and they often lack the equipment and 
know­how necessary to preserve their harvests, 
which can lead to large losses. When lettuce is stored 
improperly, it might wilt, become brown, and show 
indications of decomposition, which will make it 
unsellable. Inadequate storage practices can cause 
farmers to lose 20­50% of their harvest, resulting in 
waste and financial losses (Nkolisa et al., 2018). Due 
to their limited resources and reliance on their crops 
for revenue, small­scale farmers are most affected by 
this issue. 
     Previous studies reported that polymeric films 
were commonly used as packaging materials for 
lettuce preservation. According to Lee and Chandra 
(2018), packaging films have shown beneficial effects 
in maintaining sensory, nutritional, and microbial 
qualities in many fresh or fresh­cut products. 
However, to the best of our knowledge, little is 
known about the benefits of plastic bags and 
newspapers, which have been identified as the most 
used packaging materials for preserving post­harvest 
vegetables among small­scale lettuce farmers in 
Malaysia. These materials were affordable and 
accessible for packaging options for preserving post­
harvest vegetables among farmers. Therefore, this 
study compared newspaper and plastic bags as 
economical packaging materials for preserving the 
post­harvest quality of lettuce under varied storage 
durations. By systematically comparing these factors, 
this study offers novel insights into how different 
packaging materials influence key postharvest 
qualities such as weight loss, chlorophyll content, and 
total soluble solids (TSS), which sheds new light on 
their impact on the nutritional value and visual 
appeal of lettuce. Building on these findings, this 
study addresses a critical gap in understanding the 
role of effective and affordable packaging materials 
in maintaining lettuce quality during storage, with 
practical implications for small­scale lettuce farmers. 
 

2. Materials and Methods 
 
     The lettuce was grown in a greenhouse at the 
Universiti  Teknologi MARA (UiTM) farm, Jasin 
campus, Melaka, Malaysia, was harvested and 
transported to the postharvest laboratory within one 
h. Leaves that were overly mature, uneven, or 
abnormal, as well as those that were damaged or 
physically injured, were removed from the samples 
and discarded. The lettuce was chosen based on size, 
color, and absence of defects. 
     The plastic bag used in the experiment was made 
of low­density polyethylene (LDPE), measuring 15 cm 
(W) × 30 cm (L) + 4 cm (gusset). This type of plastic is 
specifically designed for packaging vegetables and 
fruits, and it is commonly used by the farmers for 
lettuce packaging. The plastic film has a thickness of 
0.05 mm, with an oxygen transmission rate (OTR) of 
approximately 40,000 mL m­2 day­1 and a water vapor 
transmission rate (WVTR) of around 9 g m­2 day­1 
under standard conditions. 
     The samples were then stored in a 5°C cooling 
room unti l  the end of their shelf l ife. This 
temperature was selected as the optimal lettuce 
storage temperature range. This is in line with the 
FDA (2010), which advised that cut­leafy greens must 
be maintained at temperatures of 5°C or less during 
cold storage and display. In this study, the growth 
parameters of chlorophyll, sucrose, weight loss, and 
visual quality (OVQ) were measured. 
 
Weight loss evaluation 
     The lettuce was weighed after being stored. Using 
an analytical balance (ELT602, Sartorius, Gottingen, 
Germany), the weight loss percentage was computed 
by subtracting the current sample weight from the 
initial sample weight (Waghmare and Annapure, 
2015). The percentage of weight loss was computed 
using the formula in Equation (1): 
 
                     Weight loss (%) = (Wi − Wt)/Wi x 100                  (1) 
 
where Wi represents the initial sample weight (g) at 
day 0 and Wt represents the most recent sample 
weight (g) at day t. 
 
Chlorophyll evaluation 
     The chlorophyll content of the lettuce leaves was 
measured using a SPAD 502 Plus Chlorophyll Meter 
(Minolta Camera Co., Osaka, Japan). The chlorophyll 
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the appearance of lettuce, including its color, texture, 
and overall freshness. OVQ was evaluated using a 9­
point scale adapted from Wheeler et al. (2015): 9= 
excellent, 7= good, 5= acceptable, 3= poor, and 1= 
unusable. The overall visual quality was evaluated on 
the day of processing and every three days until the 
end of the shelf life during 5°C storage. 
     Factorial experiment in the IBM SPSS software 
was used to statistically analyze the effects of 
different packing materials and storage durations on 
mean weight loss, chlorophyll, and TSS content. The 
interaction between packaging materials and storage 
duration as factors towards the respective mean 
weight loss, chlorophyll, and TSS were evaluated. 
     An analysis of variance (ANOVA) was applied to 
test the mean significance between the storage 
duration and the quality of lettuce stored under the 
respective plastic and newspaper packaging. Tukey’s 
range test was used to compare the differences 
between treatments.   
 
 
3. Results and Discussion 
 
Weight loss 
     As shown in Table 1, both packaging type and 
storage duration had a significant effect on weight 
loss. The packaging type showed a statistically 
significant difference with a p­value of 0.021, 
indicating that the choice of packaging material 
influenced the extent of weight loss. This is further 
supported by the data in Table 2, where lettuce 
stored in newspaper packaging experienced a higher 
mean weight loss (7.91 g) compared to plastic 
packaging (5.81 g), suggesting that newspaper is less 
effective in preserving the product and minimizing 
weight loss. 
     The p­value of less than 0.001 for the duration of 

content was measured by placing the meter’s 
measuring head on the adaxial side of five randomly 
selected leaves from each treatment. The SPAD 
values were recorded, and the mean value for each 
treatment was calculated. The chlorophyll 
concentration was expressed in terms of SPAD units 
(SU). 
 
Total soluble solids analysis 
     The total soluble solids (TSS) of the lettuce 
samples were determined using a Brix meter (Brand 
HUILEY, Model HT113ATC) in accordance with the 
instructions provided by the manufacturer. The 
sampled lettuces awas washed, cut into small pieces, 
and homogenized briefly. Before each measurement, 
the Brix meter was calibrated with distilled water. 
The measurement range of the Brix meter was 0­
32%, and each sample was replicated three times. 
The measurements were conducted on days 0, 3, 6, 
12, and 15 of storage. 
 
Overall visual quality (OVQ) 
     The OVQ rating is a measure of the lettuce’s 
condition during storage. It considers factors such as 
appearance, texture, and color to determine the 
overall quality of the lettuce. These variables can be 
affected by a variety of factors, such as lettuce 
storage duration, storage temperature, and the 
storage method employed. A panel comprised of 
three individuals from the university’s farm was 
chosen to evaluate the OVQ rating. One man and two 
women, ages 20 to 23, were selected as the 
panelists. 
     Before the test, the panelists were trained to 
recognize and evaluate the lettuce’s OVQ. This 
training is vital because it ensures that panel 
members can evaluate samples of lettuce 
consistently and accurately. The OVQ score considers 

Table 1 ­    Analysis of variance of weight loss

* significant at the 0.05 probability level. 
** significant at the 0.01 probability level. 

Source of Variation Degree of freedom Sum of squares Mean square F value Significant

Packaging 1 39.543 39.543 261.927 * .021
Duration 5 398.222 79.644 6.107 ** <.001
Packaging x Duration 5 38.158 7.632 12.301 .349
Error 24 155.396 6.475
Total 36 2327.250
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storage indicated that the storage duration of lettuce 
had a significant effect on weight loss. This suggests 
that the longer the product was stored, the higher 
the weight loss would be. However, the p­value of 
0.349 for the interaction between packaging type 
and storage duration suggested that there was no 
significant difference in the effect of storage duration 
on weight loss between plastic and newspaper 
packaging. This implies that both types of packaging 
were equally affected by storage duration; therefore, 
storage duration is an important factor to consider 
for both types of packaging. 
     Lettuce undergoes weight reduction during 
storage mostly because of transpiration and 
respiration. Respiration is the mechanism by which 
lettuce utilizes oxygen and emits carbon dioxide to 
produce energy, resulting in the decomposition of 
carbohydrates and the release of water. 
Furthermore, enzyme activity, subject to the 
influence of storage conditions, plays a role in these 
physiological alterations (Escalona et al., 2006; Yang 
et al., 2024; Nitu et al., 2025). 
     Overall, the study findings suggested that plastic 
packaging was more effective in preventing weight 
loss in lettuce compared to newspaper packaging. 
The lower weight loss in plastic packaging may be 
attributed to its better barrier properties, which can 

limit the exchange of gases, such as oxygen and 
carbon dioxide, between the product and its 
environment. These gases can promote respiration 
and accelerate the metabolic processes in lettuce, 
leading to weight loss (Semco, 2014). Moreover, 
plastic packaging can prevent moisture loss and 
maintain high humidity around the product, which 
can help reduce water loss and keep the product 
fresh for a longer period. 
 
Chlorophyll content 
     The results in Table 3 show that the type of 
packaging material used had a significant effect on the 
SPAD value for chlorophyll, with a p­value of 0.021. 
This effect is further illustrated in Table 2, where the 
mean SPAD value for lettuce packaged in plastic 
(13.39 SU) was higher than that for lettuce packaged 
in newspaper (12.81 SU), indicating a higher 
concentration of chlorophyll in plastic­packaged 
lettuce. The duration of storage had a significant effect 
on the SPAD value for chlorophyll, with longer storage 
durations leading to lower chlorophyll content. 
     The findings of this study are consistent with 
previous research on the degradation of chlorophyll 
during storage. The interaction between packaging 
type and storage duration was not significant, 
suggesting that regardless of the type of packaging 
material used, the degradation of chlorophyll will 

Table 3 ­    Analysis of variance of chlorophyll content

* significant at the 0.05 probability level. 
** significant at the 0.01 probability level.

Source of variation Degree of freedom Sum of squares Mean square F value Significant

Packaging 1 39.543 3.121 5.054 * .021
Duration 5 398.222 30.139 48.807 ** <.001
Packaging x duration 5 38.158 1.591 2.577 .349
Error 24 155.396 0.618
Total 36 2327.250

Table 2 ­    Mean comparisons of the quality of lettuce with different packaging materials

Means in the same column followed by the same letters are not significantly different at the 0.05 probability level.

Packaging material
Quality of lettuce

Weight loss (g) Chlorophyll content (SU) TSS content (%)

Control 3.15 c 13.23 a 4.72 a

Newspaper 7.91 a 12.80 a 3.89 b

Plastic 5.81 b 13.39 a 2.89 c
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packaging type and storage duration indicates that 
the influence of storage time on TSS content differs 
depending on the packaging material used. Overall, 
these findings emphasize the importance of both 
packaging type and storage duration in determining 
the TSS content of lettuce 
     Packaging materials play a crucial role in 
maintaining the freshness and quality of lettuce by 
providing a barrier against moisture loss and physical 
damage during storage and transportation. The use 
of newspaper packaging may lead to higher sucrose 
levels in lettuce due to its absorbent nature, which 
can draw moisture from the vegetables. TSS content 
is a key component of the flavor and texture of fruits 
and vegetables, and excess moisture can lead to an 
increase in TSS production in lettuce. However, the 
absorbent nature of newspaper packaging can also 
increase the risk of moisture loss and spoilage in 
lettuce. 
     In contrast, plastic packaging can provide a more 
effective barrier against moisture loss and protect 
the lettuce from external factors that may affect its 
quality. This can lead to a lower concentration of 
sugars in the lettuce compared to newspaper 
packaging. It is important to use appropriate 
packaging materials that balance the need for 
moisture retention with the need for protection and 
safety. The findings of this study suggest that 
different packaging materials may have different 
effects on the TSS content levels of lettuce, and that 
storage duration is an important factor to consider 
when selecting the appropriate packaging. 
     Based on the comparison of mean quality values 
for lettuce packed with different materials (Table 5), 
it appears that the newspaper had the highest 
mean value (7.91 g) while the plastic had a lower 
mean value (5.81 g) for weight loss. Although there 

occur over time, resulting in a decrease in the SPAD 
value for chlorophyll in lettuce as stated by Mattos et 
al. (2013). While, in addition, Ferrante and Maggiore 
(2007) stated that as lettuce is a non­durable 
vegetable, the degradation of leaf pigments such as 
chlorophylls and carotenoids occurs during storage, 
leading to tissue browning. Degl’Innocenti et al. 
(2005) and Ferrante and Maggiore (2007) added that 
a common indicator of these processes is browning 
and discoloration resulting from damage to the leaf 
surface. The loss of color occurs due to the 
degradation of chlorophylls because of vegetable 
aging during storage. 
     In response to the above findings, the appropriate 
selection of packaging materials is crucial to 
maintaining the quality and freshness of lettuce 
during storage and transportation. The use of plastic 
packaging can result in higher SPAD values for 
chlorophyll in lettuce compared to newspaper 
packaging, but this effect may be limited over time 
due to the natural degradation of chlorophyll. 
Therefore, it is important to balance the need for 
optimal packaging materials with the limitations of 
prolonged storage durations. 
 
Total soluble solids content 
     As shown in Table 4, both the type of packaging 
and the duration of storage had a statistically 
significant effect on the total soluble solids (TSS) 
content of lettuce (p<0.001). Table 2 further 
i l lustrates this effect, with lettuce stored in 
newspaper packaging exhibiting higher TSS levels 
(3.89%) than those stored in plastic packaging 
(2.89%). In addition, TSS levels increased 
progressively with longer storage durations, 
suggesting that extended storage promotes sucrose 
accumulation. The significant interaction between 

Table 4 ­    Analysis of variance of TSS content

** significant at the 0.01 probability level.

Source of variation Degree of freedom Sum of squares Mean square F value Significant

Packaging 1 9.000 9.000 32.400** <.001

Duration 5 21.222 4.244 15.280** <.001

Packaging x duration 5 11.667 2.333 8.400** <.001

Error 24 6.667 .278

Total 36 462.000
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is no specific research on the effect of packaging 
materials between paper and plastic on the quality 
and shelf  l i fe of lettuce, some studies have 
investigated the effect of packaging on the shelf life 
of other fruits and vegetables. A study on tomato 
storage conditions and packaging materials found 
that HDPE packaging material resulted in the least 
weight loss when stored in a refrigerator (Sualeh et 
al., 2016). 
     For the chlorophyll content, the mean value for 
the lettuce stored in plastic packaging is 13.39 SU, 
and for the lettuce stored in newspaper packaging, 
the mean value is 12.80 SU (Table 2), whereas there 
is no significant difference between these two 
packaging due to their falling into the same grouping. 
The chlorophyll content was not significantly 
different between the two types of packaging. This 
could be because chlorophyll is relatively stable and 
is not affected by moisture or air. However, it is 
important to note that the chlorophyll content can 
be affected by other factors, such as light exposure 
and temperature. 
     While for TSS content, the mean value for the 
lettuce packed with plastic has the lowest value, 
which is 2.89%, compared with the newspaper, 
whose mean value is 3.89% (Table 2). TSS 
corresponding to sucrose, which is a disaccharide 
composed of glucose and fructose and is commonly 
known as table sugar. The query suggests that the 
lower sucrose content in plastic packaging could be 

due to its hygroscopic nature, which leads to the 
absorption of moisture. Water vapor permeation 
through the package material occurs in three steps: 
water vapor adsorption, diffusion, and desorption 
from the package. This process is driven by 
transferring from high to low water activity or 
relative humidity (RH) (Sand, 2021). However, plastic 
packaging has lower moisture permeability, which 
could prevent the loss of moisture and the 
absorption of sucrose, resulting in lower levels of 
sucrose in plastic­packaged products. 
     Table 5 shows the weight loss and chlorophyll 
content of lettuce stored for 0 days in plastic and 
newspaper packaging are significant with the storage 
duration of 3, 6, 9, 12, and 15 days. This occurs due 
to the shock of the environment from a normal 
temperature to a cold temperature. However, there 
is no significant difference in TSS content between 
the storage durations of lettuce under plastic 
packaging. When the lettuce was stored under 
newspaper packaging, it was found that there were 
significant differences between the storage durations 
of 0, 3, 6, 9, 12, and 15 days. 
 
Overall visual quality 
     The findings of this study, as presented in figure 1, 
indicate that the overall visual quality (OVQ) of 
lettuce stored at 5°C can be effectively maintained 
for up to 12 days with the use of plastic bags. This is 
evidenced by the consistency of OVQ scores of 7 or 

Table 5 ­    Mean comparisons of the quality of lettuce with different storage durations under both packaging materials

Means in the same column followed by the same letters are not significantly different at the 0.05 probability level.

Packaging
Quality of lettuce

Weight loss (g) Chlorophyll content (SU) TSS content (%)

Plastic
Day 0 0.00 b 16.23 a 3.00 a

3 8.95 a 13.97 b 2.67 a

6 6.54 ab 13.77 b 2.67 a

9 5.93 ab 13.00 bc 2.67 a

12 5.04 ab 12.30 bc 3.00 a

15 8.44 ab 11.10 c 3.33 a

Newspaper
Day 0 0.00 c   17.47 a 2.67 b

3 8.59 ab   13.77 b 3.33 b

6 7.78 b   13.10 bc 3.00 b

9 8.10 b   11.80 bc 3.00 b

12 9.93 ab   11.33 cd 5.00 a

15 13.07 a   9.37 d 6.33 a
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higher, which exceed the marketability cut­off score 
of 6. However, when stored in newspaper packing, 
the OVQ scores of lettuce samples deteriorated 
rapidly, falling below the marketability cut­off score 
after just 6 days. 
     The results suggest that the choice of packaging 
material is a critical factor in maintaining the quality 

of lettuce during storage, with plastic bags proving 
more effective than newspaper in this regard. This 
may be attributed to plastic bags’ superior ability to 
prevent moisture loss and inhibit microbial growth, 
which can contribute to the deterioration of lettuce 
quality and appearance. Additionally, the findings 
indicate that storage temperature plays a crucial role 
in preserving lettuce quality, with lower 
temperatures being more effective in achieving this 
objective. 
     The significant effect of storage duration on 
weight loss highlights the importance of proper 
storage conditions in preserving the quality and 
shelf­ l ife of lettuce. Low temperatures, high 
humidity, and adequate ventilation are some of the 
essential storage conditions that can help slow down 
the metabolic processes and reduce weight loss in 
lettuce. The lack of significant interaction between 
packaging type and storage duration suggests that 
both types of packaging can benefit from proper 
storage conditions to minimize weight loss. Figure 2 
shows the physical appearance of lettuce in 15 days 
using plastic in 5°C. 
     Overall, the study suggests that small­scale lettuce 
farmers in Malaysia may benefit from using plastic 

Fig. 2 ­ The physical appearance of lettuce in 15 days using 
plastic in 5°C.

packaging to preserve the quality and freshness of 
their produce. However, the choice of packaging 
material should also consider factors such as cost and 
accessibility to ensure it is both effective and 
practical for small­scale operations. Additionally, to 
align with sustainable development goals, the 
environmental impact of using recycled materials 
such as newspapers should be an important 
consideration when selecting packaging options. It 
has been proven that newspaper as packaging 
material aligns with environmental sustainability 
goals due to its biodegradable nature and origin from 
renewable resources. Newspapers are also easily 
recycled or used for renewable energy, which helps 
reduce reliance on fossil resources. 
 

Fig. 1 ­ Overall visual quality of leaf lettuce packaged with plastic 
bags and newspapers during storage at 5°C for up to 15 
days.

 
4. Conclusions 
 
     The selection of appropriate packaging materials 
is crucial to maintaining the quality and freshness of 
lettuce during storage and transportation. The study 
found that plastic packaging was more effective in 
preventing weight loss and maintaining higher 
concentrations of chlorophyll in lettuce than 
newspaper packaging. However, newspaper 
packaging resulted in higher TSS levels compared to 
plastic packaging. The length of time the product was 
stored also had a significant effect on weight loss, 
chlorophyll degradation, and TSS levels. The study 
highlights the importance of balancing the need for 
optimal packaging materials with the limitations of 
prolonged storage durations. 
     Further studies are recommended to explore the 
use of alternative recycled packaging materials that 
are not only effective and environmentally friendly 
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but also affordable for small­scale farmers. This 
research could focus on identifying cost­effective and 
locally available options, such as biodegradable or 
compostable materials. Additionally, investigating 
the feasibility of a shared packaging system among 
small­scale farmers may offer a practical solution to 
reduce costs and enhance access to sustainable 
packaging options. 
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Abstract: Mangoes are valuable fruits because of their nutritional value and 
commercial significance. It ripens rapidly but deteriorates in quality while 
stored. Therefore, natural and biodegradable materials must be used in post­
harvest management to reduce crop losses. Aloe vera (AVG), chitosan (CTS), 
and coconut oil (CO) either alone or in combinations were tested on mango 
postharvest features during 12 days’ storage at ambient conditions (27±2°C and 
80­85% RH). At the end of storage, coatings (AVG+CTS) reduced weight loss 
(20.02, 37.88%) and decay (9.52, 18.46%) compared to controls while 
enhancing fruit quality, especially firmness (3.21, 1.44 Kg cm­2), ascorbic acid 
(9.25, 5.89 mg 100 g­1), TSS (10.77, 19.5°Brix), acidity (0.46, 0.41%) and pH. 
Furthermore, coated fruits’ total phenol content and antioxidant activity were 
substantially higher than those of uncoated fruits. Control fruits exhibited the 
least activity of CAT and POD enzymes during storage, while coated fruits had 
the lowest PPO activity. The coated fruit peels discoloured less after storage 
than the control fruits. CO treatment had a deleterious effect on various 
measures, possibly due to its high concentration. These findings suggested that 
the CTS+AVG coating may be efficient at the right dose to retain bioactive 
components and mango (cv. Gopalbhog) fruit quality after harvest. 
 
 
1. Introduction 
 
     Mango (Mangifera indica L.) is widely traded due to its versatility, 
taste, smell, and dietary content (Hossain, 2016). Its excellent nutritional 
value and abundance of vitamins and minerals make it extremely valuable 
(Athoo et al., 2024). Bangladesh is the seventh­largest mango producer; 
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production currently occupies around 123,997.70 
hectares, yielding over 1,482,937.04 MT which 
contributes 34.33% of the area and 26.21% of the 
production of total fruit crops in Bangladesh 
(Bangladesh Bureau of Statistics, 2024). In 
Bangladesh, there is a huge number of mango 
varieties; among these is Gopalbhog. This variety is 
an early well­liked type grown primarily in the north. 
The fruits produced by this variety are attractive, 
clean, juicy, fibreless, sweet and weigh 200­300g and 
pest­free thus, they demand a premium price in the 
market. 
     Mangoes are climacteric fruits that mature, 
soften, and ripen quickly, and are prone to 
mechanical damage that causes significant 
postharvest losses (Lawson et al., 2019). Due to their 
climacteric nature, mangoes cannot be stored at 
room temperature for extended periods, as they 
mature between 2 and 10 days after harvesting 
(Kumar et al., 2023), with shelf life varying from a 
few days at ambient temperature to up to three 
weeks in cold storage at 13°C. Fruit maturation 
involves a series of metabolic activities, including 
loss of weight, increased respiration, structural 
polysaccharide changes, chlorophyll degradation, 
carotenoids biosynthesis, starch hydrolysis to sugars, 
and fruit ripening to acceptable quality (Khanum et 
al., 2020). A number of factors contribute to post­
harvest losses, including the use of improper 
harvesting, handling and transportation equipment, 
unsuitable packaging materials,  temperature 
control,  rough handling of fresh fruits,  and 
inadequate road infrastructure (Kefas et al., 2024). A 
variety of fungi attacks mango fruits once they reach 
maturity and are harvested from the tree. 
Postharvest losses of mangoes in Bangladesh are 
estimated to be around 35% (Alom et al., 2019). 
Many harvested mangoes never reach consumers 
due to these losses (Giovannoni et al., 2017). Less 
shelf life and postharvest monitoring have hampered 
mango deliveries to distant markets. Therefore, 
maintaining mango fruit quality and extending post­
harvest life requires effective strategies. Mangoes’ 
postharvest life is artificially prolonged by chemicals 
that harm the environment and human health. 
Recently, several treatments that are nontoxic and 
non­harmful have been employed to enhance the 
postharvest quality of mangoes, including edible 
coatings (Liu et al., 2020; Perez­Vazquez et al., 2023; 
Aaqil et al., 2024), essential oils, or nanoparticles 
(Kanwar et al., 2024). 

