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ABSTRACT 
 

The field experiment was carried out to evaluate the role of foliar applications of gibberellic acid (GA3) at 
75 µM and 50 µM, calcium chloride (CaCl2) at 2 mM and 4 mM as amylase activity stimulators and zinc sulfate 
(ZnSO4) at 1 mM and 2 mM as a protein synthesis stimulator on the percentage of aborting seed per pod, green 
pod yield, 100-seed dry weight and chemical characteristics of pea plants. Data reported reveal a significant 
difference for all studied traits. Positive relationships were found among green pod yield per feddan and number 
of pods per plant, number of the fully formed seed per pod and pod fresh weight per plant. The results of the 
correlation coefficient analysis revealed that the number of the fully formed seed per pod and number of pods 
per plant were having a strong positive correlation with pod and seed yield, leaf area, assimilates’ content and 
amylase activity. Foliar spray with GA3 at 75 µM, CaCl2 at 4 mM and ZnSO4 at 2 mM increased amylase 
activity, reduced the percentage of aborted seeds per pod and produced a high yield quantity. The highest quality 
of green pod and dry seed yield were achieved by GA3 at 75 and 150 µM, ZnSO4 at 2 mM and CaCl2 at 2 mM 
applications. 
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Introduction 

 
Establishment of fruit setting and seed filling take place during and after fertilization and regulate the 

number and size of seed and fruit and, ultimately, yield potential. Therefore, seeds number per pod in pea is 
variable. Jeuffroy and Chabanet (1994) reported that after fertilization, any number of ovules may abort (non-
developed seeds) in the pod. Seed abortion, a common phenomenon in flowering plants, is the mortality of 
immature seeds between fertilization and seed maturation. This has been thought to be due to lack of pollination 
and/or fertilization and assimilates resource limitation (Chinnasamy and Kumar, 2000). 

Lecoeur (2010) precisely defined the different stages of legume seed development. The first stage begins at 
fertilization (stage 1) and ends at “beginning of seed filling” (stage 2). During this period, cell division occurs in 
the embryos without significant dry matter accumulation. At the end of this phase, the seeds are unlikely to 
abort and the starch and protein reserves begin to accumulate within the cotyledons: this stage is called 
“beginning of seed filling” and corresponds to the final stage in seed abortion. The second phase begins at the 
stage “Beginning of seed filling” and ends at physiological maturity (stage 3).  

The cells of the legume pods accumulate large amounts of starch during stage 1 of embryogenesis. The 
subsequent period of starch degradation coincides with stage 2 of embryogenesis, when seeds are growing 
rapidly and synthesize and accumulate large quantities of starch and protein (Dure, 1975). 

Transitory starch, a major photosynthetic product in the leaves of land plants, accumulates in chloroplasts 
during the day and is hydrolyzed to maltose and Glucose at night to support respiration and metabolism (Wang 
et al., 2013). In some plants, about half of the photoassimilated carbon is stored as starch, to be remobilized 
later. The enzyme most frequently credited with the initial attack on starch granules is α-amylase (Ghulam and 
Asghar, 2012). 

The α-amylase (EC 3.2.1.1) is an endo-amylase. It hydrolyzes α-(1-4) glycosidic bonds releasing glucose 
oligosaccharides. In some plants, α-amylase requires Ca2+ as cofactor to maintain its activity (Salas and 
Cardemil, 1986). Alpha-amylase is metalloenzymes containing calcium (Sun and Gubler, 2004). Beta-Amylase 
(EC 3.2.1.2) is an exoamylase that hydrolyzes α-1,4 glycosidic linkages of polyglucan chains at the nonreducing 
end to produce maltose. The primary function of β-amylase is involvement in starch breakdown in plants 
(Kossmann and Lloyd, 2000). Beta-amylase induction correlated with maltose accumulation. Maltose has the 
ability to protect proteins, membranes, and the photosynthetic electron transport chain (Kaplan and Guy, 2004). 
On the other hand, gibberellins (GAs) are plant hormones that promote stem and leaf growth. In some species, 
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GAs also induce seed germination and modulate flowering time and the development of flowers, fruits, and 
seeds (Sun and Gubler, 2004) and increasing amylase activity.  

A large number of proteins containing or binding Zn. In biological systems, Zn is the only metal that is 
present in enzymes of all six enzyme classes, including oxido-reductases, transferases, hydrolases, lyases, 
isomerases and ligases (Broadley et al., 2012).  

The present study, therefore, aimed to investigate the role of stimulators for amylase activity (GA3, CaCl2) 
and protein synthesis (ZnSO4) on increasing sink number rather than sink size as an effective way to improve 
growth of pea plant. These effects could reduce seed abortion and improve seed yield of pea plant. 
 
Materials and Methods 

 
The present study was conducted during the two growing seasons of 2011/2012 and 2012/2013 under open 

field conditions in the clay loam soil, at the experimental farm, Faculty of Agriculture, Ain Shams University, 
Qalyubia governorate, Egypt, in order to investigate the effect of stimulators for amylase activity (GA3, CaCl2) 
and protein synthesis (ZnSO4) on seed abortion percentage per pod, yield quality and productivity of peas. 
 
Experimental design, agricultural practices and treatments: 

 
Seeds of pea (Pisum sativum L.) cv. Little Marvel were obtained from Agricultural Research Center, 

Ministry of Agriculture and Land Reclamation, Egypt, and sown on 1st of October during 2011 and 2012 
seasons. Treatments were arranged in a complete randomized block design with three replicates. The 
experimental plot area was 10.5 m2 involved five rows, each row was 3 X 0.7 meter. The plant distance was 10 
cm apart on one side of the ridge. Agricultural management, fertilization, disease and pest control programs 
were performed as recommended by the Egyptian Ministry of Agriculture and Land reclamation. Each 
concentration of gibberellic acid (GA3) at 75 and 50 µM, calcium chloride (CaCl2) at 2 and 4 mM, and zinc 
sulfate (ZnSO4) at 1 and 2 mM in addition to distilled water as a control were separately foliary sprayed three 
times with ten10-day intervals started at the stage 2 of the reproductive growth (first open flower at one or more 
nodes). Tween 20 at 0.1% was used as wetting agent. 
 
