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ABSTRACT

This work was carried out at the Experimental Farm of El-Baramoon Research Station,
Horticulture Research Institute, Agricultural Research Center, during the late winter season of 2018 and 2019
to study the effect of two sowing dates (20™ January and 20" February), foliar applications, i.e., brassinolide
(5 and10 mg/l), mixture of growth regulator (0.5 and 1cm/l), dry yeast extract (5 and 10gm/l) potassium
nitrate (1 and 2 gm/I) and potassium silicate (2.5 and 5gm/l) in addition to vernalization practice and their
interactions on growth, yield and its components characteristics of pea cv. Master- B.The obtained results
revealed that, the first sowing date induced a higher growth values , yield and its components and chemical
composition of seeds compared with the second sowing date. Spraying brassinolide at 10 mg/l gave the
highest growth, yield and chemical components of pea plants, followed by potassium nitrate at 2gm/l,
growth regulators mixture at 1cm/I and yeast extract at 10gm/l. Sowing pea seeds in 20™ January and
spraying with brassinolide at 10 mg/l introduced the best interaction with respect to growth, yield
components and chemical composition of seeds. From the obtained results it could be recommended that
sowing pea in 201 January and spraying with brassinolide (10 mg/l) and/or potassium nitrate at 2gm/l, and/or
growth regulators mixture at 1cm/l and/or yeast extract at 10 gm/I improved growth, yield and chemical
composition of pea growing at late season conditions .
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INTRODUCTION

Pea (Pisum sativum L.) is one of the important
vegetable crops belonging to the family Fabaceae
(leguminosae) grown during winter season in Egypt for
local consumption and exportation. It is highly nutritive
vegetable containing high percentage of protein (21-25 %),
carbohydrates, vitamin A and C, Ca, phosphorous and has
elevation levels of amino acids lysine and tryptophan (Bhat
et al., 2013). In addition, its agriculture preserve soil
fertility through biological nitrogen fixation in organization
with symbiotic rhizobium prevailing in its root nodules.

Sowing date significantly influenced the growth
and yield attributes of vegetable crops and the sowing at
proper time allows sufficient growth and development of a
crop to obtain a satisfactory yield for growers. The
different environmental conditions, especially temperature
due to different sowing time provide variable in crop
growth, development and vyield stability (Pandey et al.,
1981). Garden pea is a cool loving crop grows well in
winter and partly moist climatic condition and the best
mean temperature was 13-18 ° C. The increase in
temperature above 20 °C in late sowing date decreases the
yield and quality of immature seeds.

Alongside, some agricultural practices such as
vernalization are used for improving the yield and quality
of vegetable crops, especially at late sowing conditions.
Vernalization is the process whereby the plant acceleration
the ability of blossoming by cold treatment. In this process
the seeds are exposure to the low temperature by soaking
in cold water for forcing the growing plant from the
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vernalization seed to early yield (Mohammad and Al-
Yuonis, 1991). Vernalization of the seeds produces GAs up
to six time what the plant produces under the normal
growing condition and later that GAs helps in the early
flowering of vernalized plants (Fernandes et al., 1997 and
Al-Ubaydi, 1999).

Likewise, potassium (K) is one of the vital elements
among the plant nutrients found to be overcome abiotic
stress through the regulatory function in many biochemical
processes related to enzyme activation, carbohydrate
metabolism, and protein synthesis. Various sources of K
salts such as potassium nitrate (KNO3) and potassium
silicate (K20.4Si0O2) can be wused for plants nutrition
giving a good results in growth and yield of plants under
abiotic stress (Jabeen and Ahmad, 2011). Spraying
potassium silicate or potassium nitrate led to stimulate
growth, increasing yield components, enhancing the most
of growth parameters and giving the highest values of
minerals concentration (Salim et al., 2014).

