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ABSTRACT

The present study was carried out under field conditions over two successive winter seasons of
2015/2016 and 2016/2017 on clay loam soil at the Experimental Farm at Shandaweel Agriculture
Research Station, Sohag Governorate, Egypt. The aim of this research was to investigate effects of
salicylic acid application in combination with foliar spraying with different rates of some microelements
(Iron, Zinc and Manganese) on green and seed yield of some pea (Pisum sativum L.) cultivars. Under
field conditions of this study, the interaction among Palmoral cv., 150 ppm of microelements and 300
ppm of salicylic acid concentrations produced the highest production of green pod yield (ton/fed.) and
seed yield (kg/fed.) of pea. Furthermore, the application of interaction among Jaguar cv., 150 ppm of
microelements and 300 ppm of salicylic acid concentrations gave the highest number of green pods per
plant. The interaction among Master B cv., 150 ppm of microelements and 300 ppm of salicylic acid
concentrations produced the tallest green pod (cm) and number of green seeds/green pod of pea over both
experimental seasons. The highest values of the investigated yield and quality parameters were obtained
by the interaction between 150 ppm of microelements and 300 ppm of salicylic acid in the first and
second seasons. From results of this experiment, it could be concluded that application of adequate
amounts of salicylic acid in combination with foliar application of microelements is one of the most
important factors involved in improving yield and quality of pea plants and productivity.
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INTRODUCTION

Pea (Pisum sativum L.) is one of the most
important legume vegetable crops grown in Egypt and
many countries over the world. It has many nutritional
values such as high content of protein, carbohydrates,
phosphorus, iron, calcium and vitamins A and B (Watt
and Merrill, 1963; Hassan, 1997). Green pea (Pisum
sativum L.) is one of the main leguminous vegetables
grown during the winter season in Egypt for local
markets and exportation (Riad et al., 2018). In Egypt,
green pea production area was 18471 ha with a total
production of 184018 tons and an average yield of 9.96
tons ha' (FAOSTAT, 2014). Increasing the production
of peas green pods and dry seeds with high quality is
considered an important aim and this aim could be
achieved through using salicylic acid and
microelements.  Peas is one of the most widely
consumed legumes in the world and is grown in
different regions and environments in many countries.
Peas are high in digestible protein, carbohydrates, fats,
minerals and vitamins (Marwa et al., 2020).

Salicylic acid (SA) naturally occurs in plants in
very low quantity. It is a natural product of phenyl
propanoid metabolism. Decarboxylation of
transcinnamic acid to SA has direct involvement in
plant growth, thermogenesis, flower induction and
uptake of ions benzoic acid and its subsequent 2-
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hydroxylation results to SA (Popova et al., 2008). (SA)
is a ubiquitous phenolic compound occurring in plants
in very low amounts and has been reported to regulate
the physiological processes in plants such as nutrient
uptake, inhibition of ethylene biosynthesis, chlorophyll
synthesis, protein synthesis, photosynthesis and
transpiration (Raskin 1992, Khan et al., 2003).
Application of adequate amounts of microelements is
one of the most important factors involved in improving
plant growth, yield and quality of pea. The nutrition of
plants by foliar application is an additional channel of
nutrients and a mean of regulating root absorption by
such plants (El-Hawary, 1999). The importance of
spraying microelements, i.e., Fe, Zn and Mn can be
accounted by Their essential role in respiration, their
metabolism activation of the enzyme, photosynthesis,
chloroplast formation, chlorophyll synthesis and natural
hormone biosynthesis (Epstien, 1972). Therefore, the
present study was conducted to evaluate effects of
salicylic acid and foliar application of some
microelements on green and seed yield of pea (Pisum
sativum L.) some cultivars under field conditions.

MATERIALS AND METHODS

The present study was carried out under field
conditions during two successive winter seasons of
2015/2016 and 2016/2017 on clay loam soil at the
Experimental Farm at Shandaweel Agriculture Research
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Station, Sohag Governorate, Egypt.  Surface soail
samples (0-30 cm depth) from different parts of the
experimental site were collected for soil analyses
determination using standard methods by Page et al.,
(1982). The soil of the investigated farm is a good
quality soil resulted from fluvial processes (alluvial soil)
and dominating in the Nile valley of Egypt and
characterized with clay loam soil texture, organic matter
of 2.34%, soil pH of 7.76 and EC 0.92 dSm™. Alluvial
soil is well-known as affluent in nutrients, organic
matter and provides a good environment for plants
growth

1- Experimental design and procedures.

The experimental design was Randomized
Complete Block Design in split - split plots
arrangements, with three replicates. Cultivars (Master
B, Jaguar and Palmoral) were arranged in main plots,
the microelements concentrations i.e., zero (control), 50,
100, and 150 ppm were arranged in sub plots While,
salicylic acid concentrations i.e., zero (control), 150,
and 300 ppm were arranged in sub-sub plots. Each
experimental unit was 10.5 m? consisting of 5 ridges at
60 cm apart and 3.5 m length. Sowing was done in the
3and the 5™ of October in the first and second seasons,
respectively. Two seeds were sown per hill on the sides
of ridge at 10 cm apart. Standard agricultural practices
known for commercial pea production other than the
applied treatments were followed. Three ridges were
chosen for seed yield characteristics and the other two
ridges were chosen for green fruit characteristics.

