@

"% al Biot

BIOLOGY FORUM

TBF : 01-14 (2023)
Research Article

Influence of seed priming and foliar application of GA3 on fruit
morphology and biochemical composition of tomato in Gangetic

Alluvial Zone

Jui Ray?, Sanjoy Kumar Bordolui** and Kanu Murmu®

aDepartment of Seed Science and Technology, "Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur -
741252, Nadia, West Bengal, India ORCID: https://orcid.org/0000-0003-2087-2968

ABSTRACT

Among the vegetable crops, tomato is one of the most important for the human diet. It is also
important to get quality fruit and more nutritious materials. With the above consideration, the
present investigation was carried out with the BCT-25 genotype of tomato seeds treated with
different priming treatments with the objective to enhance the different qualities of fruits. The
seed was primed with different priming materials like Moringa leaf extract (T1) for eighteen
hours; 1% NaCl (T2) for thirty-six hours; 10% Polyethylene glycol (PEG) (T3) for twelve hours;
100 ppm GA3 (T4), 5% KNO3 (T5) (under dark condition) and 1000 ppm Thiourea (T6) for
twenty-four hours; distilled water (T7) for twelve hours; 2% KH2P04 (T8) and 93 ppm NAA
(T9) (at 4°C) for six hours. The field research work was conducted at C Block, Incheck Farm,
BCKV, Kalyani, and Nadia during the Rabi seasons of 2019-20 and 2020-21. Seedlings were
transplanted in the separate main plot 21 days after sowing with three replications following
Strip Plot Design, where each block or replication was divided into 10 horizontal and 2 vertical
strips based on the types of priming materials and foliar application with GA3 and without
GA3. Five plants were randomly tagged after exogenous application of GA3 and fruits turning
mature red color were harvested from those plants in the laboratory, the harvested fruits were
taken for estimation of different quality parameters. Foliar application of GA3 on tomato
plants produced larger fruits (fruit diameter 5.71 cm in the first and 5.44 cm second year; fruit
perimeter13.94 c¢cm in the first and 12.55 cm in the second year) and increased value of
biochemical composition as compared to without GA3. Significant differences in fruit diameter,
fruit perimeter, and biochemical composition were also observed in GA3-treated tomatoes.
Seed priming improved the morphological and biochemical composition of tomatoes. Among
different priming treatments, seed priming with moringa leaf extract indicated the highest
perimeter and diameter of the fruit. Various fruit quality parameters like total soluble solids
were found highest after seed priming with moringa leaf extract followed by KH2P04 and
distilled water; maximum total phenol content (25.41 mg 100 g-1 in 1styear and 25.17 mg 100
g-1in 2nd year) of fruit was noted for priming with moringa leaf extract followed by GA3 and
KH2PO04; highest total sugar percentage (3.52% in 2019-2020 and 3.58% in 2020-2021) and
lycopene content (3.78 mg 100 g-1 in the first year and 4.01 mg 100 g-1 in second year) of
tomato fruit were exhibited in KH2P04 followed by moringa leaf extract and distilled water.
Whereas, ascorbic acid and B-carotene content were observed maximum after seed priming
with both moringa leaf extract and KH2PO4. Soluble protein (9.98 mg g-1 in 2019-2020 and
9.76 mg g-1in 2020-2021) and total carbohydrate content (41.93 mg g-1 in 1styear and 41.42
mg g-1 in 2nd year) of fruit were observed maximum after KH2P0O4 priming, followed by
moringa leaf extract and distilled water. From this experiment, it can be concluded that
moringa leaf extract and KH2P04 play the best performance than other priming materials as
they induced most of the quality parameters.
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INTRODUCTION

Tomato is one of the most valuable and
popular vegetables in the world. Fruit
size, shape, taste, color, and skin
firmness differ according to the
cultivars of the crop. Tomato fruit is
rich in organic acids, sugars, dietary
fiber, pectic substances, proteins, fats,
minerals (potassium, phosphorus,
sulfur, magnesium, calcium, iron,
copper, and sodium), vitamins (B1, B2,
B3, PP, C, provitamin A, [, and H), and
carotenoids, viz. lycopene, 3-carotene,
etc., possessing antioxidant activities.
The nutritional value, color, and flavor
of tomatoes as well as their processed
products depend mainly on lycopene,
B-carotene, ascorbic acid, and sugar
content, and their ratios presentin the
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fruits. The consumption of tomato products helps in the
prevention of chronic diseases, such as cancer and
cardiovascular disease, thus tomato products are considered
functional foods and show that lycopene and -carotene act as
antioxidants [21]; [22]; [61]. Seed priming prior to sowing is a
promising technique. Soaking seeds in different value-added
solutions enhance the yield, and quality potential and controls
diseases of high-value crops [13]. Priming stimulates the
activity of enzymes such as amylases, proteases, and lipases that
break down macromolecules for the growth and development of
the embryo. Earlier, priming with distilled water
(hydropriming) and moringa leaf extract has been used in
improving the vigor and nutritional quality of moringa plants
under normal and stress conditions [46] ; [53], but hardly any
study has been yet reported describing the improvement in
biochemical quality and antioxidant system of tomato under
salinity as well as normal situation induced by seed priming
techniques. Exogenous application of plant growth regulators
(PGRs) and micronutrients is one of the strategies, which is
practiced to increase yield, improve crop quality, and regulate
the uptake and accumulation of mineral nutrients in plants [6];
[10]; [12]; [43]. Gibberellins played important role in increasing
yield in many kinnow mandarins [44]; in marigold [50]; in sweet
orange [52].

Hence, the research work was conducted to investigate the
effect of seed priming and foliar application of GA3 on various
fruit quality parameters both morphological and biochemical
components of the tomato genotype, i.e.,, BCT-25.

RESULTS AND DISCUSSION

MATERIALS AND METHODS

The field trial was conducted in the new alluvial zone at C Block,
Incheck Farm, BCKV, Kalyani, Nadia, West Bengal following strip
plotdesign with three replications during 2019-20 and 2020-21
for Tomato genotype, BCT-25. Pre-sowing seed priming was
made with Moringa leaf extract (T1) (1ml of fresh leaf extract
diluted with 30 ml of distilled water) for 18 hours; 1% NaCl (T2)
for 36 hours; 10% Polyethylene glycol (PEG) (T3) for 12 hours;
100 ppm GA3 (T4), 5% KNO3 (T5) (under dark condition) and
1000 ppm Thiourea (T6) for 24 hours; distilled water (T7) for
12 hours; 2% KH2P04 (T8) and 93 ppm NAA (T9) (at 4°C) for 6
hours. Dry seeds were considered as the control (TO). Foliar
application of 100 ppm Gibberellic acid (G1) was done 25 days
after transplanting of the crop in one set of the priming
treatments, i.e., ten horizontal plots of one vertical strip and
another set, i.e., the plots of another vertical strip of the same
block remained unsprayed (GO) for easy understanding of the
influence of foliar spray with GA3 [51]. Five plants were
randomly tagged after exogenous application of GA3 and fruits
turning mature red color were harvested from those plants. In
the laboratory, the harvested fruits were taken for estimation of
different quality parameters, like fruit perimeter (cm), fruit
diameter (cm), total soluble solids (0Brix) (with the help ofhand
refractometer), total sugar (%) (by anthrone method as per
Dubois etal.,, 1956 [17], ascorbic acid (mg 100 g-1 fresh weight)
[5], lycopene (mg.100 g-1 fresh weight) (by the
spectrophotometric method as per Davis, [15], B-carotene (mg
100 g-1 fresh weight) (by the spectrophotometric method as per
Davis, [15], total phenol (mg 100 g-1 fresh weight)
(spectrophotometrically by Singleton et al.[58], soluble protein
(mg 100 g-1 fresh weight) [38] and total carbohydrate content
(mg 100 g-1 fresh weight) (by Anthrone's method) of fruits.