Vegetative growth characteristics:  

 
Samples of 10 plants were taken at random from each experimental plot at 95 days after sowing (DAS) to 

determine plant height, number of branches per plant, number of leaves per plant and average leaf area. Leaf 
area was determined by Image-pro plus software (version 6.2, Media Cybernetics Inc., USA) using digital 
images of the recently full expanded fourth leaf from the plant top. 
 
Pod yield and its components:  

 
Random samples of 20 plants from each plot were labeled. The green ripe marketable pods of the labeled 

pea plants which had fully formed peas, and reached growth stage 79 of the BBCH scale (Lancashire et al., 
1991) were started to be harvested at 70 days after sowing with 7 days interval to determine;  

• Pod number, weight, length and diameter. 
• Seed number per pod (for early and successive harvested pods to clarify plant performance in fruit 

setting throughout the growth season, the average of total seed number per pod throughout the growth season 
was calculated). 

• Number of the fully formed seed per pod. 
• The percentage of aborted seeds per pod was calculated from the following equation 
•  

  
 

 
• Data of aborted seed number per pod was calculated but not shown in this paper as replaced with the 

percentage of aborted seeds, which gave better indication. 
• Early and total green pods yield as ton per feddan (to clarify plant performance in seed filling 

throughout the growth season). 
From additional 10 plants per plot, the dry pods were collected at 120 days after sowing to determine 100-

dry seed weight, and seed yield per feddan was calculated. 
 
 
 



383 
Res. J. Agric. & Biol. Sci., 9(6): 381-390, 2013 

 

Biochemical analyses: 
 
Leaf and seed samples were collected at 70 and 95 days after sowing to determine total amino acids, total 

soluble protein, total soluble sugars, starch content and amylase activity in the form of α and β-amylase. 
Amino acid and total soluble sugars were extracted from 1 g leaf and seed tissues separately by 80% hot 

ethanol by the modified method of Irigoyen et al. (1992). The homogenate was centrifuged at 10000 rpm for 10 
min, the supernatant was collected. The pellet was re-extracted twice with 3 ml of 80% ethanol, then vortexed 
and centrifuged. The supernatants were combined and stored at - 20 °C until free amino acids and total soluble 
sugar content determination. The residue was used for the determination of starch. 

Total amino acids were determined according to the method described by Swamy (2008). The pink color 
developed was measured using a spectrophotometer (Mapada UV 1200) at 570 nm. The concentration of total 
amino acids was calculated from the standard curve.  

The total soluble sugars in the ethanol-soluble fractions were determined by the modified method of 
Irigoyen et al. (1992). After being vacuum dried and dissolved in 0.1 ml deionized water, the sample was 
deproteinized by mixing with 0.1 ml of 0.3 N Ba(OH)2 and 0.1 ml of 5% ZnSO4 . After centrifugation at 10000 
rpm for 5 min, 1 ml of supernatant was reacted with 4 ml freshly prepared anthrone reagent (100 mg anthrone + 
50 ml 95% H2SO4) at 100 °C for 10 min. After cooling on ice, the total soluble sugar content was determined at 
620 nm by a spectrophotometer using glucose as standard. 

Starch content was estimated as described by Sadasivam and Manickam (2010). Five ml of the distilled 
water and 6.5 ml of 52% perchloric acid were added to the residue. Extraction of starch with perchloric acid was 
carried out at 0 oC for 20 minutes, then centrifuged at 5000 rpm and the extract was retained. With the residue 
the above step was repeated using fresh perchloric acid and the extract of this step was combined with extract of 
first step and then volume were made up to 15 ml by the addition of distilled water.  The extracts for starch were 
treated with the anthrone reagent and read at 625 nm using a Spectrophotometer (Mapada UV 1200). 

Alpha and beta amylase preparations and activity determinations were made according to the method of 
Morais and Takaki (1998) by grinding 1 g of leaf and seed separately in a mortar and pestle with 0.05 M acetate 
buffer (pH 7.0). All operations were performed at 4°C. The resulting homogenate was filtrated through 
cheesecloth and then centrifuged at 10000 rpm, for 10 min. For the assay of total, α- and β-amylase, reaction 
mixture contained 0.5 ml enzyme extract with 0.5 ml 40 mM EDTA for α-amylase (α-amylase assayed with 
inactivation of β-amylase by heating to 70ºC) and 0.5 ml enzyme extract with 0.5 ml of  0.4 mM HgCl2 for β-
amylase (β-amylase assay with inactivation of α-amylase by lowering the pH of the incubation medium). To 
this, 1.0 ml starch solution (150 mg soluble starch, 600 mg KH2PO4 and 200 µmol CaCl2  in 100 ml distilled 
water) was added and the reaction was carried for 5 min at 30ºC. The reaction was stopped by adding 1.0 ml 
iodine reagent (3 mg de KI + 0.3 mg of I in 0.05N HCl). For the reading, the mixture was diluted with distilled 
water up to 13.0 ml and the absorbance was read at 620 nm in a spectrophotometer (Mapada UV 1200). One 
unit of enzyme was considered as the quantity that causes an alteration of 0.1 in absorbance. 

Total soluble protein was determined in leaf and seed extracts using the method of Bradford (1976). 
Sum of free proteins and starch content as mg g-1 seed was calculated to be an indication for the senescence-

accelerating rate. While, sum of free amino acids, free proteins, total soluble sugars and starch content as mg g-1 
seed was calculated to be an indication for nutritional pea quality. 
 
Statistical Analysis: 

 
Data of the two seasons were arranged and statistically analyzed using CoStat software (version 6.4, 

CoHort Software, USA) according to the method described by Gomez and Gomez (1984). Least significant 
difference (LSD at 5%) was used to compare between means. Linear relationships between variables were tested 
with the Pearson correlation coefficient. 