     Applying chitosan exogenously improves 
antioxidant activity, maintains firmness, reduces 
transpiration rate, and enhances fruit quality overall 
(Wang et al., 2021). Being a naturally occurring 
compound with antibacterial capabilities, it delays 
fruit deterioration by making mangos more durable 
and preventing microbial attacks (Parvin et al., 2023). 
Chitosan can form layers and is safe and recyclable 
(Kumar et al., 2021). It could treat mango fruit 
postharvest diseases as an antibacterial agent (Shah 
et al., 2020). As stated by Silva et al. (2017), chitosan 
has already extended the shelf life of lemon, papaya, 
and mango following harvest. According to Eshetu et 
al. (2019), chitosan, either by itself or in combination, 
lowers respiration, softening of tissue, loss of weight, 
disease, and more. 
     Aloe vera is an environmentally safe postharvest 
treatment that researchers are interested in. It is 
frequently added to edible coatings to enhance their 
antibacterial and moisturizing qualities. Aloe vera gel 
improves fruit preservation by increasing coating 
flexibility and barrier properties (Ahmed, 2024). 
Researchers have extensively studied it as an edible 
covering material to enhance food quality and safety. 
However, studies indicate that Aloe vera gel, either 
by itself or mixed with other ingredients in edible 
coatings, can minimise lipid oxidation, slow 
respiration, soften cell walls, promote weight loss, 
and prevent fruit decay. This effect prolongs the shelf 
life of mangoes (Amin et al., 2021), table grapes 
(Ayyub et al., 2024), apples (Kaur et al., 2024), 
tomatoes (Tobing et al., 2023), and apricots (Farooq 
et al . ,  2023), while maintaining other quality 
characteristics. 
     Coconut oil,  a tasty fruit coating, reduces 
respiration, transpiration, and ethylene production. 
It’s rich in lauric acid. This acid may be endogenously 
converted to monolaurin, which has antimicrobial 
properties (Liberman et al., 2006). In order to restrict 
respiration, transpiration, and microbial activity, 
coconut oil encircles stomata and lenticels (Bisen and 
Patel, 2012). 
     Hence, this study set out to analyze the impact of 
varying chitosan­aloe vera gel with coconut oil 
coating concentration on ‘Gopalbhog’ mango quality 
and shelf life at ambient storage. The aim of this 
study was to apply chitosan and Aloe vera gel as 
environmentally friendly preservation coatings for 
decreasing fruit softening, maintaining postharvest 
mango quality, and prolonging the commercial 
storage period. 
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Preparation of coconut oil‐Aloe vera gel coating 
(CO+AVG) 
     In order to create a translucent liquid, CO and 
AVG (1:1 v/v) were pooled in a beaker and heated in 
a hot water bath. 
 
Weight loss 
     Following the usual technique, the weight loss % 
was calculated: 
Loss of weight (%)= [Initial fruit weight (g)­ Fruit’s weight on the 

observation day(g)]/[Initial fruit weight(g)] ×100 
 
Fruit firmness, TSS and pH 
     Pressure testers measured fruit firmness in kg  
cm­2. A 2 mm stainless­steel spherical probe entered 
the fruit sample. Three measures calculated the 
average stiffness. A digital refractometer calculated 
the TSS (oBrix). pH was measured with a Chinese 
digital pH meter (HI 2211 pH/ORP). 
 
Vitamin C 
     Vitamin C was assessed as described by McHenry 
and Graham (1935) with slight modification.  Briefly, 
Whatman No.1 filtered 5g of mango pulp with 5 ml of 
a 20% metaphosphoric acid solution. Five ml of 
fi ltrate was agitated with two drops of 
phenolphthalein solution in a small beaker and 
titrated with touching 2, 6­indophenol till pink.  

Vitamin C (mg/100 g) = (Titrate × factor of dye (0.5) × prepared 
volume)/(Filtrate volume taken × weight of sample) 

 
Titratable acidity (TA) 
     To test titratable acidity (citric acid %), 5 ml of the 
juice was titrated with NaOH (0.1 N) and 
phenolphthalein until it turned bright pink (pH = 8.0). 
 
Color 
     We used a CR­2000 Japan chroma meter to 
quantify the color of the mango skin on two different 
sides of the fruit. The results were shown as L* 
values (positive means brightness, negative means 
darkness), a* values (negative means green, positive 
means red), and b* values (negative means blue, 
positive means yellow). 
 
Decay incidence 
     The following equation is used to identify rotten 
fruits: 
Decay (%) = (Number of decayed fruits )/(Number  initial fruits ) 

×100 
 

2. Materials and Methods 
 
Fruit material 
     Mature ‘Gopalbhog’ mangoes (peel turned yellow 
at the bottom and green at the top) from the center 
of the plant canopy were collected from an orchard 
near the HSTU (Lat. 25°38’11.6664’’ N and Long. 
88°38’10.9592’’ E) in Bangladesh. We used local 
producers’ harvest stages fruits, which were uniform 
in size and shape, had no damage and/or microbial 
infection, and were attractive in colour (green peel 
and yellow from bottom to top when mature). Fruits 
were transferred to the laboratory within 2 hours. 72 
physiologically mature mangoes (4 fruits per 
replication) were cleaned with a sodium hypochlorite 
solution (1% v/v) and dried at room temperature 
before use. 
     When mango peels turned yellow at the bottom 
and green at the top, they were harvested. 
 
Treatments and storage 
     The following six treatments were randomly 
assigned to six lots of fruits (12 fruits each lot): 
Control (distilled water), Aloe vera gel (AVG 1:1 v/v), 
chitosan solution (CTS, 1.5% w/v), Coconut oil (CO 
1:1 v/v), AVG+CTS, and AVG+CO. Fruits were coated 
by brushing for five minutes, then air­dried for 2 
hours at room temperature. Finally, treated fruits 
were stored at ambient conditions (27±2°C and 80­
85% RH). Quality assessments were done every four 
days, from day 0 to day 12 of storage. 
 
Aloe vera gel extraction 
     The picked Aloe vera leaves were peeled. The 
parenchyma, after being homogenised into a 
mucilaginous jelly, had to be filtered to get rid of 
fibrous materials (Song et al., 2013). 
 
Chitosan solution preparation (CTS) 
     In 100 ml of 1% aqueous lactic acid (v/v), 1.5 
grams of chitosan powder were dissolved in 1 ml of 
glycerin. To homogenize the solution, a magnetic 
stirrer was used for four hours at 25°C. The solution 
was filtered through three layers of muslin cloth. 
 
Preparation of chitosan‐aloe vera gel coating 
(CTS+AVG) 
     A magnetic stirrer was used to mix CTS and an 
AVG (1:1 v/v) at the ambient temperature for four 
hours. 
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Total phenolic content (TPC)  
     Total phenolic compounds (TPC) were determined 
using the method described by Singleton and Rossi 
(1965) with a few adjustments. Methanol (10 ml) was 
used to extract and strain 1 g of fruit pulp. An aliquot 
(1 ml) was mixed with 0.5 ml of Folin­Ciocalteu 
reagents (Sigma Aldrich) and 7.5% (w/v) aqueous 
Na2CO3. Distilled water was added to bring the 
volume up to 10 ml. The samples were vortexed for 
35 minutes at ambient temperature, then 
centrifuged for 10 minutes at 4000 rpm. Absorbance 
at 765 nm was checked using a UV 1800 Shaanxi, 
China spectrophotometer. The TPC was measured as 
mg of GAE (Gallic Acid Equivalent) per 100­gram fruit 
pulp. 
 
Antioxidant activity by DPPH scavenging 
     Ten milliliters of methanol and a gram of fruit 
pulp were mixed to determine the antioxidant 
activity of the treatment. Whatman No. 1 filter paper 
was used to filter the mixture. After that, 0.1 ml of 
extract and 1.9 ml of DPPH solution (0.3 mM) were 
added to a Falcon tube, which was vortexed for half 
an hour. Trolox solutions (TE) were used to create 
the standard curve. A spectrophotometer (UV 1800 
Shaanxi, China) was used to detect absorbance at 
517 nm compared to a blank. 
 
Assaying enzymes 
     The fruit pulp (0.2 g) was mashed in 3 ml 
phosphate buffer (100 mM, pH 7, and 4% 
polyvinylpolypropylene) and centrifuged at 12000 
rpm for 15 minutes, aliquoted, and stored at 4°C for 
future use. 
 
Polyphenol oxidase (PPO) 
     Enzyme extract (600 μl), 1200 μl phosphate buffer 
solution (100 mM, pH 7), and 600 μl catechol (100 
mM,) were mixed together. Activity was validated as 
U g­1 FW after 2 minutes of 410 nm absorbance. 
 
Catalase (CAT) 
     The mixture included K2SO4 buffers (700 μl, 50 
mM, pH 7), H2O2 (100 μl), and 100 μl of EDTA (100 μl, 
2.5 mM). A spectrophotometer recorded absorbance 
at 240 nm for two minutes. U g­1 FW referred to 
catalase activity. 
 
Peroxidase (POD) 
     To observe the peroxidase activities, we used 
enzyme extract (100 μl), H2O2 (100 mM), guaiacol (20 

mM), EDTA (2.5 mM), and phosphate buffer (600 μl, 
100 mM, pH 7. Color development was measured at 
470 nm absorbance for 2 minutes, and the results 
were shown as U g­1 FW. 
 
Sensory evaluation 
     The coated fruits and control were evaluated for 
sensory attributes, including color, flavor, texture, 
sweetness, appearance, and overall expression, using 
a nine­point Hedonic Scale. 1 ­ Extreme dislike, 2 ­ 
Dislike very much, 3 ­ Moderate dislike, 4 ­ Slight 
dislike, 6 ­ Like slightly, 7 ­ Like moderate, 8 ­ Like 
very much, 9 ­ Like extremely (Salehin et al., 2025). 
 
Statistical analysis 
     Data was evaluated using a completely 
randomized design with three replications and two 
factorial designs. Statistical Tool for Agricultural 
Research (STAR, Version 2.0.1; IRRI, Laguna, 
Philippines) and R (version 3.4.2; R Core Team, 2017) 
with one­way ANOVA were used to analyse the data. 
LSD estimated mean value differences (P<0.05). PCA 
found likely associations between variables. 
 
 
3. Results  
 
     Water loss influences fruit postharvest quality. 
Storage times and treatments significantly reduced 
fruit weight. Figure 1A shows that fruits lost weight 
as storage time increased. Control fruits lost the 
maximum weight (29.24%) during storage, while 
AVG+CTS dropped the least (20.02%). CTS, AVG, CO, 
and CO+AVG treated fruits lost 26.80%, 29.37%, 
35.31%, and 26.07%, respectively. 
     Storage duration and treatments considerably 
influenced firmness. Throughout the storage period, 
the firmness gradually decreased regardless of 
treatment. For control and CTS+AVG, initially, the 
mango firmness values were 5.36 and 5.9 kg cm­2, 
which dropped significantly at 12 days of storage, 
reaching values of 1.44 and 3.21 kg cm­2, respectively 
(Fig. 1B). 
     Storage times and coatings significantly affected 
the mango fruit’s mean total soluble solid (TSS) 
content. Figure 2A shows that fruit TSS increased 
significantly with increasing storage periods. The 
control had the maximum TSS concentration 
(19.50°Brix), while CTS+AVG and AVG­treated fruits 
had the lowest (10.77 and 11.0°Brix, respectively) at 
the end of the storage. 
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Fig. 1 ­ Mango weight loss (A) and fruit firmness (B) after 12 days 
of storage at 27±2°C and 80­85% relative humidity due to 
coatings and storage intervals. The vertical line shows 
the standard error of the means of three replicates. 
Control: Distilled water; CTS= Chitosan; AVG= Aloe vera 
gel; CO= Coconut oil; CTS+AVG= Chitosan+ Aloe vera gel; 
CO+AVG= Coconut oil+ Aloe vera gel.

Fig. 2 ­ Mango TSS (A) and decay incidence (B) after 12 days of 
storage at 27±2°C and 80­85% relative humidity due to 
coatings and storage intervals. The vertical line shows 
the standard error of the means of three replicates. See 
Figure 1.

     From figure 2B, it is observed that fruit 
degradation began after 4th day of storage in the 
control group, whereas treated fruits began to 
deteriorate on the 8th day of storage. Compared to 
the control fruit (18.46%), the mango fruits coated 
with CTS+AVG showed the least deterioration 
(9.52%) after 12 days of storage. 
     Color attracts customers’ preferences. Coated 
treatments maintained color, whereas control fruits 
changed faster. Table 1 provides the color 
parameters L*, a*, and b*. All samples lost L* values 
during storage. Control and treated fruit differed 
greatly. The L* value of the control fruits was 
considerably lower (30.30) than that of the coated 
fruits during storage. Higher L* values (41.18) were 
recorded during storage for fruits covered with 
CTS+AVG. 
     After storage, control fruit exhibited higher a* 
values (­1.31) than coated fruits. The control and 
treated mangoes initially showed a rise in b* values, 
which decreased until the end of storage. However, 
the higher b* values (32.61) were found in CTS+AVG­
treated fruits when compared to the control. Since 
fruit color affects product quality and fresh market 
value, customer approval is essential. 
      Mango fruit ascorbic acid content was 
significantly affected by storage and treatment. Due 
to physiological metabolism and ascorbic acid 
oxidation, treated and control mangoes lost vitamin 
C during storage (Fig. 3A). At 12 days, mean ascorbic 
acid was 7.56 mg 100 g­1. CTS+AVG­treated fruits had 
a higher ascorbic acid level (9.25 mg 100g­1), while 
control fruits had less (5.89 mg 100g­1) after the 
storage compared to the other treatments. 
     Acidity decreased during storage. The mean 
acidity was 0.53% after 12 days storage. In figure 3B, 
the control had the least acidity (0.41%) while the 
CTS+AVG treatment had the highest (0.64%). 
     CTS+AVG­treated fruits exhibited a lower pH 3.39 
while control showed higher PH value 4.65 at the end 
of storage (Fig. 3C). 
     During storage, treated and control fruits 
significantly lost phenolic compounds. At 12 days, 
CTS+AVG had higher phenolic content (126.34 mg 
100 g­1), compared to the control (84.13 mg 100g­1) 
(Fig. 4A). 
     Figure 4B shows that there was a significant 
decrease in antioxidant capacity in treated and 
control fruits after storage. At the conclusion of 
storage, CTS+AVG fruit samples showed the highest 
DPPH activity (293.51 μmol g­1), followed by CTS 



106

Adv. Hort. Sci., 2025 39(2): 101­112

(244.29 μmol g­1), AVG (276.12 μmol g­1), CO (222.79 
μmol g­1), and CO+AVG (227.04 μmol g­1). The control 
group had the lowest DPPH activity (182.65 μmol g­1) 
compared to the coated groups, which may help the 
fruit generate antioxidant molecules and activate 
antioxidant defense enzymes. 

Fig. 3 ­ Mango ascorbic acid (A) acidity (B) and pH after 12 days of storage at 27±2°C and 80­85% relative humidity due to coatings and 
storage intervals. The vertical line shows the standard error of the means of three replicates. See Figure 1.

Table 1 ­    Mango peel color (L*, a, and b) after 12 days of storage at 27±2°C and 80­85% relative humidity due to coatings and storage 
intervals

Values are means with three replicates ± SE. Means followed by different letters (s) indicate significant differences within the columns or 
rows. Control= Distilled water; CTS= Chitosan; AVG= Aloe vera gel; CO= Coconut oil; CTS+AVG= Chitosan+ Aloe vera gel; CO+AVG= 
Coconut oil + Aloe vera gel.

Treatments
Storage periods (Days) Mean 

(Treatments)0 4 8 12

L*
Control 43.09±3.29 def 37.53±0.32 hi 31.96±0.4 j 30.30±0.35 j 35.72 C
CTS 45.33±2.73 cde 43.35±0.32 def 40.69±0.11 fgh 37.35±0.41 i 41.68 B
AVG 50.40±0.55 ab 45.40±1.07 cde 42.77±0.20 def 40.96±0.47 fg 44.88 A
CO 47.80±0.17 bc 43.02±1.94 ef 40.86±0.20 fg 38.96±0.07 ghi 42.66 B
CTS+AVG 53.08±1.37 a 43.44±0.63 def 42.47±0.05 ef 41.18±0.11 fg 45.04 A
CO+AVG 46.28±1.38 cd 44.73±0.80 cde 43.62±0.01 def 40.82±0.26 fg 43.86 A
Mean (Storage periods) 47.66 A 42.92 B 40.59 C 38.26 D
a*
Control  ­7.73±0.58 hij  ­4.23±1.27 cde  ­3.91±0.35 b  ­1.31±0.06 ab   ­2.07 A
CTS  ­8.04±0.13 jk  ­7.10±0.66 ghij  ­5.47±0.07 efg  ­3.40±0.06 cd   ­6.00C D
AVG  ­8.57±0.45 jk  ­6.13±0.15 fgh  ­5.08±0.10 def  ­3.00±0.03 c   ­5.70 C
CO  ­7.93±1.25 ijk  ­6.07±0.32 fgh  ­4.08±0.68 b  ­2.74±0.42 a   ­3.15 B
CTS+AVG  ­9.55±0.54 k  ­6.71±0.06 fghi  ­6.02±0.29 fgh  ­4.09±0.33 cde   ­6.59 D
CO+AVG  ­88.84±0.31 jk  ­7.76±0.37 hij  ­4.22±1.48 b  ­1.53±0.33 ab   ­3.82 B
Mean (Storage periods)  ­8.44 D  ­6.33 C  ­2.63 B ­0.81A
b*
Control 15.12±0.50 l 20.57±1.67 k 30.37±0.48 fcde 28.26±0.53 efghi 23.58 D
CTS 25.41±0.58 ij 27.09±0.73 ghij 30.91±1.40 cde 30.57±0.52 cdef 28.49 C
AVG 25.78±0.64 hij 27.58±1.02 fghi 30.90±0.13 cde 30.12±0.37 cdefg 28.59 BC
CO 28.82±2.12 efgh 32.25±0.78 cd 36.17±1.60 ab 33.13±0.58 bc 32.59 A
CTS+AVG 24.04±2.57 j 28.64±0.90 efgh 38.81±1.65 a 38.95±0.09 a 32.61 A
CO+AVG 29.00±0.72 efg 29.64±0.31 defg 30.69±0.38 cdef 29.77±0.29 defg 29.77 B
Mean (Storage periods) 24.69 D 27.63 C 32.98 A 31.80 B

     Post­harvest treatments and storage durations 
significantly (P< 0.05) influenced mango fruit 
antioxidant enzymes. As demonstrated in figure 5A 
the control group had the highest polyphenol 
peroxidase (PPO) activity (7.17 U g­1) after 12 days, 
while CTS+AVG­treated fruits had the lowest (3.95 U 
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g­1). As shown in figure 5B treated fruit samples and 
control­maintained catalase activity (CAT) 
throughout storage. After 12 days of storing, the 
CTS+AVG group had higher CAT activity (0.47 U g­1) 
than the control group (0.33 U g­1). Figure 5C shows 
the maximum POD activity (0.55 U g­1) in CTS+AVG­
treated fruits after 12 days of storage. POD activity at 
12 days of storage was in CTS (0.48 U g­1), AVG (0.51 
U g­1), CO (0.50 U g­1), and CO+AVG (0.49 U g­1) while 
the control (0.48 U g­1) exhibited lower POD activity. 
     Mango fruits treated with CTS + AVG had superior 
overall impression (7.71) compared to the control 
(7.01). CTS + AVG improved the mango fruit’s flavor 
(7.97), sweetness (7.33), taste (7.63) and color (7.90) 
at 8 days of storage (Fig. 6). 
 
Principal component analysis (PCA) 
     PCAs examined biochemical properties and 
antioxidant enzymes after postharvest treatment. 

Two PCAs explained 88.4% of PCA variation. PC1 
(Dim 1) explained 80.1% of the dataset variation and 
PC2 (Dim 2) explained 8.3%. AA, TPC, DPPH, FF, L* 
values, POD, and CAT enzymes strongly connect with 
PC1, while TSS, WL, PPO enzyme, and a* values 
negatively correlate. PC2 was linked positively with 
b* values but negatively with TA and pH (Fig. 7). 

Fig. 5 ­ Mango PPO (A), CAT (B) and POD (C) activity after 12 
days of storage at 27±2°C and 80­85% relative humidity 
due to coatings and storage intervals. The vertical line 
shows the standard error of the means of three 
replicates. See Figure 1.

Fig. 4 ­ Mango total phenol content (A) and DPPH activity (B) 
after 12 days of storage at 27±2 °C and 80­85% relative 
humidity due to coatings and storage intervals. The 
vertical line shows the standard error of the means of 
three replicates. See Figure 1.
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4. Discussion and Conclusions 
 
     Mango ripening is associated with changes in 
color, texture, and flavor, resulting from 
modifications in the fruit’s chemical composition. 
These include the conversion of starch to sugars, a 
reduction in acidity, and the generation of new 
volatile compounds (Taiti et al., 2015). Fruit weight 
loss increases due to moisture evaporation and 
metabolic activity.  Ncama et al. (2018) reported that 
water loss during postharvest storage leads to weight 
reduction, changes in texture and appearance, and 
shriveling. However, water loss can be reduced when 
fruit surfaces are covered with semipermeable edible 
coatings. Shah and Hashmi (2020) also discovered 
that CTS + AVG coatings reduce the weight of mango 
fruit. 
     CTS+AVG significantly maintained the firmness of 
mango fruits. According to Rukunuzzaman et al. 
(2025), mangoes treated with CTS + AVG decreased 
mango softening by reducing the breakdown of cell 
wall polymers, keeping the fruit firm. Our study also 
confirmed Rastegar and Atrash (2021) that CTS+AVG 
delayed mango fruit firmness. 
     Total soluble solids were significantly increased by 
moisture loss and the breakdown of carbohydrates 
into soluble sugars. However, edible coatings may 
limit respiration and exchange of gases in coated 
fruits by closing stomata, preventing an increased 
rate of TSS content (Chavan et al., 2023). CTS+AVG­
treated mangoes showed lower TSS during storage, 
as described by Yu et al. (2021). 

Fig. 7 ­ Principal component loading plot of physiochemical and 
antioxidant enzymes activities of mango fruit during 
storage.

Fig. 6 ­ Mango color (A), flavor (B), sweetness (C), taste (D) and 
overall impression (E) at 8 days of storage at 27±2°C and 
80­85% relative humidity due to coatings treatment. The 
vertical line shows the standard error of the means of 
three replicates. See Figure 1.
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     The chitosan coating significantly decreased the 
frequency of disease­ induced mango fruit 
deterioration while preserving fruit quality in 
agricultural commodities (Hasan et al., 2020). Similar 
to this, AVG coating can prolong the shelf life of 
apricots by postponing microbial deterioration, 
whether it is applied alone or in conjunction with 
other treatments (Nourozi and Sayyari, 2020). In this 
study, the use of CTS either alone or in combination 
with AVG significantly decreased the incidence of 
mango fruit deterioration during storage. 
     Changes of color in climacteric fruits occur 
because of the alteration of chlorophyll to other 
pigments. Kaur et al. (2024) stated that CTS + AVG 
coatings slow down metabolic and pigment changes 
by regulating gas exchange in fruits while they are 
being stored. Due to the lower availability of oxygen 
and higher carbon dioxide in the internal 
microenvironment, it causes slower ripening (Paul et 
al., 2019). 
    The L* value decreased across all treatments, 
although it declined more slowly in treated fruits 
than in the controls. The lower a* values of the 
coated samples, which are more green than red 
throughout storage, may suggest a delay in mango 
fruit ripening. According to a previous study by 
Abdelshafy et al. (2023) and Begum et al. (2023), 
edible coatings can influence epidermal permeability, 
gas exchange, and oxidation. Seyed et al. (2021) 
found that mango fruits stored with Aloe vera gel and 
chitosan changed color less than control fruits. 
     Ascorbic acid, a powerful antioxidant, scavenges 
free radicals and reactive oxygen species during fruit 
ripening (Fenech et al., 2019). The CTS + AVG coating 
in mango fruits might limit the permeability of 
oxygen and carbon dioxide on its surface and reduce 
the loss of ascorbic acid content. Our results were 
confirmed by Shah and Hashmi (2020), who reported 
higher levels of vitamin C in mango fruits treated 
with CTS+AVG. 
     Acidity presumably decreased due to widespread 
catabolisation of organic acids to sugars. A sudden 
reduction in TA indicated senescence in mango fruit 
(Shah and Hashmi, 2020). Seyed et al. (2021) found 
that Aloe vera gel with chitosan­treated mango fruits 
had the highest TA. 
     Fruit coated with CTS+AVG has the lowest pH. In 
line with our findings, Amin et al. (2021) discovered 
that CTS+ AVG reduces mango pH. According to 
Sogvar et al. (2016) who reported that strawberry’s 
pH raised during storage in both control and Aloe 

vera gel­coated fruits; whereas control fruits had a 
higher pH value. 
     Retaining the fruit’s nutritional quality (color, 
bitterness, astringency, acidity, and taste) during 
storage requires retaining phenolic chemicals, which 
decrease with ripening. Phenolic molecules, 
secondary plant metabolites, scavenge ROS to 
increase fruit antioxidants (Swallah et al., 2020). An 
edible coating may reduce phenolic component 
oxidation in mangoes. Agreeing with Seyed et al. 
(2021), the current work determined that chitosan 
and Aloe vera gel coatings improve the phenolic 
retention of mangos during storage. 
     The treated fruits’ antioxidant capacity, which is 
linked to total phenolic content, may boost the 
activity of DPPH scavenging. Aloe vera coatings­
maintained antioxidant (DPPH) activity throughout 
storage (Khaliq et al., 2019 a or b). Mango fruit 
treated with Aloe vera  and chitosan during 
postharvest storage period showed improved DPPH 
scavenging activity, as reported by Begum et al. 
(2023). 
     The fruit’s antioxidant system’s genes for PPO, 
POD, and CAT increase throughout ripening, 
defending against ROS accumulation (Loay and El­Ezz, 
2021, and Yu et al., 2021). Most horticultural crops 
discolor when PPO oxidizes phenolic compounds, 
altering them to quinones. The coating reduced PPO 
activity, which may have activated defence­related 
enzymes to prevent browning of mango fruit and 
extend storage (Adiletta et al., 2019). PPO and 
enzymatic browning may have been inhibited by fruit 
surface chitosan coating CO2, O2, and ethylene 
(Romanazzi et al.,  2018). These findings are 
consistent with previous findings in strawberry 
(Petriccione et al., 2015), where chitosan coatings 
significantly reduced PPO activity and fruit 
discoloration. CAT activity reduces O2 and H2O2. Shah 
and Hashmi (2020) discovered that mango fruit 
chitosan coating boosts CAT activity. POD, a fruit­
specific oxyradical detoxifying enzyme, may reduce 
oxidative damage and a complex covering of chitosan 
and cinnamon oil increased POD activity in jujube, 
promoting storage disease resistance (Xing et al., 
2020). 
     According to these findings, using Aloe vera gel 
along with chitosan was the most effective way to 
mitigate decay symptoms and lessen the 
physicochemical alterations in mango fruit. Mangoes 
treated with AVG coatings, either separately or in 
combination, exhibited improved sensory quality, 
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according to Khaliq et al. (2019 a, b). 
     This study presented that chitosan and Aloe vera 
coatings may increase mango storage l i fe by 
minimizing weight loss, reducing postharvest 
deterioration and retaining ascorbic acid, titratable 
acidity,  f irmness,  and peel color throughout 
storage. Mango fruit with coatings had higher total 
phenol and antioxidant levels than the control and 
ripened more slowly. These coatings may boost CAT 
and POD antioxidant enzymes and lower PPO during 
storage. Given human health concerns, edible 
coatings l ike chitosan­aloe vera may improve 
mango storage quality. Natural edible coatings of 
Aloe vera, chitosan, and coconut oil may affect 
antioxidant enzyme activity. In order to make 
mango fruit appealing to consumers and enhance 
its storability with edible coatings, further research 
is needed. 
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Abstract: Tomato is a valuable agricultural commodity widely used across 
Africa with the potential to contribute to food and nutritional security. 
However, its yield, quality, and profitability are hindered by several challenges. 
The study evaluated the impact of partial­extreme root restriction and no root 
restriction on the performance of Jaguar tomato cultivar in two different 
nutrient solution concentrations: standard (2.4 dS m­1) and half concentration 
(1.2 dS m­1). The cultivation spanned three months using a recirculating 
hydroponic system arranged in a 2 x 2 factorial in a randomized complete block 
design with three replications. Data were collected on physio­morphological 
responses, yield, fruit quality, and water uptake. Plant growth, leaf gas 
exchange, yield, fruit quality, total water uptake, and root growth were 
significantly influenced by the nutrient solution concentration with root 
restriction. Particularly, plant growth, photosynthesis, total water use (52­
62%), and yield were significantly reduced but fruit quality was improved by 
25% compared to previous findings in Ghana. Conversely, the standard nutrient 
solution concentration without root restriction recorded the highest yield of 
32.4 kg m­2y­1. These findings can serve as a manipulative hydroponic tool to 
increase tomato productivity and resource­use efficiency, especially in regions 
with limited water availability. 
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1. Introduction 
 