Table 1. Influence of different priming materials in combination with or without GA3 on fruit perimeter (cm):

2019-2020

To T1 T2 Ts Ts Ts Te Tz Ts To Mean G
Go 11.10 |13.87 |(11.73 |11.70 (1291 (1158 |11.55 |13.37 (1355 |11.54 |12.29
G1 12.61 |15.76 |(13.80 |13.45 |14.74 (1292 |12.75 |15.28 (1540 |12.71 |13.94
MeanT |11.86 |14.81 (12.77 |12.58 |13.82 [12.25 (1215 |14.32 (1448 (12.12
Effect T G T at same level of G G at same level of T
SEm (¥) [0.092 |0.014 [0.119 0.102
LSD
(0.05) 0.274 10.086 [0.354 0.309
2020-2021

To Ty T2 Ts Ts Ts Ts T Ts To Mean G
Go 10.17 |12.62 |10.46 |10.25 (1144 (10.24 |10.23 |12.06 (12.10 |10.19 |10.98
02. © 2023 Theoretical Biology Forum. All Rights Reserved.
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G1 11.09 |14.27 (1248 |12.11 |13.24 (11.63 |11.44 |1394 (1416 |[11.12 |12.55
MeanT |10.63 (1345 (1147 |11.18 (1234 (1093 |10.83 |13.00 |[13.13 |10.66

Effect T G T at same level of G G at same level of T

SEm (+) |0.072 |0.040 (0.109 0.117

LSD

(0.05) 0.214 |0.242 |0.324 0.389

Note: G = With GAs and without GAs treatment, Go = Without GAs, G1 = With GAs, T = Priming treatment,
To= Control, T1 = Moringa leaf extract, Tz = 1% NaCl, T3z = 10% Polyethylene glycol (PEG), T+ = 100 ppm
GAs, Ts = 5% KNOs, Ts = 1000 ppm Thiourea, T7 = Distilled water, Ts = 2% KH2P04, To = 93 ppm NAA

1. Fruit perimeter (cm):

Significantinfluence of GA3 and without GA3 could be noticed for enhancing fruit perimeter in both years; higher value was observed
for G1,i.e., after application of GA3 (13.94 cmin the firstand 12.55 cm in the second year) (Table 1), when the average was made over
priming. This was in conformity with [34]; [54]; [56] in tomatoes resulted in enhanced fruit size with respect to length and girth. The
mean effect of priming treatments was found to significantly influence the trait, when the average was taken over with GA3 and
without GA3; ifranking is done for these priming treatments with regards to fruit perimeter, it could be represented as T1>T8 2 T7 >
T4>T2=T3>T52T6=2T9=T0in2019-2020and T1>T8=T7>T4>T2>T3>T5=T6=T9 =T0 in 2020-2021 (Table); slight
variation in performance of priming treatments may be due to a change in climatic condition over the years. A similar type of
influence was recorded in Pepper [24]. The general trend of influence of with and without GA3 on individual priming followed a
similar pattern in both years. While clarifying the performance of priming materials, T1 was noted to produce maximum fruit
perimeter for both with and without foliar application of GA3 during both years, the trait varied significantly. A similar type of effect
was noted in mung bean resulting inincreased pod length after foliar application of GA3 [40].

Table 2. Influence of different priming materials in combination with or without GA3 on fruit diameter (cm):

2019-2020

To |[T1 T2 T3 Ta Ts Ts T~ Ts To Mean G
Go 356 (538 |462 |458 |470 |456 [3.85 |476 |499 (3.70 |4.47
G1 496 |695 (575 |550 (580 |[5.32 |5.07 |[6.15 |6.55 |5.06 [5.71
MeanT (426 [6.16 |519 |5.04 |525 |494 |446 |546 |5.77 |4.38

T G T at same level of G G at same level of T
SEm () [0.047/0.016 |0.061 0.054
LSD (0.05)(0.136/0.102 |0.180 0.181
2020-2021

To T1 T2 T3 Ta Ts Ts T Ts To Mean G
Go 324 (515 |439 |434 |441 |4.24 (355 |452 |466 (3.37 |4.19
G1 473 |6.68 |544 |5.26 |550 |5.03 476 |591 [6.30 (474 |5.44
MeanT (399 [591 |491 |480 (496 |4.63 |4.16 |[521 |5.48 |[4.06

T G T at same level of G G atsame level of T
SEm () [0.065/0.039 (0.092 0.097
LSD (0.05)(0.191/0.239 |0.274 0.337

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, TO = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA
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2. Fruitdiameter (cm)

During both years, significant variation was observed for fruit diameter due to foliar application of GA3; G1 resulted in the
production of fruits with larger diameter (5.71 cm and 5.44 cm in the first and second year respectively) than GO, when average over
priming was done (Table 2). A similar type of influence with respect to an increase in fruit length and diameter in tomatoes [26].
Priming treatments significantly influenced the fruit diameter, when the average was made over foliar treatment of GA3; T1 (6.16 cm
inthe firstand 5.91 cm in the second year) produced the largest fruit diameter, similar to the expression reported for fruit perimeter
in both the years and if further ranking is made among the priming treatments for this parameter, it could be displayed as: T1 > T8 >
T7>T4=2T2>T32T5>T6=T9=TO for the firstyearand T1 >T8>T7>T4>T2=T3 >T5>T6 =T9 = TO (Table 2) for a second year
with a minute change in priming performance, which may be due to climatic condition prevailed during the crop growth period. T1
was identified as the best priming agent, which produced the largest fruit diameter either GA3 application was done or not, in both
years. The general trend of influence of with and without GA3 on individual priming followed a similar pattern over two years. Fruit
diameter of bottle gourd was increased after seed priming with borax followed by GA3 spraying [4].