Nowadays plant growth regulators have been used
to increase the growth and yield of pea under stress
conditions. Pea plant was found to show a quick growth,
higher yield and quality when treated with plant growth
regulators especially GAs and NAA (Kumar et al., 2014).
Gibberellic acid is known to be importantly concerned in
the regulation of plant responses to the external
environment  (Chakrabarti and  Mukherji, 2002).
Naphthalene acetic acid (NAA) is another plant growth
regulator and an important synthetic auxin has a wide
variety of impacts on plants. Different effects of the
application of NAA in the acceleration of rooting, control
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of flowering, prevention of fruit drop and increase of fruit
formation have been observed in different plants (Prakash
and Ganesan, 2001).

Brassinolide (BR), a novel plant growth promoting
steroidal lactone has a role in cell division, expansion and
differentiation, source-sink relations and other endogenous
interactions (Sasse, 2003). Exogenous application of BR
can improve the stress tolerance in plants by improving the
plant growth, synthesis of photosynthetic pigments and
antioxidant enzymes activity (Niu et al., 2016).

Many studies reported that yeast is considered as
one of the natural richest and safest sources of essential
amino acids, essential elements, B-complex vitamins,
furthermore, bio-constituents, especially, cytokinins. In
this regard, Mahmoud et al. (2013), Ibraheim (2014) and
Zaghloul et al. (2015) on pea all of them mentioned the
beneficial effect of yeast extract foliar application for
improving vegetative growth parameters, flowering, total
yield and pods quality.

Therefore, the main goal of the present work was to
study the response of pea plants to sowing dates as a

principle factor along with exogenous foliar applications,
i.e., potassium nitrate, potassium silicate, mixture of
growth regulators (gibberellin and naphthalene acetic acid),
brassinolide and yeast extract in addition to vernalization
practice to identify the best treatments for achieve the
highest return for the growers under the experimental
conditions.

MATERIALS AND METHODS

Two field experiments were carried out during late
winter seasons of 2018 and 2019, at the experimental farm
of  El-Baramoon Research Station,  El-Mansoura,
Horticulture Research Institute, Agricultural Research
Center, Egypt to study the effect of two late planting dates ,
some foliar applications, in addition to vernalization
practice and interaction between them on vegetative
growth, yield and component of Pea (Pisum sativum L.)
cv. Master- B. Local maximum and minimum temperature
and relative humidity during the two growing seasons of
study are presented in Table (1).

Table 1. Maximum and minimum temperature (C) and relative humidity % during the two growing seasons.

Month January February March April May June
2018 season

Max. temp. 18.9 204 235 28.3 32 33.9
Min. temp. 9.7 116 14.6 17.7 20.1 22
R. H. (%) 59 54 47 46 49
2019 season

Max. temp. 19.9 21.2 24.3 28.9 33.1 33.9
Min. temp. 10.1 12.3 15.2 18.3 21.6 225
R. H. (%) 70 55 50 53 55

Egyptian Meteorological Authority

The experimental design and treatments:

The used design was a split-plot with three
replications. Each of the two planting dates was
randomized ranked within each replications as a main plot
and foliar applications treatments in addition to
vernalization practice were randomized within each data as
sub-plot. The experimental plot contained 4 ridges ( 2 pod
yield and 2 dry seeds yield) of 4 meters long and 1 meter
width thus making an area of 16 m?.

Dry treated seeds with appropriate fungicides were
planted when the soil humidity was suitably in hills
(2seeds/hill) with 15 cm distance, Each sup plot was
planted by 240 gm seeds ( 60 Kg/feddan) . The seeds were
obtained from the Egypt ion Agriculture Society.

This experiment included 24 treatments were arranged
as follow:

A- Sowing date:

1- Sowing in 20" January.

2- Sowing in 20" February.

B- Foliar applications and vernalization practice:
1- Brassinolide (C2sHagOs) at the rate of 5 mg/L.

2- Brassinolide (CgsHis0s) at the rate of 10 mg/L.
3- Mixture of plant growth regulator at 0.5 cm/L.

4- Mixture of plant growth at 1 cm/L.

5- Dry yeast extract at 5 gm/L.

6- Dry yeast extract at 10 gm/L.

7- Potassium nitrate (KNOs) at 1gm/L.

8- Potassium nitrate(KNOs) at 2 gm/L.

9- Potassium silicate (K2SIOs) at 2.5 gm/L.