     Tomato (Solanum lycopersicum L.) is a globally 
important crop, which is widely grown using various 
cultivation systems in different countries. The crop is 
cultivated for its edible fruits, which are used as a 
vegetable, for medicinal purposes, among others 
(Quinet et al., 2019). The current target for growing 
tomatoes among industrialized countries is to meet 
medicinal and nutritional needs. 
     One of the most efficient but cost­effective 
cultivation system as adopted in some industrialized 
countries including Japan is the ‘low node­order 
pinching at high­density planting’ (LN&HD) 
(Watanabe, 2006; Takahashi et al., 2012; Kinoshita et 
al., 2014). This system adopts a low substrate volume 
at high­density cultivation plus pinching (topping) 
between the first and the fourth truss. With the low 
substrate volume, the plants are subjected to root 
restriction. 
     Vegetable production using root restriction is 
becoming popular especially where there is a need to 
adapt to adverse growing conditions, such as space 
constraints, limited water availability, and extreme 
temperatures (Shi et al., 2008; Yamaura et al., 2020). 
Root restriction is a cultivation strategy that involves 
deliberately confining plant roots within smaller 
container sizes with low substrate volume, thereby 
limiting their natural expansion. This technique 
influences root architecture and physiological 
processes, subsequently influencing overall plant 
growth, development, and resource allocation. 
     Root restriction affects the physiology of grown 
plants (Peterson and Krizek, 1992; Salisu et al., 2018). 
The findings of Shi et al. (2008), Mugnai and Al­Debei 
(2011), and Campany et al. (2017) revealed that root 
restriction impairs the photosynthetic process due to 
a reduction in stomatal conductance. A reduction in 
photosynthesis in root­restricted plants might also be 
attributed to the physiological downregulation of 
photosynthetic activities due to high carbohydrate 
accumulation in the shoots of the plants (Pezeshki 
and Santo, 1998). However, other authors have 
indicated no significant differences in photosynthetic 
rate, stomatal conductance, intercellular CO₂ 
concentration, and transpiration between root­
restricted and control plants (Kharkina et al., 1999; 
Zakaria et al., 2020). An earlier study by Hieke et al. 
(2002) showed that there was no inhibition of 
photosynthesis once there was new plant shoot 

regrowth. 
     Root restriction has also been reported to reduce 
plant growth (Ismail and Noor, 1966; Mugnai and Al­
Debei, 2011; Ayarna et al., 2021). Bihmidine et al. 
(2013) revealed that photosynthates were rather 
translocated into the stems of root­restricted pepper 
plants when the reproductive sinks were limited, 
leading to a yield reduction of 23%. Root restriction 
has also been reported to reduce fruit yield in 
tomato (Saito et al., 2008). 
     Root restriction reduces water uptake (Saito et al., 
2008), leading to a subsequent reduction in 
transpiration (Bar­Tal et al., 1994). Using root 
restriction can increase the sugar content of tomato 
(Li et al., 2022). Root restriction has been reported to 
increase total sugar content due to reduced water 
uptake (Zakaria et al., 2020). However, Saito et al. 
(2008) reported that root restriction did not affect 
the sugar content of tomato but reduced its water 
uptake. 
     Conventional root restriction confines the root 
system within the grow pot throughout the plant’s 
growth cycle, limiting any further root expansion. In 
contrast, partial­extreme root restriction 
(characterized by a very low substrate volume, such 
as 0.25 L) utilizes a small (such as 0.25 L capacity) 
grow pot with an open base, initially imposing spatial 
confinement before allowing root extension beyond 
the restricted volume. After an initial phase of 
extreme root restriction in the small pot, this 
approach is expected to promote continuous root 
proliferation and growth, enhancing resource use 
efficiency and overall plant performance. Partial root 
restriction in tomato has been reported by Ayarna et 
al. (2021), who revealed that partially root­restricted 
plants produced more fine young roots, which were 
more efficient in the uptake of water and nutrients, 
subsequently increasing tomato yield. 
     In hydroponic cultivation systems, nutrients are 
supplied as a nutrient solution for plant uptake and 
utilization. Hoagland (1929) and Schwarz et al. (2002) 
emphasized that nutrient solution formulation 
should be synchronized with the cultivation system 
as well as the associated crop. Many nutrient 
solution formulations with appropriate 
concentrations have been developed to provide 
adequate nutrients for plant use (Jones, 1982; 
Sakamoto and Suzuki, 2020). However, improper or 
disproportionate formulation of nutrient solutions 
can adversely affect crop yield at any growth stage. 



Ayarna  et al. ‐ Partial extreme root restriction

115

2. Materials and Methods 
 
Experimental materials and procedures 
     The study was conducted between February and 
April 2024 at the University of Ghana’s Forest and 
Horticultural Crops Research Centre at Kade, Ghana 
(43VX+GGG), in a greenhouse. Jaguar, a tropical 
tomato cultivar (Technisem Savanna Seed Company 
Limited­France) was used for the study. The 
greenhouse daily ambient temperature and humidity 
were recorded using thermorecorder­TR­72wb (T&D 
Holdings, Inc., Tokyo, Japan). 
     Two factors, namely root restriction of tomato 
and varied nutrient solutions of standard and halve 
concentrations, were evaluated. The tomato plants 
were subjected to partial­extreme root restriction 
(Fig. 1) as the main treatment, which was compared 
to the control treatment, with no root restriction. 
The adoption of extreme root restriction with a 0.20 
L substrate volume in this study followed the method 
of Zhang et al. (2015), who subjected tomato plants 
to extreme root restriction using a 0.25 L extreme­
low substrate volume in D­trays, geared toward 
improving fruit quality. However, the pattern of 
partial­extreme root restriction was after Ayarna et 
al. (2021). The cultivation of plants was carried out in 

     Many growers have attempted to use high 
amounts of fertilizer to achieve higher yields, but this 
practice has resulted in poor performance, with 
reduced yield and fruit quality (Zhang et al., 2017). 
Nutrient solutions in hydroponic systems have low 
buffer capacity (Agius et al.,  2022), which can 
negatively impact plant growth. To prevent this, Lu et 
al. (2022) emphasized the need for judicious nutrient 
solution management. When the nutrient solution 
concentration (NSC) is relatively low (1.5 dS m⁻¹) in 
unrestricted root conditions, nutrient availability is 
inadequate, reducing fruit quality (Cliff et al., 2012; 
Beesigamukama et al.,  2020) and causing low 
nutrient stress, which hampers plant growth, 
photosynthesis, and stomatal conductance 
(Beesigamukama et al., 2020; Lu et al., 2022). 
Conversely, while a high NSC (4.5 dS m­¹) leads to 
excess nutrient availability, causing stress and 
weakening plant growth (Anjum et al., 2011; Rosadi 
et al., 2014), it can also improve fruit quality by 
enhancing photosynthetic rate, transpiration rate, 
and stomatal conductance (Wang, 2017; Yang et al., 
2017). Meanwhile, tomato yield is not adversely 
affected at moderate NSC levels ranging from 1.5 to 
2.4 dS m⁻¹ (Veit­Köhler et al., 1999). 
     Depending on the grower’s objectives, nutrient 
solutions are maintained at 1.2 dS m⁻¹ or higher. The 
Enshi nutrient solution recipe has been formulated 
for the cultivation of all vegetable crops at a standard 
concentration of 2.4 dS m⁻¹. A half­concentration of 
the Enshi recipe (1.2 dS m⁻¹) has been employed for 
the cultivation of root­restricted tomatoes in Japan 
with success. In general, extreme root restriction and 
higher nutrient solution concentration (NSC) are 
strategies specifically aimed at enhancing tomato 
fruit quality, albeit at the expense of yield. 
     Ghana consistently records low tomato yields and 
a low sugar content of 3.5­5.6% Brix (Nkansah et al., 
2003), making it crucial for implementing effective 
strategies to improve tomato yield and sugar content 
in the country. There are relatively few studies or 
reports on the effects of nutrient solution 
concentration on tomatoes grown under extreme but 
partially restricted­root conditions. The objective of 
this study was to evaluate the effect of partial­
extreme root restriction and nutrient solution 
concentration on the performance of tomato, with 
the expectation that this approach would enhance 
the yield and fruit quality of tomato. 
 
 

Fig. 1 ­ (a) Schematic representation of partial­extreme root 
restriction in hydroponic tomato cultivation. (b) Zones of 
extreme but partial root restriction and root 
proliferation.
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a recirculating hydroponic system, using cocopeat as 
the substrate. A substrate volume of 1.0 L was used 
per plant in all treatments. In the root restriction 
treatment, the substrate was segmented into 0.20 L 
(pot) plus 0.80 L (trough). In the 0.20 L pot, the plants 
were subjected to an initial extreme root restriction; 
after which finer young roots were expected to 
proliferate into the 0.80 L trough for further water 
and nutrient absorption. The control treatment 
(unrestricted plant) was grown directly in the trough, 
containing 1.0 L of cocopeat. 
     A nutrient solution with a concentration of 2.4 dS 
m­1 was prepared following the Enshi recipe (Hori, 
1966) as shown in Table 1. This concentration was 
then halved through dilution to 1.2 dS m ­1. The 
nutrient solutions (1.2 and 2.4 dS m ­1) were 
maintained within a pH of 5.5­6.5 and were delivered 
to the root zone of each plant using a drip system, in 
accordance with the adopted treatments. 
     Tomato seeds from the evaluated cultivar were 
sown in cell trays filled with cocopeat as the sowing 
medium. The seeds were then watered; and placed 
in a dark chamber under greenhouse conditions until 
they germinated. The germinated seedlings were 
supplied daily with a nutrient solution concentration 
of 0.5 dS m⁻¹ using the Nutrient Film Technique until 
the third week, when they were ready for 
transplanting. 

     Twenty seedlings were transplanted into each 
treatment on the third week after seed germination 
at a spacing of 0.2 by 1.2 m. The set­up used an 
automated irrigation system to supply the tomato 
plants with nutrient solutions (1.2 or 2.4 dS m⁻¹) for 
24 minutes daily, following treatment conditions 
from transplanting to harvest. After anthesis, 1.0 mL 
L­1 4­Chlorophenoxyacetic acid was sprayed on the 
flowers every other day to enhance fruit set. Plants in 
each treatment were pinched at the last three leaves 
above the third truss to terminate further growth. 
Fifteen plants were tagged for data collection in each 
treatment. 
 
Data collection and experimental design 
     Data were collected on the following parameters: 
morphological and physiological responses, yield, 
and water use efficiency. Morphological responses 
which were collected at 74 days after transplanting 
included: plant height, girth (measured below the 
third truss), and number of leaves per plant. 
     Physiological parameters were measured 
between 12:30 p.m. and 1:30 p.m. on the second and 
sixth weeks after transplanting. These included 
photosynthetic rate (Pr), transpiration (Tr), stomatal 
conductance (Gs), and the intercellular CO2 
concentration (Ci) using the LI­6400 Portable 
Photosynthesis System (LI­COR, Lincoln, Nebraska, 
USA). The leaves immediately below the first and 
third trusses were measured for photosynthetic 
parameters in the second and sixth weeks after 
transplanting, respectively. 
     All mature ripe fruits were harvested and counted 
to determine total and average fruit weights. The 
average fruit weight was determined as the ratio of 
the total weight to the total number of harvested 
fruits. Total sugar content (brix %) of the blended 
tomato juice was determined using the Atago™ 
pocket refractometer. 
     Plant water uptake was measured as the 
difference between total volume of nutrient solution 
supplied and the volume of nutrient solution left in 
the reservoir 14 h after daily irrigation. The total 
water used was measured as the total amount of 
nutrient solution absorbed per plant in the 
cultivation period (74 d). Water use efficiency was 
determined as the fruit yield per total water used per 
plant. After harvest, the fresh roots were cautiously 
extracted, wiped with a soft face towel and weighed. 
Additionally, portions of the root, which proliferated 
beyond the zone of extreme root restriction were 

Table 1 ­    Characterization of the adopted nutrient recipe in 
terms of macro­ and micronutrients concentration

Nutrients
Standard nutrient 

solution concentration 
(2.4 dS m­1)

Macro‐nutrients mM
NH4­N 1.3
NO3­N 16
PO4­P 1.3
K 8.0
Ca 4.0
Mg 2.0
SO4­S 2.0
Micro‐nutrients ppm
Fe 3.0
Mn 0.5
Cu 0.02
Zn 0.05
Mo 0.01
B 0.5
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transplanting) as shown in figure 4. 
     The NSC had a significant impact on the 
physiological parameters of tomato during both the 
vegetative and reproductive growth stages (Figs. 3 
and 4). The interaction effect of root restriction and 
NSC significantly affected the physiological response 
of tomato at the two stages of growth. The standard 
nutrient solution concentration with root restriction 
markedly reduced the Pr, Ci, and Gs compared to the 
unrestricted roots during the reproductive phase of 
growth (Fig. 3). In contrast, during the vegetative 
stage, root restriction under half­strength NSC 
increased Pr, while Ci, Gs, and Tr decreased relative 
to the no­restriction treatment (Fig. 3). 

collected and weight as the portion involved with 
water and nutrient uptake. 
     The experiment was laid out in a 2 x 2 factorial in 
a randomized complete block designed with three 
replications. Data collected were analyzed with the 
SISVAR version 5.6 (Ferreira, 2008) while the Tukey’s 
honestly significant difference (HSD 0.05) was used to 
separate the means at p<0.05. Grouped graphs were 
constructed using GraphPad Prism version 8.0 for 
Windows, GraphPad Software, San Diego, California 
USA. 
 
 
3. Results 
 
Greenhouse ambient temperature and humidity 
     The greenhouse ambient humidity and 
temperature recorded during the study are shown in 
figures 2 a and b. 
 
Plant morphological and physiological responses 
     Partial­extreme root restriction (R) and nutrient 
solution concentration (NSC) significantly p<0.05 
affected the growth of tomato (Table 2). Plant height, 
girth, and leaf number decreased with root 
restriction compared to the unrestricted roots. Plant 
height and leaf number were significantly higher with 
the standard NSC compared to the half 
concentration. 
     According to figure 3, the photosynthetic rate (Pr) 
of the Jaguar tomato was not affected by root 
restriction at both nutrient concentrations, even 
though the stomatal conductance (Gs), transpiration 
(Tr) and intercellular CO2 concentration (Ci) 
decreased significantly (p<0.05) at the vegetative 
phase (second week after transplanting) in the 
restricted treatment. Compared to the control, root 
restriction reduced Pr, Gs, Tr and Ci significantly at 
the reproductive phase (sixth week after 

Small letters compare means within root restriction, while capital letters compare means within nutrient solution concentration (NSC). 
Values in the same column or row followed by the same letters indicate no significant difference according to Tukey HSD (p<0.05).

Table 2 ­    Morphological response of tomato to partial­extreme root restriction and nutrient solution concentration at 74 days after 
transplanting

Nutrient solution concentration Root restriction Plant height  
(cm)

 Stem girth  
(mm) Leaf number

Standard Restricted 116.3 ± 0.88 aA 8.7 ± 0.07 Ab 11.7 ± 2.19 bB
Unrestricted 117.3 ± 5.04 aB 11.7 ± 0.03 aA 20.0 ± 1.15 aA

Half concentration Restricted 102.7 ± 2.30 bB 10.3 ± 0.07 aA 14.3 ± 0.33 bA
Unrestricted 161.0 ± 6.81 aA 10.0 ± 0.06 aA 17.0 ± 0.41 aB

p­values <0.01 0.045 0.048

Fig. 2 ­ Greenhouse ambient humidity (a) and temperature (b) 
during the experiment.
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Yield and sugar content 
     Root restriction and the NSC did not significantly 
(p<0.05) affect the number of fruits produced per 

plant as shown in Table 3. The yield, average fruit 
weight, and sugar content (brix%) were markedly 
affected by root restriction and the NSC. Partial 

Fig. 3 ­ Physiological response of tomato to NSC and root 
restriction 2 weeks after transplanting. Lowercase letters 
compare means within NSC, while uppercase letters 
compare means among NSC And levels of R.

Fig. 4 ­ Physiological response of tomato to NSC and root 
restriction 6 weeks after transplanting. Lowercase letters 
compare means within NSC, while uppercase letters 
compare means among NSC and levels of R.
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extreme root restriction with the standard 
concentration of nutrient solution significantly 
reduced the yield and the average fruit weight of the 
cultivar compared to the other treatments. 
Unrestricted roots grown in the standard NSC had 
the highest yield of 8.1 kg m­2 with a low sugar 
content of 4.6%. Conversely, extreme partially 
restricted roots grown in the same NSC recorded the 
highest sugar content of 6.9% but with the lowest 
yield of 3.63 kg m­2. 
 
Water uptake trend and water use efficiency, and 
root growth characteristics 
     Figure 5 illustrates that the trend of water uptake 
among the treatments were similar between day 1 
and 28 but diverged on the 30th day after 
transplanting. Water uptake in the restricted roots 
cultivated in the standard concentration was 
generally lower than the other treatments 
throughout the cultivation period. However, peak of 

water uptake in the other treatments was observed 
between the 33rd and 56th day after transplanting. 
     The total water use (TWU) and its efficiency were 
significantly (p<0.05) affected by root restriction as 
shown in Table 4. Total water use was markedly 
reduced in restricted roots compared to unrestricted 
roots, leading to a higher water use efficiency in the 
former. The amount of water used was influenced 
significantly by the concentration of nutrient 
solution. Standard NSC reduced water uptake than 
the half concentration. 
     Root growth (fresh weight) was markedly affected 
by root restriction and NSC. Root growth was 
markedly reduced by root restriction compared to 
the unrestricted. The standard NSC had a significant 
reducing effect on root growth than the half 
concentration. Root proliferation (zone of root 
growth beyond the zone of extreme partial root 
restriction) was reduced with the standard (high) 
NSC. 
 
 
4. Discussion and Conclusions 
 
     Plant root restriction is a cultivation technique in 
horticulture where roots are confined within a 
limited space and this subsequently limits the plant 
growth potential. Numerous reports indicate that 
this technique generally results in improved fruit 
quality (sugar accumulation, anthocyanin 
enrichment) despite the reduction in photosynthesis 
(Wu et al. 2018; Zakaria et al., 2020). The adoption of 
high nutrient solution concentrations in soilless 
culture has been used singly as efforts to increase 

Fig. 5 ­ Influence of partial root restriction and nutrient solution 
concentration on the trend of tomato daily water uptake.

Table 3 ­    Influence of root restriction and nutrient solution concentration on tomato yield, yield components, and sugar content

Small letters compare means within root restriction, while capital letters compare means within NSC and levels of root restriction. Values 
in the same column or row followed by the same letters indicate no significant difference according to Tukey HSD (p<0.05).

Parameter Nutrient solution 
concentration

Restricted 
(Mean ± SE)

Unrestricted  
(Mean ± SE) p­value

Fruit number per plant Standard 11.3 ± 0.5 aA 13.0 ± 0.6 aA 0.1963
Half­conc 13.3 ± 0.9 aA 12.9 ± 0.129 aA

Yield (kg m⁻²) Standard 3.88 ± 0.3 bB 8.08 ± 0.22 aA <0.01
Half­conc 7.32 ± 0.19 aA 7.08 ± 0.13 aB

Average fruit weight (g) Standard 76.2 ± 0.30 bB 149.6 ± 0.22 aA 0.0001
Half­conc 140.6 ± 0.19 aA 130.9 ± 0.12 bB

Brix (%) Standard 6.97 ± 0.09 aA 4.57 ± 0.03 bB <0.001
Half­conc 4.43 ± 0.2 aB 4.2 ± 0.06 aB
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fruit quality but usage coupled with root restriction 
remains unclear hence this study tried to obtain 
plausible explanations to the mechanisms that 
influences plant growth, yield, fruit quality and water 
uptake under these two factors i.e., root restriction 
and nutrient solution concentration. 
 
Physio‐morphological responses to plant root‐
restrictions and NSC 
     In this study, plant root­restriction reduced the 
growth of tomato, which has been confirmed in the 
finding of Kasai et al. (2012). The work of Zakaria et 
al. (2020) on chili pepper reported a 14% reduction in 
plant height due to root restriction. However, the 
findings of this work showed that partial­extreme 
root restriction of tomato reduced plant height by 
21% compared to the control. Although these 
comparisons are from two different crops, the trends 
of the impact of root restriction are similar. The 
differences in absolute percentage change might be 
due to the extent of root mass reduction because of 
the initial extreme restriction imposed on tomato 
roots. Tomato plants subjected to root restriction 
under the standard concentration also showed 
reduced plant growth in terms of height, girth, and 

leaf number. A high NSC is known to impair water 
uptake (Ding et al., 2018), and in partial extreme 
root­restricted conditions this might have influenced 
the growth reduction. 
     The tomato plants with extreme partially 
restricted roots showed decreased leaf gas exchange 
compared to the control plants six weeks after 
transplanting. An impairment in photosynthetic rate 
due to a reduction in stomatal conductance in root­
restricted plants has been confirmed in the works of 
Shi et al. (2008), Mugnai and Al­Debei (2011), and 
Campany et al. (2017). Nevertheless, the outcomes 
of this study differed from Zakaria et al. (2020) and 
Santos et al. (2022) findings, which indicated that leaf 
gas exchange of chili pepper and jenipapo was not 
significantly affected by root restriction. 
     The standard nutrient solution concentration, 
with or without root restriction, induced a reduction 
in the photosynthetic rate of tomato compared to 
the half­strength, despite an increase in the Tr, Gs, 
and Ci. This finding could be attributed to 
downregulation of photosynthetic rate due to water 
stress, particularly in the partially extreme root­
restricted plants, which demonstrated sink limitation 
resulting from a decrease in root mass. The findings 

Table 4 ­    Influence of root restriction and nutrient solution concentration (NSC) on water uptake and water use efficiency

Small letters compare means within root restriction, while capital letters compare means within NSC and levels of root restriction. Values 
in the same column followed by the same letters indicate no significant difference according to Tukey HSD (p<0.05).