Table 3. Influence of different priming materials in combination with or without GA3 on total soluble solids (0Brix):

2019-2020
To T1 T2 Tz Ts Ts Te T Ts To Mean G
Go 570 |6.87 |6.63 633 |6.67 |6.40 |6.47 [6.70 [6.77 |597 |6.45
G1 6.07 |7.07 |6.77 |6.47 |6.77 |6.63 |6.63 690 |6.80 |6.33 |6.64
MeanT [5.88 [6.97 |6.70 6.40 |6.72 6.52 |6.55 6.80 |6.78 |6.15
T G T at same level of G G at same level of T
SEm () |0.092 |0.037 (0.128 0.124
LSD
(0.05) 0.274 |NS NS NS
2020-2021
To T1 T2 Ts Ta Ts Te Tz Ts To Mean G
Go 590 |6.73 6.53 6.27 |6.73 6.30 [6.33 6.67 670 640 |6.46
G1 6.03 |[6.97 |6.63 6.33 |6.83 6.47 |6.57 |6.80 |6.85 |6.47 |6.60
MeanT |[5.97 [6.85 6.58 [630 [6.78 |6.38 |6.45 6.73 [6.78 |6.43
T G T at same level of G G at same level of T
SEm (+) [0.062 |0.029 (0.082 0.077
LSD
(0.05) 0.182 NS NS NS

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, T0O = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA

3. Total soluble solids

The total soluble solid (TSS) is a refractometric index that indicates the proportion of dissolved solids in a solution. Though the foliar
application of GA3 did not significantly influence the total soluble solids of the fruit, when the average was considered over the
treatments; G1 slightly increased the total soluble solids content than non-applied plants, denoted as GO. Total soluble solids of
tomatoes are mainly influenced by the rate of assimilate exportation from leaves, the rate of importation by fruit, and the fruit carbon
metabolism. An increase in the total soluble solid of tomato fruit after foliar application of GA3 [20]. In both years, the maximum
amount of TSS was recorded in treatment T1 (6.97 0Brix and 6.85 0Brix) (Table 3), followed by T7 and T8 in the first year, whereas in
the second year they interchanged their position, though in the first year T1, T7, T8, T4, T2 and in second year T1, T8, T4, T7 were
statistically similar, and it was minimum for TO (5.88 OBrixin firstand 5.97 0Brix in second year), while the mean was calculated over
with and without application of GA3. The highest a-amylase activity and total soluble sugars for seed priming with moringa leaf
extractand magnetized water in peas [45]. Moringa leaves are rich in sugar and starch content and the leaves extract has high levels of
cytokinins. Cytokinins promote carbohydrate metabolism and create new source-sink relationships leading to an increase in fruit
soluble solids content [18]. Pre-sowing seed priming in combination with the application of GA3 and without GA3 application
showed a non-significant influence on the genotype for the total soluble solid (TSS) value of the fruit during both years. There was no
significantinfluence of GA3 spray on individual priming material over unsprayed plants.
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Table 4. Influence of different priming materials in combination with or without GA3 on total sugar (%)

2019-2020
To T1 T2 Ts Ta Ts Ts T~ Ts To Mean G
Go 231 |2.64 (239 |253 (334 233 (251 334 (346 (243 (273
(9.66) |(10.21) |(9.79) [(10.03) |(11.30) |(9.68) [(9.99) |(11.31) |(11.48) |(9.86) |(10.33)
G 234 278 |246 |2.64 (349 236 (263 |3.38 [3.58 |2.51 [2.82
(9.69) |(10.44) |(9.90) |[(10.21) |(11.53) |(9.74) [(10.19) |(11.36) |(11.65) |(10.00) |(10.47)
Mean T 233 271 (242 259 (342 |234 (257 (336 (3.52 [2.47
(9.67) |(10.33) |(9.85) |(10.12) |(11.41) |(9.71) [(10.09) |(11.33) |(11.57) |(9.93)
T G T at same level of G G at same level of T
SEm () (0.013 |0.010 (0.018 0.020
LSD
(0.05) 0.037 |0.063 |0.049 0.072
2020-2021
To T T: Ts Ta Ts Te T Ts To Mean G
Go 227 1259 (232 (259 (329 229 (245 331 351 247 (271
(9.58) |(10.12) |(9.67) [(10.12) |(11.23) |(9.62) [(9.89) |(11.26) |(11.55) [(9.93) |(10.30)
G 230 |2.73 |241 |266 (343 233 (257 334 [3.64 |255 [2.80
(9.64) |(10.35) |(9.82) [(10.24) |(11.43) |(9.69) [(10.10) |(11.30) |(11.75) |(10.06) |(10.44)
Mean T 229 266 236 |262 (336 [231 (251 |3.32 [3.58 |2.51
(9.61) |(10.24) |(9.74) [(10.18) |(11.33) |(9.65) [(9.99) |(11.28) |(11.65) |(9.99)
T G T at same level of G G at same level of T
SEm (+) |0.018 |- 0.022 0.017
LSD 0.055 |0.013 |0.070 0.059
(0.05)

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, TO = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA

4. Total sugar (%)

Similar trends were observed for the total sugar content of the fruit regarding the influence of GA3 as well as seed priming in both
years. Application of GA3 (G1) significantly increased the total sugar content of fruit than the fruits obtained from plants, where there
was no application of GA3 (G0) in two consecutive years. A similar type of influence for the application of GA3 in aonla [57]. This
increase in total sugar content with GA3 mightbe due to the influence of gibberellins in the activation of the amylase enzyme which is
responsible for the conversion of starch into sugars. Among the seed priming treatments, T8 (3.52% in 2019-2020 and 3.58% in
2020-2021) recorded the highest total sugar content (Table 4), followed by T4 and T7 in both years, when the average was made over
with and without application of GA3, though T4 and T7 were statistically at par with each other during the second year, while it was
lowest for TO and T5 with statistically non-significant values. Foliar spraying of phosphorus and potassium was noted to affect the
total sugar content of guava in a better way compared to the control [37]; [45]. T8 was found to be noted as the best-performing
priming material on with and without GA3 basis. A similar type of influence of GA3 was observed on individual priming treatment.

Table 5. Influence of different priming materials in combination with or without GA3 on ascorbic acid content (mg 100 g-1
freshweight):
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2019-2020

To T1 T2 Ts Ta Ts Te T7 Ts To Mean G
Go 26.35 [27.36 |26.64 |26.62 |26.87 |26.63 |26.75 |27.11 (27.33 |26.51 |26.82
G1 2644 (2745 |26.70 |26.70 |26.98 [26.75 |26.80 [27.20 (2742 |26.58 [26.90
MeanT (2639 (2740 (26.67 [26.66 [2693 (26.69 [26.77 |27.15 |[27.38 |[26.55

T G T at same level of G G at same level of T
SEm (%) |0.013 |0.015 (0.013 0.015
LSD
(0.05) 0.045 |NS 0.051 0.095
2020-2021

To T1 T2 Ts Ta Ts Te T7 Ts To Mean G
Go 26.29 [27.18 |26.40 |26.71 |2692 |26.42 |26.64 |(27.01 (27.28 |2643 |26.73
G1 2658 [27.40 |26.75 |2690 |27.04 |26.76 |26.85 |27.25 (2742 |26.56 |26.95
MeanT (2644 [27.29 (26,57 [26.81 (2698 [26.59 (26.74 |[27.13 (27.35 |(26.50

T G T at same level of G G at same level of T
SEm (1) |0.062 |0.033 (0.097 0.105
LSD
(0.05) 0.186 |0.199 |NS NS

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, TO = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA

5. Ascorbicacid (mg 100 g-1 fresh weight)

Ascorbicacid is one of the mostimportant components in tomatoes as it contains rich source of Vitamin C or ascorbic acid, which acts
as an antioxidant. Foliar application of GA3 (G1) showed to significantly influenced the ascorbic acid content of the tomato fruitina
minute range than the without application of GA3 (GO) only in the second year when the average was taken over the seed priming
treatments. Among the organic acids found in vegetables, ascorbic acid (Vitamin C) is an important element of nutritional quality, as
its consumption has been related to a lower incidence of several chronic diseases including cardiovascular disease and cancer [30].
Application of GA3 increased ascorbic acid contentin tomatoes [14]; [47]. Seed priming treatments significantly influenced the trait,
when the average was made over with and without GA3; in the first year T1 (27.40 mg 100 g-1 fresh weight), and in the second year
T8 (27.35mg 100 g-1 fresh weight) was found to be the best treatment, though T1 and T8 were statistically at par with each other in
both the yearsand it was lowest for TO (26.39 and 26.44 mg 100 g-1 fresh weightin two years respectively), though in second year TO,
T9, T2, and T5 were statistically non-significant for the trait (Table 5). Foliar spray of moringa leaf extract enhanced the plantlength,
fresh and dry biomasses, photosynthetic pigments, photosynthetic rate, stomatal conductance, total soluble protein, ascorbic acid
content, and phytohormones in rocket plants [1]. Positive relationship between phosphorus and fruit ascorbic acid content [7].
While exhibiting the performance of priming materials, T1 showed the highest ascorbic acid content in fruit both with and without
exogenous application of GA3 in the first year, whereas non-significant variation was observed in the second year. Similarly, the trait
varied significantly during 2019-2020, when GA3 application was made on individual priming treatment, but it was non-significant
inthe second year.

Table 6. Influence of different priming materials in combination with or without GA3 on lycopene content (mg 100 g-1 fresh
weight) in pulp:

2019-2020

To T1 Tz Ts Ts Ts Te T~ Ts To Mean G
Go 3.41 3.70 3.56 3.61 3.64 3.55 3.62 3.71 3.74 3.46 3.60
G1 3.49 3.77 3.64 3.70 3.74 3.62 3.68 3.79 3.82 3.51 3.68
MeanT |[3.45 3.74 3.60 3.65 3.69 3.59 3.65 3.75 3.78 3.48

T G T at same level of G G at same level of T
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SEm (+) |0.013 (0.006 |0.013 0.006
LSD
(0.05) 0.029 [0.025 |NS NS
2020-2021
To T1 T2 Ts Ta Ts Te T~ Ts To Mean G
Go 3.54 3.85 3.72 3.73 3.77 3.74 3.76 3.79 3.92 3.63 3.74
G1 3.78 4.07 3.88 3.88 3.85 3.81 3.83 3.89 4.09 3.74 3.88
MeanT |3.66 3.96 3.80 3.80 3.81 3.78 3.79 3.84 4.01 3.68

T G T at same level of G G at same level of T
SEm (+) |0.022 (0.006 |0.037 0.039
LSD

0.061 (0.042 (NS NS
(0.05)

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, TO = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA

6. Lycopene content (mg 100 g-1 fresh weight)

Atthe time of maturity in tomato red color occurs due to the presence of the pigment called, lycopene. Biochemical analysis of tomato
pulp revealed variation in lycopene content presentin the genotype due to several pre-sowing seed priming treatments (T) as well as
foliar application of GA3 (G1) on the plants at later crop growth stage leaving one set of priming without any application of GA3 (GO).
Application of GA3 noted significant enhancement in lycopene content over the non-applied ones, average over seed priming
treatments during two years. GA3 application enhanced the accumulation of phosphorous in the leaves and stems of tomato plants
that were also responsible for the required lycopene content in the fruit [2]. Lycopene content increased of tomato fruit treated with
GA3[34]. Among the treatments, T8 (3.78 mg 100 g-1 in the first year and 4.01 mg 100 g-1 in the second year) was reported to be the
best priming agent regarding influencing the lycopene content when average over foliar application of GA3 and without GA3 and the
minimum was recorded in control, i.e., TO (3.45mg 100 g-1in 2019-2020 and 3.66 mg 100 g-1 in 2020-2021) (Table 6). After T8, T7
(hydro-priming) in the first and T1 (moringa leaf extract) in the second year were found to be effective, though T1 and T7 showed a
statistically similar result in the first year. The highest lycopene content was shown in KH2P04 treatment of storage methods in
tomato fruits [29]. Potassium increased the lycopene content of tomato fruits through the synthesis of pigments [9]. The contribution
of phosphorus and potassium on lycopene concentration in grape fruit [16]. There was no significant influence on the trait when the
evaluation was made for the performance of seed priming treatments on an individual basis with GA3 and without GA3 as well as the
influence of GA3 onindividual priming agents.

Table 7. Influence of different priming materials in combination with or without GA3 on f3-carotene content (mg 100 g-1 fresh
weight) in pulp:

2019-2020
To T1 T2 T3 Ta Ts Ts T+ Ts To Mean G
Go 096 |1.24 [1.07 1.10 (116 [1.09 [1.10 1.21 1.21 1.03 |L12
G1 1.12 |1.40 1.22 1.30 (1.34 |1.24 [1.34 |1.37 1.38 1.15 |[1.29
MeanT |[1.04 [1.32 1.14 1.20 [1.25 1.17 |1.22 1.29 1.30 1.09
T G T at same level of G G at same level of T
SEm (%) [0.013 [0.006 (0.013 0.006
LSD
(0.05) 0.035 |0.034 |0.044 0.047
2020-2021
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To T1 T2 Ts Ta Ts Ts T7 Ts To Mean G
Go 1.05 1.40 1.23 1.23 1.33 1.16 1.31 1.35 1.39 1.17 1.26
G1 1.28 1.72 1.48 1.53 1.58 1.31 1.53 1.56 1.84 1.34 1.52
MeanT [1.16 1.56 1.36 1.38 |[1.45 1.24 (142 1.45 1.62 1.26

T G T at same level of G G at same level of T
SEm () (0.041 |0.008 |0.058 0.055
LSD
(0.05) 0.121 |0.048 |NS NS

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, TO = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA

7. B-carotene content (mg 100 g-1 fresh weight)

[-carotene content exhibited an almost similar trend of variation to fruit lycopene. During both years, significant variation was
observed for the influence of GA3, when the average was considered over priming agents. A similar type of influence of GA3 on the
carotene content of wax apples [35]. An accumulation of lycopene and B-carotene in cara cara orange due to the exogenous
application of GA3 and ABA [62]. Average over G (with and without application of GA3), seed priming treatments significantly
influenced the trait, maximum -carotene content was measured for T1 (1.32 mg 100 g-1 fresh weight) during the first year and for
T8 (1.49 mg 100 g-1 fresh weight) during the second year, though T1, T8, T7 in firstand T1, T8 in second year recorded statistically at
per result for this character, whereas, the minimum amount of 3-carotene was measured for TO (1.04 mg 100 g-1 in 1styearand 1.16
mg 100 g-1 in 2nd year) (Table 7). The beneficial effects of supplemental potassium probably resulted from a combination of
improved leaf photosynthetic CO2 assimilation, assimilate translocation from leaves to fruits, improved leaf and fruit water
relations, increased enzyme activation and substrate availability for ascorbic acid and -carotene biosynthesis all associated with
adequate potassium nutrition [23]; [27]. Fertilization with an increased amount of phosphorus had increased 3-carotene production
in tomatoes [66]. The increase in phenolics and antioxidants might be due to the fact that moringa leaf extract possessed a wide
spectrum of antioxidants (ascorbic acid), phenols, flavonoids, and 3-carotene [31]; thus affecting the metabolic process directly or
indirectly in such a way that it increased the internal level of phenolics and antioxidants. Similar to the lycopene content of tomato
pulp, non-significant variation was noticed for -carotene also, based on the performance of seed priming treatments on an
individual basis with GA3 and without GA3 as well as the influence of GA3 on individual priming agents in the second year, whereas
the trait varied significantly in the first year and T1 exhibited maximum fruit 3-carotene content in combination with GA3 as well as
without GA3 application.