10- Potassium silicate (K-S103) at 5 gm/L.

11- Vernaliztion practice

12- Control (sprayed by tap water).

The plants were sprayed with foliar applications
two times, the first at 45 days from sowing and the second
after two weeks from the first. The recommended cultural
practices i.e., irrigation, pest and diseases control, etc. of
pea plant were applied for commercial production in the
area.

Brassinolide compound were obtained from
Techno gene Company, Dokki, Giza, Egypt. Yeast extract
was prepared according to the method described by EI-
Ghamriny et al. (1999). Potassium nitrate and potassium
silicate obtained from El-Gomhoria Chemical Company.
Vernalization treatment was applied by soaking pea seeds
in distilled water for 30 minutes, then removed and dried
in room temperature, then put in the refrigerator at 4 +1
and relative humidity 85-90 % for 14 days.

Recorded data:
1-Vegetative characteristics:

At 60 days after sowing, five plants were randomly
marked from each sup plot for determining the mean stem
length (cm), leaf area (cm2), plant fresh weight (g) and
plant dry weight (g).

Fresh leaves were randomly collected from each
plant and ten disks of these fresh leaves were made by
known diameter Cork borer, then oven dried at 70 CO till
reaching constant weight and the leaf area was calculated
according to Koller (1972) as follows:

Area of the disks (cm) * Dry weight of leaves/plant

Total leaf area (cm?) =
Dry weight of disks

2- Yield and its components characteristics:
Green pods of each sup plot were harvested at the
proper maturing stage, counted and weight in each harvest

682



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

and the shelling percentage (%), pod yield /plant (gm),
total pod yield (ton /fed) and total dry seed yield (ton /fed)
were calculated.

Shelling percentage (%)

Weight of green seeds

Shelling (%)= X100

Total weight of green pods

3- Seed quality

Reducing sugars were determined in green seeds
extract according to Miller (1959). Meanwhile, total
soluble sugars were measured spectrophotometrically
according to Dubois et al. (1956). Non reducing sugars
were calculated as the differences between total soluble
sugars and reducing sugars Carbohydrates (%)was
determined calorimetrically in dry matter of pods following
the method described by Dubois et al. (1956). Crude
protein content was determined as total nitrogen multiplied
by 6.25 to calculated total crude protein

All data were statistical analysis accordance to the
procedure out lined by Snedecore and Cochran (1968) and
the treatment means were compared using (LSD). Data
were statistically analyzed using Co-STAT computer
software program.

RESULTS AND DISCUSSION

1-Vegetative growth characters:
A-Effect of sowing dates:

Data presented in Table (2) illustrate the effect of
sowing dates on some vegetative growth parameters
represented by mean stem length (cm), leaf area (cm?),
plant fresh weight (g) and plant dry weight (g) in both
seasons of the study. According to mean stem length, a
significant difference obtained between 20" January and
20" of February planting in both seasons. The average
mean stem length was taller with values of (42.97 and
46.16 cm) in January planting than those obtained in
February one (37.94 and 40.83 cm) in 2018 and 2019
seasons respectively. As for leaf area, the data in the same
Table show that, January planting produced plants having
leaf area longer than that produced by plants grown in
February planting. The same trend was obtained in both
seasons of study with highly significant.

Obviously, the rest vegetative growth traits (plant
fresh weight and plant dry weight) as shown in Table (2)
were positively affected by planting dates. The results
clearly indicated that, January planting had a slight increase
in plant fresh and dry weight than February planting in the
and second years The difference was significant in both
seasons

Table 2. Effect of planting dates on vegetative growth of pea plants at 60 days after sowing during 2018 and 2019

late winter seasons.