 
Results: 
 
Vegetative  Growth Characteristics:  
 

Data presented in Table 1 revealed, in general, that foliar spray with GA3, CaCl2 and ZnSO4 increased the 
values of pea plant height, number of leaves per plant and leaf area compared with control. Gibberellic acid at 
150 µM was the most effective treatment in increasing the tested plant growth characters in both seasons. 

 
Pod yield and its components:  

 
As shown in (Table 2), the pod number and fresh weight per plant were increased to reach a significant 

level by the application of GA3 at 75 µM and CaCl2 at 4 mM. On the other hand, length and diameter of the pod 
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were not significantly affected by application of all treatments. Application of stimulators of amylase activity 
improved yield of the green pods per feddan. This effect was most obvious with GA3 at 75 µM followed by 
CaCl2 at 4 mM and CaCl2 at 2 mM respectively. Application of amylase and proteins stimulators (GA3, CaCl2 
and ZnSO4) showed insignificant increase in the number of seeds per pod in both seasons, (Table 3). A 
significant increase in the number of the fully formed seed per pod was observed in all treatments comparing 
with control. Meanwhile GA3 at (75, 150 µM) gave the lowest value in the percentage of aborted seeds per pod, 
comparing with control. Although data of 100-dry seed weight was insignificant, the yield of dry seeds as 
kilogram per feddan gave a significant increase with all treatments except ZnSO4 at 1 mM in both seasons. 

 
Table 1: Effect of different levels of CaCl2, ZnSO4 and GA3 on growth parameters of pea plants at 95 days after sowing during the two 

seasons (2011/2012 and 2012/2013). 
  1st season 2nd season 

 Treatments 
Plant 
height 
(cm) 

Branch 
No. plant-1 

Leaf No. 
plant-1 

Leaf area 
(cm2) 

Plant 
height 
(cm) 

Branch 
No. plant-1 

Leaf No. 
plant-1 

Leaf area 
(cm2) 

Control 54.7 c 1.7 b 10.0 b 49.5 b 50.7 c 1.5 a 8.5 c 42.5 d 
CaCl2-2 mM 56.1 c 2.0 ab 21.5 a 51.0 b 51.0 c 1.8 a 17.0 ab 44.8 cd 
CaCl2-4 mM 61.5 bc 2.0 ab 18.0 ab 58.7 b 55.7 bc 2.0 a 15.2 ab 47.0 cd 
ZnSO4-1 mM 59.2 bc 2.5 a 15.0 ab 63.4 ab 53.2 c 2.0 a 13.7 b 56.8 ab 
ZnSO4-2 mM 65.0 bc 1.7 b 18.5 ab 71.8 a 58.0 bc 1.8 a 14.7 ab 64.2 ab 
GA3-75 µM 71.0 b 2.2 ab 19.5 a 74.9 a 65.7 b 2.0 a 16.7 ab 66.9 ab 
GA3-150 µM 88.5 a 2.5 a 22.0 a 79.7 a 83.5 a 2.3 a 17.5 a 71.9 a 
LSD at 5% 12.34 0.58 8.52 16.36 10.95 NS 3.72 13.85 

NS: non-significant 
  

Table 2: Effect of different levels of CaCl2, ZnSO4 and GA3 on pods parameters and green pod yield of pea plants at harvest during the two 
seasons (2011/2012 and 2012/2013). 

Treatments 
  

Pods No. Plant-1 Pod f.w. 
Plant-1 

(gm) 

Pod length 
(cm) 

Pod diameter 
(cm) 

Green pod yield 

(ton fed-1) 
Early 

harvesting 
Total 

harvesting 
Early 

harvesting 
Total 

harvesting 
 1st season 
Control 4.3 a 9.2 c 3.8 b 9.6 a 1.3 a 1.09 bc 2.08 d 
CaCl2-2 mM 3.8 a 15.7 b 4.2 ab 9.4 a 1.4 a 1.06 bc 3.63 b 
CaCl2-4 mM 5.5 a 17.7 ab 4.9 a 10.0 a 1.4 a 1.90  a 4.77 a 
ZnSO4-1 mM 4.5 a 9.5 c 4.2 ab 10.1 a 1.3 a 1.32 b 2.37 cd 
ZnSO4-2 mM 5.3 a 16.0 b 3.7 b 9.7 a 1.3 a 1.37 b 3.45 bc 
GA3-75 µM 5.8 a 20.7 a 4.2 ab 9.9 a 1.4 a 1.41 b 5.27 a 
GA3-150 µM 4.5 a 14.7 b 3.3 b 9.7 a 1.4 a 0.87 c 2.95 bcd 
LSD at 5% NS 4.33 0.35 NS NS 0.45 1.06 
  2nd season 
Control 4.0 a 8.0 c 3.4 bc 8.6 a 1.1 a 0.85 bc 1.65 e 
CaCl2-2 mM 3.5 a 14.5 b 3.7 abc 8.6 a 1.3 a 0.82 bc 3.18 bc 
CaCl2-4 mM 4.8 a 16.0 ab 4.5 a 9.1 a 1.3 a 1.43 a 4.06 ab 
ZnSO4-1 mM 4.0 a 8.0 c 3.8 ab 9.1 a 1.2 a 1.01 b 1.85 de 
ZnSO4-2 mM 4.3 a 14.0 b 3.2 bc 8.9 a 1.2 a 0.90 bc 2.80 cd 
GA3-75 µM 5.0 a 19.0 a 3.8 abc 8.8 a 1.3 a 0.98 bc 4.58 a 
GA3-150 µM 4.3 a 13.5 b 3.0 c 8.7 a 1.2 a 0.64 c 2.51 cde 
LSD at 5% NS 4.21 0.78 NS NS 0.35 0.96 

NS: non-significant 
 
Amino acids, total soluble sugars and starch content:  

 
Data presented in Tables (4 and 5) demonstrated that application of CaCl2 at 2 mM and GA3 at 75 µM gave 

the highest significant values of total amino acids and soluble proteins in leaves at 70 and 95 DAS in both 
seasons, as well as, GA3 at 150 µM for amino acids at 95 DAS. Application of GA3 at 150 µM, CaCl2 at 2 mM 
and ZnSO4 at 2 mM showed significant increase in amino acid content in green seeds at both 70 and 95 DAS 
with the same trend, but the higher values obtained at 70 DAS. Seed soluble protein showed the lowest value 
with the application of GA3 at 75 µM and CaCl2 at 2 mM, with the observation that, protein content per seed 
increased upon time from 70 to 95 DAS. On the contrary, the highest value of soluble protein content per seed 
was recorded with the application of ZnSO4 at 2 mM and CaCl2 at 4 mM in addition to control plants. 