Table 8. Influence of different priming materials in combination with or without GA3 on total phenol content (mg 100 g-1 fresh
weight) in pulp:

2019-2020

To T1 T2 Ts Ta Ts Te T Ts To Mean G
Go 2466 |[25.27 (2482 |2482 |25.21 |24.75 |24.81 |25.07 |(25.20 |24.74 |24.93
G1 24.89 |25.55 |25.05 |25.01 |25.42 (2494 |24.90 |25.31 |25.40 |24.91 |25.14
MeanT (24.78 (2541 (2494 (2491 |25.32 (2485 |(24.85 |25.19 |(25.30 |[24.83

T G T at same level of G G at same level of T
SEm (%) |0.013 [0.008 [0.018 0.019
LSD
(0.05) 0.036 |0.054 |0.048 0.064
2020-2021

To T1 T2 Ts Ta Ts Te T Ts To Mean G
Go 2418 |24.93 (2449 (2459 |24.78 |24.48 (2457 |24.74 |24.84 |24.39 |24.60
G1 2442 (2540 (2482 |2487 |25.13 |24.79 |24.80 |25.04 |[25.21 |24.61 |2491
MeanT (24.30 [25.17 |[24.66 |(24.73 [2495 |[24.64 |[24.68 |24.89 |[25.03 |[24.50

T G T at same level of G G at same level of T
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SEm (%) |0.032 |0.006 [0.043 0.039
LSD
(0.05) 0.096 |(0.034 |NS NS

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, T0O = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA

8. Total phenol content (mg 100 g-1 fresh weight) in pulp

Pre-sowing seed priming indicated significant influence on this trait while considering the average over with and without GA3
application during both the years; T1 (25.41 and 25.17 mg 100 g-1 fresh weight) was noted to be the best-performing priming
treatments in both the years and it was followed by T4 and T8 in the first year, but in the second year T4 and T8 interchanged their
places with each other with and they were statistically at per during both years, whereas, the lowestvalue for the phenol content was
observed for TO (24.78 and 24.30 mg 100 g-1 fresh weight) in both the years (Table 8). An increase in a total phenolic compound in
wheat after the seeds were primed with moringa leaf extract [65]. The increase in phenolic contents due to seed priming with
moringa leaf extract might be attributed to a higher content of vitamin C in moringa leaf extract [11]. Foliar application of GA3
significantly influenced the total phenol content of fruitin the first as well as in the second year with little variation in magnitude over
the treatment means. Localized application of the various concentrations of GA3 significantly increased the phenolics content of the
Java Apple fruits (Syzygium samarangense) [42]. Seed priming either alone or in combined with foliar application of GA3, T1
indicated the highest amount of total phenol present in the fruit. Total phenolic compounds contents of cv. Cardinals were
statistically influenced by foliar spray applications of biostimulant in combination with GA3 applications, which resulted in the
highest total phenolic compounds content in grapes [36]. Similar to the 3-carotene content of tomato pulp, non-significant variation
was noticed for total phenol also in the second year, based on the performance of seed priming treatments on an individual basis with
GA3 and without GA3 as well as the influence of GA3 on individual priming agent.

Table 9. Influence of different priming materials in combination with or without GA3 on soluble protein content (mg g-1 fresh
weight) of fruit:

2019-2020

To T1 T2 T3 Ta Ts Te Ty Ts To Mean G
Go 957 1989 (9.73 [9.76 (9.80 |9.73 980 [9.80 (991 |9.67 [9.76
G1 980 998 (981 (983 (995 1979 (985 [9.93 [10.06 [9.72 |9.87
MeanT (969 (993 [9.77 [9.80 |[9.88 [9.76 [9.82 [9.87 [9.98 [9.70

T G T at same level of G G at same level of T
SEm (%) (0.022 [0.010 [0.037 0.040
LSD
(0.05) 0.071 [0.059 |NS NS
2020-2021

To T T2 T3 Ta Ts Te Tz Ts To Mean G
Go 926 |9.60 (948 [9.52 [9.62 944 954 [958 [9.67 |9.48 [9.52
G1 944 977 (954 (956 [9.74 951 959 [9.64 [9.84 |9.53 [9.62
MeanT (935 (969 [9.51 [9.54 |[9.68 (948 [9.57 [9.61 [9.76 |9.50

T G T at same level of G G at same level of T
SEm (%) |0.032 |0.025 [0.048 0.055
LSD
(0.05) 0.098 NS NS NS

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, TO = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA
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9. Soluble protein content (mg. g-1 fresh weight) of fruit

The soluble protein content of fruit was observed significantly varied for the influence of the foliar application of GA3 during the first
year and it was calculated to be increased by 1.13% over the control, but in the second year, there was no significant influence of GA3
(Table 9), when the average was made over seed priming treatments. GA3 stimulates overall protein synthesis [48]. It is established
that plant growth regulators acted solely or in part by controlling the transcription of genes [8]; [39] and thus levels of mRNA [64],
which would in turn regulate the rate of specific hormone induced proteins. A change in the polypeptide in pea fruits between
molecular weight 20 and 60 kilos Dalton with gibberellin treatment [28]. Considering the influence of priming treatments, maximum
protein content was recorded for T8, i.e., 9.98 mg g-1in 2019-2020 and 9.76 mg g-1 in 2020-2021; followed by T1, T7, T4 to perform
in a better way for expression of the parameter than the control, though T1, T4, and T7 were statistically at par in first as well as
second year; minimum protein content (9.69 mg g-1 in 1st year and 9.35 mg g-1in 2nd year) was measured for T0. Potassium
significantly boosted grain protein content in two out of four corn hybrids tested, even though no yield response was measured [32].
The application of potassium resulted in an increase in both sesame seed yield and the amount of seed protein [41]. Protein content
in Pisum sativum was increased with the increasing rate of phosphorus application and phosphorus at the rate of 60 kg ha-1
produced maximum protein content [49]. Phosphorus application significantly influenced the protein content in brinjal [25]. But
seed priming in combination with foliar applied GA3 recorded non-significant variation for the trait during the first as well as second
year. Seed priming treatments on an individual basis with GA3 and without GA3 as well as the influence of GA3 on individual priming
agents showed a non-significantimpact on the protein content of fruit.