Nutrient solution concentration Restricted Unrestricted

Total water uptake (l plant ‐1)
Standard 13.9 ± 0.058 bB 36.93 ± 0.14 aA
Half concentration 28.9 ± 0.46 aB 31.0 ± 0.48 bA
p­value <0.001

Water use efficiency (g fresh fruit weight L‐1)
Standard 259.2 ± 0.058 aA 218.8 ± 0.145 aA
Half concentration 253.3 ± 0.463 aA 228.5 ± 0.481 aA
p­value 0.563

Root fresh weight (g plant ‐1)
Standard 31.67 ± 1.67 bB 62.67 ± 1.15 bA
Half concentration 56.00 ± 1.73 aB 70.00 ± 1.45 aA
p­value 0.002

Proliferation root mass (% fresh weight plant‐1)
Standard 5.00 ± 1.15 b (16.1%)
Half concentration 12.67 ± 0.33 a (22.6%)
p­value 0.034
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of Beesigamukama et al. (2020) suggested that a low 
NSC induces nutrient stress hence, photosynthetic 
rate is significantly reduced. The findings of this 
study, however, showed that the photosynthetic rate 
of tomato could be reduced by 41% when grown in 
the standard nutrient solution concentration of 2.4 
dS m­1. 
     Furthermore, the findings of the study revealed 
that partial extreme root­restricted tomato plants, 
which were grown in the standard nutrient solution 
concentration showed a 65­70% reduction 
(downregulation) in the photosynthetic rate at the 
generative phase. In other studies, Lu et al. (2022) 
reported that a NSC of 1.5 dS m ­1 could induce 
nutrient stress, reducing the rate of photosynthesis 
of cherry tomato, but they reiterate that the rate of 
photosynthesis can only be maintained at a 
concentration of 3.0­5.0 dS m­1. On the other hand, 
this present study found that a NSC of 1.2 dS m­1 was 
sufficient to provide necessary nutrients to plants 
without causing any nutrient stress, as plants in the 
partially extreme restricted root treatment did not 
show signs of nutrient deficiency. Additionally, when 
the 1.2 dS m­1 NSC is doubled, the cultivar turned out 
with a divergent response when the roots were 
restricted. 
 
Yield, fruit quality, and water uptake under plant 
root‐restriction and NSC 
     The tomato yield decreased significantly by 35.4% 
due to partial extreme root restriction. This 
restriction inhibited root growth, leading to a 
diminished sink capacity and ultimately inducing a 
downregulation of photosynthesis. Bihmidine et al. 
(2013) found that pepper experienced a 23% 
decrease in yield due to root restriction. Other 
studies (Saito, et al., 2008; Ayarna et al., 2021) have 
also reported yield reductions in tomatoes due to 
root restriction. Partial extreme root restriction, in 
this study, increased the fruit quality (sugar content) 
of tomato by 52%, which is a 25% improvement over 
values previously recorded in Ghana (Nkansah et al., 
2003). The findings of Li et al. (2022) also reported 
that root restriction increased the sugar content of 
tomatoes. 
     Tomato fruits from the standard NSC had higher 
sugar content without affecting yield. This finding 
aligns with previous studies by Veit­köhler et al. 
(1999) and Wang (2017). Findings from this study 
revealed that partial­extreme root restriction with 

the standard NSC increased the sugar content of 
tomato while the yield was markedly reduced. These 
two technical hydroponic tools could be employed to 
increase the sugar content of tomatoes, especially, 
the cherry type. Furthermore, the synergistic effect 
of root restriction and standard nutrient solution 
concentration generally reduced water uptake in the 
tomato cultivar. The reduction in water uptake was 
markedly lower at the generative phase of growth. 
Osmotic stress in the root environment most 
probably accounts for the remarkable reduced water 
uptake in the tomato plants that were subjected to 
root restriction in the standard NSC. After the initial 
extreme root restriction, subsequent root 
proliferation produced a smaller root mass with a 
higher absorptive surface area per unit due to the 
presence of finer, younger roots. However, these 
roots remain generally disadvantaged by a reduced 
overall absorptive capacity compared to unrestricted 
roots. Under these conditions, an NSC of 2.4 dS m⁻¹ 
was sufficient to induce water stress, leading to 
reduced water uptake. This observation is consistent 
with the findings of Saito et al. (2008) and Liu et al. 
(2023), who reported that root restriction under high 
NSC conditions enhanced tomato fruit quality but 
reduced fruit size due to water stress. Partial­
extreme root restriction of tomato reduced total 
water uptake by 37% compared to the control plants. 
Water use was more efficient in the partially extreme 
root­restricted plants however, the yield was 
negatively affected because of a reduced 
photosynthetic rate with low dry matter production. 
The findings of Ismael and Dalia (1995) and Bar­Tal et 
al. (1994) confirmed that water uptake reduces with 
root restriction in tomato. A high NSC significantly 
decreased the uptake of water, and yield of tomato 
when roots are extremely confined (restricted). 
     In an environment with extreme partial root 
restriction, the standard NSC, which denotes a higher 
nutrient solution concentration, induced a significant 
reduction in root growth. This suggests that the 
concentration of the nutrient solution has a notable 
impact on root growth in such conditions. In the 
environment with extreme root restriction, our 
observations indicate that 16.1% portion of root 
mass was present in the standard concentration of 
the nutrient solution, while 22.6% was evident in the 
half concentration. Under extreme partial root­
restricted conditions, only 16­22% of the root mass 
was found to be most probably actively involved in 
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water and nutrient uptake. Reduced root growth 
indicates a decrease in the plant sink structure 
(capacity), which influenced the downregulation of 
photosynthesis and yield reduction. 
     Under normal growth conditions, slight changes in 
NSC may not have an adverse effect on tomato 
performance, unless the associated roots are 
restricted. When roots are extremely but partially 
restricted in their growth under the same nutrient 
solution concentration, there is a trade­off between 
sugar content and yield. In the low node order 
pinching at high density planting, partial­extreme 
root restriction and NSC are effective manipulative 
hydroponic tools for comparatively increasing the 
yield and fruit quality of tomato while conserving 
water. In general, the productivity of tomatoes could 
be improved at a cost­effective level since the 
cultivation system involves the use of low substrate 
volume. This growing system can allow four 
cultivation cycles of tomato per year. The sugar 
content of tomatoes grown in Ghana could be 
improved by 25% with a corresponding yield of 14.5 
kg m­2 y­1. Cherry tomatoes could also be grown in 
these conditions to improve fruit quality while 
significantly reducing water use. Additionally, 
geographical areas with limited water resources 
could benefit from the use of this tomato cultivation 
system. While maintaining the fruit quality within the 
reported range, the yield of tomato could be 
increased to 32.4 kg m­2 y­1 when the standard NSC 
without root restriction is adopted under greenhouse 
conditions. 
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Abstract: The genus Phalaenopsis in family Orchidaceae has gained popularity 
in the global floriculture market for its value as potted plants and cut flowers. 
Hybridization plays a pivotal role in breeding Phalaenopsis, enabling the 
development of novel cultivars with desirable traits such as diverse floral 
pigmentation patterns, enhanced longevity and improved growth rate. The 
selection of suitable parental cultivars is a crucial determinant in the 
hybridization process, as it plays a key role in defining pigmentation patterns 
and enhancing desirable traits for the development of superior cultivars. This 
research investigated the phytochemical composition, including carotenoids, 
anthocyanins, flavonoids and phenolics contents of selected commercial 
Phalaenopsis cultivars. Using UV­vis spectrophotometry, the chlorophylls, 
flavonoids, carotenoids, anthocyanins and phenolics contents in the flowers, 
leaves and roots of six cultivars were analyzed quantitatively. The results 
revealed significant variations in phytochemical properties across the tested 
cultivars and plant organs. Phalaenopsis cvs. Taipei Gold Gold Star, Red Lip 
1770, Golden Sands Canary, Sogo Yukidian V3 and Queen Beer Mantefon 
exhibited promising phytochemical profiles. Notably, cvs. Taipei Gold Gold Star, 
Golden Sands Canary and Queen Beer Mantefon were identified as ideal 
parental candidates for hybridization due to their potential to develop 
distinctive floral colorations and robust vegetative traits. These findings 
provide valuable insights into the floral coloration and the phytochemical 
richness of vegetative parts in Phalaenopsis cultivars. This knowledge can 
contribute to the development of innovative, high­quality cultivars with 
enhanced survival rates and greater consumer appeal. 
 
 
1. Introduction 
 
     The family Orchidaceae, one of the largest families of flowering plants, 
ranks second only to the family Asteraceae in its diversity and ecological 
prominence. Comprising over 736 genera, Orchidaceae has established a 
significant presence in the global floriculture market, valued for its use in 
both potted plants and cut flowers (Chase et al., 2015). Among its 
commercially significant genera, Phalaenopsis stands out for its refined, 
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elegant aesthetic and extended longevity, captivating 
both growers and consumers (Hsiao et al., 2011). 
Hybridization serves as the primary breeding 
approach for Phalaenopsis, with intergeneric and 
interspecific hybridizations being the most commonly 
employed methods to develop novel cultivars. To 
date, 35,129 Phalaenopsis  hybrids have been 
registered with the Royal Horticultural Society, 
reflecting the immense popularity of the genus (Hsu 
et al.,  2018). Dynamic and evolving consumer 
preferences have significantly driven hybridization 
efforts, making Phalaenopsis a focal point in modern 
orchid breeding. 
     The breeding objectives for Phalaenopsis focus 
primarily on morphology, color, and scent, with color 
being a key factor in shaping initial consumer 
impressions (Hsu et al., 2018). With the increasing 
popularity and demand for orchids, commercial 
cultivars are developed with specific characteristics 
that enhance their large­scale applicability. Key traits 
include resilience, which reduces the need for inputs 
such as water, ferti l izers, and pesticides—an 
essential factor given rising production costs and the 
growing emphasis on sustainability. Modern 
floriculture, a resource­intensive sector that utilizes 
energy, water, fertilizers, and propagation materials, 
faces the challenge of meeting market demands 
while minimizing environmental impact (Darras, 
2020; Cardoso and Vendrame, 2022; Cardoso et al., 
2023; Bhardwaj et al., 2024). 
     Phytochemicals play a crucial role in plant growth 
and development. While primary metabolites 
support physiological functions, secondary 
metabolites contribute significantly to plant’s 
defense mechanisms (Thacker and Ram, 2020; Wani 
et al., 2022). In orchids, various phytochemicals have 
been identified, serving both physiological and 
commercial purposes. Notable genera with economic 
significance include Dendrobium (He et al., 2023), 
Phalaenopsis (Ling and Subramanium, 2007; Minh et 
al., 2016), Vanda, Bulbophyllum (Lalrosangpuii and 
Lalrokimi, 2021), and Cymbidium (Axiotis et al., 
2021). Understanding the phytochemical 
composition of these orchids is essential for 
developing innovative, sustainable, and high­value 
cultivars that align with market trends and consumer 
preferences. 
     The vibrant coloration of Phalaenopsis hybrids 
arises from a complex mechanism of pigment 
accumulation. Flower color is primarily influenced by 
pigments such as chlorophylls, carotenoids, 

anthocyanins, and betalains. While many flowers 
derive their color from a single source of pigment, 
Phalaenopsis exhibits a broader palette through the 
combination of pigments. Yellow to orange shades 
are mainly due to the accumulation of carotenoids, 
whereas blue to red shades are typically attributed to 
anthocyanins (Hsu et al., 2018). Combinations of 
purple anthocyanins and yellow carotenoids can 
result in perceived colors such as brown, bronze, and 
red in flowers (Lightbourn et al., 2008). Hence, novel 
colors can be produced through hybridization, 
facilitating the combination of different pigments 
(Voegelpoel, 1990). Moreover, differential coloration 
can generate various pigmentation patterns such as 
blotches, stripes along veins, and irregular markings. 
These striking patterns and colors increase the 
aesthetic value of Phalaenopsis cultivars, capturing 
the attention of consumers and expanding their 
market appeal. The quality of the flower depends on 
the vegetative growth rate of the plant, as vigorous 
growth often correlates with superior flower 
characteristics. Photosynthesis, a primary 
physiological process, drives plant growth by 
converting light energy into chemical energy, 
enabling the synthesis of carbohydrates. Chlorophyll, 
the key pigment in photosynthesis, plays an essential 
role in this process. The two main forms of 
chlorophyll­chlorophyll a and chlorophyll b­absorb 
solar energy, facilitate carbon dioxide fixation, and 
convert energy into carbohydrates, which are vital 
for plant growth and development. Consequently, 
higher chlorophyll content is directly associated with 
improved photosynthetic efficiency and plant vigor. 
In addition to chlorophyll, phenolic compounds also 
play a crucial role in plant physiology and aesthetics. 
These compounds, including flavonoids such as 
anthocyanins, contribute significantly to plant 
defense mechanisms and pigmentation. Phenolic 
compounds accumulate as an adaptive response to 
environmental stress, highlighting their role in plant 
resilience (Lattanzio et al., 2012). 
     In Phalaenopsis cultivars with desirable traits, 
flower color intensity is a key selection criterion in 
tissue culture and breeding programs (Ling and 
Subramaniam, 2007). However, the phytochemical 
profiles of Phalaenopsis cultivars remain largely 
fragmented, limiting the ability to develop hybrids 
with targeted traits. This lack of comprehensive data 
highlights the need for in­depth phytochemical 
studies to support informed breeding decisions. 
Therefore, this study aims to evaluate the 
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with different color combinations were obtained 
from the growers. The details of the selected six 
commercial Phalaenopsis cultivars are presented in 
Table 1. The plants were maintained in the plant 
house of the Department of Plant and Molecular 
Biology, University of Kelaniya, Sri Lanka. The fresh, 
full­bloomed flowers, young leaves (the leaf nearest 
to the flower spike) and roots of each cultivar were 
collected in the morning and used for phytochemical 
analysis. The roots and leaves were cleaned with 
distilled water and wiped. All the samples were 
frozen at ­80°C immediately after collection. The 
frozen samples were grounded using mortar and 

phytochemical properties of selected Phalaenopsis 
cultivars, providing valuable insights for the 
development of high­value cultivars that align with 
market trends. 
 
 
2. Materials and Methods 
 
Plant materials 
     This study was conducted to evaluate 
phytochemical properties of selected Phalaenopsis 
cultivars.  
     Six commercially available Phalaenopsis cultivars 

No. Name Reference for the cultivar name Abbreviation 

 

1
 

Phalaenopsis cv. Red Lip 1770
 

Locally produced cultivar
 

RL1770

 

2
 

Phalaenopsis cv. Golden Sands Canary
 

(Lee et al., 2020)
 

GSC

 

3
 

Phalaenopsis cv. Sogo Yukidian V3
 

(Lee et al., 2020)
 

SYV3

 

4
 

Phalaenopsis cv. Queen Beer Mantefon
 

(Lee et al., 2020)
 

QBM

 

5
 

Phalaenopsis cv. Taipei Gold Gold Star
 

(Lee et al., 2020)
 

TGGS

 

6
 

Phalaenopsis cv. Brother Strips
 

(Lee et al., 2020)
 

BS

Table 1 ­    List of selected commercial Phalaenopsis cultivars



Adv. Hort. Sci., 2025 39(2): 125­135

128

pestle. The weights of each powdered plant material 
were measured and quantified to obtain a standard 
weight.  
 
Determination of chlorophyll and carotenoid contents 
     Chlorophyll and carotenoid contents of leaves, 
roots and flowers were measured using the methods 
described by Nguyen et al.  (2018) with slight 
modifications. Known volume of dried powder was 
mixed with a known volume of 80% acetone and kept 
at 4°C overnight. The mixture was centrifuged at 
13,000 g for 5 min to obtain the supernatant. The 
supernatant was tested to determine the absorbance 
of chlorophyll a, chlorophyll b and carotenoids in 
80% acetone at 664 nm, 647nm and 441 nm 
respectively using the UV­ visible spectrophotometer 
(Thermo Fisher Scientific, Vantaa, Finland). 
Concentrations of chlorophyll a, chlorophyll b and 
carotenoids were calculated using the following 
equations (Porra, 2002).  
 
Chlorophyll a = (12.25 x Absorbance 664) ­ (2.55 x Absorbance 647) 

x volume of the supernatant (ml)/sample weight (g) 
Chlorophyll b = (20.31 x Absorbance 647) – (4.91 x Absorbance 664) 

x volume of the supernatant (ml)/sample weight (g) 
Carotenoids = (4.69 x Absorbance 441 x volume of the supernatant 

(ml)/sample weight (g)) – 0.267 (chlorophyll a ±b) 
Total chlorophyll = Chlorophyll a ± Chlorophyll b 

 
Determination of anthocyanin content 
     A known weight of dry powder of leaves, roots 
and flowers were mixed with a known volume of 
acidified methanol (99% methanol containing 1% 
HCl). The mixture was incubated for 24 hours at 
room temperature followed by centrifugation at 4°C 
and 3000 rpm for 5 minutes. The obtained 
supernatant was then subjected to measure the 
absorbance at 530 nm and 657 nm on the UV­visible 
spectrophotometer (Thermo Fisher Scientific, 
Vantaa, Finland). Concentration of anthocyanins 
were calculated using the following equation. 
 
Anthocyanin content = (Absorbance 530 ­ 0.33 × Absorbance 657 / 

31.6) x volume of supernatant (ml) / sample weight (g) 

 
Determination of total flavonoid content 
     The known weight of dry powder of leaves, roots 
and flowers were mixed with methanol and 
incubated for 24 hours at room temperature. The 
supernatant was obtained by centrifugation at 4°C 
and 3000 rpm for 5 minutes. Equal volumes of the 
supernatant were mixed with 2% Aluminum chloride. 

The mixture was stirred and kept for 15 minutes. The 
absorbance was measured at 430 nm using the UV­ 
visible spectrophotometer (Thermo Fisher Scientific, 
Vantaa, Finland). Quercetin was used as the 
reference standard. The flavonoid content of each 
plant part was expressed as milligrams of Quercetin 
equivalents of grams of dry weight (mg QE/g DW) 
using the following equation. 
 

C = C1 (Volume of the supernatant (ml))/(Dry weight (g)) 
 
Where C is total flavonoid content of the extract and 
C1 the quercetin concentration (mg/ml). 
 
Determination of total polyphenol content 
     The acidified methanol extracts were prepared 
using the same procedure done for the anthocyanin 
content analysis. 100 μl of the extract was mixed 
with 2 ml of 7.5 % Na2CO3 and allowed to equilibrate 
for 2 minutes. After 2 minutes diluted Folin­Ciocalteu 
reagent was added (1:10 v/v). The absorbance was 
measured at 765 nm using the UV­  visible 
spectrophotometer (Thermo Fisher Scientific, 
Vantaa, Finland). Gallic acid was used as the 
reference standard. The polyphenol content of each 
plant part was expressed as milligrams of Gallic acid 
equivalents of grams of dry weight (mg GAE/g DW) 
using the following equation. 

C = C1 (Volume of the supernatant (ml))/(Dry weight (g)) 

Where C is the total polyphenol content of the 
extract and C1 th gallic acid concentration (mg/ml). 
 
Statistical analysis 
     All the experiments were conducted in triplicates 
(n=3). The data were expressed as mean ± SD 
(standard deviation). An analysis of variance 
(ANOVA) test was performed with Tukey’s Honest 
Significant Difference test (HSD) at p ≤ 0.05 using R 
software version 4.3.2. 
 
 
3. Results  
 
Chlorophyll content  
     Figure 1 illustrates the chlorophyll a, chlorophyll 
b, total chlorophyll (a + b), and the chlorophyll a/b 
ratio in extracts from different parts (leaves, roots, 
and flowers) of six Phalaenopsis  cultivars. The 
analysis revealed that the concentrations of 
chlorophyll a and b were significantly higher in the 
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Fig. 1 ­ (a) Chlorophyll a, (b) chlorophyll b, (c) chlorophyll a+b 
contents and (d) chlorophyll ratio in extracts from  
different plant organs of the six Phalaenopsis cultivars 
tested. BS= Phalaenopsis cv. Brother Strips; GSC= 
Phalaenopsis  cv. Golden Sands Canary; QBM= 
Phalaenopsis  cv. Queen Beer Mantefon; RL1770= 
Phalaenopsis cv. Red Lip 1770; SYV3= Phalaenopsis cv. 
Sogo Yukidian V3.

leaves compared to the roots and flowers across all 
tested cultivars. Similarly, the total chlorophyll (a + b) 
content in the leaves was higher than in the roots of 
the cultivars. Additionally, the leaves of all cultivars 
displayed a higher chlorophyll a/b ratio than that 
observed in the roots (Fig. 1). In this study, the leaves 
and roots of all tested cultivars, except for the roots 
of cv. Red Lip 1770 (0.62±0.01), had a chlorophyll a/b 
ratio higher than 1. Therefore, in most of the tested 
cultivars, the chlorophyll a/b ratio in leaf and root 
extracts was below 2.0, while in a few cases, it was 
approximately 2.0. These findings indicate the 
predominance of chlorophyll a over chlorophyll b in 
both leaves and roots, reflecting their physiological 
roles in photosynthesis. The analysis of chlorophyll 
content among the tested Phalaenopsis cultivars 
revealed significant variations in both leaf and root 
tissues. 
     The cv. Red Lip 1770 exhibited the highest levels 
of chlorophyll a (1335.81±65.94 mg g⁻¹ DW) and 
chlorophyll b (695.80±11.00 mg g⁻¹ DW) in the 
leaves, yielding the highest total chlorophyll content 
(chlorophyll a + b) of 2031.61±75.83 mg g⁻¹ DW. 
Conversely, cv. Golden Sands Canary reported the 
lowest levels of chlorophyll a (598.02±65.01 mg g⁻¹ 
DW) and chlorophyll b (348.59±16.20 mg g⁻¹ DW), 
resulting in the lowest total chlorophyll content of 
946.60±61.35 mg g⁻¹ DW. 
     Chlorophyll content in root extracts varied 
significantly among cultivars. Cv. Taipei Gold Gold 
Star had the highest chlorophyll a content 
(343.53±8.96 mg g⁻¹ DW), while cv. Golden Sands 
Canary exhibited the highest chlorophyll b content 
(239.67±1.99 mg g⁻¹ DW). In contrast, cv. Sogo 
Yukidian V3 showed the lowest levels of both 
chlorophyll a (123.49±26.32 mg g⁻ ¹  DW) and 
chlorophyll b (122.17 ± 28.63 mg g⁻¹ DW). 
     Total chlorophyll content in roots followed a 
similar trend, with cv. Taipei Gold Gold Star achieving 
the highest value (575.53±5.11 mg g⁻¹ DW), while cv. 
Sogo Yukidian V3 exhibited the lowest (245.66±14.44 
mg g⁻¹ DW). 
     Among all the examined Phalaenopsis flower 
samples, cv. Golden Sands Canary exhibited the 
highest chlorophyll a (563.16±14.80 mg g⁻¹ DW) and 
chlorophyll b (973.66±25.26 mg g⁻¹ DW) contents. As 
a result, its total chlorophyll (chlorophyll a+b) 
content was also the highest in Phalaenopsis cv. 
Golden Sands Canary (1536.82±29.49 mg g⁻¹ DW). 
Conversely, cv. Red Lip 1770 had the lowest 
chlorophyll a (2.18±2.10 mg g⁻¹ DW) and chlorophyll 
b (19.70±2.83 mg g⁻¹ DW) contents, resulting in the 



(0.024±0.00 mg QE·g⁻¹ DW). These findings highlight 
the significant variation in flavonoid distribution 
across different plant organs of the same 
Phalaenopsis cultivar. 
 
Total polyphenol content  
     Figure 3 depicts the total phenolics content in the 
leaves, flowers and roots of different Phalaenopsis 
cultivars, revealing substantial variation across plant 
organs within the same cultivar and among different 
cultivars. Flower sample from cv. Golden Sands 
Canary exhibited the highest phenolics content 
(10.58±0.109 mg.GAE g­1 DW) whereas those from cv. 
Sogo Yukidian V3 reported the lowest (1.60±0.01 
mg.GAE g­1 DW). Leaf extracts from cv. Golden Sands 
Canary again showed the highest phenolics content 
(6.55±0.49 mg.GAE g­1 DW) whereas cv. Brother 
Strips had the lowest (1.75±0.01 mg.GAE g­1 DW). 
Similarly, root extracts from cv. Taipei Gold Gold Star 
were rich in phenolics (5.68±0.95 mg.GAE g­1 DW) 
whereas the lowest was Phalaenopsis cv. Brother 
Strips recorded the lowest amount (0.45±0.32 
mg.GAE g­1 DW). 
 
Anthocyanin and carotenoid contents  
     Anthocyanin and carotenoid contents in different 
plant parts of Phalaenopsis cultivars are shown in 
figures 4 (a) and 4 (b), respectively. Among the tested 
cultivars, the flower extracts of cv. Queen Beer 
Mantefon exhibited the highest anthocyanin content 

130

Adv. Hort. Sci., 2025 39(2): 125­135

lowest total chlorophyll (a+b) content among all 
tested flowers. Additionally, all flower samples 
exhibited a chlorophyll a/b ratio of less than 1, 
except for cv. Taipei Gold Gold Star (1.70±0.56) and 
cv. Sogo Yukidian V3 (1.18±0.21). 
 