Application of ZnSO4 and GA3 increased leaf total soluble sugars and starch content of pea plants at all 
dates Tables (4 and 5). This effect was cleared with GA3 at 150 µM and ZnSO4 at 2 mM, which gave (13.6 and 
10.7 mg g-1 f.w. for leaves total soluble sugars) and (4.3 and 4.0 mg g-1 f.w. for leaves starch content) at 70 DAS 
respectively, and the same trend at subsequent dates and seasons, comparing with CaCl2 at 4 mM and control 
plants which gave (6.5 and 6.3 mg g-1 f.w. for leaves total soluble sugars) and (2.5 and 1.9 mg g-1 f.w. for leaves 
starch content) at 70 DAS respectively. Considering seeds, the highest significant values of total soluble sugars 
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were recorded with GA3 at (75 and 150 µM),  ZnSO4 at 2 mM and CaCl2 at 2 mM, respectively, while control 
plants and CaCl2 at 4 mM gave the highest significant values of starch content. 

Looking to sum of free proteins and starch content as an indicator for senescence accelerating rate, the 
highest values were recorded respectively, with control, CaCl2 at 4 mM, ZnSO4 at 1 and 2 mM, while the lowest 
values were recorded with GA3 at 75 µM, CaCl2 at 2 mM and GA3 at 150 µM respectively. 
 
Table 3: Effect of different levels of CaCl2, ZnSO4 and GA3 on seed parameters and dry seed yield of pea plants at harvest during the two 

seasons (2011/2012 and 2012/2013). 

 
Green seeds No. Pod-1 The fully 

formed seed 
No. Pod-1 

% Aborted 
seeds pod-1 

100-dry 
seed weight 

(g) 

Dry seed’ 
yield 

(kg fed-1)  Treatments 

In early 
harvested 

yield 

In 
successive 
harvested 

yield 

Average seeds 
No. pod-1 total 

yield-1 

 1st season 
Control 7.0 a 5.0 a 5.7 a 4.4 c 23.4 a 14.7 a 350.2 c 
CaCl2-2 mM 7.9 a 5.3 a 6.1 a 5.2 ab 16.2 bc 13.6 a 635.7 b 
CaCl2-4 mM 7.6 a 5.1 a 5.9 a 5.1 b 15.0 bcd 13.8 a 698.1 b 
ZnSO4-1 
mM 

7.9 a 5.3 a 6.2 a 5.3 ab 15.4 bcd 13.9 a 397.9 c 

ZnSO4-2 
mM 

8.0 a 5.4 a 6.3 a 5.3 ab 16.8 b 13.9 a 653.3 b 

GA3-75 µM 8.1 a 5.8 a 6.6 a 5.7 a 13.1 cd 13.5 a 934.9 a 
GA3-150 µM 7.8 a 5.4 a 6.2 a 5.5 ab 12.0 d 14.2 a 647.6 b 
LSD at 5% NS NS NS 0.62 3.57 NS 147.29 
  2nd season 
Control 5.7 a 4.0 a 5.3 a 4.0 c 21.6 a 13.5 a 246.2 c 
CaCl2-2 mM 6.6 a 4.3 a 5.7 a 4.8 ab 14.4 bc 12.4 a 479.2 b 
CaCl2-4 mM 6.3 a 4.2 a 5.5 a 4.6 b 13.3 bcd 12.6 a 511.2 b 
ZnSO4-1 
mM 

6.6 a 4.5 a 5.8 a 4.9 ab 13.7 bcd 12.6 a 276.4 c 

ZnSO4-2 
mM 

6.8 a 4.5 a 5.9 a 4.9 ab 15.1 b 12.6 a 469.8 b 

GA3-75 µM 6.7 a 4.9 a 6.2 a 5.3 a 11.3 cd 12.3 a 708.4 a 
GA3-150 µM 6.4 a 4.5 a 5.8 a 5.0 ab 10.2 d 12.9 a 489.6 b 
LSD at 5% NS NS NS 0.62 3.57 NS 118.96 

NS: non-significant 
 

Table 4: Effect of different levels of CaCl2, ZnSO4 and GA3 on total amino acids, total proteins, total soluble sugars, starch content in pea 
leaves and seeds at 70 days after sowing during the two seasons (2011/2012 and 2012/2013). 

Treatments 

Total amino acids 
(mg g-1 f.w.) 

Total soluble 
proteins 

(mg g-1 f.w.) 

Total soluble 
sugars 

(mg g-1 f.w.) 

Starch 
(mg g-1 f.w.) 

P+S 
(mg g-1 f.w. 

seeds) 

P+AA+S+TSS 
(mg g-1 f.w. seeds) 