Table 10. Influence of different priming materials in combination with or without GA3 on total carbohydrate content (mg g-1
freshweight) of fruit:

2019-2020

To T1 T2 Tz Ts Ts Te T~ Ts To Mean G
Go 41.16 |41.84 (4132 |41.54 |41.70 (4133 |41.51 |41.75 (4187 |41.26 |41.53
G1 4138 |4193 (4143 |41.58 (4180 (4139 |41.57 |41.89 (4198 (4143 |41.64
MeanT |41.27 |[41.89 (41.38 |[41.56 |[41.75 (4136 (4154 (4182 (4193 [(41.35

T G T at same level of G G at same level of T
SEm (+) 0.041 0.022 0.045 0.033
LSD
(0.05) 0.118 NS 0.128 0.137
2020-2021

To T1 Tz Ts Ta Ts Te T7 Ts To Mean G
Go 4047 |41.17 |(40.70 |4091 |41.05 [40.73 |40.89 |41.16 (41.26 |40.64 |40.90
G1 40.69 |41.35 |(40.76 |4095 |41.25 [40.81 (4097 |41.33 (4158 |40.73 |41.04
MeanT |40.58 |[41.26 [40.73 (4093 [41.15 |[40.77 |4093 (41.25 (4142 |(40.69

T G T at same level of G G at same level of T
SEm (+) 0.047 0.022 0.065 0.064
LSD
(0.05) 0.138 0.138 NS NS

Note: G = With GA3 and without GA3 treatment, GO = Without GA3, G1 = With GA3, T = Priming treatment, T0O = Control, T1 = Moringa leaf
extract, T2 = 1% NaCl, T3 = 10% Polyethylene glycol (PEG), T4 = 100 ppm GA3, T5 = 5% KNO3, T6 = 1000 ppm Thiourea, T7 = Distilled
water, T8 =2% KH2P04, T9 = 93 ppm NAA

10. Total carbohydrate content (mg g-1 fresh weight) of fruit

Carbohydrates also known as carbs are a type of macronutrient found in tomatoes. It was observed that foliar application of GA3 (G1)
made a significant variation in total carbohydrate content present in tomato fruit than the control (G0), average over seed priming
agents in the second year. Foliar application of GA3 increased the breakdown of starch and higher glucose and fructose levels in the
potato tuber [3]. Gibberellins affect the activity of enzymes, some of which may control carbohydrate accumulation within the tubers
[55]. Among the seed priming treatments, the highest carbohydrate content was observed for T8 (41.93 mgg-1in 1styearand 41.42
mg g-1in 2nd year), followed by T1 and T7 in two years respectively, though T1 and T7 exhibited non-significant difference among
themselves in both the years and it was lowest for TO (41.27 mg g-1 in 1styear and 40.58 mg g-1 in 2nd year), though in first year TO,
T9,T5,T2,and TO, T9 in the second year showed a statistically similar result (Table 10). Potassium is required for the efficient
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transformation of solar energy into chemical energy that could increase carbohydrate content [59]. Potassium deficiency exerts a
negative effect on photosynthesis and carbohydrate transport in sugarcane and high rates of potassium are required for maximum
economic cane yield [60]. Potassium played the pertinent role for improving photo-assimilate production by maintaining net
photosynthesis and sucrose accumulation and translocation by regulating carbohydrate metabolizing enzyme activities [19]; [63].
T8 was observed to be the best-performing priming treatment on an individual basis with GA3 and without GA3 in both years, though
the character varied significantly in the first year only. A significant influence of GA3 on each priming treatment was noticed during
the first year, whereas, it was non-significant in the second year. Carbohydrates formed by photosynthesis play a vital role in fruit
production since they are not only the raw materials for fruit growth butalso the major determinants of fruit quality [21]; [33].

CONCLUSION

Exogenous application of GA3 on tomato plants produced larger
fruits and enhances biochemical compositions over non-
applied plants. Foliar application of GA3 significantly increased
fruit diameter, fruit perimeter, and biochemical composition
except for ascorbic acid and total carbohydrate in the first year,
soluble protein in the second year, and total soluble solids
content of fruit in both years. Seed priming improved the
morphological and biochemical composition in tomatoes. Seed
priming with moringa leaf extract produced the highest
perimeter and diameter of fruit than other priming materials.
Total soluble solids were found highest after seed priming with
moringa leaf extract followed by KH2P04 and distilled water;
maximum total phenol content (25.41 mg 100 g-1 in 1st year
and 25.17 mg 100 g-1 in 2nd year) of fruit was noted for priming
with moringa leaf extract followed by GA3 and KH2PO4;
maximum total sugar percentage (3.52% in 1st year and 3.58%
in 2nd year) and lycopene content (3.78 mg 100 g-1 in the first
year and 4.01 mg 100 g-1 in second year) of tomato fruit were
exhibited in KH2P0O4 followed by moringa leaf extract and
distilled water. Whereas, ascorbic acid and 3-carotene content
were observed maximum after seed priming with both moringa
leaf extract and KH2PO4. Soluble protein (9.98 mg g-1 in 1st
year and 9.76 mg g-1 in 2nd year) and total carbohydrate
content (41.93 mg g-1 in 1styear and 41.42 mg g-1 in 2nd year)
of fruit were observed maximum after KH2P04 priming,
followed by moringa leaf extract and distilled water. So, moringa
leaf extractand KH2PO4 were best than other priming materials
as theyinduced most ofthe morphological parameters.

REFERENCES

1. Abdalla, M. M,, 2013. The potential of Moringa oleifera
extract as a biostimulant in enhancing the growth,
biochemical and hormonal contents in rocket (Eruca
vesicaria subsp. sativa) plants. Int. ]J. Plant Physiol.
Biochem.5:42-49.

2. Afaf, T.M.K, Abd El-hameid, A. M., El-Greadly, N. H. M., 2007.
A comparison study on the effect of some treatments on
earliness, yield and quality of globe artichoke (Cynara
scolymus L.). Res.]. Agric. Biol. Sci. 3: 695-700.

3. Alexopoulos, A. A., Aivalakis, G., Akoumianakis, K. A,
Passam, H. C., 2007. Effect of foliar applications of
gibberellic acid or daminozide on plant growth,
tuberisation, and carbohydrate accumulation in tubers
grown from true potato seed. Journal of Horticultural
Science & Biotechnology. 82(4): 535-540.

4,

10.

11.

12.

13.

Ansari, A. M. and Chowdhary, B. M., 2018. Effects of boron
and plant growth regulators on bottle gourd (Lagenaria
siceraria (Molina) Standle.).Journal of Pharmacognosy and
Phytochemistry.202-206.

AOAC, 1990. Official methods of analysis of the Association
of Official Analytical Chemists, Arlington VA: Association of
Official Analytical Chemists. 15thed.1058-1059.

Ashry, N. A, Ghonaim, M. M., Mohamed, H. I,, Mogazy, A. M,,
2018. Physiological and molecular genetic studies on two
elicitors for improving the tolerance of six Egyptian
soybean cultivars to cotton leaf worm. Plant Physiol
Biochem. 130:224-234.

Bar-Akiva, A., Hiller, V., Patt, ]., 1968. Effect of phosphorus
and chicken manure on yield, fruit quality, and leaf
composition of grapefruit trees. Proc. Amer. Soc. Hort. Sci.
93:145-152.

Baulcombe, D. C., 1987. Do plant haormones regulate gene
expression during development? In: Hoad, G. V, ]. R. Lenton,
M. B. Jackson, R. K. Atkin (Eds.) Hormone Action in Plant
Development: a Critical Appraisal. 63-70.

Bidari, B.I. and Hebsur, N. S., 2011. Potassium in relation to
yield and quality of selected vegetable crops. Karnataka J.
Agric. Sci. 24(1): 55-59.