Data were collected from five randomly taken
plants from each plot and the following parameters were
measured; No. branches per plant, green pod length
(cm), green pod diameter (cm), No. green pods/plant,

No. green seeds/green pod, green pod weight/plant (g),
green pod yield (ton/fed.), seed weight/plant (g), seed
yield (kg/fed.) and 100- seeds weight (g).
Statistical analysis

All data of this study were statistically analyzed
according to the analysis of variance (ANOVA) for the
split plot arrangement as published by Gomez and
Gomez (1984), using “MSTAT-C” Computer software
package. The treatment means were compared using the
Least Significant Differences method as described by
Waller and Duncan (1969).

RESULTS AND DISCUSSION

The results of this field study are presented under these

main headings:

1- Number of branches/plants, No. green pods/plant
and 100-seeds weight (g).

Concerning the effect of interaction between pea
cultivars and microelements concentrations on No.
branches per plant, No. green pods/plant and 100-seeds
weight (g) of pea. Data in Tables (1), (2) and (3) reveal a
significant effect between pea cultivars and microelements
concentrations in both seasons. The highest values were
obtained by the interaction between Jaguar cv. and 150
ppm in the first and second seasons, respectively.

Data in tables (1), (2) and (3) show that the
interaction between pea cultivars and salicylic acid
concentrations have a significant effect on No. branches /
plant, No. green pods/plant and 100-seeds weight (g) of
pea. The highest values of No. branches/plant, No. green
pods/plant and 100-seeds weight (g) of pea were recorded
by the interaction between Jaguar cv. and 300 ppm in the
both seasons.

Table 1. Number of branches/plants as affected by pea cultivars, microelements, salicylic acid and their

interactions over two seasons.

Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A) Microelements(B) Oppm 150 ppm 300 ppm  Mean Oppm 150 ppm 300 ppm Mean
0ppm 1.37Im 1.47kIm 1.53kIm 1.46G 1.43r 1.67pg 1.80nop 1.63G
50 ppm 1.53kim  1.47kIm 1.63jkl 1.54FG 2.00Im 1.70pg 1.80nop 1.83F
Master B 100 ppm 1.73h-1 1.87f-k 157klm  172EF 190mno 210kl  1.70pg 1.90F
150 ppm 2.03e-i 2.10e-h 210e-h  208CD  1.90mno  217jk  243hi 217DE
Mean 1.67C 1.73BC 1.71BC 1.70B 1.81G 1.91F 193F 1.88C
0 ppm 2.17d-g 2.27b-f 2.60ab 2.34AB 2.13Kkl 2.50h 2.70ef  2.44C
50 ppm 2.60ab 2.20c-f 2.37b-e 2.46A 2.90cd 2.47h 2.67fg 2.68B
Jaguar 100 ppm 2.50a-d 2.57abc 2.30b-e 2.46A 2.80def 3.00bc  2.67fg 2.82B
150 ppm 2.33b-e  2.57ahc 2.80a 2.50A 2.83de 3.07ab 317a  3.02A
Mean 2.45A 2.40A 247A 2.44A 2.67B 2.76A 2.80A  2.74A
0 ppm 1.20m 1.47KIm 1.67i- 1.44G 1.37r 1.60qg 1.770p 158G
50 ppm 1.67i-1 1.80g-k 1.67i-1 1.71EF 1.93mn  1.93mn 210kl 1.99EF
Palmoral 100 ppm 1.73h-l 2.07e-h 2.00e-j 1.93DE 2.23jk 2.47h 2.30ij 2.33CD
150 ppm 2.27b-f 2.10e-h 217d-g  2.18BC 2.53gh 2.67fg 2.93bcd 2.71B
Mean 1.72BC 1.86B 1.87B 1.82B 2.02E 2.17D 226C 2.15B
0 ppm 1.58e 1.73de 1.93cd 1.75D 1.64j 1.92i 2.09h  1.89D
50 ppm 2.00bc 1.82cd 1.89cd 1.90C 2.28ef 2.03h 219g 217C
Interaction Bx C 100 ppm 1.99bc 2.17ab 1.96¢ 2.04B 2.31e 2.52¢ 2.22fg  2.35B
150 ppm 2.21a 2.26a 2.29 2.25A 2.42d 2.63b 2.84a  2.63A
1.94A 1.99A 2.02A 2.16C 2.28B 2.34A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.

734



J. of Plant Production, Mansoura Univ., Vol. 11 (8), August, 2020

Table 2. Number of Green pods/ plants as affected by pea cultivars, microelements, salicylic acid and their
interactions over two seasons.

Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A) Microelements (B) 0 ppm 150ppm 300ppm Mean Oppm 150ppm 300 ppm Mean
0 ppm 5.33n 5.47n 6.13n 5.64E 5.47t 5.97st 6.43rst 5.96K
50 ppm 6.40n 5.93n 6.00n 6.11DE  7.13qr 6.00st 6.40rst 6.51J
Master B 100 ppm 6.20n 6.33n 6.20n 6.24DE 7.07qrs  7.83pq 6.90qrs 7.271
150 ppm 6.67n 6.67n 6.97n 6.77D 7.50pgr  8.270p 9.17no 8.31H
Mean 6.15D 6.10D 6.33D 6.19C  6.79E 7.02E 7.23E 7.01C
0 ppm 9.80Im 14.10def ~ 15.40bcd 13.10B 9.23no  13.83fgh 15.00de  12.69E
50 ppm 16.00bc 10.97i-1 1343d-g 1347B 16.40bc  11.93kl 13.50fgh  13.94C
Jaguar 100 ppm 13.80d-g 17.93a 12.40fj 14.71A 1457def 17.63a 12.70h-k  14.97B
150 ppm 1340d-g  15.07cde 17.17ab  15.21A 13.70fgh  15.60cd 17.17ab  15.49A
Mean 13.25B 14.52A 1460A 1412A 1348B 14.75A 1459A  14.27A
0 ppm 8.93m 10.20kim  10.83j-m 9.99C 8970  10.10mn 1190kl 10.32G
50 ppm 11.07i-1 10.40kim  11.40h-I 10.96C 13.17g-j 11.07Im 12.37ijk  12.20F
Palmoral 100 ppm 12.67f-j 13.13e-h 11.87g-k 12.56B 13.40ghi 14.53def 12.13jkl  13.36D
150 ppm 12.90f-i 1347d-g  14.03def 13.47B 13.13g-j 14.13efg 15.23de  14.17C
Mean 11.39C 11.80C 1203C 11.74B 12.17D 12.46CD 1291C  1251B
0 ppm 8.02f 9.92de 10.79bcd 958D  7.89g 9.97f 11.11de  9.66D
50 ppm 11.16bc 9.10e 10.28cd  10.18C 12.23bc 9.67f 10.76e  10.89C
Interaction B x C 100 ppm 10.89bcd 12.47a 10.16cd  11.17B 11.68cd  13.33a 10.58e 11.83B
150 ppm 10.99bcd 11.73ab 1272a 11.82A 1144d  12.67b 13.86a  12.66A
10.26B 10.81A 10.99A 1081B 1141A 11.58A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.

Table 3. 100-seed weight (g) as affected by pea cultivars, microelements, salicylic acid and their interactions over

two seasons.
Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)

Cultivars (A) Microelements (B) Oppm 150 ppm 300 ppm Mean Oppm 150 ppm 300 ppm Mean
0 ppm 14.93r 15.43qr  16.230p 15.53I 15.20t 15.43t 16.37qr  15.67G

50 ppm 17.37]-n  16.07opq 16.63n0  16.69GH 17.20no 16.07rs  16.900pq 16.72F

Master B 100 ppm 17.43i-m  18.07fj  17.33j]-n  17.61EF 17.70lmn 18.90e-h 17.37mno 17.99D
150 ppm 18.17f-i 18.80ef 20.70b  19.22BC  18.27ijk  19.27de 20.53b  19.36BC

Mean 16.98F 17.09F 17.73DE  17.26C 17.09F 17.42E 17.79CD 17.43C

0 ppm 16.230p  17.13k-n 17.53h-m 16.97FG 16.50pgqr 17.27no  18.33ijk  17.37E

Jaguar 50 ppm 18.30fgh 16.77mno  17.67h-l  17.59EF 19.17def 16.970p  18.33ijk  18.16D
100 ppm 1857efg  19.30de  18.20f-i  18.69CD 19.07efg  19.87c 18.53g-j 19.16C

150 ppm 19.23de  20.23hc 21.47a 20.31A  19.43cde  20.43b 21.87a  20.58A

Mean 18.08BC  18.36B 18.72A 18.39A 1854B  18.63B 19.27A  18.81A

0 ppm 1557pgr  16.200p 16.77mno  16.18H  15.67st 16.50pgr  16.970p  16.38F

50 ppm 17.23k-n  17.00lmn  17.20k-n  17.14FG 1793kl  17.070  18.43h-k 17.81D

Palmoral 100 ppm 17.90g-k 18.67efg  18.03fj 18.20DE 17.90kim 18.67f-i  18.07jkl 18.21D
150 ppm 19.13e 19.93cd  2043bc  19.83AB 19.00efg  19.70cd 20.63b  19.78B

Mean 1746E  17.95CD 18.11BC  17.84B 17.63DE 17.98C 18.53B  18.04B

0 ppm 15.58h 16.269 16.84ef 16.23D  15.79i 16.40h 17.22f  16.47D

50 ppm 17.63d 16.61fg 17.17e 17.14C  18.10de  16.70g 17.8%e  17.56C

Interaction B x C 100 ppm 17.97d 18.68¢c 17.86d 18.17B  18.22d  19.14c 17.99de  18.45B
150 ppm 18.84c 19.66b 20.87a 19.79A  18.90c  19.80b 21.0la  19.90A

1751C 17.80B 18.18A 17.75C  18.01B 18.53A
“Means followed by the same letter or letters are not significantly different at the 5% significance level.

The interaction between microelements and For the interactions among pea cultivars,

salicylic acid concentrations have a significant effect on
No. branches/plant, No. green pods/plant and 100-seeds
weight (g) in both seasons. The highest values were
obtained by the interaction between 150 ppm of
microelements and 300 ppm of salicylic acid in the first
and second seasons. These results are in the same way for
Ali and Mahmoud, 2013. The presented increase in
vegetative growth may be due to the beneficial effect of
micronutrients and salicylic acid together on absorption
and efficiency of plant nutrients as well as high
photosynthetic rate in plants (Abd-Elkader, 2016).

microelements and salicylic acid concentrations, data in
the same tables show a significant effect on No. branches /
plant, No. green pods/plant and 100-seeds weight (g) in the
two experimental seasons. The highest No. branches/plant,
No. green pods/plant and 100-seeds weight (g) of pea were
recorded by the interaction among Jaguar cv., 150 ppm of
microelements and 300 ppm of salicylic acid in the first
and second seasons.
2- Green pod length (cm) and green pod diameter:

In relation to the effect of interaction between pea
cultivars and microelements concentrations on green pod
length (cm) and green pod diameter (cm) of pea. Data in
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tables (3) and (4) show a significant effect between them.
The highest values of green pod length (cm) were gained
by the interaction between Master B cv. and 150 ppm of
microelements concentration in both seasons. Meanwhile,
the highest values of green pod diameter were recorded by
interaction between Palmoral cv. and 150 ppm of
microelements concentration in the two experimental
seasons.