  Leaves Seeds Leaves Seeds Leaves Seeds Leaves Seeds 
 1st season 
Control 2.4 cd 5.8 c 18.3 c 4.8 ab 6.3 c 15.9 c 1.9 e 7.6 a 12.5 34.2 
CaCl2-2 mM 5.9 a 22.1 ab 27.3 ab 3.4 bc 9.3 bc 24.8 ab 2.1 de 4.3 bc 7.7 54.6 
CaCl2-4 mM 2.6 cd 5.8 c 18.9 c 5.0 ab 6.5 c 20.8 bc 2.5 cde 5.9 b 10.9 37.6 
ZnSO4-1 mM 2.3 d 7.6 bc 23.4 abc 4.8 ab 10.4 ab 19.5 bc 3.0 bcd 3.9 c 8.7 35.8 
ZnSO4-2 mM 3.4 bcd 22.2 a 21.6 abc 5.9 a 10.7 ab 25.5 ab 4.0 ab 3.8 c 9.7 57.4 
GA3-75 µM 4.9 ab 16.7 abc 29.3 a 2.3 c 10.3 ab 29.6 a 3.6 abc 3.7 c 6.0 52.3 
GA3-150 µM 4.1 bc 23.0 a 20.9 bc 4.3 ab 13.6 a 26.3 ab 4.3 a 4.3 bc 8.6 57.9 
LSD at 5% 1.69 14.52 8.12 1.63 3.64 7.82 1.14 1.72   
  2nd season 
Control 2.2 d 3.6 e 17.1 5.5 a 3.6 d 11.6 b 1.5 d 7.6 a 12.7 27.9 
CaCl2-2 mM 4.3 ab 14.4 b 24.9 2.9 b 7.9 b 19.8 a 1.6 d 3.6 c 6.6 40.8 
CaCl2-4 mM 2.4 d 6.1 de 17.2 4.8 ab 5.1 c 19.2 a 2.0 cd 5.1 b 9.9 35.2 
ZnSO4-1 mM 3.8 bc 8.8 cd 19.1 4.1 ab 8.7 b 19.4 a 2.5 bcd 3.3 c 7.4 35.6 
ZnSO4-2 mM 3.2 c 13.9 b 17.5 5.7 a 9.1 b 19.8 a 3.5 ab 3.1 c 8.8 42.5 
GA3-75 µM 4.6 a 11.6 bc 23.9 3.0 b 8.8 b 21.9 a 3.0 abc 3.5 c 6.8 40.3 
GA3-150 µM 3.9 b 19.7 a 17.8 4.4 ab 11.9 a 21.4 a 3.7 a 3.7 bc 8.4 49.4 
LSD at 5% 0.66 4.45 NS 2.12 1.44 2.84 1.15 1.46   

P+S= sum of proteins and starch content, P+AA+S+TSS= sum of proteins, amino acids, starch and total soluble sugar content, NS: non-
significant. 
 
Alpha and beta amylase activity: 

 
Increasing activity of α-amylase and β-amylase was generally observed, due to all treatments, in leaves and 

seeds at 70 and 95 DAS comparing with control plants (Figure 1). Activity levels at seeds were much higher 
than the leaves. Application of ZnSO4 at 2 and 1 mM, GA3 at 75 µM, CaCl2 at 2 mM and GA3 at 150 µM gave 
the maximum increase in α-amylase activity in the leaves, while maximum β-amylase was recorded with CaCl2 
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at 4 mM. Application of GA3 at 75 and 150 µM and CaCl2 at 2 mM, respectively recorded the maximum 
increase in activity of α-amylase in seeds, while maximum β-amylase was recorded with GA3 at 150 and 75 µM 
respectively, followed by CaCl2 at 4 mM. 

 
Table 5: Effect of different levels of CaCl2, ZnSO4 and GA3 on total amino acids, total proteins, total soluble sugars, starch content in pea 

leaves and seeds 95 days after sowing during the two seasons (2011/2012 and 2012/2013). 

Treatments 

Total amino 
acids  

(mg g-1 f.w.) 

Total soluble 
proteins  

(mg g-1 f.w.) 

Total soluble 
sugars  

(mg g-1 f.w.) 

Starch  
(mg g-1 f.w.) 

P+S 
(mg g-1 f.w. 

seeds) 

P+AA+S+TSS 
(mg g-1 f.w. seeds) 

  Leaves Seeds Leaves Seeds Leaves Seeds Leaves Seeds 
 1st season 
Control 2.5 c 5.3 d 14.5 c 7.2 a 4.7 c 14.5 d 2.6 a 11.7 a 18.9 38.7 
CaCl2-2 mM 4.6 ab 18.5 ab 26.8 a 4.2 b 10.0 a 24.2 abc 2.0 a 4.1 b 8.3 51.1 
CaCl2-4 mM 2.5 c 5.8 d 20.2 abc 5.5 ab 6.4 bc 20.8 bc 2.3 a 6.5 b 12.0 38.6 
ZnSO4-1 mM 4.1 ab 8.8 cd 16.6 c 5.5 ab 8.5 ab 19.5 cd 2.7 a 5.8 b 11.3 39.5 
ZnSO4-2 mM 3.7 bc 18.3 ab 18.8 bc 6.8 a 10.0 a 24.1 abc 3.5 a 4.1 b 10.8 53.2 
GA3-75 µM 4.8 ab 15.2 bc 24.4 ab 3.4 b 9.2 ab 27.8 a 3.0 a 3.8 b 7.2 50.2 
GA3-150 µM 4.9 a 22.0 a 16.2 c 5.0 ab 11.4 a 25.8 ab 3.5 a 4.4 b 9.4 57.2 
LSD at 5% 1.18 6.78 7.61 2.34 3.58 6.25 NS 3.16   
  2nd season 
Control 2.3 d 4.7 d 12.0 c 6.3 a 3.6 c 12.2 c 2.2 a 10.3 a 16.6 33.5 
CaCl2-2 mM 4.3 ab 16.6 ab 22.8 a 3.6 cd 8.4 a 20.7 ab 1.6 a 3.4 b 7.1 44.3 
CaCl2-4 mM 2.3 cd 6.0 d 17.4 abc 4.8 abc 5.3 bc 18.5 b 1.9 a 5.6 b 10.4 35.0 
ZnSO4-1 mM 3.8 ab 8.3 cd 13.7 c 4.6 abcd 7.1 ab 17.6 bc 2.3 a 5.1 b 9.7 35.6 
ZnSO4-2 mM 3.4 bc 16.2 ab 15.8 bc 5.8 ab 8.6 a 21.2 ab 3.1 a 3.3 b 9.1 46.5 
GA3-75 µM 4.5 a 13.4 bc 20.5 ab 2.9 d 7.8 ab 24.7 a 2.6 a 3.1 b 6.0 44.1 
GA3-150 µM 4.7 a 19.4 a 13.7 c 4.3 bcd 10.0 a 22.8 ab 3.1 a 3.7 b 7.9 50.1 
LSD at 5% 1.11 5.77 6.64 1.89 3.17 5.47 NS 3.15   

P+S= sum of proteins and starch content, P+AA+S+TSS= sum of proteins, amino acids, starch and total soluble sugar content, NS: non-
significant. 