Total flavonoid content   
     Figure 2 illustrates the total flavonoid content in 
extracts from various parts of Phalaenopsis cultivars, 
highlighting significant variation in flavonoid 
distribution within the same cultivar. Specifically, 
flower extracts contained significantly higher total 
flavonoid levels compared to other plant parts. 
Notably, the highest total flavonoid content was 
observed in cv. Brother Strips (0.42±0.0 mg QE g­1 
DW) whereas cv. Queen Beer Mantefon exhibited the 
lowest (0.19±0.00 mg QE g­1 DW). On the other hand, 
root extracts, of cv. Queen Beer Mantefon contained 
significantly higher levels of flavonoids (0.114±0.04 
mg QE.g­1 DW) compared to cv. Golden Sands Canary, 
which had the lowest value (0.057±0.01 mg QE g­1 
DW).  

Fig. 3 ­ Total phenolic contents in different plant organs of the 
six Phalaenopsis cultivars tested. BS= Phalaenopsis cv. 
Brother Strips; GSC= Phalaenopsis cv. Golden Sands 
Canary; QBM= Phalaenopsis cv. Queen Beer Mantefon; 
RL1770= Phalaenopsis  cv. Red Lip 1770; SYV3= 
Phalaenopsis cv. Sogo Yukidian V3; TGGS= Phalaenopsis 
cv. Taipei Gold Gold Star.

     Interestingly, both cv. Sogo Yukidian V3 and cv. 
Red Lip 1770 reported equal total flavonoid levels in 
root extracts (0.088±0.02 mg QE g­1 DW). Moreover, 
leaf extracts of cv. Sogo Yukidian V3 exhibited the 
highest flavonoid content (0.082±0.00 mg QE·g⁻¹ 
DW), while cv. Brother Strips had the lowest 

Fig. 2 ­ Total flavonoid contents in extracts from different plant 
organs of the six Phalaenopsis cultivars tested. BS= 
Phalaenopsis cv. Brother Strips; GSC= Phalaenopsis cv. 
Golden Sands Canary; QBM= Phalaenopsis cv. Queen 
Beer Mantefon; RL1770= Phalaenopsis cv. Red Lip  
1770; SYV3= Phalaenopsis cv. Sogo Yukidian V3; TGGS= 
Phalaenopsis cv. Taipei Gold Gold Star.
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(10.32±0.06 µmol g­1 DW), significantly surpassing all 
other cultivars. Interestingly, this cultivar had the 
lowest flavonoid content in flower extracts. In 
contrast, cv. Sogo Yukidian V3 showed the lowest 
anthocyanin content among the flower extracts 
(0.34±0.00 µmol g­1 DW). Although completely yellow 
cultivars such as Taipei Gold Gold Star showed no 
visible anthocyanin­related pigmentation, small 
amounts of anthocyanins were detected (0.38±0.01 
µmol.g­1 DW). Conversely, this cultivar displayed the 
highest carotenoid content in its flower extracts 
(260.50±16.97 mg.g­1 DW), significantly exceeding 
those of the other tested cultivars. Flower extracts 
from cultivars with white tepals and colored labellum 
such as Red Lip 1770 and Sogo Yukidian V3, displayed 
lower contents of both anthocyanins and 
carotenoids. Furthermore, cv. Queen Beer Mantefon 
reported significantly higher content of both 
anthocyanins and carotenoids simultaneously, a 
pattern not observed in other cultivars. The yellow 
coloration of the flowers varied across cultivars, with 
Brother Strips displaying yellow only in the labellum, 

Fig. 4 ­ The anthocyanin contents (a) and the carotenoids 
contents (b) in different plant organs of the six 
Phalaenopsis cultivars tested. BS= Phalaenopsis cv. 
Brother Strips; GSC= Phalaenopsis cv. Golden Sands 
Canary; QBM= Phalaenopsis cv. Queen Beer Mantefon; 
RL1770= Phalaenopsis  cv. Red Lip 1770; SYV3= 
Phalaenopsis cv. Sogo Yukidian V3; TGGS= Phalaenopsis 
cv. Taipei Gold Gold Star.

while Golden Sands Canary showing yellow 
pigmentation throughout the entire flower. Despite 
these color differences, there was considerable 
variation in both anthocyanin and carotenoid 
contents among the flower extracts of the tested 
cultivars. Root extracts generally displayed the 
lowest anthocyanin content among the tested plant 
organs. 
     The root extracts of cv. Taipei Gold Gold Star 
exhibited the highest anthocyanin content (2.16 ± 
0.05 µmol/g DW), while cv. Sogo Yukidian V3 showed 
the lowest (0.83±0.01 µmol/g DW). In contrast, leaf 
extracts displayed more variability, with cv. Queen 
Beer Mantefon having the highest anthocyanin 
content (5.57±0.23 µmol/g DW), while cv. Brother 
Strips contained the lowest (4.09±0.10 µmol/g DW). 
     The carotenoid content was generally higher in 
leaf extracts compared to other plant organs, with 
the exception of cv. Taipei Gold Gold Star. In this cv, 
carotenoid levels were 204.27±19.19 mg.g­1 DW in 
leaves and 260.50±16.97 mg.g­1 DW in flowers. Root 
extracts consistently displayed lower carotenoid 
contents compared to other plant parts across all 
cultivars. Among leaf extracts, cv. Sogo Yukidian V3 
exhibited the highest carotenoid content (344.05 ± 
32.95 mg g­1 DW), whereas cv. Golden Sands Canary 
reported the lowest (184.99±29.29 mg.g­1 DW). 
     The highest carotenoid content was found in root 
extracts from cv. Taipei Gold Gold Star (137.19 ± 1.07 
mg/g DW), while the lowest was in those from cv. 
Golden Sands Canary (27.61±2.92 mg/g DW). Overall, 
both anthocyanin and carotenoid levels exhibited 
significant variation across the different cultivars and 
plant organs. 
 
 
 
4. Discussion and Conclusions 
 
     The genus Phalaenopsis within the family 
Orchidaceae holds significant prominence in the 
floriculture industry due to its prolonged blooming, 
captivating aesthetic, ease of cultivation, adaptability 
and its success in hybridization. Hybridization offers 
breeders a unique opportunity to develop hybrids 
with enhanced physiological traits and diverse flower 
coloration. However, achieving such advancements 
relies heavily on the selection of parental cultivars 
with desirable traits, making this step important for 
creating novel cultivars. 
     Breeding strategies, plant tissue culture, and 
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biotechnological advancements play a crucial role in 
developing novel traits and expanding the global 
commercialization of orchids (Tiwari et al., 2024). 
Understanding the specific phytochemical properties 
of different plant parts, both floral and vegetative, in 
Phalaenopsis orchids provides valuable insights for 
informed cultivar selection, ultimately contributing to 
the development of resilient, high­quality, and 
commercially viable hybrids. 
     Comprehensive knowledge of anthocyanin and 
carotenoid contents in leaves, roots, and flowers 
provides insights into pigmentation, which is closely 
linked to flower coloration, as well as physiological 
responses such as l ight absorption and stress 
tolerance. These insights can enhance breeding 
efficiency and ensure targeted improvements in 
hybrid cultivars. This approach aligns with the 
findings of Nguyen et al. (2018), emphasizing the 
importance of exploring the phytochemical 
composition of orchids to unlock their full potential 
for breeding and cultivation. By leveraging such 
information, breeders can innovate more effectively 
and meet the growing demand for unique and 
visually appealing Phalaenopsis cultivars in the global 
market. 
     The chlorophyll content analysis of Phalaenopsis 
cultivars revealed that leaves exhibited significantly 
higher chlorophyll levels than roots, a pattern 
consistent with findings by Trelka et al. (2010). This is 
expected, as leaves serve as the primary site for 
photosynthesis in plants. Additionally, the 
chlorophyll a/b ratio was higher in leaves compared 
to roots, supporting observations by Martin et al. 
(2010), who reported that epiphytic orchids generally 
have higher chlorophyll a/b ratios in leaves than in 
roots. Notably, the chlorophyll a/b ratios in epiphytes 
are typically low, often around 2.0 or less. 
     In this study, the chlorophyll a/b ratios in leaves 
and roots of all tested cultivars, except the roots of 
Red Lip 1770 exceeded 1.0. While several ratios were 
less than 2.0, most were approximately 2.0, which 
aligns with the characteristic shade adaptation of 
epiphytic orchids. A reduced chlorophyll a/b ratio, as 
observed in previous orchid studies, suggests a 
functional adaptation to low­light environments, 
allowing these plants to efficiently capture and utilize 
available light. 
     The results obtained in this study further confirm 
the shade­adaptive traits of Phalaenopsis cultivars. 
Understanding these adaptations enhances the 
knowledge of their physiological responses and could 

support targeted breeding and cultivation strategies 
to optimize growth under various light conditions. 
     Higher chlorophylls content serves as a valuable 
indirect indicator of enhanced photosynthetic 
efficiency of the plant (Lin and Hsu, 2004). Among 
the tested cultivars, Red Lip 1770 exhibited the 
highest chlorophyll a ,  chlorophyll b  and total 
chlorophyll levels in its leaf extracts. This suggests 
that Red Lip 1770 may have superior photosynthetic 
efficiency, particularly under shade conditions, 
making this trait critical during its vegetative phase. 
Interestingly, significant variations in chlorophyll 
content were observed in the roots. Notably, the 
cultivars with the highest chlorophyll content in their 
leaf extracts were not the same as those exhibiting 
the highest chlorophyll content in their roots. This 
divergence indicates a broader variability in 
chlorophyll distribution between leaves and roots 
across the tested cultivars. Phalaenopsis cv. Golden 
Sands Canary demonstrated the highest chlorophyll 
content in its flower extracts among the tested 
cultivars. These findings highlight the differential 
accumulation of chlorophylls among Phalaenopsis 
cultivars, which could be uti l ized for selecting 
superior parental lines in breeding programs. 
     However, flowers generally reported lower 
chlorophyll content compared to leaves and roots. 
This difference could be attributed to the 
degradation of chlorophyll or the reduced activity of 
chlorophyll­synthesizing enzymes in flowers. A 
similar phenomenon has been observed in 
carnations, where petals contain significant amounts 
of chlorophyll during early development, which 
declines as the flower matures (Nurcahyani et al., 
2021). 
     The presence of chlorophyll in flowers is essential 
for carbohydrate synthesis during their development, 
supporting energy requirements and metabolic 
processes. For Phalaenopsis, investigating chlorophyll 
content at different stages of flower development is 
essential to gain a deeper understanding of its role 
and dynamics. Such studies could provide insights 
into optimizing flowering conditions and improving 
overall plant health and productivity. 
     Significant variations in carotenoids and 
anthocyanin contents were observed in the flowers 
of studied Phalaenopsis cultivars. Cultivars with 
purple flowers such as Queen Beer Mantefon 
exhibited the highest levels of both anthocyanin and 
carotenoid contents indicating that these pigments 
contribute synergistically to the flower’s coloration. 
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In contrast, yellow­flowered cultivars like Taipei Gold 
Gold Star contained anthocyanins in minimal 
quantities, with carotenoids serving as the dominant 
pigments. Notably, flowers with white petals and 
yellow labellum, such as Sogo Yukidian V3, displayed 
lower carotenoid content compared to entirely 
yellow flowers. 
     Interestingly, an inverse relationship was 
observed between flower and leaf pigment content 
with cultivars displaying low anthocyanin and 
carotenoid levels in their flowers while exhibiting 
higher levels in their leaves. This suggests a potential 
redistribution or differential regulation of pigment 
synthesis in different plant parts. Therefore, a wide 
variation in distribution of carotenoid and 
anthocyanin pigments was observed in different 
plant parts of the same cultivar. Furthermore, some 
flowers exhibited visible coloration that did not align 
with their measured pigment content, highlighting 
the complexity of pigment interactions. As reported 
by Narbona et al. (2021), variations in the type or 
ratio of pigments can influence flower color, while 
changes in pigment concentration primarily affect 
color intensity. 
     The results also underline the intricate patterns 
and color variations in Phalaenopsis flowers, which 
range from simple monochromatic tones to complex 
patterns. Such variability is typical of orchids and 
other ornamental species like irises and crowfoots. 
This study provides valuable insights into the 
pigment composition and color diversity in 
Phalaenopsis flowers, enhancing our understanding 
of their aesthetic and physiological characteristics. 
     Among the different plant parts analyzed, roots 
exhibited the highest flavonoid content, while 
flowers showed the lowest. Flavonoids, known for 
their multifunctionality, play important roles in 
various physiological and ecological processes. In 
epiphytic orchids, such as Phalaenopsis, the velamen 
radicum is vital for water and nutrient absorption, 
storage, and UV­B protection. Flavonoids are also 
integral to leaves and other epidermal tissues, 
providing photoprotection and antioxidant 
properties that safeguard plants from environmental 
stressors (Nguyen et al., 2018). In flowers, flavonoids 
serve as UV­B protectants and as attractants for 
pollinators, facilitating successful pollination. 
Interestingly, cultivars with white petals, such as Red 
Lip 1770 and Sogo Yukidian V3, exhibited higher 
flavonoid content despite having minimal 
anthocyanin and carotenoid levels. This is consistent 

with findings that white petals, which reflect all 
wavelengths of visible light, often contain high 
concentrations of UV­absorbing flavonoids like 
flavones and flavonols (Narbona et al., 2021). The 
significant variations in flavonoid content among 
cultivars may emphasize the potential of selecting 
cultivars with high flavonoid levels in specific plant 
parts as parental materials for breeding programs. A 
study on flowers, leaves, and stems of White Clover 
cultivars revealed the potential for selecting cultivars 
with targeted concentrations of flavonoids (Carlsen 
et al., 2008). Hence, applying a similar selection 
approach in Phalaenopsis cultivars could enhance 
desirable traits, including stress tolerance and 
aesthetic appeal. Plant phenolics, a class of 
secondary metabolites, play a major role in 
mitigating oxidative stress by acting as strong 
antioxidant agents (Trelka et al. ,  2010). By 
neutralizing reactive oxygen species (ROS), phenolics 
help minimize oxidative damage in plants, 
contributing to improved resilience and longevity. 
Additionally, phenolics are involved in delaying 
senescence, thereby enhancing the functional and 
aesthetic lifespan of plant organs, as highlighted by 
Cavaiuolo et al. (2013). 
     In this study, Golden Sands Canary exhibited the 
highest polyphenol content in both leaves and 
flowers, indicating its superior capacity to combat 
oxidative stress. Conversely, BS showed the lowest 
polyphenol levels in leaf and root extracts, suggesting 
a comparatively weaker antioxidant defense. These 
differences suggest that polyphenol content is a 
critical determinant of a plant’s ability to endure 
oxidative stress, which, in turn, influences its storage 
life and performance as a potted plant or cut flower. 
     Selecting and breeding cultivars with high 
phenolics content could enhance stress tolerance 
and longevity in ornamental plants. Such efforts 
would not only improve the plants’ defensive 
mechanisms but also potentially extend their market 
value and usability. Orchid varieties have high 
phenolics and flavonoids compounds and have higher 
restraint power of free radicals. Moreover, a 
relationship can be observed between 
phytochemicals and morphological traits (Ebrahimi et 
al., 2020). The findings underscore the importance of 
incorporating antioxidant­related traits into breeding 
programs to produce robust and resil ient 
Phalaenopsis cultivars with superior oxidative stress 
management capacities. 
     Breeding efforts for Phalaenopsis have largely 
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focused on producing white, pink, and red hybrids, 
leading to market saturation. Orchid breeders are 
now shifting their focus toward developing flowers 
with unique pigmentation patterns distributed across 
various regions of the flower (Hsu et al., 2018). The 
findings of this study highlighted the potential of 
leveraging cultivars with differential pigment 
accumulation to achieve this goal. For instance, 
combining anthocyanin­ and carotenoid­rich cultivars 
such as Phalaenopsis cv. Queen Beer Mantefon with 
white cultivars like Red Lip 1770 and Sogo Yukidian 
V3 could result in novel hybrids with diverse and 
striking pigmentation patterns. The creation of novel 
flower coloration patterns is critical for maintaining 
consumer interest in Phalaenopsis orchids, as 
aesthetic appeal remains a key factor driving market 
demand. Among the tested cultivars, Queen Beer 
Mantefon stood out for its high concentrations of 
both anthocyanin and carotenoids, while 
Phalaenopsis cv. Brother Strips and Golden Sands 
Canary reported the highest flavonoid and 
polyphenol contents, respectively. These traits 
indicate potential resilience and extended storage 
life, adding further value to these cultivars as 
breeding materials. Additionally, the study revealed 
significant variation in chlorophyll, flavonoid, and 
polyphenol content across the vegetative parts of 
different cultivars. These traits are equally important 
for breeding robust plants with enhanced stress 
tolerance, longevity, and overall vigor. 
     In conclusion, this study provides insights into 
floral pigmentation and phytochemical composition 
of vegetative organs, facilitating the identification 
and selection of desirable traits for Phalaenopsis 
breeding programs. By selecting parental materials 
based on pigment profi les and vegetative 
characteristics, breeders can develop new cultivars 
with enhanced aesthetic appeal and improved 
physiological performance. Such advancements will 
not only enhance the ornamental value of 
Phalaenopsis orchids but also strengthen their 
adaptability and commercial potential. Despite these 
findings, the relationship between phytochemicals 
and the physiological traits in commercial 
Phalaenopsis cultivars remains unexplored. Among 
the studied commercial cultivars, Taipei Gold Gold 
Star, Golden Sands Canary and Queen Beer Mantefon 
can be recommended as potential parental 
candidates for hybridization due to their distinctive 
floral colorations and robust vegetative traits for 
adaptability. 
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Abstract: This study evaluated the genetic diversity of Indian long­day garlic 
genotypes based on agro­morphological and biochemical traits. A significant 
variation was observed across 23 traits, indicating high genetic diversity. Key 
traits such as bulb weight and 20­clove weight, leaf thickness, and clove 
showed substantial variability and antioxidant properties highlighted the 
potential for developing high­quality garlic varieties. Hierarchical cluster 
analysis grouped 94 genotypes into four clusters based on key traits, 
emphasizing their utility for breeding programs. Genotypes VGS­55 and VGS­43 
excelled in growth traits, while VGS­51 and VGS­49 demonstrated superior 
biochemical content. Principal component analysis (PCA) revealed that the first 
two components accounted for 40.73% of the total variability, with yield­
promoting traits dominating PC1 and biochemical traits influencing PC3. Trait 
association studies indicated strong positive correlations between bulb yield 
and traits like bulb weight (r=0.97 ***) and equatorial diameter (r=0.73 ***), 
whereas no significant association was observed between bulb yield and 
biochemical traits. These findings underscore the immense genetic potential 
within Indian garlic germplasm for breeding programs targeting higher yields 
and improved biochemical traits, catering to the increasing demand for both 
bulbs and fresh garlic leaves in India. 
 
 
1. Introduction 
 
     Genus Allium includes about 918 species distributed all over the world 
(The Plant list, 2013), of which only 30 to 36 have been distributed in the 
Indian plains and Himalayan region (Santapau and Henry, 1973; 
Karthikeyan et al., 1989). Among this garlic (Allium sativum L.) is one of 
the oldest and strongest flavoured Allium species. Owing to its typical 
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flavor, garlic is mostly used as a spice worldwide in 
the form of fresh or stored bulbs (Block, 2010). In 
many regions, people also enjoy fresh garlic leaves in 
salad (Koch and Lawson, 1996). Additionally, there 
has been a recent increase in the consumption of 
dehydrated garlic (Ogar et al., 2021). As a result of its 
versatility and popularity, garlic has become the 
second most important species in the Amaryllidaceae 
family, following onions, for both culinary and 
medicinal uses (Kamenetsky and Rabinowitch, 2001). 
Garlic is also an excellent source of vitamins and 
minerals (selenium), flavonoids, antioxidants, lectins, 
several enzymes, and amino acids (Pizzorno and 
Murray, 2005). It contains about 33 sulphur 
compounds (Albrecht et al., 2017), of which allicin 
(diallyl­dithiosulfinate) is an important constituent. It 
is formed when non­proteinogenic acid alliin (S­allyl 
cysteine sulfoxide) is exposed to enzyme alliinase 
upon tissue damage (Fesseha and Goa, 2019). Allicin 
is responsible for garlic’s characteristic pungent 
odour and medicinal value. However, composition 
and concentration of these compounds mainly 
depend on cultivar types, place of origin, and 
growing environments (Baghalian et al., 2005; Khar 
et al., 2011). Garlic consumption helps improve 
health by enhancing immunity (Percival, 2016), 
reducing cholesterol and triglycerides (Yeh and Liu, 
2001), lowering blood pressure levels (Ried et al., 
2013), curing skin allergies (Lee and Park, 2003), and 
reducing cancer risk (Sengupta et al., 2004). The 
numerous health benefits associated with this 
versatile plant highlight its significance in supporting 
human well­being. 
     Despite its health benefits, there exists a notable 
demand­supply gap in garlic production, particularly 
in India. This gap arises from the limited production 
in tropical regions, where cultivation faces 
constraints such as suboptimal climatic conditions 
and lower yields compared to temperate countries. 
Garlic requires a cold period (vernalization) for 
proper bulb development. The mild winters in much 
of India are less effective for vernalization compared 
to the prolonged and colder winters in temperate 
countries. Additionally, garlic cultivation in India is 
largely concentrated in specific regions, with the 
Indian Himalayan region contributing minimally to 
the overall supply. This geographical limitation 
contrasts sharply with high­yielding temperate 
countries, where garlic production is more prevalent 
and efficient (Lawande et al., 2009). India is second 

only to China in terms of area and production of 
garlic, but the national average productivity is only 5 
t/ha (FAOSTAT, 2017) and ranks 74th in the world 
(FAOSTAT, 2010). 
     Garlic plants are sensitive to photoperiod and 
temperature and thrive in temperate conditions. 
Fertile flowers and true seed formation in garlic are 
observed only in its primary diversity centre (Hong et 
al., 2000). Garlic flowers are hermaphrodites and 
entomophilous and are pollinated primarily by bees, 
butterflies and moths. Flowering is controlled by 
several genetic factors such as photoperiod and 
temperature (Kamenetsky et al., 2004). However, in 
a country like India, which is close to the place of 
origin, garlic clones often form bulbils (aerial bulbs) 
instead of flowers (Kamenetsky and Rabinowitch, 
2001). Therefore, it is essentially regenerated by 
cloves or bulbils in the region. Such asexual 
propagation methods are generally favourable for 
maintaining the true­to­type identity and uniformity 
of a variety or accession because there is no 
segregation of alleles. Despite its sexually sterile 
nature, garlic has differences in various 
characteristics such as: morphological (maturity, 
plant growth) characteristics (Panthee et al., 2006; 
Wang et al., 2014) and biochemical characteristics 
(Bhusal et al., 2019; Chadha et al., 2019; Barboza et 
al., 2020; Benke et al., 2021), reproductive (maturity, 
bolting behaviour) (Kamenetsky and Rabinowitch, 
2001), and bulb characteristics (bulb shape, bulb size, 
bulb colour, storage life) (Bradley et al., 1996; Wang 
et al., 2014). This diversity is thought to be due to 
sexual reproduction in the wild plant (Maab and 
Klaas, 1995), phenotypic plasticity (Bradley et al., 
1996), and extensive somatic mutations (Ata, 2005), 
mainly due to their apomictic nature. 
     However, this diversity presents challenges, 
particularly when considering the adaptation of garlic 
varieties to different climatic conditions. Garlic from 
temperate climates does not grow well in tropical 
and subtropical areas, making it difficult to compare 
different varieties of garlic in similar climate 
conditions. Although numerous studies have been 
conducted on genetic variation in garlic germplasm at 
various levels, there remains a significant gap in 
research focused on evaluation, selection and 
development of long­day garlic varieties or strains 
specifically suitable for Indian conditions. Bridging 
this gap requires a strategic effort to expand garlic 
production into underutilized regions (i.e. Himalayan 
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intercultural operations, were maintained 
throughout the cropping period. Nitrogen, 
Phosphorus, Potash, and Sulfur (NPKS) at 
110:50:50:50 kg/ha were used as fertilizers. The first 
half of the N dose and the total doses of P and K 
were given at the time of transplantation, with the 
remaining N dose given 30 and 45 days later. Each 
genotype was planted in two rows, with row spacing 
of 15 cm and plant spacing of 10 cm, over a row 
length of 2 m. Cloves were directly sown in shallow 
line at a depth of 3­4 cm during the winter seasons of 
October 2020 and 2021. Watering was provided as 
required to prevent leaf wilting. The crop was 
harvested when the leaves reached senescence or 
necks fell off. 
     All morphological traits were recorded on five 
random plants in each replication. Data were 
recorded from five random plants in each replication 
for each 94 genotype to assess morphological, 
biochemical differences. These germplasms consist of 
varieties, landraces, improved materials, and 
cultivars (SM Table 1S). The observations were 
recorded on sixteen morphological and seven 
biochemical parameters. Morphological traits 
including number of leaves, fourth leaf width (mm), 
fourth leaf length (cm), pseudostem length (cm), 
pseudostem diameter (mm), plant height (cm), and 
neck thickness (mm) were recorded at 80 days of 
planting after completion of vegetative growth when 
the crop was in the field. While, other bulb traits viz. 
number of cloves per bulb, average weight of bulb 
(g), bulb polar diameter (mm), bulb equatorial 
diameter (mm), and weight of 50 cloves (g) were 
recorded after harvest at neck fall. 
     Clove samples were randomly taken from the 
harvested crop to quantify the above biochemical 
and antioxidant traits. Total soluble solids (TSS) were 
determined immediately after manual juice 
extraction from the macerated sample using a cotton 
cloth using a handheld digital refractometer model 
PAL­3 (ATAGO, Japan) and expressed in °Brix. The 
qualitative characteristics of the genotypes were 
recorded according to the descriptors of the Plant 
Varieties and Farmers’ Rights Authority, Government 
of India. The biochemical properties, namely total 
soluble solids (TSS), 2,2’­azino­bis (3­ethylbenzo­
thiazoline­6­sulfonic acid (ABTS), 2,2­diphenyl­1­
picryl­hydrazyl­hydrate (DPPH), total antioxidant 
activity (TAA), ferric reducing antioxidant power 
(FRAP), and Total polyphenols (TPP) were estimated 
in the quality laboratory of the Institute.  

states), thereby ensuring wider availability of this 
health­enhancing crop. This highlights the need for 
targeted research to address the unique climate 
challenges faced by garlic farmers in India. To delve 
deeper into these aspects, this study aims to assess 
the genetic diversity and population structure of 94 
garlic germplasms in the mid­hill  regions of 
Uttarakhand, with special emphasis on morphological 
and biochemical traits. This information serves as a 
starting point for improving breeding strategies and 
developing high­yielding, regionally adapted long day 
garlic varieties. Ultimately, this research aims to 
address the challenges of low productivity and 
promote garlic crop improvement in Indian 
temperate conditions. 
 