Data in the same tables show that the interaction
between pea cultivars and salicylic acid concentrations

have a significant effect on green pod length (cm) and
green pod diameter (cm) of pea. The highest values of
green pod length (cm) of pea were recorded by the
interaction between Master B cv. and 300 ppm and in the
first and second seasons. Meanwhile, the highest values of
green pod diameter (cm) of pea were recorded by the
interaction between palmoral cv. and 300 ppm and in both
seasons.

Table 4. Green pod length (cm) as affected by pea cultivars, microelements, salicylic acid and their interactions

over two seasons.
Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A) Microelements (B) Oppm 150 ppm 300 ppm Mean Oppm 150 ppm 300 ppm Mean
0 ppm 8.77de 9.83bc 10.30abc 9.63C 8.77mno  9.53i 10.13fg  9.48D
50 ppm 10.43ab 9.80c 10.37abc 10.20B 10.57de 9.53i 10.23fg  10.11C
Master B 100 ppm 10.27abc  10.67a 10.17abc = 10.37AB  10.67de  11.07c  10.37¢f  10.70B
150 ppm 10.43ab 10.60a 10.70a 1058A  10.77cd 11.63b  12.10a  11.50A
Mean 9.97B 10.22AB 10.38A 10.19A 10.19C 1044B  10.71A  10.45A
0 ppm 8.10f 8.40def 8.57def 8.36EFG  820gr 8500pg 897klm  8.56G
50 ppm 8.63def 8.17ef 8.63def 8.48EF 9.40ij 857nop 897kim  8.99EF
Jaguar 100 ppm 8.87d 8.97d 8.17ef 8.67DE 9.43ij 10.00g 897klm  9.47D
150 ppm 8.67def 8.93d 8.93d 8.84D 9.50i 10.13fg  10.60de  10.8C
Mean 8.57C 8.62C 8.57C 8.59B 9.13F 9.30DE  9.38D 9.27B
0 ppm 8.03f 8.10f 8.23ef 8.12G 8.03r 863m-p 9.17jkI  8.61FG
50 ppm 8.40def 8.10f 8.23ef 8.24FG 9.63hi 840pg 8.77mno  8.93EF
Palmoral 100 ppm 8.43def 8.57def 8.33def 8.44EFG  9.17jk 9.63hi  8.90Imn  9.23DE
150 ppm 8.60def 8.60def 8.63def 8.61DE 9.30ijk 9.57i 9.93gh 9.60D
Mean 8.37C 8.34C 8.36C 8.36B 9.03F 9.06F 9.19EF 9.04B
0 ppm 8.30f 8.78de 9.03bcd 8.70C 8.33g 8.89f 9.42e 8.88D
50 ppm 9.16abc 8.69% 9.08a-d 8.97BC 9.87d 8.83f 9.32e 9.34C
Interaction BxC 100 ppm 9.19abc 9.40a 9.89cde 9.16AB 9.76d 10.23¢c 9.41e 9.80B
150 ppm 9.23ab 9.38a 9.42a 9.34A 9.86d 1044b  10.88a  10.39A
8.97A 9.06A 9.10A 9.45C 9.60B 9.76A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.

The interaction between microelements and
salicylic acid concentrations have a significant effect on
green pod length (cm) and green pod diameter (cm) in both
seasons. The highest values were obtained by the
interaction between 150 ppm of microelements and 300
ppm of salicylic acid concentrations in the first and second
seasons.

About the interactions among pea cultivars,
microelements and salicylic acid concentrations, data in
Tables (3) and (4) show a significant effect on green pod
length (cm) and green pod diameter (cm) in the two
experimental seasons. The highest green pod length (cm)
of pea i.e, (10.70 and 12.10 cm) was obtained by the
interaction among Master B cv.,, 150 ppm of
microelements and 300 ppm of salicylic acid in the first
and second seasons, respectively. The highest green pod
diameter (cm) of peai.e., (1.13 and 1.22 cm) were obtained
by the interaction among Palmoral cv., 150 ppm of
microelements and 300 ppm of salicylic acid in the two
experimental seasons, respectively.

3- Number of green seeds/green pod.

Concerning the effect of interaction between pea
cultivars and microelements concentrations on No. green
seeds/green pod of pea, data in Table (5) reveal a
significant effect between pea cultivars and microelements
concentrations in both seasons. The highest values were

obtained by the interaction between Master B cv. and 150
ppm in the first and second seasons, respectively.

Data in the same table show that the interaction
between pea cultivars and salicylic acid concentrations
have a significant effect on No. green seeds/green pod of
pea. The highest values of No. green seeds/green pod of
pea were recorded by the interaction between Master B cv.
and 150 ppm in the first seasons. The highest No. green
seeds/green pod in the second season was recorded by the
interaction between Master B cv. and 300 ppm of salicylic
acid.

The interaction between microelements and
salicylic acid concentrations had a significant effect on No.
green seeds/green pod in both seasons. The highest values
were recorded by the interaction between 150 ppm of
microelements and 300 ppm of salicylic acid in the first
and second seasons, respectively. These results are in
agreement with those reported by Ali and Mahmoud, 2013

For the interactions among pea cultivars,
microelements and salicylic acid concentrations. Data in
Table (5) show a significant effect on No. green
seeds/green pod in the two experimental seasons. The
highest No. green seeds/green pod of pea was obtained by
the interaction among Master B c¢v.150 ppm of
microelements and 300 ppm of salicylic acid in the two
studied seasons, respectively.
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4- Green pod weight/plant and Green pod yield/fed.