 

 
 
Fig. 1: Effect of different levels of CaCl2, ZnSO4 and GA3 on α-amylase and β-amylase activities in leaves and 

seeds at 70 DAS and 95 DAS (main of two seasons) ± SE as error bar. 
 

Correlation Analysis: 
 
The data in Tables (6, 7 and 8) revealed the correlation analysis between growth parameters, number of the 

fully formed seed per pod, green pod yield and biochemical constituents. Number of the fully formed seed per 
pod was positively associated with leaf area (0.78), number of leaves per plant (0.75), amino acid content (0.81 
per leaves, 0.62 per seeds), total soluble sugar content (0.78 per leaves, 0.9 per seeds), α-amylase (0.68 per 
leaves, 0.76 per seeds) and β-amylase activity (0.76 per leaves, 0.66 per seeds). Green pod yield per feddan had 
highly significant positive correlation with number of pods per plant (0.95), number of the fully formed seed per 
pod (0.55), pod fresh weight per plant (0.55) and number of leaves per plant (0.53). Vegetative growth in the 
form of plant height was correlated with leaf area (0.87) and number of leaves per plant (0.59). Leaf area and 
Number of leaves per plant respectively, were highly correlated with amino acid content (0.58, 0.72), total 
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soluble sugar content (0.68, 0.85), starch content (0.85, NS), α-amylase activity (0.58, NS) and β-amylase 
activity (0.66, 0.62). The 100-seed dry weight had highly positive significant correlation with a protein content 
(0.75), starch content (0.83) and a negative correlation with total soluble sugar content (0.72). 
 
Table 6: Coefficients of correlation between growth parameters, number of the fully formed seed and green pod yield for the combined two 

seasons. 

 

Green 
pod 
yield 
(ton 

fed-1) 

The 
fully 

formed 
seed No. 

Pod-1 

Total 
Pods 
No. 

Plant-1 

Pod 
f.w. 

Plant-1 

Pod 
length 

Plant 
height 

No. of 
branches 
Plant-1 

No. of 
leaves 
Plant-1 

Leaf 
area 

The fully formed seed No. Pod-

1 
0.55*         

Total Pod No. Plant-1 0.95*** 0.63*        
Pod f.w. Plant-1 0.55* -0.03 0.29       
Pod length 0.26 0.39 0.08 0.49      
Plant height 0.16 0.6* 0.35 -0.52 0.10     
No. of branches Plant-1 -0.02 0.64* -0.01 -0.08 0.52 0.58*    
No. of leaves Plant-1 0.53* 0.75** 0.7** -0.06 -0.08 0.59* 0.37   
Leaf area 0.28 0.78*** 0.44 -0.43 0.34 0.87*** 0.53 0.53  
100-dry seed weight (g) -0.72** -0.77** -0.7** -0.47 -0.32 -0.03 -0.26 -0.67** -0.27 

 
Table 7: Coefficients of correlation between biochemical constituents of pea leaves, amylase activity, number of the fully formed seed per 

pod, number of leaves per plant and leaf area for the combined two seasons. 

  
Total 
amino 
acids 

Total 
proteins 

TSS Starch α-
amylase 

β-amylase No. of 
leaves 
Plant-1 

Leaf 
area 

α-amylase 0.56* 0.22 0.63* 0.54*     
β-amylase 0.29 0.24 0.43 0.27 0.31    
No. of leaves plant-1 0.72** 0.61* 0.85*** 0.19 0.33 0.62*   
Leaf area 0.58* -0.08 0.68** 0.85*** 0.58* 0.66** 0.53*  
The fully formed seed No. Pod-1 0.81*** 0.46 0.78*** 0.40 0.68** 0.76*** 0.75** 0.78*** 

 
Table 8: Coefficients of correlation between biochemical constituents of pea seed, amylase activity and 100-seed dry weight for the 

combined two seasons. 

  
Total 
amino 
acids 

Total 
proteins 

TSS Starch P+S P+AA+ 
S+TSS 

α-
amylase 

β-
amylase 

100-seed 
d.w. 

α-amylase 0.44 -0.79*** 0.75** -0.53 -0.66** 0.49    
β-amylase 0.6* -0.6* 0.74** -0.47 -0.56* 0.67** 0.84***   
100-seed d.w. -0.35 0.75** -0.72** 0.83*** 0.87*** -0.29 -0.50 -0.19  
The fully formed 
seed No. pod-1 

0.62* -0.75** 0.9*** -0.9*** -0.93*** 0.6* 0.76** 0.66** -0.77** 

TSS= total soluble sugar content, P+S= sum of proteins and starch content, P+AA+S+TSS= sum of proteins, amino acids, starch and total 
soluble sugar content. *, **, *** refer to level of significance, P <0.05. 

 
Discussion: 

 
The physiological role of the GA3, CaCl2 and ZnSO4 at different concentrations to reduce the percentage of 

aborted seeds per pod of pea plants was investigated, which in turn, will maximize percentage of the yield and 
its quality. Although most of vegetative growth was achieved before application of GA3, CaCl2 and ZnSO4, 
growth and yield parameters did not take the same trend. The reason is that pea plant is an indeterminate pulse 
crop, which means it has a growth habit where vegetative growth continues during reproductive growth (Poggio 
et al., 2005). Therefore, the treatments under investigation had some effects on successive vegetative growth 
and reproductive growth.  