 
2. Materials and Methods 
 
     To identify suitable garlic material for the long day 
climatic conditions in mid­Himalayan region, an 
experiment was conducted using a total of 94 garlic 
accessions collected from the Indian Himalayan 
region and distributed under the All­India Network 
Research Project (AINRP­ Onion and Garlic) and was 
maintained at Institute Genebank. The current study 
was conducted over two consecutive years, during 
the Rabi seasons of 2020­21 and 2021­22, at the 
experimental farm of ICAR­Vivekananda Parvatiya 
Krishi Anusandhan Sansthan, located in Hawalbagh, 
Almora, Uttarakhand (latitude 29°35’ N, longitude 
79°39’ E, and an elevation of 1250 meters above sea 
level). The region experiences a warm, temperate 
climate characterized by substantial but 
unpredictable rainfall,  averaging 1132.5 mm 
annually. Summer lasts from late June to September, 
with an average yearly temperature of 23.5°C. The 
annual maximum temperature ranges between 
20.0°C and 38.1°C, while the minimum temperature 
varies from 6.6°C to 25.2°C (Dev et al., 2015). As per 
the Köppen Climate Classification, the area lies in the 
northern hemisphere and is classified under the 
“Cfa” subtype, indicating a humid subtropical 
climate. 
     Ninty­four garlic genotypes were cultivated in 
finely prepared soil with a planting depth of 20–30 
cm. Prior to sowing, the experimental field was 
enriched with 20 t/ha of well­decomposed farmyard 
manure (FYM), which was thoroughly mixed into the 
soil.  Consistent field management practices, 
including nutrient application, irrigation, and 

http://oaj.fupress.net/index.php/ahs/article/view/17277/13662
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Chemicals and reagents 
     All of the solvents employed in the research were 
of analytical purity, whereas the water was HPLC 
pure. The solvents and reagents were procured from 
Merck­Sigma (Bangalore, India) and used without 
further purification. The extraction and analysis were 
carried out using UV­vis spectroscopy. Different 
biochemical observations were made on the 
harvested fruits. The experiments were done in 
triplicate, and the data are shown as mean values ± 
standard deviations. 
 
Preparation of extracts 
     Methanolic extracts of garlic were used to 
measure antioxidant metabolites and activities. Fresh 
samples (2 g) were ground in a pestle and mortar in 
20 ml of 80% methanol. The methanolic extracts of 
the samples were placed in an orbital shaker 
overnight (16 hours) to completely extract 
antioxidant metabolites. The methanolic extract was 
centrifugated at 5000 rpm for 10 minutes, and the 
supernatant was kept at 4°C for further analysis. 
Methanolic pure (80%) extract was used for the 
study. All assays were performed out in triplicate, 
and results are expressed as mean ± standard 
deviations. 
 
Total polyphenolic content and antioxidant activities 
     Total polyphenolic content. The Folin­Ciocalteau 
reagent was used to calculate total phenolic 
compounds (Singleton and Rossi, 1965). The final 
solution was vigorously stirred in a vortex mixer after 
adding 0.9 mL of distilled water, 0.5 mL of Folin­
Ciocalteau reagent and 2.5 mL of sodium carbonate 
solution to the freshly obtained extract. The 
absorbance was measured at 725 nm after keeping 
the reaction at 300°C for 40 min. The standard curve 
for gallic acid was prepared by taking a different 
concentration of gallic acid (10­100 µg). 
     Determination of 2,2‐diphenyl‐1‐picryl‐hydrazyl‐
hydrate (DPPH•). With some alterations, the DPPH 
test was carried out by detecting the reduction in 
absorbance of a methanolic DPPH solution at 515 nm 
in the presence of the extract (Brand­Williams et al., 
2005). The stock solution was made by dissolving 24 
mg of DPPH in 100 mL methanol which was then 
stored at ­20°C until needed, while, working solution 
was made by mixing 10 mL stock solution with 45 mL 
methanol to achieve an absorbance of 1.17±0.02 
units at 515 nm. Garlic extracts (150 µL) were 
allowed to react for 24 hours in the dark with 2850 

µL of DPPH working solution, and the absorbance 
was measured at 515 nm. The radical scavenging 
activity of DPPH• was calculated as a percentage of 
DPPH• discolouration using the equation:  
 
Radical scavenging (percent) = (A control – A sample) / A control 

× 100 
 
Where, A sample is the absorbance of the solution 
recorded while adding extract/reference at a specific 
level. A control is the absorbance of the DPPH 
solution without adding extract. 
 
Determination of scavenging effect on ABTS•+ radicals 
     The ABTS test was carried out by detecting the 
reduction in methanolic ABTS solution absorbance at 
745 nm in the presence of the extract (Arnao et al., 
2001). The workable solution wa made by combining 
two stock solutions in equal amounts and allowing 
them to react for 12 hours at room temperature in 
the dark. The solution was then diluted to attain an 
absorbance of 0.9 0.02 units at 745 nm by combining 
1 mL ABTS solution with 3 mL methanol. Garlic 
extracts (200 litres) were allowed to react for 30 
minutes in the dark with 2000 liters of newly made 
ABTS solution, and absorbance was measured at 745 
nm.  
     The percentage inhibition was calculated using 
the equation:  
 
Radical scavenging (percent) = (A control – A sample) /A control × 

100 
 
Where, A sample is the absorbance of the solution 
recorded when adding extract/reference at a specific 
level, and A control is the absorbance of the ABTS 
solution without extract. 
 
Determination of total antioxidant activity 
     The total antioxidant activity of the methanolic 
extracts of both samples was determined using a 
phosphomolybdenum technique (Prieto et al., 1999), 
which is based on the reduction of Mo (VI) to Mo (V) 
by the sample analyte and the creation of green 
phosphate / Mo (V) compounds. A sample extract of 
0.3 mL was mixed with 2.7 mL of the reagent solution 
(0.6 M sulfuric acid, 28 mM sodium phosphate and 4 
mM ammonium molybdate). The sample was sealed 
and incubated for 90 minutes in a boiling water bath 
at 95°C. The absorbance was measured at 695 nm 
after the samples had cooled to room temperature. 
Total antioxidant activity was measured in trolox 
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equivalents (mM/g of extract). 
 
Determination of ferric‐reducing antioxidant power 
(FRAP) 
     The FRAP test was performed with few changes 
according to Benzie and Strain. 300 mM acetate 
buffer (3.1 g C2H3NaO2.3H2O and 16 mL C2H4O2), pH 
3.6, 10 mM TPTZ (2, 4, 6­ tripyridyl­s­triazine) 
solution in 40 mM HCl, and 20 mM FeCl3.6H2O 
solution were produced as stock solutions. 25mL 
acetate buffer, 2.5mL TPTZ solution, and 2.5mL 
FeCl3.6H2O solution were mixed and warmed to 370C 
before use to make a fresh working FRAP solution. 
Methanolic extracts of samples (150 L) were allowed 
to react with 2850 L of FRAP solution in the dark for 
30 minutes, and the coloured product (ferrous 
tripyridyltriazine complex) was measured at 593 nm. 
The FRAP value was calculated by drawing a standard 
curve formed by adding ferrous sulfate heptahydrate 
(20­200 mM) to the FRAP reagent, with the results 
represented in mM equivalent to FeSO4.7H2O. 
 
Statistical analysis 
     The experiment employed a randomized 
complete block design with two replications, using a 
mean value over two years for each trait in the 
diversity analyses. Using multivariate methods, such 
as principal component analysis, agro­morphological 
diversity was analysed (Jolliffe, 1986). R software was 
used to do multivariate cluster analysis based on PCA 
charts and Ward’s technique (Ward, 1963). Biplot­
PCA, Variables­PCA, and Individuals­PCA graphics of 
PCA visualisations were created using the R packages 
“devtools,”“ggplot2,” and “factoextra.” Trait 
correlations were computed using the “metan” 
package in R, while Principal component scores and 
descriptive analysis were obtained via PAST04 
software (Hammer et al., 2001). 
 
 
3. Results 
 
Genetic diversity based on agro‐morphological and 
biochemical traits 
     The results showed a huge variation among the 
characters of interest of Indian long­day garlic in 
terms of the twenty­three morphological and 
biochemical characters as given in supplementary  
materials Table 1S and Table 2S. Descriptive data 
analysis revealed that most traits, except for a few 
variables, exhibit high genetic diversity. The most 

variable traits were stem thickness, leaf thickness, 
bulb weight, bulb diameter, clove width, 20­clove 
weight and DPPH (% inhibition) with CV values 
greater than 35 percent. Among the 20 agronomic 
traits, ABTS  (percent inhibition) (CV=9.33%) achieved 
the lowest CV value. Yield characteristics differed 
significantly between garlic genotypes, with bulb 
weight ranging from 6.50 to 35.13 g (CV= 34.60%) 
and 20 clove weight ranging from 9.0 to 68.0 g (CV= 
27.08%). The number of cloves per bulb varied 
between 5.80 and 39.60. The polar diameter ranged 
from 2.17 to 4.10 cm (CV= 11.54%), while the 
equatorial diameter varied from 2.27 to 5.07 cm (CV= 
15.73%).The average clove length was 26.90 mm, 
ranging from 16.33 to 41.50 mm, while clove width 
varied from 2.83 to 39.33 mm, with an average of 
12.77 mm. Genotypes VGS­43 and VGS­103 were 
noted for their clove length and width. Leaf thickness 
ranged from 0.70 mm (VGS­98) to 1.85 mm (VGS­55), 
length from 13.00 cm (VGS­51) to 45.13 cm (VGS­96), 
and width from 1.15 cm (VGS­91) to 3.75 cm (VGS­
43), with coefficients of variation of 14.08%, 17.49%, 
and 23.66%, respectively. Plant height varied from 
14.80 cm (VGS­82) to 44.80 cm (VGS­55), and the 
number of leaves ranged from 4.20 (VGS­49) to 9.0 
(VGS­95), with coefficients of variation of 19.03% and 
17.49%, respectively. The increasing demand for 
fresh garlic leaves in India highlights the potential of 
these diverse genotypes for producing leafy garlic 
varieties. Additionally, there was considerable 
variation in quality metrics l ike TSS and total 
carbohydrates, with TSS being crucial for assessing 
bulb quality in the tested accessions. 
     Among 94 genotypes, 43 genotypes had TSS 
values in­between 16.16 and 43.90°Brix, with VGS­67 
having the highest at 43.90°Brix, followed by VGS­19 
at 43.60°Brix, and VGS­5­2 with the lowest at 
16.16°Brix. Garlic cloves primarily consist of 
carbohydrates, making up 33.06% of the total 
carbohydrate content (USDA National Nutrient 
Database).The study found that carbohydrate 
content in the genotypes ranged from 14.39% (VGS­
8) to 28.81% (VGS­11B), with an average of 21.42%. 
Important antioxidant properties suggested potential 
for developing healthier varieties. Total polyphenols 
varied between 0.30 and 1.25 mg GAE/g DW, with a 
standard deviation of 0.15 and a coefficient of 
variation of 29.90%. The DPPH inhibition ranged from 
10.08% to 49.23%, with a standard deviation of 10.08 
and a coefficient of variation of 49.23%.The free 
radical inhibition percentage against ABTS in garlic 

http://oaj.fupress.net/index.php/ahs/article/view/17277/13662
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accessions ranged from 31.65% to 83.42%, averaging 
62.14%, indicating low genotypic variation. The total 
antioxidant activity varied between 12.71 and 66.43 
mM Trolox equivalent/g DW, with a standard 
deviation of 6.43 and a coefficient of variation of 
24.97%. The FRAP values ranged from 95.04 to 
269.32 mM FeSO4 equivalent/g DW, with a standard 
deviation of 32.77 and a coefficient of variation of 
21.26%. VGS­51 had the highest FRAP values among 
the genotypes tested (Table 1). 
 
Hierarchical cluster analysis 
     Cluster analysis using Ward’s minimum variance 
(Ward, 1963) identified four main groups among 94 
genotypes, explaining 29.78%, 51.06%, 17.02%, and 
2.12% of total germplasm, respectively (Fig. 1). 
Cluster 1, consisting of 28 genotypes, showed 
associations with higher clove numbers (e.g., VGS­32, 
VGS­33), PST (VGS­33), PD (Bhima Omkar, VGS­06, 
VGS­103), BW (VGS­89), and TY (VGS­89). All released 
varieties, except Swarna­9, are in this cluster. The 
second cluster, the largest with 48 genotypes, is 
characterized by maximum plant height (VGS­55), LT 
(VGS­55), and higher TSS (VGS­35, VGS­36, VGS­37, 

VGS­13 and VGS­14), TAA (VGS­11­B), and (VGS­11­
B). This cluster is advantageous for selecting 
genotypes with enhanced growth and bulb quality. 
The third cluster included thirteen genotypes with 

Fig. 1 ­ Dendrogram of cluster analysis of garlic germplasm 
based on morphological and biochemical traits (Ward 
Method).

Table 1 ­    Summary statistics morphological and biochemical characteristics of garlic accessions

 Characteristics Abbreviation Min Max Mean SE Variance SD CV (%)

Plant height (cm) PH 14.80 44.80 31.39 0.62 35.70 5.97 19.03
Leaf length (cm) LL 13.00 45.13 32.01 0.58 31.35 5.60 17.49
Leaf width (cm) LW 1.15 3.75 1.93 0.05 0.21 0.46 23.66
No. of leaves/plant LN 4.20 9.00 5.65 0.09 0.74 0.86 15.27
Pseudostem thickness (mm) PST 6.20 18.58 10.76 0.32 9.86 3.14 29.19
Leaf thickness (mm) LT 0.70 1.85 1.33 0.02 0.03 0.19 14.08
Polar diameter (cm) PD 2.17 4.10 3.25 0.04 0.14 0.37 11.54
Equatorial diameter (cm) ED 2.27 5.07 3.62 0.06 0.32 0.57 15.73
20 clove weight (gm) CW­20 9.00 68.00 25.41 1.18 131.02 11.45 45.04
Clove length (mm) CL 16.33 41.50 26.90 0.40 14.94 3.87 14.37
Clove width (mm) CW 2.83 39.53 12.77 0.49 22.85 4.78 37.44
No of clove layer/ bulb CNL 1.00 3.00 2.38 0.04 0.19 0.43 18.23
No of clove/ bulb CN 5.80 39.60 17.92 0.65 39.35 6.27 35.01
Bulb weight (gm) BW 6.50 35.13 21.35 0.60 33.43 5.78 27.08
Total Yield (q /ha) TY 32.50 175.67 105.67 3.09 899.52 29.99 28.38
Plant weight (g) PW 8.00 52.67 23.99 0.87 71.52 8.46 35.25
TSS (°Brix) TSS 16.16 43.90 38.27 0.46 19.77 4.45 11.62
Total Polyphenols (mg GAE/g) TPP 0.30 1.25 0.51 0.02 0.02 0.15 29.90
DPPH (% Inhibition) DPPH 10.08 49.23 27.49 1.01 96.64 9.83 35.76
ABTS (% Inhibition) ABTS 31.65 83.42 62.14 0.60 33.62 5.80 9.33
TAA (mM Trolox equivalent/g DW) TAA 12.71 66.43 25.74 0.66 41.32 6.43 24.97
FRAP Vale (mM FeSo4 equivalent/g FRAP 95.04 269.32 154.13 3.38 1074.06 32.77 21.26
Total carbohydrate (%) TCA 14.39 28.81 21.42 0.35 11.76 3.43 16.01
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distinctive leaf traits such as leaf length (VGS­96), leaf 
width (VGS­43), leaf number (VGS­95), and several 
yield­related traits such as bulb weight (VGS­96, VGS­
105, Swarna­9) and total yield (VGS­39). In contrast, 
the fourth cluster contained only two genotypes, 
VGS­51 and VGS­49, which were characterized by 
their high biochemical content, including TPP, DPPH, 
ABTS, and FRAP. 
 
Trait association study 
     The total bulb yield showed significant positive 
correlations with BW (0.97***), ED (0.73***), CW 
(0.24*), LN (0.39***), LL (0.29**), LW (0.24*), PST 
(0.48***), PW (0.66***), 20­CW (0.61***), and PD 
(0.25*). However, no association was found between 
bulb weight and various biochemical traits, including 
TAA, ABTS, total phenolics, and DPPH activities, 
suggesting that bulb weight has no influence on bulb 
quality traits. Furthermore, bulb weight, TSS, and 
bulb diameter had no relationship with plant height 
(Fig. 2). Conversely, TSS was negatively correlated 
with 20­clove weight (­33**), clove ABTS (­0.29**), and 
DPPH activity (­0.27**), while there was a non­
significant negative correlation with clove phenol 
content (TPP), TAA, and FRAP values. Significant 
positive correlations were observed among DPPH 
(0.66**), TAA (0.39***), ABTS (0.55***), and FRAP 

Fig. 2 ­ Pearson correlation matrix for morphological and 
biochemical traits in Indian long day garlic germplasm.

(0.60***),  indicating a complex gene action 
mechanism involving garlic quality parameters. 
 
Principal component and Biplot analysis 
     Prior to performing Principal Component Analysis 
(PCA), Pearson correlation analysis was conducted 
to identify and remove highly correlated variables 
(BW and ED),  as such variables can 
disproportionately influence the PCA results. The 
first principal component (PC1) accounts for 22.77% 
of the total variation, with the highest eigenvalue of 
4.78. It includes features such as CW­20, PST, PW, 
TPP, DPPH and LW, which have positive 
contributions, while CN, CNL and TSS have negative 
effects (Table 2). The second principal component 
(PC2) has an eigenvalue of 3.22 and explains 15.31% 
of the variation. Positive contributions come from 
traits such as PD, TY, and PW, whereas most of the 
biochemical traits i.e., TPP, DPPH, ABTS, TAA, and 
FRAP have negative contributions. The third 
principal component (PC3) explained 8.38% of the 
total variation, mainly due to biochemical features 
such as FRAP, DPPH (% inhibition), TPP, ABTS, TAA 
and a morphological trait i .e.,  PH. The fourth 
principal component (PC4) accounted for 7.16% of 
the variation and was primarily influenced by clove 
length (CL), clove width (CW) and plant diameter 
(PD). Leaf thickness (LT) had the highest loadings in 
the fifth principal component (PC5), while total 
carbohydrates (TCA) and total soluble solids (TSS) 
dominated in the sixth principal component (PC6), 
highlighting their importance. Yield­ promoting 
traits were mainly captured in PC1 and PC2, while 
PC3 focused on biochemical traits and highlighted 
their role in phenotypic variation. TPP, DPPH, ABTS, 
LW, and FRAP made the main positive contributions 
based on the squared cosine (Cos2), while CW­20, 
ST, BW, TY, and PW made notable negative 
contributions (Fig. 3). Genotypes VGS­10A, VGS­84, 
VGS­82, VGS­79, VGS­54, and VGS­70 had the 
highest square cosine values, while VGS­96, VGS­
109, VGS­105, VGS­108, VGS­76, VGS­42, VGS­49, 
VGS­51, and Swarna­9 were the least contributions 
(Fig. 4). A biplot of PC1 and PC2 revealed distinct 
trait  groups, including CNSS, TY, and various 
biochemical traits (TPP, DPPH, ABTS, TAA, FRAP). 
Genotypes VGS­96, VGS­43, VGS­34, VGS­51, VGS­
49, VGS­44, VGS­12, VGS­14, VGS­97, VGS­104, and 
VGS­89 were in gaps, highlighting their uniqueness 
(Fig. 5). 



 
 
4. Discussion and Conclusions 
 
     The present study highlighted the significant 
genetic diversity among Indian long­day garlic 
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Table 2 ­    Principal component loadings for morphological and biochemical traits of garlic

Traits PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8 PC 9 PC 10

PH ­0.20 0.18 0.34 0.05 0.24 ­0.16 ­0.32 ­0.14 ­0.36 0.01 
LL ­0.01 0.26 0.18 ­0.28 ­0.15 ­0.23 0.49 0.29 ­0.26 0.24 
LW 0.32 0.03 ­0.27 ­0.12 0.20 0.02 0.01 ­0.09 ­0.06 ­0.22 
LN 0.09 0.27 0.25 ­0.18 0.33 0.12 0.00 ­0.06 ­0.31 ­0.06 
PST 0.30 0.26 ­0.05 ­0.14 0.00 0.09 0.17 0.02 0.04 ­0.02 
LT 0.04 ­0.06 ­0.08 0.12 0.63 ­0.12 ­0.06 0.44 0.14 0.41 
PD ­0.14 0.32 0.12 0.41 ­0.04 0.12 0.22 0.03 0.17 ­0.10 

CW­20 0.36 0.25 ­0.04 ­0.04 ­0.01 0.03 ­0.20 0.01 0.03 0.11 
CL 0.09 0.15 ­0.01 0.68 0.00 ­0.03 0.15 ­0.01 ­0.16 ­0.03 
CW 0.26 0.10 ­0.11 0.33 0.16 ­0.04 0.19 ­0.14 0.01 0.18 
CNL ­0.27 0.16 0.29 0.06 ­0.11 ­0.10 0.10 0.19 0.37 ­0.20 
CN ­0.33 0.07 0.25 ­0.01 0.23 0.09 ­0.09 ­0.07 0.01 ­0.06 

TY 0.16 0.41 0.17 ­0.11 0.04 0.00 ­0.26 ­0.06 0.16 ­0.04 
PW 0.21 0.37 0.04 ­0.06 ­0.19 0.02 ­0.17 ­0.01 0.37 0.04 
TSS ­0.22 0.02 ­0.01 ­0.09 0.18 0.48 0.17 ­0.48 0.27 0.37 
TPP 0.29 ­0.25 0.33 0.05 0.07 0.15 ­0.03 ­0.09 0.10 ­0.02 
DPPH 0.26 ­0.17 0.28 0.09 0.05 0.00 0.16 ­0.25 ­0.18 ­0.33 
ABTS 0.18 ­0.26 0.28 0.07 0.08 ­0.07 ­0.23 0.27 0.31 ­0.16 
TAA 0.13 ­0.11 0.28 0.16 ­0.44 0.22 ­0.28 0.09 ­0.24 0.52 
FRAP 0.18 ­0.21 0.37 ­0.14 0.08 0.20 0.42 0.13 0.11 0.05 
TCA ­0.07 0.09 ­0.15 0.03 0.02 0.71 ­0.08 0.48 ­0.22 ­0.27 
Eigen value 4.78 3.22 1.76 1.50 1.32 1.12 0.98 0.90 0.81 0.75 
Variance 22.77 15.31 8.38 7.16 6.26 5.35 4.67 4.29 3.85 3.57 
Cumulative variance 22.77 38.08 46.47 53.63 59.89 65.24 69.91 74.20 78.05 81.63 

Fig. 3 ­ Contribution of different variables towards principal 
component analysis based on cos2 value.