Characters Mean stem length (cm) Leaf area (cn?) Fresh weigh (gm) Dry weight (gm)

Treatments 2018 2019 2018 2019 2018 2019 2018 2019

20™ January 42.97 46.16 407.80 435.33 67.82 71.79 1791 18.03

20" February 37.94 40.83 333.33 340.79 61.84 65.90 14.40 13.96

LSD at 0.05 % 0.520 1434 19.669 21.610 0.134 1.339 0.893 0.449

B-Effect of foliar applications and vernalization by potassium nitrate at (2gm/l orlgm/I), brassinolide at 5
practice: mg/l and yeast extract at 10gm/l in both years. According

Data presented in Table (3) reveal the effect of
foliar application of tested substances and vernalization
practice on studied vegetative growth parameters during
2018 and 2019 seasons. As clear from the data, the mean
stem length was significantly affected by all treatments in
both years when compared to control. Brassinolide
spraying at the rate of 10 mg/l resulted in the production of
the highest mean stem length followed by potassium
nitrate at 2gm/1, brassinolide at 5 mg/l, potassium nitrate at
1gm/l and the yeast extract at the both rates 5and 10gm/I.

The same Table show that, foliar application of
brassinolide at 10 mg/l gave the highest leaf area followed

to plant fresh weight, the obtained results in the same table
exhibited surpass of 10 mg/l brassinolide treatment
followed by potassium nitrate at (2g/l or 1gm/l),
brassinolide at 5 mg/l and yeast extract at 10gm/l.
Likewise, the plant dry weight as affected by tested foliar
application treatments and vernalization practice, take the
same behavior of plant fresh weight in both seasons. The
results demonstrate clearly that, highest record of plant dry
weight was obtained from the foliar by brassinolide at 10
mg/l followed by potassium nitrate at 2g/l , brassinolide at
5 mg/l and yeast extract at the rate 20gm/I.

Table 3. Effect of some foliar applications and vernalization practice on vegetative growth of pea plants at 60
days after sowing during 2018 and 2019 late winter seasons.

Characters Mean stem length (cm' Leaf area (cm?) Fresh weight (gm) Dry weight (gm)

Treatments 2018 2019 2018 2019 2018 2019 2018 2019
Br5 mgl/l 41.83 45.00 398.99 413.86 70.73 73.11 18.16 18.90
Br 10 mg/l 45.33 485 437.39 456.46 75.03 76.66 20.03 20.98
Mix 0.5 cnv/I 38.83 41.00 367.55 376.26 64.53 66.81 1311 1341
Mix 1 cm/l 40.00 42.33 370.12 383.30 66.18 67.80 14.33 1451
Yeast 5 g/l 41.00 44.16 378.92 405.06 63.80 65.13 16.13 16.78
Yeast 10 g/l 41.00 44.16 380.18 408.36 67.50 70.65 16.88 17.68
KNOs 1 g/l 41.66 44.82 398.04 420.23 70.86 72.78 17.25 17.65
KNOs2 g/l 43.33 46.66 407.85 432.43 68.86 75.25 18.50 19.80
K2SI1032.5 g/l 38.00 41.16 346.82 349.70 60.16 65.06 14.05 14.05
K2SI0s35 g/l 38.66 42.16 348.66 352.46 60.20 65.11 13.36 13.73
Vernalization 40.16 43.16 322.77 351.75 60.90 68.86 15.95 15.76
Control 35.66 38.33 289.50 306.83 49.20 58.95 10.73 10.93
LSD at 0.05 % 1.008 1.831 15.407 13.949 1.194 2.166 1.051 0.918

Br: brassinolide and Mix: (gibberellic acid at 2.5 %, 4 - chlorophenoxy acetic acid at 2.5 % and naphthalene acetic acid at 2.5 %b).
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C-Effect of the interaction :

The effect of interaction on vegetative growth
parameters (mean stem length ,leaf area , plant fresh
weight and plant dry weight) presented in Table (4). The
obtained results show that, control plants of February
planting had the lowest plant length in both years . While
the interaction between January planting and r by
brassinolide foliar at 10 mg/l exhibited the highest mean
stem length followed by January planting with potassium

nitrate spraying at 2g/l in both seasons. With respect to
leaf area, the results in the previous Table demonstrate
clearly that, the highest record values obtained from the
interaction between January planting and Foliar by
brassinolide at the rate of 10 mg/l in both years followed
by the interaction between January planting and sparing
with  potassium nitrate at 2g/l in both seasons. While,
control plants of February planting had the lowest value
in both years.