The correlation between parameters revealed the concealed relation between different studying parameters, 
and share of each parameter in appearance of current studying parameter (Tables 6, 7 and 8). For instance, 
highly significant correlation of plant height and number of the fully formed seed per pod were noted with leaf 
area and the number of leaves per plant, which in turn correlated with amino acids, total soluble sugars, α-
amylase and β-amylase activities. Green pod yield per feddan had highly significant positive correlation with 
number of pods per plant (0.95), which in turn correlated with the number of leaves per plant, which in turn 
correlated with levels of amino acids, total soluble sugars, α-amylase and β-amylase activities. Amino acids and 
total soluble sugars serve as growth substrates for plant growth and development (Buysse et al., 1993). 
Therefore, increasing the levels of amino acids, total soluble sugars, α-amylase and β-amylase activities are the 
master key for maximizing vegetative growth, which reflecting on number of the fully formed seed per pod, 
number of pods per plant and pod yield. 
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Despite 100-seed weight highest insignificant value was recorded with control plants, comparing with the 
rest of the treatments, yield of the dry seeds as kg feddan-1 was not in harmony with 100-seed dry weight, but 
paralleled with number of the fully formed seed per pod. These results suggest that increasing sink number 
rather than sink size is an effective way to improve seed yield (Ho, 1988). 

In the present study, results recorded with the application of GA3 at 75 µM gave the highest values of total 
soluble sugars in seeds, free amino acids and proteins in the leaves, α-amylase and β-amylase activities in leaves 
and α-amylase in seeds comparing with GA3 at 150 µM and control plants. These higher values of growth 
substrates managed increasing number of the fully formed seed per pod, dry seed yield, green pod yield of pea 
plants and the number of pods per plant. Meanwhile, GA3 at 150 µM gave the highest values of plant height, 
number of leaves per plant, leaf area, free amino acids in seeds, total soluble sugars in the leaves, starch in 
leaves and seeds, and finally β-amylase activity in seeds. These results with GA3 at 150 µM suggest that high 
dose of GA3 directed the source to sink relationship to be on the side of maximizing vegetative growth, which in 
turn reduced reproductive growth compared with the lowest dose (GA3 at 75 µM). These results confirm with 
Sun and Gubler (2004) who mentioned that bioactive gibberellins (GAs) promote stem and leaf growth. In some 
species, GAs also modulate flowering time and the development of flowers, fruits, and seeds. Gibberellins are 
required for seed development and pollen tube growth (Singh et al., 2002). Induction of α-amylase expression 
genes up-regulated by gibberellins (Sun and Gubler, 2004), which in turn maximize the turnover of starch to 
soluble sugars. Pod length with the application of GA3 at 75 µM was higher than GA3 at 150 µM, which 
paralleled with high amount of assimilates (amino acids and total soluble sugars) suggest that the import of 
assimilate is regulated by metabolic activities associated with cell division and cell enlargement within the sink 
(Ho, 1988; Ruan et al., 2012).  

The percentage of aborted seed number per pod recorded the lowest values with GA3 at 150 and 75 µM 
respectively, which coincide with the highest amounts of total soluble sugars, free amino acid content in seeds 
and α-amylase and β-amylase activities. These findings highly suggest that pea pod is under metabolic control 
of the enclosed seeds (Müntz, 1977; Weber et al., 1997), which reflect on reducing the percentage of aborted 
seed number per pod by remobilize the assimilates from one seed to another in the same pod, where embryo 
development occurring at different stages either for all or only some of the seeds in a pod (Chinnasamy and 
Kumar, 2000). However, there was internal competition between seeds in the same pod, where the first fertilized 
ovule(s) had the highest sink capacity and it could be even prevent nutrition and assimilate to reach to late or 
subsequent fertilized ovules. Therefore, the high competition of dominant seeds leads to abort the inhibited 
ones. Therefore reducing internal competition by remobilize the assimilates from one seed to another in the 
same pod, reduced the percentage of aborted seeds (Chinnasamy and Kumar, 2000). 

Ions of Ca2+ and Cl- play an important role in amylase activity and stability, therefore, the application of 
CaCl2 increased α-amylase and β-amylase activities, which was highly focused with CaCl2 at 2 mM, which 
reflecting in assimilates, number of the fully formed seed per pod and yield quality. Meanwhile, the highest 
vegetative parameters recorded with CaCl2 at 4 mM, suggested that most of assimilates were directed to 
increasing vegetative growth and total number of pods per plant. These results suggest that the high dose of 
CaCl2 (4 mM) accelerated the metabolism and plant growth in the direction of maturity stage, which supported 
by a reduction of the amount of amino acids and total soluble sugars in seeds, in addition to the high amount of 
starch and proteins comparing with with CaCl2 at 2 mM. It may refer to the enhancement of photosynthesis due 
to increase availability of Ca2+ from CaCl2 might have resulted in the formation of more number of pods per 
plants (Kumar et al., 2013). 

Zinc in plants is involved in enzymatic relations. One of the most important functions of zinc shows that 
starch synthesis is widely interrupted at zinc deficiency. It was also added that zinc plays also an important role 
in protein synthesis from amino acids (Fawzy et al., 2010). These deal with present results that foliar application 
of ZnSO4 at flowering stage improves plant's performance, yield and yield attributes of pea plants (Pandey et al., 
2013). 

Looking to sum of free amino acids, free proteins, total soluble sugars and starch content as an indicator for 
nutritional green seed quality, revealed that GA3 at 150 µM, ZnSO4 at 2 mM, CaCl2 at 2 mM and GA3 at 75 µM 
gave the highest quality, respectively, comparing with control plants Tables (4 and 5). These finding directed the 
treatments to be categorized into two groups, one for producing the high quantity of yield, and the other for the 
high quality of yield. 

 
Conclusion: 

 
The results of the study revealed that foliar spraying of pea plants with GA3, CaCl2 and ZnSO4 is very 

beneficial to manage the crop growth and yield along with fresh and dry pods and seeds. Hence, it could be 
suggested that pea plants grown under the experiment and similar growing conditions and foliar sprayed with 
GA3 at 75 µM, CaCl2 at 4 mM and ZnSO4 at 2 mM produced a high quantity of yield. Whereas the application 
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with GA3 at 75 and 150 µM, ZnSO4 at 2 mM and CaCl2 at 2 mM gave the highest quality of green pod and dry 
seed yields. 