In relation to the effect of interaction between pea
cultivars and microelements concentrations on green pod
weight per plant (g) of pea, data tabulated in (6), (7) and
(8) reveal a significant effect between pea cultivars and
microelements concentrations in both seasons. The highest
values were obtained by the interaction between Palmoral
cv. and 150 ppm in the two successive seasons.

Data in the same tables show that the interaction
between pea cultivars and salicylic acid concentrations
have a significant effect on green pod weight per plant (g)
and green pod vyield/fed. of pea. The highest values of
green pod weight per plant and green pod yield/fed. of pea
were recorded by the interaction between Palmoral cv. and
300 ppm in the first and second seasons, respectively.

The interaction between microelements and
salicylic acid concentrations have a significant effect on
green pod weight per plant (g) and green pod yield/fed. in
both seasons. The highest values were gained by the
interaction between 150 ppm of microelements and 300
ppm of salicylic acid in the first and second seasons,
respectively. These results are in agreement with those
reported by Abd-Elkader, 2016. These yield increments,
due to micronutrients and salicylic acid treatments, might
be attributed to the increase in vegetative growth characters
of pea plants, stimulating of mineral uptake and
enhancement of photosynthetic pigments which increased
photosynthesis, resulting in assimilation of more
carbohydrates accumulation and their translocation to
plants, leading to increase in yield potential of plants (Abd-

Elkader, 2016).
Table 5. Green pod diameter (cm) as affected by pea cultivars, microelements, salicylic acid and their interactions

over two seasons.
Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A)  Microelements (B)  Oppm 150 ppm 300 ppm  Mean 0 ppm 150 ppm 300 ppm  Mean
0 ppm 0.93h 0.95gh 0.96gh 0.95D 0.94s 0.97r 0.99qr 0.96F
50 ppm 0.96gh 0.94h 0.95gh 0.95D 1.020p 0.98qr 1.00pg  1.00E
Master B 100 ppm 0.98fgh  0.99fgh  0.95gh 0.97D 1.03no 1.07klm  0.99gr 1.03DE
150 ppm 0.95gh  0.98fgh  0.99fgh 0.97D 1.03no 1.08jkI  1.13d-g 1.08C
Mean 0.95C 0.96C 0.96C 0.96B 1.01E 1.02D 1.03D 1.02B
0 ppm 1.03ef 1.04c-f  1.04def 1.04C 1.04mno 1.06lmn  1.08jklI  1.06CD
50 ppm 1.04c-f 1.04c-f 1.09a-e 1.06BC 1.1%le-i 1.05l-0 1.08i-I 1.08C
Jaguar 100 ppm 1.11ab 1.12ab 1.07a-e 1.10A 1.12¢fg 1.16cd 1.08jkl 1.12B
150 ppm 1.08a-¢ 1.09a-e  1.10abc 1.09A 1.12e-h 1.14e 1.20ab 1.15AB
Mean 1.07B 1.07AB  1.08AB 1.07A 1.10B 1.10B 1.11B 1.10A
0 ppm 1.01fg 1.07b-e 1.09a-e 1.05BC 0.98qr 1.04mno  1.09h-k  1.04D
50 ppm 1.09a-e 1.08a¢ 1.09ae 1.09AB 1.10g-j 1.04mno  1.08i-l 1.07C
Palmoral 100 ppm 1.10a-d 1.10ab 1.09a-e 1.10A 1.12efg 1.17bc 1.11fj 1.13B
150 ppm 1.09a-e 1.12ab 1.13a 1.12A 1.13def 1.18bc 1.22a 1.18A
Mean 1.07B 1.09AB 1.10A 1.09A 1.09C 1.11B 1.13A 1.10A
0 ppm 0.99d 1.02cd 1.03c 1.01B 0.98g 1.02f 1.05e 1.02D
Interaction B X 50 ppm 1.03c 1.02cd  1.04abc 1.03B 1.08cd 1.02f 1.06e 1.05C
C 100 ppm 1.06ab 1.07ab 1.04bc 1.06A 1.09c 1.13b 1.06de 1.10B
150 ppm 1.04abc 1.07ab 1.07a 1.06A 1.10c 1.13b 1.18a 1.14A
1.03A 1.04A 1.05A 1.06B 1.08A 1.09A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.

Table 6. Number of green seeds/green pod as affected by pea cultivars, microelements, salicylic acid and their
interactions over two seasons.

Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A) Microelements (B) Oppm 150 ppm 300 ppm Mean Oppm 150 ppm 300 ppm  Mean
0 ppm 6.67c-h  7.00b-g 7.10a-f 6.92BC 6.50rs 6.930pq 7.30]-n  6.91EF
50 ppm 7.40abc  6.83b-h 6.90b-h 7.04B 7.73efg 6.83pq 7.00n-g 7.19DE
Master B 100 ppm 717ae 7.27a-d 6.60c-h 7.01BC 7.33j-n 8.23abc 7.17k-p  7.58BC
150 ppm 7.30a-d  7.63ab 7.90a 7.61A 7.50g-kK  7.90def 8.50a 7.97A
Mean 7.13A 7.18A 7.12A 7.15A 7.27BC TATA 7.49A 741A
0 ppm 6.43d-h  6.43d-h 6.70c-h  6.52CD 6.27st 6.70gr 707l-p  6.68FG
50 ppm 6.77b-h  6.17gh 6.73c-h  6.56BCD  7.53g-j 6.40rs 6.87pg  6.93EF
Jaguar 100 ppm 6.83b-h  6.87b-h 6.33e-h  6.68BCD  7.27j-0 7.70e-h 6.70qr  7.22DE
150 ppm 6.60c-h  6.73c-h 6.87b-h  6.73BCD  7.33j-n 7.67Fi 8.17bcd  7.72AB
Mean 6.55B 6.66B 6.66B 6.62B 7.10DE 7.12CDE 7.20BCD 7.14A
0 ppm 6.06h  6.47d-h 6.47d-h 6.33D 6.07t 6.50rs 6.90pq 6.49G
50 ppm 7.10a-f  6.90b-h 6.97b-g 6.99BC 7.27j-0 6.70gr 7.03m-p  7.00DE
Palmoral 100 ppm 7.20a-e  7.37abc 6.23fgh 6.93BC 7.37i-m 7.40h-1 7.13l-p  7.30CD
150 ppm 6.93b-h  6.70c-h 6.63c-h 6.76BCD  7.40h-I 8.00cde 8.33ab 7.91A
Mean 6.82AB  6.86AB 6.57B 6.75AB 703E 7.15CDE 7.35AB  T7.18A
0 ppm 6.39c 6.63bc 6.76abc 6.59B 6.28¢g 6.71f 7.09e 6.69D
50 ppm 7.08ab  6.63bc 6.87ab 6.86A 7.51c 6.64f 6.97e 7.04C
Interaction B x C 100 ppm 7.07ab 7.17a 6.39c 6.87A 7.32d 7.78b 7.00e 7.37B
150 ppm 6.94ab 7.02ab 7.13a 7.03A 7.41cd 7.86b 8.33a 7.87A
6.79A 6.86A 6.87A 7.13C 7.25B 7.35A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.
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Table 7. Green pod weight/plant (g) as affected by pea cultivars, microelements, salicylic acid and their

interactions over two seasons.

Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)

Cultivars (A) Microelements(B) Oppm 150 ppm 300 ppm  Mean 0 ppm 150 ppm 300 ppm Mean
0 ppm 63.370 65.73n0  66.47mn  65.19D 63.40q 65.23p 67.33mno  65.32G

50 ppm 66.80lmn  67.071-n  67.60j-n 67.16CD 69.87hij  67.00n0 69.23i-1 68.70F
Master B 100 ppm 67.77i-n  68.17i-n  67.37i-n 67.77CD 71.83efg 74.10bcd  68.00k-n  71.31CD
150 ppm 69.70g-m  71.93c-h  73.10a-f 7158AB 70.40ghi  72.87de 74.63bc 72.63B

Mean 66.91F  68.23EF 68.63DE  67.92B 68.88E 69.80D 69.80D 69.49C

0 ppm 67.07k-n  68.57i-n 68.73h-n 68.12CD 66.300p  69.00i-I 70.47ghi 68.59F

Jaquar 50 ppm 68.83h-n  67.47j]-n 68.83h-n  68.38C  72.00ef 67.47mno  70.20hij 69.89E
9 100 ppm 73.40a-e 75.10abc 68.20i-n 7223AB 73.30cde  75.57ab 69.33ijk 72.73B
150 ppm 69.97f1 7543ab  7553a  73.64AB 71.87efg  74.80bc 76.63a 74.43A

Mean 69.82CD 71.64AB 70.33BC  70.59A  70.87C 71.71B 71.66B 71.41B
0 ppm 70.97d-i  69.07g-n 74.10a-d 71.38B  67.771-0  70.03hij 73.37cde  70.39DE
50 ppm 75.27ab  68.67h-n  70.20e-k  71.38B 75.10b 68.67]-m  70.97fgh  71.58BC

Palmolar 100 ppm 72.20b-g 75.07abc  70.50e-j 72.59AB 72.70de  74.63bc 70.17hij 72.05B
150 ppm 73.07a-f 74.20abc  76.20a 74.49A  73.23cde  74.80bc 76.57a 74.87A

Mean 72.88A 71.75AB  72.75A  7246A  T72.20AB  72.03B T2.77A 72.33A

0 ppm 67.13e 67.79%  69.77cd  68.23C 65.82g 68.09f 70.39d 68.10D

Interaction B 50 ppm 70.30cd 67.73e  68.88de  68.97C 72.32c 67.71f 70.13d 70.06C
XC 100 ppm 71.12c 72,780  68.69de  70.86B 72.61c 74.77b 69.17e 72.18B
150 ppm 70.91c 73.86ab  74.94a 73.24A 71.83c 74.16b 75.94a 73.98A

69.87A 70.54A  70.57A 70.65B 71.18A 7141A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.
Table 8. Green pod yield (ton/fed.) as affected by pea cultivars, microelements, salicylic acid and their interactions

over two seasons.

Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A) Microelements (B) Oppm 150 ppm 300ppm Mean Oppm 150 ppm 300 ppm Mean
0 ppm 1.10p 1.530 1.90n 151G 1.07s 1.57r 1.87q 1.501
50 ppm 2.33m 1.90n 2.60l 2.28F 2.23p 1.93q 2.57n 2.24H
Master B 100 ppm 3.20i 3.53h 2.83k 3.19E 3.20k 3.47] 2.73m 3.13E
150 ppm 3.60h 4.07g 4.50f 4.06D 3.60ij 4.10h 4.57g 4.09D
Mean 2.56F 2.76E 2.96D 2.76C 2.53G 2.77F 2.93E 2.74C
0 ppm 1.87n 2.33m 297k 2.39F 1.93q 2.43n0 3.031 247G
Jaguar 50 ppm 2.47h 2.30m 3.07jj 2.94E 3.70i 2.330p 3.03l 3.02EF
100 ppm 3.57h 4.03g 4.43f 401D 3.63i 4.07h 4539 4.08D
150 ppm 5.13e 5.77c 6.50b 5.80B 5.17e 5.80c 6.47b 5.81B
Mean 3.51C 3.61C 4.24B 3.79B 3.61D 3.66D 4.27C 3.84B
0 ppm 237m  3.03ijk 3.60h 3.00E 2.370p 3.001 3.60ij 2.99F
50 ppm 4.40f 3.47h 3.97g 3.94D 4.43g 3.63i 4.17h 4.08D
Palmoral 100 ppm 5.00e 5.53d 4.33f 4.96C 4.97f 5.63d 4.43q 5.01C
150 ppm 5.37d 6.33b 6.83a  6.18A 5.20e 6.37b 6.87a 6.14A
Mean 4.28B 4.59A 4.68A 4.52A 4.24C 4.66B 4.77A 4.56A
0 ppm 1.78k 2.30j 2.82h 2.30D 1.79k 2.33 2.83h 2.32D
50 ppm 3.40f 5.56i 3.21g 3.05C 3.46f 2.63i 3.269 3.12C
Interaction B x C 100 ppm 3.92e 4.37d 3.87e 4.05B 3.93e 4.39d 3.90e 4.07B
150 ppm 4.70c 5.39b 5.94a 5.34A 4.66C 5.42b 5.97a 5.35A
3.45C 3.65B 3.96A 3.46C 3.69B 3.99A
“Means followed by the same letter or letters are not significantly different at the 5% significance level.
The interactions among pea cultivars, cultivars and microelements concentrations in both

microelements and salicylic acid concentrations, data in
Tables (6), (7) and (8) show a significant effect on green
pod weight per plant (g) and green pod yield/fed. in the
two experimental seasons. The highest green pod weight
per plant (g) of pea was obtained by the interaction among
Palmoral cv., 150 ppm of microelements and 300 ppm of
salicylic acid in the first season. Also, the highest value in
the second season was recorded by the interaction among
Jaguar, 150 ppm of microelements and 300 ppm of
salicylic acid. The highest values of green pod yield/fed.
were recorded by the interaction among Palmoral cv., 150
ppm of microelements and 300 ppm of salicylic acid in
both seasons.

5- Seed weight/plant (g) and Seed yield/fed.

Concerning the effect of interaction between pea
cultivars and microelements concentrations on seed
weight/plant (g) and seed yield/fed. of pea, datain Tables
(9) and (10) reveal a significant effect between pea

seasons. The highest values were obtained by the
interaction between Palmoral cv. and 150 ppm in the first
and second seasons respectively. Data in the same tables
show that the interaction between pea cultivars and
salicylic acid concentrations had a significant effect on
seed weight/plant (g) and seed vyield/fed. of pea. The
highest values were recorded by the interaction between
Palmoral cv. and 300 ppm in the two experimental seasons.

The interaction between microelements and salicylic
acid concentrations have a significant effect on seed
weight/plant (g) and seed yield/fed. of pea in both seasons.
The highest values were recorded by the interaction
between 150 ppm of microelements and 300 ppm of
salicylic acid in the first and second seasons, respectively.

These results are in the same way of Ali and
Mahmoud, 2013.

About the interactions among pea cultivars,
microelements and salicylic acid concentrations, data in
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Tables (9) and (10) show a significant effect on seed the interaction among Palmoral cv.,, 150 ppm of
weight/plant (g) and seed yield/fed. of pea in the two  microelements and 300 ppm of salicylic acid in the first
experimental seasons. The highest values were obtained by  and second seasons.

Table 9. Seed weight/plant (g) as affected by pea cultivars, microelements, salicylic acid and their interactions over

two seasons.
Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A)  Microelements (B) 0 ppm 150 ppm 300 ppm  Mean Oppm 150 ppm 300 ppm Mean
0 ppm 10.27v 11.61u 12.75tu  11.541 10.27w 1148v  12.86u  11.53)
50 ppm 13.68st 14.15s 16.00gqr  14.61H 13.63t 13.76t 15.83s  14.411
Master B 100 ppm 17.410p 18.22nop  18.37n0  17.99G 17.15r 18.42q 17.58r 17.72G
150 ppm 20.57kl 25.36h 28.37fg 2476E  19.37op 25.27jkl  29.23h  24.62E
Mean 15.48I 17.33H 18.87G  17.23C  15.10I 1723H 18.87G  17.07C
0 ppm 14.13s 15.67r 17.270p  15.69H 14.20t 15.53s 17.17r  15.63H
50 ppm 18.79mn 19.69Im 21.68jk  20.05F  18.75pq 18.25q 21.67n  19.56F
Jaguar 100 ppm 23.34i 25.23h 26.02h  24.86E  23.35m 25.79j 24.681 24.61E
150 ppm 27.60g 28.83fg 31.19%  29.21C  27.21i 29.43gh  3158f 2941C
Mean 20.97F 22.35E 24.04D  22.45B  20.88F 22.25E  23.77D  22.30B
0 ppm 17.09pq 19.79Im 22.73ij 19.87F  17.27q 19470  22.00n  19.58F
50 ppm 25.29h 25.70h 28.02fg 26.34D  25.45jk  24.86klI  28.92h  26.41D
Palmoral 100 ppm 29.16f 31.80e 36.07d  32.35B  29.95¢g 3252  3517d 32.55B
150 ppm 38.80c 41.26b 4340a  41.15A  38.82¢ 42.03b  43.94a  41.60A
Mean 27.59C 29.64B 32656A 29.93A 2787C  29.72B  32.51A 30.03A
0 ppm 13.83k 15.69j 17.58i 15.70D  13.9]j 15.49i 17.34h  15.58D
Interaction B x 50 ppm 19.25h 19.85h 21.90g 20.33C  19.27g 18.969 22.14f  20.12C
c 100 ppm 23.30f 25.08e 26.82d 25.07B  23.48e 2557d  25.81d 24.96B
150 ppm 28.99¢ 31.81b 34.32a  31.71A  28.46¢C 32.24h  3492a 31.88A
21.34C 23.11B 25.16A 21.28C  23.07B  25.05A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.