Table 4. Effect of the interaction between sowing dates and foliar application and vernalization treatments on
plant length, leaf area, fresh weight and dry weight of pea plants at 60 days after sowing during 2018

and 2019 late winter seasons.

Characters Mean stem length (cm Leaf area (cm?) Fresh weight (gm) Dry weight (gm)

Treatments 2018 2019 2018 2019 2018 2019 2018 2019
AxB

Br5 mg/l 44.33 47.66 443.02 471.18 73.90 76.16 19.86 20.86

Br 10 mg/l 48.33 51.00 474.75 505.38 78.20 79.83 22.26 21.80

Mix 0.5 cr/l 41.33 45.00 406.86 419.62 67.50 69.80 16.96 16.80

Mix 1 cm/I 42.33 45.00 407.45 419.29 69.20 70.80 15.30 15.26

- Yeast 5 g/l 43.33 46.66 413.08 465.86 66.76 68.13 19.13 19.70

% Yeast 10 g/l 43.33 46.66 419.70 470.41 70.50 74.20 19.56 19.90

£ KNOs 1 g/l 44.33 47.33 441.07 471.53 71.86 75.86 19.60 20.50

Q KNOs 2 g/l 46.33 49.33 446.57 485.96 73.80 78.76 20.26 2113

KzS103 2.5 ¢/l 40.33 43.66 364.43 366.54 63.13 68.63 16.53 15.80

KzSI035 g/l 40.66 44.66 365.38 370.94 63.23 67.46 14.56 14.53

Vernalization 42.66 45.66 365.52 417.19 63.56 71.83 18.30 18.03

Control 38.33 41.33 325.83 359.03 52.20 60.06 12.56 12.20

Br 5 mg/l 39.33 42.33 354.96 355.54 67.56 76.16 16.46 16.93

Br 10 mg/l 42.33 46.00 400.02 407.54 71.86 79.83 17.80 18.36

Mix 0.5 crm/l 36.33 37.00 328.24 346.98 61.56 69.80 11.70 12.20

> Mix 1 cnm/I 37.66 39.66 332.79 333.24 63.16 70.80 10.93 11.56

S Yeast 5 g/l 38.66 41.66 324.77 344.25 60.83 68.13 13.13 13.86

= Yeast 10 g/l 38.66 41.66 340.67 346.31 64.50 74.20 14.20 15.46

o KNOs 1 g/l 39.00 42.33 355.01 368.94 65.86 75.86 14.90 14.80

= KNOs 2 g/l 40.33 44.00 369.13 378.91 68.93 78.70 15.53 15.96

o KzS103 2.5 ¢/l 35.66 38.66 329.22 332.86 57.20 68.63 11.56 12.93

KzSI0s5 g/l 36.66 39.66 331.95 333.98 57.16 67.46 12.16 12.20

Vernalization 37.66 40.66 280.02 286.31 58.23 65.90 13.60 135

Control 33.00 36.00 253.16 254.63 46.2 57.83 8.90 9.66

LSD at 0.05 % 1.415 2.589 21.788 19.728 1.689 3.063 1.486 1.298

Br: brassinolide and Mix: (gibberellic acid at 2.5 %,4 - chlorophenoxy acetic acid at 2.5 % and naphthalene acetic acid at 2.5 %).

Obvious from the data presented in Table (4) it
revealed that, significant differences were obtained in both
years. The interaction between January planting date and
foliar application by brassinolide at the rate of (5 or 10
mg/l) had the highest record of the plant fresh weight
followed by the interaction between January planting and
foliar of potassium nitrate at the rate of ( 1 or 2gm/l) and
yeast extract at the rate 10gm/I in both years. Likewise, the
dry weight of plants all interaction between planting dates
and foliar application and vernalization treatments take the
same trend was obtained from plant fresh weight in both
season.

The obtained results about planting dates are in
agreement with Ali et al. (2016) who indicated that the
variation in growth duration of pea might be due to
variation in day/night temperature and increased in
temperature at the later sowing curtailed the crop growth
duration. Similar results were recorded by Ezeakuet al.
(2015), Sirwaiya and Kushwah (2018) and Sumalatha and
Uppar (2019).