Fig. 4 ­ Contribution of different garlic accessions toward 
principal component analysis based on the cos2 value.
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genotypes based on agro morphological and 
biochemical traits. The wide range of mean and 
coefficient variations observed between traits 
highlights the potential for improving existing 
genotypes through clonal selection and paves the 
way for the development of new, tailored varieties 
suitable for high­altitude regions. Previously, Benke 
et al. (2020) reported similar genetic differences in 
garlic genotypes. Our results confirm the large 
variability found in morphological traits such as leaf 
width, stem thickness, bulb weight, 20­clove weight, 
clove width, and biochemical traits such as total 
phenolic content, DPPH inhibition, total antioxidant 
activity, and FRAP, and highlight their potential for 
selection and improvement. This is consistent with 
the findings of Bhusal et al.(2019); Narayan et al. 
(2019), who also found significant variability in yield­
determining and biochemical traits in garlic 
genotypes and demonstrated the usefulness of such 
traits in the clonal selection highlighted programs. 
The variability of yield characteristics and 
biochemical properties offers opportunities for 
targeted selection. For example, features such as 
bulb equatorial diameter (CV = 56.54%) and clove 
length (CV = 34.82%), as reported by Ayed et al. 
(2019) indicate scope for clonal selection to develop 
new garlic varieties. 
     Furthermore, studies by Jabbes et al. (2012) and 
Baghalian et al.  (2005) identified significant 
differences in plant height, number of cloves per bulb 
and bulb dimensions, consistent with the results of 
the current study. This variability forms the basis for 
improving both the agronomic and phytochemical 
properties of garlic. Present study also identified 

Fig. 5 ­ Segregation of 94 accessions of garlic according to 
morphological and biochemical traits determined by PC 
score and loadings.

genotypes such as VGS­11B (high TAA and TCA 
content) and VGS­51 (high total phenolic content, 
DPPH, ABTS and FRAP activities) as candidates for 
developing healthier garlic varieties. Compared to 
existing commercial varieties, these genotypes 
showed significantly improved antioxidant and 
phenolic profiles, suggesting that they have the 
potential to meet growing consumer demand for 
nutrient­dense and health­promoting garlic products. 
These results echo Bhusal et al.  (2019), who 
identified superior genotypes for antioxidant activity 
and suggested their use for health­oriented breeding 
programs. The analysis of the TSS (Total Soluble 
Solids) values in this study indicates a range of 16.16 
to 43.90 °Brix, which relates these results to existing 
research and shows that they are slightly lower than 
those, observed in certain Indian genotypes from the 
western region (Bhusal et al., 2019) and slightly 
higher than the values recorded for Egyptian garlic 
genotypes (Moustafa et al., 2011).This variation 
highlights the potential for breeding programs aimed 
at growing garlic varieties with specific TSS 
characteristics. Such tailored varieties, particularly 
those with medium TSS and low pungency, can be 
particularly beneficial for improving post­harvest 
storage and processing, allowing growers to optimize 
quality and shelf l ife. Genotypes with high 
antioxidant activity and different TSS values are 
suitable for leaf purposes because TSS is not a crucial 
trait for selecting leaf genotypes. Our study found 
that VGS­55 (leaf thickness), VGS­43 (leaf width), 
VGS­95 (number of leaves) and VGS­96 (leaf length) 
are superior in leaf characteristics. Furthermore, 
Bhusal et al. (2019) identified PGS­105 as a genotype 
with higher antioxidant activity supporting improved 
health benefits in leaf production. 
     Despite the clonal propagation and inherent 
sterility of garlic, significant genetic variation has 
been observed, likely due to mutations, soma­clonal 
variations, or genetic transformation variations 
arising from sexual reproduction in the wild plant 
(Novak, 1990; Bradley et al., 1996; Wang et al. 2014). 
These sources of variation are not unique to garlic 
and have also been reported in other clonally 
propagated crops such as potatoes (Zaag, 1987) and 
bananas (Ortiz and Vuylsteke, 1996). However, the 
extent and impact of such variations may vary 
depending on the genetic architecture and 
propagation method of each crop. The use of PCA 
and cluster analysis revealed four major groups 



Conversely, the lack of association between bulb 
weight and biochemical traits indicates the need for 
independent selection strategies for yield and quality 
traits. Supporting this perspective, Jabbes et al. 
(2012), Imani and Shamili (2017) and Benke et al. 
(2021) found a strong positive correlation between 
marketable yield and yield­contributing traits in 
different garlic accessions. Panthee et al. (2006) 
reported comparable results in various Nepalese 
garlic accessions. 
     This study identifies the first two principal 
components (PCs) that encompass essential yield and 
biochemical traits, including bulb length, number of 
cloves, leaf count, plant weight, total soluble solids 
(TSS), clove length, total antioxidant activity (TAA), 
and total carotenoid content (TCA). Therefore, these 
PCs can aid in selecting genotypes with favorable 
horticultural and yield characteristics (Useche­Carrillo 
et al., 2021). This collective evidence indicates that 
garlic’s production potential is closely linked to its 
vegetative development, making these traits valuable 
for direct selection in garlic cultivation. 
     The study showed significant genetic diversity 
among 94 Indian garlic genotypes based on both 
agro­morphological and biochemical traits. Large 
differences were observed in traits such as bulb 
weight, clove size, leaf characteristics and 
biochemical parameters such as total polyphenols, 
antioxidant activity and total soluble solids (TSS). 
Notably, genotypes VGS­43 and VGS­103 had 
superior clove properties, while VGS­51 had the 
highest antioxidant properties. The cluster and 
principal component analyses identified distinct 
groups based on yield­promoting traits and 
biochemical content, providing a basis for selecting 
genotypes with specific desired traits. Yield­related 
traits such as bulb weight and 20­clove weight were 
positively correlated with several morphological 
traits but showed no association with biochemical 
traits such as total antioxidants, suggesting that 
these quality traits are independent of yield. The 
study highlights the potential of these different 
genotypes for breeding programs aimed at increasing 
both the yield and quality of garlic production, 
particularly improving antioxidant content and bulb 
quality. Future efforts should focus on integrating 
molecular markers into phenotypic assessments, 
which can help accelerate the development of high­
yielding, nutrient­dense garlic varieties suitable for 
regional cultivation. 
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within the 94 genotypes, reflecting the diversity of 
morphological and biochemical traits. These clusters 
were dominated by the group of genotypes that 
were better in some traits. Fruit­related traits, for 
instance, were the most effective in differentiating 
across mango cultivars (Samsampour et al., 2020). 
However, overlapping features were also recorded. 
Similarly, Benke et al. (2020) reported overlap in 
both qualitative and quantitative characteristics. 
     These findings align with Egea et al. (2017) and 
Wang et al.  (2014), Oyetunde et al.  (2021) on 
biochemical, color traits, and phenotypic diversity. 
Traits such as TPP, DPPH, and ABTS significantly 
influenced clustering patterns, emphasizing their role 
in defining genetic diversity, as seen in Chinese 
(Hassan et al., 2015), Polish (Bozin et al., 2008), and 
Serbian (Kim et al., 2013) garlic genotypes.   
Other studies also showed clustering based on 
various traits. For example, Bhusal et al. (2019) 
identified two clusters among 26 Indian garlic 
genotypes based on antioxidant and quality traits, 
Wang et al. (2014) clustered 212 garlic accessions 
into six groups based on morphological traits while 
Barboza et al.  (2020) classified Argentinean 
genotypes into four groups using organo­sulfur and 
SSR markers. These studies highlight the value of 
clustering techniques in understanding genetic 
diversity and informing breeding programs. 
Furthermore, clustering patterns were unrelated to 
the geographic origins of the accessions, as noted by 
Benke et al. (2020). The clustering patterns and PCA 
results emphasize the importance of traits like TSS, 
antioxidant activity, and phenolic content in defining 
genetic diversity. 
     The high variability and significant correlations 
observed among yield and biochemical traits 
highlight the potential for using diverse genotypes in 
breeding programs. For example, strong correlations 
between bulb weight and clove dimensions could 
prioritize selection for these traits to enhance overall 
yield. Meanwhile, weak or non­significant 
correlations between yield and biochemical traits 
suggest that independent selection strategies might 
be necessary to balance productivity with quality 
improvements. This understanding enables breeders 
to design more focused and efficient strategies 
tailored to specific breeding goals. The total bulb 
yield showed strong positive correlations with traits 
like bulb weight, bulb diameter, and clove width, 
suggesting their importance in yield improvement. 
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Abstract: Shallot as a horticultural crop has various benefits and important uses 
as a provider of nutritional needs. Its uniqueness in aroma and flavor makes it 
commonly used as a seasoning so that it has a good economic value as an 
increase in farmers’ income. Sandy land on the coast has the potential for 
shallot cultivation. The presence of wind that airborne salinity on coastal land 
requires the selection of tolerant varieties and knowledge of the level of 
airborne salinity concentration that shallot plants can tolerate. Experiments 
have been conducted from July to December 2023 in the screenhouse and 
horticultural agronomy lab, Faculty of Agriculture, Jenderal Soedirman 
University, Purwokerto (7°24’27.7”S, 109°15’19.1”E). Treatments consisted of 
the use of shallot varieties Bali Karet (B1) and Bima Brebes (B2), with the 
application of several concentrations of airborne salinity consisting of 0, 6, 12, 
and 18 mS cm­1. The Bali Karet variety excels in plant height and root dry 
weight morphologically. Physiologically, Bima Brebes has higher levels of 
chlorophyll a and stomatal density, while Bali Karet is superior in chlorophyll b. 
Harvest results show Bima Brebes produces more tubers, while Bali Karet 
produces higher fresh tuber weight per clump. Morphological parameters 
(plant height, root dry weight), physiology (chlorophyll a, chlorophyll b, 
stomatal aperture, stomatal density), and yield showed the highest value at the 
lowest air salinity concentration (0 mS cm­¹). Both varieties increased proline as 
a tolerance mechanism to 18 mS cm­¹ air salinity. The best interaction occurred 
between Bali Karet and 0 mS cm­¹ salinity on stomatal opening, and between 
Bima Brebes and 0 mS cm­¹ salinity on stomatal density. Both varieties were 
classified as having moderate tolerance to 18 mS cm­¹ salinity, but total 
chlorophyll was very sensitive to this salinity concentration. 
 
 
1. Introduction 
 
     Horticultural crops play an important role in providing food nutrition 

(*) Corresponding author:  
saparso@unsoed.ac.id 
 
 
Citation: 
SAPARSO, SUDARMAJI A., BACHTIAR MUSTHAFA 
M., WUKIR TINI E., PRAMANA PUTRA F., RADITYA 
KURNIAWAN R., 2025 ­ Physiological tolerance of 
shallot varieties to airborne salinity in coastal 
sandy soils. ­ Adv. Hort. Sci., 39(2): 149­162. 
 
 
ORCID: 
S: 0000­0002­4289­6920 
SA: 0000­0002­3068­7996 
BMM: 0000­0002­9658­3401 
WTE: 0000­0001­5122­5507 
PPF: 0000­0001­6778­0775 
RKR: 0009­0007­0174­7738 
 
Copyright: 
© 2025 Saparso, Sudarmaji A., Bachtiar Musthafa 
M., Wukir Tini E., Pramana Putra F., Raditya 
Kurniawan R. This is an open access, peer 
reviewed article published by Firenze University 
Press (https://www.fupress.com) and distributed, 
except where otherwise noted, under the terms 
of CC BY 4.0 License for content and CC0 1.0 
Universal for metadata. 
 
Data Availability Statement: 
All relevant data are within the paper and its 
Supporting Information files. 
 
Competing Interests:  
The authors declare no conflict of interests. 
 

Received for publication 15 November 2024 
Accepted for publication 9 June 2025

AHS 
Advances in Horticultural Science

AHS ­ Firenze University Press 
ISSN 1592­1573 (on line) ­ 0394­6169 (print) 

http://doi.org/10.36253/ahsc-16803
http://oaj.fupress.net/index.php/ahs
http://orcid.org/0000-0002-4289-6920
http://orcid.org/0000-0002-3068-7996
http://orcid.org/0000-0002-9658-3401
http://orcid.org/0000-0001-5122-5507
http://orcid.org/0000-0001-6778-0775
http://orcid.org/0009-0007-0174-7738
http://www.fupress.com
http://creativecommons.org/licenses/by/4.0/legalcode
http://creativecommons.org/publicdomain/zero/1.0/legalcode


Adv. Hort. Sci., 2025 39(2): 149­162

150

as well as increasing farmers income. Horticultural 
development continues as technology advances. 
Horticultural products are an important source of 
valuable nutritional and nutraceutical compounds as 
nutrients needed by humans (Durazzo and Lucarini, 
2022). Horticultural crops include fruit plants, 
medicinal plants, vegetable plants, plantation plants, 
spices, and ornamental plants, playing an important 
role in the economic development and prosperity of 
a country (Kour et al . ,  2022). The export of 
horticultural crop commodities provides a great 
opportunity globally in increasing the country’s 
income and the welfare of farmers. One of the 
potential commodities in horticultural production 
activities is shallots. 
     Shallot (Allium ascalonicum L.) as a commodity 
type of horticulture with high economic potential for 
farmers’ income. Shallot cultivation plays an 
important role in the national economy and globally. 
There is a high market demand for shallots 
domestically and internationally, increased 
production and technological development are 
required, contributing to food security. Shallot 
production reached 1.985 million tons in 2023, 
marking a 0.14% increase (2.87 thousand tons) 
compared to 2022. Household consumption of 
shallots in 2023 decreased by 4.07% (33.83 thousand 
tons), totaling 797.32 thousand tons compared to the 
previous year. The import value of shallot in 2023 
reached US $1.82 million, increased of 21.94% (US 
$327.46 thousand) from 2022. The consumption 
needs of shallots by households in Indonesia have 
fluctuated in the last five years, respectively in 2019 
by 750.63 thousand tons; 2020 by 729.82 thousand 
tons; 2021 by 790.63; 2022 by 831.14 thousand tons; 
and 2023 by 797.32 thousand tons (Badan Pusat 
Statistik, 2024). 
     Based on the high interest and potential, a 
strategy is needed to increase shallot productivity. As 
an archipelago, Indonesia has many islands spread 
across its territory. Indonesia as an archipelago 
consists of 17,504 islands, has a coastal area of 
95,118 kilometers (Syamsuddin et al., 2019). The 
amount of sandy beach land is a potential in 
increasing agricultural land for farmers. Sand land is 
one of the potentials to overcome the problem of 
agricultural land conversion, as well as in 
horticultural development (Fikri, 2021). Seeing the 
increasingly limited cultivation land provides a 
highlight of the potential of coastal land as a feasible 
marginal land utilization effort. Extensification 

activities on coastal land can significantly increase 
the total shallot planting area, thereby increasing 
total production in an area. One of the efforts to 
meet shallot production needs is done with off 
season cultivation (Susanawati and Fauzan, 2019). 
Off season shallot cultivation can be done on coastal 
sand land (Fauzan, 2020). Different soil and climatic 
conditions make coastal land a challenge in 
conducting shallot cultivation activities. However, 
coastal sand land is easy to cultivate because of its 
loose texture so that it can save time and cost of land 
treatment and land is relatively safe from disease 
(Iriani, 2013). 
     Another major problem that needs to be 
considered in cultivation on coastal land is the 
presence of airborne salinity. A simple sensor 
exposure method with a wet sponge in coastal areas 
showed air salinity of 19.69 mS at 6 hours and 
151.19 mS at 24 hours (Saparso et al., 2023). This 
shows that the air salinity in coastal areas is very 
high as indicated by the salt particles captured on 
the wet sponge. Evaporation that occurs in the sea 
around the coast causes salt particles to be carried 
into the atmosphere. Winds in coastal areas carry 
water vapor that has a certain level of salinity 
originating from the sea area. When carried inland 
on agricultural land, water vapor with a certain level 
of salinity can affect plants. Deposition of salt 
particles on the surface of leaves and other organs, 
allowing uptake by plants. Growth reduction due to 
high salinity results from a combination of osmotic 
stress causing water deficit and the impact of excess 
Na⁺ and Cl­ ions on crucial biochemical processes 
(Munns and Tester, 2008). NaCl in high 
concentrations is toxic when accumulated in plant 
tissues. High concentrations of Na⁺ disrupt the 
uptake of K⁺  and Ca²⁺  nutrients, while high 
concentrations of Cl ­ decrease photosynthetic 
capacity due to chlorophyll degradation (Tavakkoli et 
al . ,  2010). Salinity stress in plants influences 
numerous cellular mechanisms, such as disturbing 
cellular homeostasis, hindering photosynthesis, 
affecting mRNA processing, transcription, and 
protein synthesis, as well as disrupting energy 
metabolism, amino acid biosynthesis, and lipid 
metabolism (Hameed et al., 2021). Salinity stress can 
cause a reduction in photosynthesis efficiency, 
chlorophyll, total protein, biomass, stomatal closure 
and increasing the oxidative stress (Gupta and 
Huang, 2014). 
     Salinity stress in plants increases the production 
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aims to determine the impact of airborne salinity on 
the morphology, physiology, and yield of shallot 
plants in two different varieties on coastal land. 
 
 
2. Materials and Methods 
 
Experimental design 
     Experiments have been conducted from July to 
December 2023 in the screenhouse and horticultural 
agronomy lab, Faculty of Agriculture, Jenderal 
Soedirman University, Purwokerto (7°24’27.7”S, 
109°15’19.1”E). Screenhouse microclimate with 
daytime peaks of 33.17°C (36,7% RH) under solar 
radiation and nighttime lows of 27.03°C (55,74% RH) 
due to radiative cooling. 
     Experiment with factorial research with a two­
factor completely randomized design (CRD) 
instrument. The first factor shallot varieties consisted 
of Karet Bali (B1) and Bima Brebes (B2), the second 
factor airborne salinity at a concentration of 0 mS cm­

1 (A0), 6 mS cm­1 (A1), 12 mS cm­1 (A2), and 18 mS cm­1 
(A3). There were 8 treatment combinations with 3 
replications, there are 24 units, with 5 polybags each, 
making a total of 120 polybags. 
 
Plant material 
     The shallot variety Bima Brebes originates from 
Brebes. The plant starts flowering in 50 days and can 
be harvested in 60 days. It reaches 34.5 cm in height 
and produces 7­12 bulbs per clump. The leaves are 
green, cylindrical, and 14­50 in number. Dry tuber 
production reaches 9.9 tons per hectare. This variety 
is quite resistant to tuber rot but susceptible to leaf 
tip rot. The tubers are oval and pink in color, suitable 
for lowlands (Annex to the Regulation of the 
Indonesian Minister of Agriculture Number: 
594/Kpts/TP.240/8/1984 Dated: August 11, 1984). 
     The Bali Karet (Batu Ijo) variety of shallots 
originates from Batu, Malang. Plants start flowering 
in 45­50 days and are harvested in 55­60 days in the 
lowlands or 65­70 days in the highlands. It is between 
45­60 cm tall and produces 2­6 bulbs per clump. The 
leaves are dark green, cylindrical, and number 45­50. 
The dry tuber production reaches 18.5 tons per 
hectare. The tubers are round and pink in color, and 
this variety is well adapted to areas with an altitude 
of 50­1000 meters above sea level (Annex to the 
Regulation of the Indonesian Minister of Agriculture 
Number: 366/Kpts/LB.240/6/2004 Dated: June 2, 
2004). 

of reactive oxygen species (ROS) through oxidative 
stress mechanisms. ROS are normal products of cell 
metabolism, but environmental stress increases their 
production excessively, damaging biomolecules and 
organelles. The role of ROS as signals or stressors is 
determined by the balance between their formation 
and elimination by the antioxidant system, and 
disruption of this balance leads to oxidative stress 
(Hasanuzzaman et al., 2021). Due to the presence of 
high salinity there is a water deficit and an increase in 
free radicals that damage cell structures, plants 
respond by synthesizing osmolytes such as proline 
and sugar. Proline has antioxidant activity, activates 
the detoxification system, contributes to cellular 
homeostasis by protecting redox balance, and serves 
as a protein precursor and energy source in the 
recovery process from stress (Mansour and Ali, 
2017). Proline is able to minimize damage from ROS 
thereby reducing lipid peroxidation, which results in 
protection of the photosynthetic apparatus in various 
plant species (Ashraf and Foolad, 2007; Wani et al., 
2012). 
     Each crop variety has a different genetic makeup 
that determines its adaptability to environmental 
stress, such as salinity. Research shows that Allium 
species, including shallots, are plants that are quite 
sensitive to salinity stress (Kadayifci et al., 2005; 
Kiremit and Arslan, 2016). To investigate the effect of 
salinity on shallot, two different varieties were used: 
Bima Brebes and Bali Karet. Genetic differences in 
shallots of Bima Brebes and Bali Karet varieties cause 
differences in morphology, physiology, and yield in 
plants. Alavan et al. (2015), stated that different 
varieties affect the diversity of plant appearance, due 
to differences in plant traits (genetic) or 
environmental influences. The results of research by 
Karo and Manik (2020), showed that differences in 
shallot varieties had a significant effect on the 
number of flowers with the highest value being the 
Pancasona variety 2.93 stalks and the lowest Birma 
0.07 stalks. According to Azmi et al. (2011), that 
several varieties planted on the same land have 
different bulb sizes for each variety. 
     To improve productivity on land with exposure to 
airborne salinity, it is necessary to select varieties 
that can adapt to salinity exposure. This selection of 
plant varieties is based on morphological, 
physiological and molecular markers (Soltabayeva et 
al., 2021). Currently, there is still no information and 
research on the impact of airborne salinity on 
shallots grown on the coast. Therefore, this study 
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Agronomic variables 
     Plant height (cm) was determined from the soil 
surface to the uppermost shoot. The roots were 
dried in an air­circulated oven at a constant 
temperature of 70°C until constant weight (72 
hours). Root dry weight was then weighed using an 
analytical balance with an accuracy of 0.01 g and 
expressed in grams (g) per plant. Counting the 
number of tubers per clump was done at harvest 
time. Uniform and healthy sample plants were 
uprooted along with the tubers. After being cleared 
of soil,  the clumps of tubers were manually 
separated from the remains of dried roots and 
leaves. Each bulb in a clump was counted manually, 
and the results were expressed as the number of 
bulbs per clump (bulbs per clump). Fresh bulb weight 
per clump was measured at harvest. Each whole 
clump was directly weighed using an analytical 
balance (accuracy 0.01 g). Measurement results were 
expressed in grams per clump (g). 
 
Assessment of leaf greenness  
     Data on the greenness value of shallot leaves 
were observed in the late vegetative and late 
generative phases 34 and 47 days after planting, 
respectively. Leaf greenness value was determined 
with the SP3 leaf chlorophyll meter on the SPAD­502 
plus device. Data on chlorophyll content in the leaves 
were taken randomly in the sample unit. The leaf 
greenness each leaf sample observed was then taken 
as the average value. The results of the average value 
of SPAD­502 plus as sample data are processed. Data 
collection in sunny weather to increase the accuracy 
of data collection. 
 
Assessment of chlorophyll content 
     Chlorophyll concentration was determined using 
the modified International Rice Research Institute 
(IRRI) method (Alsuhendra, 2004). A total of 0.01 g of 
shallot leaves were weighed on a balance sheet, 
pulverized in a mortar with the addition of 10 ml of 
80% acetone. Leaves that have been pulverized, 
filtered with filter paper. The shallot leaf extract was 
analyzed for chlorophyll content on a 
spectrophotometer, 663 and 645 nm wavelengths.  
 
      Chl Content (mg L­1) = (20.2 x A645) + (8.02 x A663) (1) 

A663 = Absorbance at 663 nm wavelength 
A645 = Absorbance at 645 nm wavelength 

 
Assessment of stomatal characteristics 
     Stomatal opening was quantified by identifying 

epidermal impressions which were obtained from 
the abaxial leaf surface using clear nail polish. After 
application, transparent adhesive tape was pressed 
onto the coated section and carefully peeled to 
transfer the imprint. The tape­mounted impression 
was then affixed to a glass slide for stomatal aperture 
observation at 400× magnification. Imprints were 
examined under a compound light microscope 
equipped with a calibrated ocular micrometer. 
Stomatal opening width (μm) was measured as the 
maximum pore distance between guard cells. 
     Stomatal density was quantified by counting 
stomata within a defined microscopic field of view 
(area = 0.1589 mm² at 400× magnification). The 
density was calculated using the formula: 
 

Density = Number of stomata/Field of view area 
 
Proline content determination 
     Proline (μmol g­1 fresh weight) was determined 
based on the technique (Bates et al., 1973), in 0.5 g 
fresh leaves that have been mashed given 10 mL of 
3% 5­sulfosalicylic acid, then filtered. The filtrate was 
then given 2 mL ninhydrin (2,2­dihydroxyindane­1,3­
dione) and 2 mL glacial acetic acid, put in a tube, for 
one hour heated at 100°C (212.0°F) with the addition 
of 4 mL toluene. The extract solution turned dark red 
indicating proline content, measured by Milton Roy 
2D Spectrophotometer, wavelength 520 nm. The 
value on the spectrophotometer was calculated by 
the formula: 
 
Proline content (μmol g­1 fresh weight) = (64.3649 x absorbance) 

+ (­5.2987 x 0.347)                                                                        (2) 
 
64.3649 = The slope value of the standard curve, 
which indicates the increase in proline content (μmol 
g­¹) per unit increase in absorbance. 
Absorbance = Spectrophotometric measurement 
value that is directly proportional to the 
concentration of proline in the sample. 
 
Assessment of stress tolerance index (STI) 
     The stress tolerance index (STI) quantifies shallot 
yield under salinity stress relative to yield under 
normal conditions. This index was calculated using 
the formula established by Hooshmandi (2019): 
 
                           STI = (Hp × Hs) / (H ̄p)²                                       (3) 
 
where STI is stress tolerance index, Hp= Yield of a 
genotype under non­stressed conditions, Hs the yield 
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of a genotype under stressed conditions, and H ̄p is 
Mean yield of all genotypes under non­stressed 
conditions. 
 