Biswas, S., Bordolui, S.K., Chattopadhyay, P., 2020.
Influence of GA3 on hybrid rice seed production in West
Bengal.]. of Cropand Weed. 16(3): 136-142

Burguieres, E., McCue, P, Kwon, Y. I. and Shetty, K., 2007.
Effect of vitamin C and folic acid on seed vigour response
and phenolic-linked antioxidant activity. Bioresour
Technol.98(7):1393-1404.

Chakraborty, A., Bordolui, S.K., 2021. Standardization of the
Appropriate Doses of GA3 and Ag-Nanoparticle in Green
Gram for Quality Seed Production. International Journal of
Environmental & Agriculture Research (IJOEAR). 7(04): 1-
11

Chakraborty, A., Bordolui, S.K., Nandji, D., Das, R. 2022. Effect
of Seed Priming with Silver Nanoparticles (AgNPs) and
Gibberellic Acid (GA3) Against Mungbean Yellow Mosaic
Virus and Cercospora Leaf Spot Diseases in Green Gram
(Vigna radiata L.). Scientist, 1(3): 3446-3456. DOI:
https://doi.org/10.5281/zenodo.7424768

11.

© 2023 Theoretical Biology Forum. All Rights Reserved.



Jui Ray., / Theoretical Biology Forum (2023)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Chaudhary, B. R, Sharma, M. D., Shakya, S. M., Gautam, D. M.,
2006. Effect of plant growth regulators on growth, yield and
quality of chilli (Capsicum annuum L.) at rampur, chitwan. J.
Inst. Agric. Anim. Sci. 27: 65-68.

Davis, B. H., 1976. In: Goodwin TW (ed,) Chemistry and
Biochemistry of Plant Pigments. New York: Academic
Press. 2.

Dou, H., Jones, S., Obreza, T, Rouse, B., 2005. Influence of
various phosphorus and potassium rates on juice vitamin C,
B-carotene, lycopene and sugar concentrations of flame
grapefruit. Proc. Fla. State Hort. Soc. 118: 372-375.

Dubois, M., Gilles, K. A., Hamilton, ]. K., Rebers, P. A.,, Smith, F,
1956. Colorimetric method for determination of sugars and
related substances. Anal. Chem. 28(3): 350-356.

Dyer, D., Cotterman, J. C., Cotterman, C. D., Kerr, P. S., Carlson,
D. R, 1990. Cytokinins as metabolic stimulants which
induce pod set. Plant Growth Substances 1988.457-457.

Fu, J. M, Huang, B. R, Fry, ], 2010. Osmotic Potential,
Sucrose Level, and Activity of Sucrose Metabolic Enzymes

in Tall Fescue in Response to Deficit Irrigation. J. Am. Soc.
Hort.Sci. 135:505-510.

Gelmesa, D., Abebie, B., Desalegn, L., 2010. Effects of
Gibberellic acid and 2,4- dichlorophenoxyacetic acid spray
on fruit yield and quality of tomato (Lycopersicon
esculentum Mill.). Journal of Plant Breeding and Crop
Science.2(10):316-324.

Georgelis, N., Scott, ., Baldwin, E., 2004. Relationship of
tomato fruit sugar concentration with physical and
chemical traits and linkage of RAPD makers. ]. Am. Soc.
Hortic. Sci. 129: 839-845.

Giovannucci, E., 1999. Tomatoes, tomato-based products,
lycopene, and cancer: review of the epidemiologic
literature. Journal of the National Cancer Institute. 91(4):
317-331.

Gross, J., 1991. Carotenoids. In: Gross ] (ed) Pigments in
vegetables: Chlorophylls and carotenoids. Van Nostrand
Reinhold. 75-278.

Hala, H. A. E. N. and Nabila, A., 2007. Ewais. Effect of
Moringa oleifera Leaf Extract (MLE) on Pepper Seed
Germination, Seedlings Improvement, Growth, Fruit Yield
and its Quality. Middle East]. Agric. Res. 6(2): 448-463.

Hasan, M. M., Chowdhury, M. A. H,, Saha, B. K,, Islam, M. R,,
2012. Influence of phosphorus and sulphur on yield, yield
attributes and biochemical composition of brinjal. J.
Agrofor. Environ. 6(2): 109-114.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Hasanuzzaman, A., Md-Mazed, K. H. E. M., Ashraful, I., Md, P,
Chowdhury, M. S. N,, Moonmoon, ]. F, 2015. International
Journal of Applied Research. 1(3): 71-74.

Hopkins, F, 1963. Vitamin C. In: Braverman ]BS (ed) The
biochemistry of foods. Elsevier.205-210.

Huizen, R, Ozga, ]. A, Reinecke, D. M., 1996. Influence of
Auxin and Gibberellin on in vivo protein synthesis during
peafruitdevelopment. Plant Physiol. 112: 53-59.

Islam, M. Z., Lee, Y. T, Akter, M. M., Kang, H., 2018. Effect of
pre-harvest potassium foliar spray and postharvest storage
methods on quality and shelf life of cherry tomatoes.
Research Journal of Biotechnology. 13(7): 49-54.

Jacob, R. A. and Sotoudeh, G., 2002. Vitamin C Function and
Statusin Chronic Disease. Nutr. Clin. Care.5: 66-74.

Jacob, S. . P. and Shenbagaraman, S., 2011. Evaluation of
antioxidant and antimicrobial activities of the selected
green leafy vegetables. Int.]. Pharm. Tech. Res. 3: 148-152.

Keeney, D. R, 1969. Potassium builds corn grain quality.
Better Crops PlantFood. 53(4): 22- 23.

Keller, M., Smithyman, R. P, Mills, L. J.,, 2008. Interactive
effects of deficit irrigation and crop load on cabernet
sauvignoninanarid climate. Am.]. Enol. Vitic. 59: 221-234.

Khan, M. M. A, Gautam, A. C,, Mohammad, F, Siddiqui, M. H.,,
Naeem, M., Khan, M. N., 2006. Effect of gibberellic acid spray
on performance of tomato. Turk.]. Biol. 30: 11-16.

Khandaker, M. M., Boyce, A. N,, Osman, N., Faruq, G., M.
Rahman, M., Sofian-Azirun, M., 2013. Fruit development,
pigmentation and biochemical properties of wax apple as
affected by localized application of GA3 under field
conditions. Brazilian Archives of Biology and Technology.
56(1):11-20.

Kok, D., 2018. Grape growth, anthocyanin and phenolic
compounds content of early ripening cv. Cardinal Table
Grape (V. vinifera L.) as Affected by Various Doses of Foliar
Biostimulant Applications with Gibberellic Acid. Erwerbs-
Obstbau. 60: 253-259.

Kundu, S., Ghosh, B., Mitra, S. K., Mazumd, D., 2007. Effect of
Foliar Spraying of Nitrogen, Phosphorus and Potassium on
Yield and Fruit Quality of Guava (Psidium guajava L.). Acta
horticulturae. 433-440.

Lowry, O. H., Rosebrough, N.]., Farr, A. L., Randall, R.]., 1951.
]. Biol. Chem. 193: 265.

12.

© 2023 Theoretical Biology Forum. All Rights Reserved.



Jui Ray., / Theoretical Biology Forum (2023)

39.

40.

41.

42,

43.

44,

45,

46.

47,

48.