Concerning the effect of foliar treatments
(brassinolide, growth regulators, yeast, KNO3 and K3SI103)
and vernalization practice on vegetative growth, our results
similar that obtained by Afifi et al. (2018) and El-Sayed et
al. (2019a) on brassinolide, Rahman et al. (2015) and
Kumar et al. (2018) on growth regulators, Elrys and
Merwad (2017) and Ismail et al. (2017) on potassium
silicate, Marhoon et al. (2018) and El-Sayed et al. (2019b)
on yeast, Jadhav et al. (2019) and Bangar et al. (2019) on
potassium nitrate and Abbas et al. (2010) and Al-Ubaid
and Mohammed (2018) on vernalization.
2-Yield and its components characteristics:

A-Effect of sowing dates:

Data presented in Table (5) show that, significant
difference was obtained between 20" January planting
and 20" February planting with respect to pod yield/plant
(gm), total pod yield (ton/fed),total dry yield (ton/fed) and
shelling percentage in both years. The highest values of
total yield per feddan (2.920 and 3.148 ton) were
recorded at January planting compared with (2.076 and
2.248) February planting in both studied seasons,
respectively.
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Table 5. Effect of planting dates on pod yield / plant ,total pod yield, total. dry yield/fed and shelling (%6) of pea

plants during 2018 and 2019 late winter seasons

Characters Pod yield/plant (gm) Total pod yield (ton/fed) T. dry seed yield/fed (ton/fed) Shelling (%0)

Treatments 2018 2019 2018 2019 2018 2019 2018 2019

20 ! January 50.93 63.12 2.920 3.148 0.584 0.629 44.86 47.77

20 " February 33.06 37.71 2.076 2.248 0.414 0.446 37.30 41.83

LSD at 0.05 % 1.532 1.618 0.028 0.056 0.003 0.008 1.177 0.597

B-Effect of foliar applacation and vernalization percentages were presented in Table (7).The obtained
practice: result prove that, sowing on 20™ January and spraying

As clear from the data in Table (6) that, pod yield /
plant, total pod yield ,total dry seeds yield and shelling
percentages were significantly affected by the foliar
substances and vernalization practice in all treatments in
both years when compared to control .The sparying with
brassinolide at 10 mg/l resulted in the production of the
highest values of previous yield component parameters
followed by potassium nitrate at 2gm/I, mix at 1cm/l and
yeast extract at 10gm/I.

C-Effect the interaction :

The effect of interaction between planting dates and
foliar applications plus vernalization on pod yield / plant
total pod yield , total dry seeds yield and shelling

with brassinolide at 10 mg/l followed by potassium nitrate
at 2gm/l, yeast extract at 10 g/l and mixture 1cm/l gave
the highest values of the shelling percentages, pod yield /
plant total pod yield total dry seeds yield and shelling
percentages in both seasons.

Moreover, all interactions significantly increased
the studied yield and its component parameters compared
with control. General speak , sowing pea seeds on 20™
January resulted in better yield and its components this
maybe refer to earlier sowing provided more period for
growth and development which consequently resulted in
more number of pod per plant (Sirwaiya and Kushwah,
2018).

Table 6. Effect of some foliar application and vernalization treatments on pod yield / plant ,total pod yield, total
dry seed yield/fed and shelling of pea plants during 2018 and 2019 late winter seasons.

Characters Pod yield/plant (gm) Total pod yield (Ton/fed) T. dry yield/fed (ton/fed) Shelling (%)