Table 10. Seed yield (kg/fed.) as affected by pea cultivars, microelements, salicylic acid and their interactions over

two seasons.
Seasons First season Second season
Salicylic acid (C) Salicylic acid (C)
Cultivars (A)Microelements (B) 0 ppm 150 ppm 300 ppm Mean 0 ppm 150 ppm 300 ppm Mean
0 ppm 350.00p 490.000 590.00mn  476.67I 326.67s 476.679 583.33p  462.22I
50 ppm 650.00lm 590.00mn 656.67Im 632.22FG 650.00mno 586.67p 646.67n0  627.78G
Master B 100 ppm 753.33jk  876.67fgh  806.67hij  812.22E 750.001 873.331)  790.00kl  804.44E
150 ppm 893.33fgh  953.33f  1056.67f  967.78C 880.00ij 943.33h  1050.00f 957.78C
Mean 661.67H  72750G  77750F  722.22C 651.67H  720.00G  76750F  713.06C
0 ppm 440.000 516.67no 603.33mn  520.00HI 430.00r 510.000 596.67p 512.22H
50 ppm 666.67klm 526.67n0  630.00m 607.78GH 656.67mno 523.33q 616.670p 598.88G
Jaguar 100 ppm 766.67ij  880.00fgh 1083.33e  910.00CD  746.67I 863.33i) 1003.33g 871.11D
150 ppm 1500.00d 1716.67c  2133.33b 1783.33B  1476.67e  1736.67d 2173.33b 1795.56B
Mean 843.33E 910.00D 111250B  955.28B 827.50E 908.33D 1097.50B 944.44B
0 ppm 473330 603.33mn  670.00klm 582.22GH 493.33q 613.330p 673.33mn  593.33G
50 ppm 733.33jklI  650.00lm  733.33jkl  705.56F 746.67 696.67m  746.671  730.00F
Palmoral 100 ppm 813.33hij  923.33fg 853.33ghi 863.33DE  833.33jk 936.67h 886.67i 885.56D
150 ppm 1680.00c  2083.33b  2636.67a 2133.33A  1733.33d  2116.67c  2700.00a 2183.33A
Mean 925.00D  1065.00C 1223.33A 1071.11A  951.67C  1090.83B 1251.67A 1098.06A
0 ppm 421.11i 536.67h 621.11g 526.30D 416.67i 533.33h 617.78g  522.59D
Interaction B 50 ppm 683.33f 588.89g 673.33f 648.52C 684.44f 602.22g 670.00f  652.22C
X C 100 ppm 777.78e 893.33d 914.44d 861.85B 776.67e 891.11d 893.33d 853.70B
150 ppm 1357.78c  1584.44b  1942.22a 1628.15A  1363.33c  1598.89b 1974.44a 1645.56A
810.00C 900.83B  1037.78A 810.28C 906.39B  1038.89A

“Means followed by the same letter or letters are not significantly different at the 5% significance level.

Under field conditions and treatments of this research, 4- The interaction between 150 ppm of microelements

the following conclusions can be drawn: and 300 ppm of salicylic acid over both seasons gave
1- The interaction among Palmoral cv., 150 ppm of the highest values of the investigated yield and quality
microelements and 300 ppm of salicylic acid parameters .
concentrations gave the highest production of green
pod yield (ton/fed.) and seed yield (kg/fed.) of pea. - CONCLUSIONS
2- The application of interaction among Jaguar cv., 150 Pea is considered one of the most important legume

ppm of microelements and 300 ppm of salicylic acid vegetable crops grown in Egypt and worldwide as it has
concentrations had the highest number of green pods ~Many nutritional values. From this study, it could be
per plant. concluded that the highest significant values of all growth,

3- The interaction among Master B cv., 150 ppm of yield and quality parameters of pea plants were gained by
microelements and 300 ppm of salicylic acid the interaction between 150 ppm of microelements and 300
concentrations had the tallest green pod (cm) and ~ PPM of salicylic acid in both seasons. Under these

number of green seeds/green pod of pea over both ~treatments, the highest production of green pod yield
experimental seasons. (ton/fed.) and seed yield (kg/fed.) of pea was attained by
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cultivar Palmoral while the highest number of green pods
per plant was obtained by the cultivar Jaguar. Under the
same treatment, Master B cv., gave the tallest green pod
(cm) and number of green seeds/green pod of pea over
both experimental seasons. From the results of this study,
it could be concluded that adaptability, quality and
production of pea (Pisum sativum L.) cultivars of Master,
Palmoral and Jaguar to the Egyptian environmental
conditions are confirmed and increased by using salicylic

acid in combination with foliar application of
microelements (Iron, Zinc and Manganese).
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