49,

MacMillan, ]. and Phinney, B. 0., 1987. Biochemical, genetics
and the regulation of stem elongation by gibberellins. In:
Cosgrove, D. J. and D. P. Knievel (Eds.) Physiology of Cell
Expansion During Plant Growth.

Mishra, B., Yadav, R. K,, Singh, S. P, Singh, A. K,, Singh, A. K,,
2021. Effect of foliar application of plant growth regulators
on growth and development, biochemical changes and
yield of mung bean (Vigna radiata L.). Journal of
Pharmacognosy and Phytochemistry. 10(1): 2789-2794.

Mitchell, G. A., Bingham, F. T,, Labanauskas, C. K., Yermanos,
D. N,, 1976. Protein and free amino acid composition of
sesame meal as affected by nitrogen, phosphorus and
potassium nutrition. Soil Sci. Soc. Am. Proc. 40: 64-68.

Moneruzzaman, K. M., Normaniza, A. B. M. S,, Boyce, A. N,,
2011. Growth, yield and quality responses to gibberellic
acid (GA3) of Wax apple Syzygium samarangense var.
Jambu air madu fruits grown under field conditions. Afr. J.
Biotechnol.10: 11911-11918.

Naeem, M., Basit, A., Ahmad, 1., Mohamed, H. 1., Wasila, H.,
2020. Effect of salicylic acid and salinity stress on the
performance of tomato. Gesunde Pflanz. 72: 393-402.

Nawaz, M. A,, Ahmad, W., Ahmad, S., Khan, M. M., 2008. Role
of growth regulators on preharvest fruit drop, yield and
quality in Kinnow mandarin. Pak] Bot.40: 1971-1981.

Noor, M. A,, Ahmad, W,, Afzal, I., Ahmed, S., Afzal, M., Ahmad,
A., Zhao, M., Ma, W, 2016. Pea seed invigoration by priming
with magnetized water and moringa leaf extract. Philipp
AgricScientist.99(2):171-175.

Nouman, W, Siddiqui, M. T,, Basra, S. M. A,, Afzal, ., Rehman,
H., 2012. Enhancement of emergence potential and stand
establishment of Moringa oleifera Lam. by seed priming.
Turk] Agric For. 36:227-235.

Ouzounidou, G., Ilias, I., Giannakoula, A., Papadopoulou, P,
2010. Comperative study on the the effects of various plant
growth regulators on growth, quality and physiology of
(Capsicumannuum L.). Pak.] Bot.42(2): 805-814.

Premabatidevi, R. K., 1998. Effect of IAA, GA3, and kinetin
on nitrate reductase and nitrite reductase in the leaves of a
treelegume. Indian . Plant Physiol. 3:97-101.

Rathore, P. J.,, Thomson, J. A., Schroeder, H. E., 2006.
Cotyledonary proteins in Pisum sativurn, IV. Effect of S, P, K
and magnesium deficiencies. Australian Journal of Plant
Physiology. 6: 11-24.

50.

51.

52.

53.

54,

55.

56.

57.

58.

60.

61.

Ray, J., Bordolui S.K., 2020. Effect of GA3 on Marigold Seed
Production in Gangetic Alluvial Zone. J. of Crop and Weed.
16(1):120-126.

Ray, J., Bordolui, S.K.,, Murmu, K. 2022. Influence of seed
priming and foliar application of GA3 on tomato seed
production in West Bengal, India. Scientist. 1(3):3458-
3471

Saleem, B. A., Malik, A. U., Farooq, M., 2007. Effect of
exogenous growth regulators application on June fruit drop
and fruit quality in Citrus sinensis cv. Blood Red. Pak ] Agric
Sci.44:289-294.

Santos, A. R. F. D, Renata, S. M., Roberio, A. F, Alexandro, S.
B., 2011. Water pre-hydration as priming for Moringa
oleifera Lam. seeds under salt stress. Trop Subtrop
Agroecosyst. 14:201-207.

Sanyal, D, Kar, P. L., Longkumar, M., 1995. Effect ofgrowth
regulators on the physico-Chemicalcomposition of tomato
(Lycopeersicon enesculentum Mill.). Adv. Hort For. 4: 67-
71.

Sharma, N., Kaur, N., Gupta, A. K., 1998. Effects of gibberellic
acid and chlorocholine chloride on tuberisation and
growth of potato (Solanum tuberosum L.). Journal of the
Science of Food and Agriculture. 78: 466-470.

Shittu, G. A.and Adeleke, J. A.,, 1999. Effect of gibberellicacid
on the growth and development of tomato (Lycopersicon
esculentum Mill.). Global J. Pure & Appl. Sci. 5(1): 27-30.

Shukla, H. S., Kumar, V, Tripathi, V. K, 2011. Effect of
gibberellic acid and boron on development and quality of
aonla fruits '‘Banarasi'. Acta horticulturae. 890: 375-380.

Singleton, V. L., Orthofer, R., Lamuela-Raventos, M., 1999.
Analysis of total phenols and other oxidation substrates
and antioxidants by means of Foline-Ciocalteu reagent.
Methodsin Enzymology.299: 152-178.

. Taize, L. and Zeiger, E., 2000. Plant physiology. Sinauer

Associates. USA.259-266.

Tallat, M. K., 2002. Effect of different levels and sources of
potassium on growth, yield and quality of Sugarcane. Better
CropInter. 16(1): 14-15.

Tonucci, L. H., Holden, ]. M., Beecher, G. R., Khachik, F,, Davis,
C. S., Mulokozi, G., 1995. Carotenoid content of thermally
processed tomato-based food products. Journal of
Agricultural and Food Chemistry. 43: 579 -586.

13.

© 2023 Theoretical Biology Forum. All Rights Reserved.



Jui Ray., / Theoretical Biology Forum (2023)

62.

63.

64.

Wang, G. and Xia, R., 2005. Lycopene and Beta-carotene
Content in Flesh of Cara Cara Orange and Effects of
Exogenous ABA and GA3 on Their Content Changes []]. Acta
Horticulturae Sinica. 32(02): 207-211.

Wang, N., Hua, H,, Eneji, A. E,, Li, Z., Duan, L., Tian, X,, 2012,
Genotypic variations in photosynthetic and physiological
adjustment to potassium deficiency in cotton (Gossypium
hirsutum).]. Photochem. Photobiol. 110: 1-8.

Whu, L. L., Mitchell, N. S. C., Kaufiman, P. B.,, 1993. Gibberellin
(GA3) enhances cell wall invertase activity and mRNA
levels in elongating dwarf pea (Pisum sativum) shoots. Intl.
J. Plant Sci. 154:280-289.

65.

66.

Yasmeen, A., Basra, S. M. A,, Wahid, A., Nouman, W.,, Rehman,
H. 2013. Exploring the potential of Moringa oleifera leaf
extract (MLE) as a seed priming agent in improving wheat
performance. Turk].Bot.37:512-520.

Zdravkovic, ]., Markovic, Z., Zdravkovic, M., Damjanovic, M.,
Pavlovic, N., 2007. Relation of mineral nutrition and
content of lycopene and B-carotene in tomato
(Lycopersicon esculentum Mill.) fruits. Acta Horticulturae.
729:177-181.

14.

© 2023 Theoretical Biology Forum. All Rights Reserved.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