Treatments 2018 2019 2018 2019 2018 2019 2018 2019
Br 5 mg/l 46.84 56.39 2.602 2.912 0.520 0.576 43.33 47.66
Br 10 mg/l 57.58 67.36 2.838 3.145 0.568 0.629 51.33 535
Mix 0.5 cm/L 39.98 46.27 2.454 2.608 0.490 0.521 39.16 42.83
Mix 1cm/L 44.59 54.76 2.658 2915 0.531 0.582 43.33 45.83
Yeast 5 g/L 38.74 4543 2.400 2.600 0.480 0.516 39.16 42.33
Yeast 10 g/L 44.34 54.96 2.567 2.821 0.513 0.564 43.33 45.83
KNOs 1 g/L 41.36 43.84 2.475 2.583 0.490 0.516 39.16 45.16
KNOs3 2 g/L 49.25 59.42 2,717 2.934 0.543 0.586 45.00 50.66
K2SI03 2.5 g/L 35.01 46.82 2.366 2.523 0.470 0.499 37.50 44.00
K2SI035 g/L 38.08 46.82 2433 2.554 0.486 0.510 41.33 41.00
Vernalization 36.75 43.35 2.282 2483 0.456 0.496 385 41.33
Control 31.44 37.20 2.185 2.296 0.437 0.457 31.16 34.33
LSD at 0.05 % 1.636 1.951 0.059 0.066 0.016 0.011 1.838 2.057

Br: brassinolide andMix: (gibberellic acid 2.5 %, chlorophenoxy acetic acid 2.5 % and naphthalene acetic acid 2.5 %0).
Table 7. Effect of the interaction between sowing dates and foliar application and vernalization treatments on
pod yield / plant ,total pod yield,, dry seeds yield/fed and shelling of pea plants during 2018 and 2019

late winter seasons.

Characters Pod yield/plant (gm)  Total pod yield (Ton/fed) T. dry yield/fed (ton/fed) Shelling (%)
Treatments 2018 2019 2018 2019 2018 2019 2018 2019
Br5 mg/L 56.68 69.84 3.012 3.433 0.602 0.640 47.66 49.66
Br 10 mgL 71.42 85.21 3.266 3.558 0.653 0.711 54.33 57.66
Mix 0.5 cm/L 50.69 60.11 2.866 3.033 0.573 0.606 41.66 45.00
> Mix 1 cm/L 53.71 69.74 3.150 3454 0.630 0.690 47.66 49.66
S Yeast 5 g/L 46.72 57.24 2.733 2.950 0.546 0.590 42.66 45.33
£  Yeast10g/L 50.89 64.48 2.958 3.225 0.591 0.645 48.66 49.33
o KNOs 1 g/L 50.09 60.71 2.891 3.083 0.578 0.616 41.66 49.00
o KNOs 2 g/L 59.22 74.10 3.208 3.458 0.641 0.691 51.33 53.33
N KsSIOs325¢g/L  43.15 55.75 2.766 2.962 0.553 0.592 41.00 42.33
KoSIOz5¢g/L  46.82 60.31 2.850 2.983 0.570 0.596 48.00 48.66
Vernalization 42.85 51.68 2.725 2.908 0.545 0.581 40.33 43.66
Control 39.48 48.31 2.611 2.725 0.522 0.545 3333 38.66
Br5 ppm 37.00 42.95 2.161 2.331 0.438 0.466 39.00 44.66
Br 10 ppm 43.74 49.50 2.308 2.533 0.481 0.546 48.66 49.33
Mix 0.5 ppm 29.26 32.32 2.041 2.183 0.408 0.436 36.66 40.66
> Mix 1 ppm 36.01 39.78 2.166 2.375 0.433 0.473 39.00 42.00
s Yeast 5 g/L 30.75 33.63 2.066 2.250 0.413 0.443 37.00 39.66
S Yeast 10 g/L 37.79 45.43 2175 2416 0.435 0.483 38.00 42.33
& KNOs1g/L 32.63 37.69 2.058 2.195 0.403 0.416 36.66 41.33
g KNOs 2 g/L 39.28 44.74 2.225 2.408 0.445 0.482 38.66 48.00
N KoSIO325¢g/L  29.26 31.94 1.966 2.125 0.387 0.406 34.00 39.33
KoSIOz5¢g/L  26.88 33.32 2.016 2.150 0.403 0.425 34.66 39.66
Vernalization 30.65 35.01 1.841 2.058 0.368 0411 36.66 39.00
Control 2341 26.09 1.758 1.866 0.351 0.369 29.00 31.00
LSD at 0.05 % 2.314 2.759 0.083 0.093 0.015 0.016 2.600 2.909

Br: brassinolide andMix: (gibberellic acid 2.5 %, chlorophenoxy acetic acid 2.5 % and naphthalene acetic acid 2.5 %6).
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The superiority of brassinolide might be due to its
role in accelerating formation of flowers and fruits as a
result of increasing the endogenous auxins, to enhancement
pod set (Susila et al., 2012).