 
References 

 
Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding. Analytical Biochemistry, 72(1–2): 248-254. 
Broadley, M., P. Brown, I. Cakmak, Z. Rengel and F. Zhao, 2012. Chapter 7 - Function of Nutrients: 

Micronutrients. In Marschner, P., ed, Marschner's Mineral Nutrition of Higher Plants (Third Edition). Academic 
Press, San Diego, pp: 191-248. 

Buysse, J., E. Smolders and R. Merckx, 1993. The Role of free sugars and amino acids in the regulation of 
biomass partitioning and plant growth. In Barrow, N. J., ed, Plant Nutrition — from Genetic Engineering to 
Field Practice, Vol 54. Springer Netherlands, pp: 211-214. 

Chinnasamy, G. and A.B. Kumar, 2000. Effect of seed abortion on the pattern of seed formation in 
Lathyrus maritimus and L. sativus (Fabaceae). Phyton (Horn, Austria), 40(2): 223-238. 

Dure, L.S., 1975. Seed Formation. Annual Review of Plant Physiology, 26(1): 259-278. 
Fawzy, Z.F., A.M. El- Bassiony, A.G. Behairy and Y.I. Helmy, 2010. Effect of foliar spraying by some bio 

and organic compounds on growth, yield and chemical composition of snap bean plants. Journal of Applied 
Sciences Research, 6(12): 2269-2274. 

Ghulam, M. and R. Asghar, 2012. α-Amylase activities during seed development and germination in pea 
(Pisum sativum L.) treated with salicylic acid. Pakistan Journal of Botany, 44(6): 1823-1829. 

Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for Agricultural Research, Ed 2nd. John Wiley 
and Sons, New York, pp 20-29 and 329-387. 

Ho, L.C., 1988. Metabolism and compartmentation of imported sugars in sink organs in relation to sink 
strength. Annual Review of Plant Physiology and Plant Molecular Biology, 39(1): 355-378. 

Irigoyen, J.J., D.W. Einerich and M. Sánchez-Díaz, 1992. Water stress induced changes in concentrations 
of proline and total soluble sugars in nodulated alfalfa (Medicago sativd) plants. Physiologia Plantarum, 84(1): 
55-60. 

Jeuffroy, M.H. and C. Chabanet, 1994. A Model to predict seed number per pod from early pod growth-rate 
in pea (Pisum-Sativum L). Journal of Experimental Botany, 45(275): 709-715. 

Kaplan, F. and C.L. Guy, 2004. β-Amylase induction and the protective role of maltose during temperature 
shock. Plant Physiology, 135(3): 1674-1684. 

Kossmann, J. and J. Lloyd, 2000. Understanding and influencing starch biochemistry. Critical reviews in 
biochemistry and molecular biology, 35(3): 141-196. 

Kumar, B., Y. Singh, H. Ram and R.S. Sarlach, 2013. Enhancing seed yield and quality of Egyptian clover 
(Trifolium alexandrinum L.) with foliar application of bio-regulators. Field Crops Research, 146: 25-30. 

Lancashire, P.D., H. Bleiholder, T.V.D. Boom, P. LangelÜDdeke, R. Stauss, E. Weber and A. 
Witzenberger, 1991. A uniform decimal code for growth stages of crops and weeds. Annals of Applied Biology, 
119(3): 561-601. 

Lecoeur, J., 2010. Vegetative development. In Physiology of the Pea Crop. CRC Press, USA, pp: 3-43. 
Morais, G.A.d. and M. Takaki, 1998. Determination of amylase activity in cotyledons of Phaseolus 

vulgaris L. cv. carioca. Brazilian Archives of Biology and Technology, 41: 17-25. 
Müntz, K., 1977. Isoenzymes of α-amylase during pod development of field beans. Phytochemistry, 16 

(10): 1491-1494. 
Pandey, N., B. Gupta and G.C. Pathak, 2013. Foliar application of Zn at flowering stage improves plant's 

performance, yield and yield attributes of black gram. Indian Journal of Experimental Biology, 51(7): 548-555. 
Poggio, S.L., E.H. Satorre, S. Dethiou and G.M. Gonzalo, 2005. Pod and seed numbers as a function of 

photothermal quotient during the seed set period of field pea (Pisum sativum) crops. European Journal of 
Agronomy, 22(1): 55-69. 

Ruan, Y.L., J.W. Patrick, M. Bouzayen, S. Osorio and A.R. Fernie, 2012. Molecular regulation of seed and 
fruit set. Trends in Pant Science, 17 (11): 656-665. 

Sadasivam, S. and A. Manickam, 2010. Biochemical Methods, Ed 3rd. New Age International Publishers, 
pp: 9-10. 

Salas, E. and L. Cardemil, 1986. The Multiple forms of α-amylase enzyme of the Araucaria species of 
South America: A. araucana (Mol.) Koch and A. angustifolia (Bert.) O. Kutz : A comparative study. Plant 
Physiology, 81(4): 1062-1068. 

Singh, D.P., A.M. Jermakow and S.S.M., 2002. Gibberellins are required for seed development and pollen 
tube growth in arabidopsis. The Plant Cell, 14(12): 3133-3147. 

Sun, T.P. and F. Gubler, 2004. Molecular mechanism of gibberellin signaling in plants. Annual Review of 
Plant Biology, 55: 197-223. 

Swamy, P.M., 2008. Laboratory Manual on Biotechnology. Rastogi Publications, India, pp: 80-82. 
Wang, Y., B. Yu, J. Zhao, J. Guo, Y. Li, S. Han, L. Huang, Y. Du, Y. Hong, D. Tang and Y. Liu, 2013. 

Autophagy contributes to leaf starch degradation. The Plant Cell, 25(4): 1383-1399. 



390 
Res. J. Agric. & Biol. Sci., 9(6): 381-390, 2013 

 

Weber, H., L. Borisjuk and U. Wobus, 1997. Sugar import and metabolism during seed development. 
Trends in Plant Science, 2(5): 169-174. 


	Impact of Stimulators of Amylase Activity (GA3, CaCl2) and Protein Synthesis (ZnSO4) on Yield, Quality and Reducing Seed Abortion of Pea Plant
	ABSTRACT
	Introduction
	Materials and Methods
	Discussion:
	Conclusion:
	References