Data analysis 
     Analysis of variance (ANOVA), was used in data 
analysis. Duncan’s Multiple Range Test (DMRT) was 
then used on data significantly different at 5% 
standard error. Statistical data were processed using 
SPSS 26 supported by Microsoft Excel. 
 
 
3. Results 
 
     The results show that salinity in several levels 
affects the morphological variables of shallots (Table 
1, Fig. 1) . Plant height and root dry weight of shallots 
of Bali Karet varieties are 58.53 cm and 0.11 g plant­1 
higher than Bima Brebes by 20.16% and 120%. While 
the leaf greenness of both varieties is not 
significantly different. Bali Karet variety is higher than 
Bima Brebes in all morphological parameters, 
indicating it is more tolerant to salinity stress. 
Airborne salinity treatment significantly reduces 
plant height, leaf greenness, and root dry weight 
variables with the highest values of 57.69 cm; 48.16; 

Table 1 ­    Varietal effect and air salinity on shallot morphology

Data are expressed as the mean of determination ± SD in 3 replicates. Means followed by the same letter in one column are not 
significantly different (p<0.05).

Treatment Plant height 
(cm) Leaf greenness   Root dry weight  

(g plant­1)

Varieties (B)
Bali Karet (B1) 58.53±2.55 a 43.67±6.24 a 0.11±0.06 a
Bima Brebes (B2) 48.71±4.68 b 44.18±3.36 a 0.05±0.01 b
Airborne salinity (A)
0 mS cm­1 (A0) 57.69±5.18 a 48.16±2.43 a 0.12±0.08 a
6 mS cm­1 (A1) 53.98±6.01 ab 45.00±4.17 ab 0.08±0.03 ab
12 mS cm­1 (A2) 52.81±6.06 b 42.93±4.26 bc 0.08±0.04 ab
18 mS cm­1 (A3) 49.99±6.49 b 39.57±4.71 c 0.06±0.03 b
Varieties (B) x Airborne salinity (A)
B1A0 61.01±2.44 a 49.00±2.86 a 0.18±0.08 a
B1A1 59.30±1.60 ab 45.45±5.23 abc 0.10±0.03 b
B1A2 58.03±2.15 ab 42.53±5.96 bcd 0.10±0.04 b
B1A3 55.80±1.05 b 37.68±6.34 d 0.09±0.03 b
B2A0 54.37±5.30 b 47.34±2.35 ab 0.06±0.02 b
B2A1 48.68±1.76 c 44.56±3.93 abc 0.06±0.01 b
B2A2 47.60±2.34 c 43.34±3.06 bcd 0.06±0.02 b
B2A3 44.19±1.75 c 41.47±2.16 cd 0.05±0.00 b

Fig. 1 ­ Effects of using different varieties (B1= Bali Karet, B2= 
Bima Brebes) on plant height (A) and root dry weight (B). 
Data are expressed as the mean of determination ± SD in 
3 replicates.
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and 0.12 g plant­1 at 0 mS cm­1 (A0), respectively, with 
differences reaching 15.40%; 21.71%; and 100% at 18 
mS cm­1 (A3). The analysis of two shallot varieties at 
several levels of airborne salinity shows that Bali 
Karet and Bima Brebes varieties are slightly tolerant 
to airborne salinity and both have the same 
decreasing trend in morphology (plant height, leaf 
greenness, and root dry weight) as airborne salinity 
increases (Fig. 2); however, both varieties have 
different mechanisms to salinity stress. 
     In Table 2 and figure 3 can be observed that the 
shallot variety Bima Brebes has a value of 9.33 mg L­1 
13.69% greater than the value of chlorophyll a Bali 
Karet. In contrast, the Bali Karet variety has values of 
6.85 mg L­1 and 16.19 mg L­1 respectively 86.14% and 
11.58% greater than the chlorophyll b and total 
values of Bima Brebes. Physiological characteristics 
were significantly affected by the level of airborne 
salinity in chlorophyll a, b, and total variables (Fig. 4) 
with the highest values of 12.28 mg L­1; 8.54 mg L­1; 
and 20.83 mg L­1 at 0 mS cm­1 (A0), these values were 
57.44%; 288.18%; and 108.09% higher than the 18 
mS cm­1 treatment (A3). Considering the results of the 
two varieties under escalating airborne salinity, Bali 
Karet and Bima Brebes deploy contrasting chlorophyll 
strategies. Bali Karet boosts chlorophyll b to 
maximize light harvesting for growth, while Bima 
Brebes prioritizes chlorophyll a to protect 

Fig. 2 ­ Effects of airborne salinity (0, 6, 12, and 18 mS) on plant 
height (A), leaf greenness (B), and root dry weight (C). 
Data are expressed as the mean of determination ± SD in 
3 replicates.

Table 2 ­    Varietal effect and air salinity on shallot physiology (chlorophyll)

Data are expressed as the mean of determination ± SD in 3 replicates. Means followed by the same letter in one column are not 
significantly different (p<0.05).

Treatments Chlorophyll a  
(mg L­1)

Chlorophyll b  
(mg L­1)

Total chlorophyll  
(mg L­1)

Varieties (B)
Bali Karet (B1) 9.33±2.35 b 6.85±4.52 a 16.19±5.13 a
Bima Brebes (B2) 10.81±2.61 a 3.68±2.58 b 14.51±4.40 a
Airborne salinity (A)
0 mS cm­1 (A0) 12.28±2.33 a 8.54±4.22 a 20.83±2.70 a
6 mS cm­1 (A1) 10.88±1.66 ab 5.54±3.76 ab 16.43±2.56 b
12 mS cm­1 (A2) 9.32±1.41 bc 4.78±3.63 ab 14.12±3.19 bc
18 mS cm­1 (A3) 7.80±2.47 c 2.20±1.40 b 10.01±2.54 c
Varieties (B) x Airborne salinity (A)
B1A0 10.88±2.49 bc 11.13±2.50 a 22.01±1.20 a
B1A1 10.25±1.88 bcd 7.04±5.30 b 17.29±3.49 bc
B1A2 8.71±1.65 bcd 6.17±5.19 b 14.89±4.63 cd
B1A3 7.50±2.71 d 3.07±1.19 bc 10.58±2.74 de
B2A0 13.68±1.22 a 5.97±4.27 b 19.65±3.56 ab
B2A1 11.52±1.47 ab 4.05±0.69 bc 15.57±1.44 bc
B2A2 9.94±1.07 bcd 3.40±0.54 bc 13.35±1.47 cde
B2A3 8.11±2.75 cd 1.34±1.11 c 9.45±2.76 e
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photosynthetic reaction centers. This reflects a 
fundamental trade­off between photon capture (Bali 
Karet) and photochemical resilience (Bima Brebes), a 
divergence critical for variety­specific airborne 
salinity adaptation. 
     Table 3 shows that the use of different varieties 
on stomatal physiology impacts only density of 
stomata, with the variety of Bima Brebes having a 
stomatal density of 55.55 stomatal mm­2 greater 
17.79% than the variety of Bali Karet. No significant 
differences are found on stomatal opening and 
proline content. Nevertheless, it can be noticed that 
Bali Karet variety has a value of 3.58 µm 4.68% 
greater than Bima Brebes on stomatal opening, and 
that Bali Karet variety has a value of 1.15 μmol g­1 
fresh weight 19.01% lower than Bima Brebes on 
proline content. Several treatments at the airborne 
salinity level had an effect on decreasing stomatal 
opening and density and increasing proline. The 
highest value of stomal opening and stomatal density 
are 4.66 µm and 58.70 stomatal.mm­2 at 0 mS cm­1, 
100% and 36.61% surpassed the 18 mS cm ­1 
treatment. In opposite, the highest value on proline 
2.24 μmol g­1 fresh weight fresh leaves at 18 mS cm­1 
on proline up to 397.78% greater than the control (0 
mS cm­1). In the physiological characteristics, the 
interaction between the use of different varieties and 
the level of airborne salinity influenced considerably 
stomatal mechanism of stomatal opening and 
stomatal density with the highest values of 5.33 µm 
and 54.50 stomatal mm­2 (B1A0), respectively 128.76% 
and 52.96% surpassed B1A3 and B2A3 on stomatal 
opening and B1A3 on stomatal density (Fig. 5). 
Although there was no interaction on proline 
between the use of two shallot varieties and airborne 
salinity at several levels, it can be observed that the 
Bima Brebes variety accumulated higher proline than 
Bali Karet with the same increasing trend. This shows 
the type of adaptation of Bima Brebes on cellular 
adaptation, compared to Bali Karet which focuses on 
growth optimization (Fig. 6). 
     Data are expressed as the mean of determination 
± SD in 3 replicates. Means followed by the same 
letter in one column are not significantly different 
(p<0.05). 
     Table 4 shows that there is an influence of both 
varieties on yield characteristics, variable number of 
bulbs per clump Bima Brebes 6.66 pieces greater 
55.61% than Bali Karet. In fresh bulb weight per 
clump on the contrary, Bali Karet has a value of 45.38 

Fig. 3 ­ Effects of using different varieties (B1= Bali Karet, B2= 
Bima Brebes) on chlorophyll a (A) and chlorophyll b (B). 
Data are expressed as the mean of determination ± SD in 
3 replicates.

Fig. 4 ­ Effects of airborne salinity (0, 6, 12, and 18 mS) on 
chlorophyll a (A), chlorophyll b (B), total chlorophyll (C). 
Data are expressed as the mean of determination ± SD in 
3 replicates.



g, 95.09% greater than Bima Brebes. The yield 
parameter in the airborne salinity treatment in the 
research conducted had no effect. The interaction of 
two shallot varieties at several levels of airborne 
salinity was not significant on yield. Bali Karet variety 
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Fig. 5 ­ Effects of airborne salinity (0, 6, 12, and 18 mS) on 
stomatal opening (A), stomatal density (B), and proline 
(C). Data are expressed as the mean of determination ± 
SD in 3 replicates.

Fig. 6 ­ Interaction of different varieties (B1= Bali Karet, B2= 
Bima Brebes) with different levels of airborne salinity (0, 
6, 12, and 18 mS) on stomatal opening (A) and stomatal 
density (B). Data are expressed as the mean of 
determination ± SD in 3 replicates.

Table 3 ­    Varietal effect and air salinity on shallot physiology (stomatal and proline)

Data are expressed as the mean of determination ± SD in 3 replicates. Means followed by the same letter in one column are not 
significantly different (p<0.05).

Treatment Stomatal opening 
 (µm)

Stomatal density 
 (Stomatal mm­2)

Proline  
(μmol g­1 fresh weight)

Varieties (B)
Bali Karet (B1) 3.58±1.31 a 47.16±8.69 b 1.15±0.78 a
Bima Brebes (B2) 3.42±0.90 a 55.55±6.48 a 1.42±0.92 a
Airborne salinity (A)
0 mS cm­1 (A0) 4.66± 0.82a 58.70±6.50 a 0.45±0.38 c
6 mS cm­1 (A1) 4.16±0.41 a 52.41±8.59 ab 0.95±0.32 bc
12 mS cm­1 (A2) 2.83±0.41 b 51.36±2.57 b 1.47±0.44 ab
18 mS cm­1 (A3) 2.33±0.52 b 42.97±8.36 c 2.24±0.87 a
Varieties (B) x Airborne salinity (A)
B1A0 5.33±0.58 a 54.50±3.63 abc 0.21±0.05 d
B1A1 4.00±0.00 abc 46.12±7.26 c 0.91±0.33 bcd
B1A2 2.66±0.58 cd 52.41±3.63 bc 1.53±0.30 abc
B1A3 2.33±0.58 d 35.63±3.63 d 1.94±0.76 ab
B2A0 4.00±0.00 abc 62.89±6.29 a 0.71±0.42 cd
B2A1 4.33±0.58 ab 58.70±3.63 ab 1.00±0.37 bcd
B2A2 3.00±0.00 bcd 50.31±0.00 bc 1.42±0.61 bc
B2A3 2.33±0.58 d 50.31±0.00 bc 2.55±1.03 a
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has an escape response shown in fresh bulb weight 
per clump which is higher than Bima Brebes, 
although Bima Brebes is higher in the number of 
bulbs per clump due to the defense response from 
airborne salinity stress (Fig. 7). 
     Table 5 show that shallot varieties Bali Karet and 
Bima Brebes were medium tolerant variety (mt) on 6, 
12, and 18 mS cm­1 airborne salinity. This shows the 
ability of both varieties to tolerate salinity stress, but 
have different response mechanisms. The responses 
of the two varieties to physiology, morphology, and 
yield are shown in Tables 1­4. 

 
4. Discussion and Conclusions 
 
     Salinity on certain levels can affect morphology, 
physiology and yield in plants. According to Shokat 
and Großkinsky (2019), salinity stress is one of the 
major problems in agriculture studied globally. Dry 
weight loss is one of the signs that plant growth is 
affected by salinity (Suharjo et al., 2021). The results 
in Table 1 show that the higher the airborne salinity, 
the lower the morphological variables in shallots. 
Salinity determines the ability of plants to grow 
because it can damage cells. High salinity levels affect 
water uptake by plants due to salt around the plant 
roots, which causes oxidative stress (Anwar et al., 
2024), prolongs shoot emergence, slows leaf growth, 
reduces plant height, changes the form of tubers, 
and reduces their overall mass and size (Alam et al., 
2023). 

Table 4 ­    Varietal effect and air salinity on shallot yield 

Treatment
Number of  

bulbs  
per clump 

Fresh bulb 
weight per 

clump 
(g)

Varieties (B)
Bali Karet (B1) 4.28±0.77 b 45.38±11.15 a
Bima Brebes (B2) 6.66±1.23 a 23.26±10.46 b
Airborne salinity (A)
0 mS cm­1 (A0) 4.80±0.49 a 41.17±22.01 a
6 mS cm­1 (A1) 5.90±1.52 a 32.78±14.57 a
12 mS cm­1 (A2) 5.47±2.15 a 33.08±15.50 a
18 mS cm­1 (A3) 5.73±1.85 a 30.27±9.15 a
Varieties (B) x Airborne salinity (A)
B1A0 4.40±0.35 b 54.68±12.97 a
B1A1 4.67±0.42 b 43.85±12.53 abc
B1A2 3.73±1.21 b 45.49±10.19 ab
B1A3 4.33±0.92 b 37.51±5.36 abcd
B2A0 5.20±0.00 b 27.65±22.26 bcd
B2A1 7.13±1.01 a 21.71±2.34 cd
B2A2 7.20±1.06 a 20.66±5.88 d
B2A3 7.13±1.36 a 23.03±4.81 cd

Data are expressed as the mean of determination ± SD in 3 
replicates. Means followed by the same letter in one column are 
not significantly different (p<0.05).

Table 5 ­    Varieties effect and airborne salinity on stress tolerance index

Stress Tolerance Index <0.5 sensitive variety (tt), 0.5­1.0 medium tolerant variety (mt). STI >1 tolerant variety (t) (Saparso et al., 2024).

Variables Varieties Airborne salinity (mS cm­1)
6 12 18

Stress tolerance index Bali Karet 0.802 (mt) 0.832 (mt) 0.686 (mt)
Bima Brebes 0.785 (mt) 0.747 (mt) 0.833 (mt)

Fig. 7 ­ Effects of using different varieties (B1= Bali Karet, B2= 
Bima Brebes) on number of bulbs per clump (A) and 
fresh bulb weight per clump (B). Data are expressed as 
the mean of determination ± SD in 3 replicates.



and 58.70 stomatal.mm­2 at 0 mS cm­1, 100% and 
36.61% surpassed the 18 mS cm ­1 treatment. 
Accordingly, the results of research by Fakhri and 
Ekawati (2020), explained that different salinities had 
a significant effect on the chlorophyll a content in 
Dunaliella sp., an increase in salinity from 15 to 35 
ppt caused a 32.65% decrease in chlorophyll a 
content with the highest concentration (11.27 mg L­1) 
produced at 15 ppt salinity. Salinity inhibits the 
osmotic uptake of water, which negatively affects the 
carbon assimilation process, salinity decreases 
photosynthetic rate, transpiration, stomatal 
conductance and chlorophyll levels in plants, 
affecting the ability of plants to photosynthesize 
optimally (Ashraf and Ali, 2008). Salinity stress lowers 
the osmotic potential of the soil solution reducing 
the availability of water for plants and increasing the 
concentration of ions that are toxic to plants 
(Anugrah et al., 2022). Plants have mechanisms to 
deal with stress. Exposed to salinity stress on plants, 
stomatal will be closed to protect against water loss, 
leading to increased leaf temperature, salinity­
induced stress resulting in stomatal regulation, with 
strategies to cope with ionic and osmotic pressures 
induced by NaCl (Orzechowska et al., 2021). 
     Accumulations of cytotoxic­dependent toxic ions 
such as Na+ and Cl­ and formation of reactive oxygen 
species (ROS), can occur due to salinity stress 
disrupting plant development and growth through 
water stress (Isayenkov, 2012). Under conditions of 
oxidative stress, changes in cell metabolic processes 
occur, causing the production of ROS to increase 
excessively, damaging proteins, fats, nucleic acids, 
and can cause plant cell death (Ahmad et al., 2019). 
Plants activate antioxidants (SOD, CAT) and 
accumulate compatible solutes (proline, glycine 
betaine) for mitigation (Hasegawa et al., 2000). 
According to the research Saparso et al. (2023), 
higher proline content makes plants more tolerant of 
air salinity stress, proline content in the plant 
increases the higher the level of air salinity applied, 
where the highest proline content of corn plants 
treatment of 18 mS air salinity, which is 3.58 μmol g­1 
and the lowest proline content in the treatment of 0 
mS air salinity, which is 1.75 μmol g ­1.  This is 
consistent with the results of this study, that 
increased exposure to airborne salinity increases 
proline levels. The proline functions as an osmolyte 
helping to maintain osmotic balance in plant cells, at 
high salinity water tends to escape from cells due to 
differences in ion concentration, the presence, 
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     This research found that higher airborne salinity 
reduced morphological characteristics such as plant 
height, leaf greenness, and root dry weight. Those 
effects may be explained by the fact that saline 
environments generally have the same or even 
higher osmotic pressure than in plant cells, which can 
inhibit water from entering plant cells. Water flows 
from areas of low osmotic pressure to areas of higher 
osmotic pressure, causing plants in saline conditions 
to experience water stress. In Allium cepa, stress 
inhibits cell division so that the number of new cells 
is reduced and the meristem shrinks in size 
(Kielkowska, 2017). Osmotic pressure also affects the 
speed at which cells absorb nutrients (Zainuddin et 
al., 2017). Compared to the control, root fresh weight 
in pomegranate cultivars decreased by 46.3%, 57.4%, 
and 66% under 6, 9, and 12 dS m⁻ ¹  salinity 
treatments, respectively, while root dry weight 
decreased by 45.4%, 52.5%, and 59% at the same 
salinity levels (Jadidi et al., 2020). Salinity stress 
significantly reduced pepper plant height (Badem and 
Söylemez, 2022), leaf greenness values were lower 
under higher NaCl stress (Rustikawati et al., 2023). 
According to research by Kul et al. (2021), water 
salinity caused 22.0% decrease in root fresh weight 
and 36.0% decrease in root dry weight of tomato 
compared to non­saline control and unamended 
control. Plants have evolved biochemical and 
molecular mechanisms, which work in sync as an 
integrated physiological response to soil salinity 
(Ruiz­Lozano et al., 2012). High salinity reduces crop 
production, subsequent growth, and cause 
physiological defects threatening global food security 
and prosperity (Balasubramaniam et al., 2023). 
     Furthermore, high salinity environments can 
damage plant membranes and chlorophyll in Zea 
mays and Cyperus rotundus, causing disturbances in 
nutrient absorption due to disturbed ion balance in 
plant roots (Pranasari et al., 2012). The accumulation 
of Na⁺ and Cl­ in tissues disrupts enzyme function, 
photosynthesis, and cell division, especially in young 
leaves (Munns and Tester, 2008). Other responses in 
plants include selective buildup or exclusion of salt 
ions as maintenance on the photosynthesis process 
to reach adequate values for plant growth, changes 
in membrane structure, and phytohormone synthesis 
(Türkan and Demiral, 2009). The present study shows 
that as increasing airborne salinity from 0 to 18 mS 
cm­1 decreased total chlorophyll by 20.83, 16.43, 
14.12, 10.01 mg L­1 recpectively. The highest value of 
stomal opening and stomatal density are 4.66 µm 
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accumulation of proline so that plant cells can draw 
water in, prevent dehydration and maintain cell 
turgor. According to Khanna­Chopra et al. (2019), 
plants produce proline and accumulate in the 
cytosol, in response to stresses such as salinity, to 
modify the osmotic properties of the cytoplasm 
thereby increasing tolerance in plants. However, it is 
also known that proline can increase the resistance 
and growth ability of plants under stressful 
conditions, such as high salinity. Increase in proline 
under salinity stress as extra Nitrogen (N) and energy 
storage achieved through salinity­induced growth 
reduction for plant survival and growth under stress 
conditions (Kubala et al., 2015). 
     Table 3 and 5 indicate that the increase in proline 
due to exposure to 6 mS cm ­1 to 18 mS cm ­1 
represents the ability of both varieties to maintain 
cell osmoregulators so as not to cause physiological 
and metabolic plant stress. According to Ayub et al.  
(2015), high proline in plants tolerant of 
environmental stress plays a role in regulating plant 
cell osmoregulators. The defense mechanism from 
cell damage due to ROS as free radicals, plants 
respond through the antioxidant defense system 
(Denaxa et al., 2020). Proline plays a very important 
role in reducing the negative effects of plant salinity 
stress by neutralizing free radicals formed due to 
increased ROS. Plants have enzymatic and non­
enzymatic antioxidant defense systems, which play 
an important role in detoxifying ROS generated 
under stress conditions, it is known that proline acts 
as an enzyme protector and ROS antioxidant. (Khatun 
et al., 2020). According to Silva­Ortega et al. (2008), 
proline accumulates dominantly in leaves to maintain 
chlorophyll levels and cell turgor pressure, which is 
crucial for preserving photosynthetic productivity 
when facing salinity stress. Accumulation of proline 
in stressed plants occurs both through induction of 
proline bio­synthesizing gene expression (P5CR and 
P5CS) and by inhibition of genes associated with the 
degradation pathway. 
     Under osmotic stress conditions, proline synthesis 
is mediated by the enzymes encoded by the P5CS 
and P5CR genes in most plants (Furlan et al., 2020). 
     Salinity has three effects on crop growth and yield 
in the form of ion unbalance, ionic and osmotic stress 
(Anshori et al., 2018). However, experiment results 
reported in this study showed that airborne salinity 
had no effect on shallot production. There was a 
19.38% decrease in the number of bulbs per clump in 
the comparison of control and 18 mS cm­1 treatment, 

in addition to the fresh bulb weight per clump 
control was 26.48% greater than 18 mS cm ­1 
treatment, but both parameters were not 
significantly different. This is in line with research 
Saparso et al. (2024), in cauliflower and cabbage, 
unlike the physiological response, plants in the air 
salinity level treatment had no impact on yield. 
Salinity conditions affect plant nutrient uptake due to 
the presence of excess Na+ and Cl­ ions that prevent 
the uptake of NO3

­, Ca2
+, and K+ ions respectively 

(Kharisun et al., 2022), the decrease may be due to 
the fact that these elements are very important in 
the initiation of bulbs (Mardhiana et al., 2018). In 
research, some crops showed a decrease in yield due 
to salinity. Tomato yield decreased by 7.2% at 5 mS 
cm­1 salinity and increased at higher salinities (Zhang 
et al., 2016). Research on Onion Granex 33 variety 
against 6 NaCl concentrations showed that increasing 
NaCl concentration resulted in a decrease in the 
fresh weight of mature plant bulbs, even plants could 
not survive at 125 mM NaCl concentration 
(Ratnarajah and Gnanachelvam, 2021). According to 
research by Syamsiyah et al. (2020), high salinity 
levels did not significantly affect yield components 
such as growth, yield, number of tubers, fresh and 
dry tuber weight of local shallots of Brebes and 
Purbalingga which varieties are tolerant of salinity up 
to salinity levels of 3 mS cm­1. Meanwhile, this study 
shows that exposure to airborne salinity at the 
highest level up to 18 mS cm ­1 (A3) does not 
significantly affect the yield of shallots Bima Brebes 
and Bali Karet on the variable number of bulbs per 
clump and fresh bulb weight per clump. In this study, 
it can be said that airborne salinity stress does not 
affect the yield of shallot varieties of Bima Brebes 
and Bali Karet because both varieties are tolerant 
and able to adapt to certain levels of salinity. This 
adaptability allows them to maintain physiological 
and morphological stability, resulting in consistent 
yields despite saline conditions. Bali Karet variety has 
an increased response on growth variables, while 
Bima Brebes has a response on physiological 
variables. The results of research by Hadianti and 
Damanhuri (2019), that the six varieties of shallots: 
Bima Brebes, Bauji, Super Philip, Tajuk, Katumi, and 
Trisula are tolerant of high salinity concentrations, at 
ppm 12,000 experiencing severe stress. Sidabariba 
and Sudjatmiko (2023), stated that with its 
advantages, the Bali Karet (Batu Ijo) variety can adapt 
well to its growing environment. 
     A schematic representation of the different 
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