Similar results were registered by Matwa et al.
(2017) and El-Sayed a et al. (2019a) on brassinolide,
Husain et al. (2018) and Thomson et al. (2017) on growth
regulators, Zewail et al. (2019) and El-Sayed et al. (2019b)
on potassium silicate, Abd-Elrhem (2017) and El-Sayed b
et al. (2019) on yeast, Jadhav et al. (2019) and Bangar et
al. (2019) on potassium nitrate and Al-Ubaid and
Mohammed (2018) on vernalization.
3-Seed quality:

A-Effect of sowing dates:

The results for reducing, non reducing total sugars,
carbohydrates, and protein percentages of green seeds as
affected by planting dates presented in Table (8). It is clear

from the data in the same table, there were significant
differences between the two planting dates (20" January
and 20™ February) regarding to reducing, non reducing
and total sugars in both seasons of the study. Sowing seeds
on 20" January gave the highest values of Reducing, non
reducing and total sugar percentages of seeds more than
sowing on 20 February in both years.

The obtained results confirmed the superiority of
20" of January planting date during the two seasons of
study. The highest carbohydrate percentage (46.93 and
49.32%) resulted from green seed of plants sowed in 20
January in the first and second seasons respectively. As for
protein percentage, the results show that in second season
insignificant difference between the effect of January and
February planting. But in the first season there were
significant differences between the two planting dates (207
January and 20" February) of pea.

Table 8. Effect of planting date on reducing sugar, non reducing, total sugar , carbohydrate and protein of pea

seeds during 2018 and 2019 late winter seasons.

Characters Reducing sugar % Non reducing Sugar % Total sugar % Carbohydrate % Protein %

Treatments 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
20 ™ January 2.82 2.85 8.92 9.01 11.74 11.86 46.93 4932 1630 17.25
20 ™ Februar 2.73 2.75 8.81 8.86 11.54 11.61 44,97 47.19 16.04 16.39
LSD at5 % 0.010 0.007 0.028 0.026 0.169 0.074 0.051 0.091 0121 2297

High temperature at the late date affecting
nutrients absorption and reduced the grain growth
duration resulted in the reduction of protein contents.
While in the early date, the temperature was relatively
better which helped out in getting good quality of pea
seeds with maximum protein contents (Shaukat et al.,
2012). In this context, Szczepanek and Olszewski
(2009) showed that the delay of sowing resulted in
reduction in chlorophyll content and the rate of
photosynthesis and of leaves. These results are similar
to that recorded by Ali et al. (2016), El-Shafey et al
.(2016) and Sumalatha and Uppar (2019).

B-Effect of foliar application and vernalization
practice:

Concerning the effect of foliar application and
vernalization treatments on chemical composition of pea
green seeds, the results in Table (9) prove surpass all
foliar substance and vernalization treatments with respect
to reducing, non reducing total sugars, carbohydrates, and
protein percentages of green seeds compared to control
plants. The highest significant values were recorded when
pea plants sprayed with brassinolide at the rate of 10 mg/l,
followed by yeast extract at 10gm/l , mix at 1cm/I and
potassium nitrate at the rate of 2g/ Lcompared with rest
substance and vernalization treatments in both seasons of
study.

Table 9. Effect of foliar application and vernalization treatments on reducing sugar, non reducing, total sugar
,carbohydrate and protein of pea seeds during 2018 and 2019 late winter seasons.

Characters Reducing sugar % Non reducing Sugar % Total sugar % Carbohydrate % Protein %

Treatments 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Br5 ppm 2.87 2.93 8.96 9.07 11.83 12.00 46.65 4897 1700 1753
Br 10 ppm 3.17 3.25 9.15 9.22 12.32 12.47 48.90 5053 18.75 19.60
Mix 0.5 ppm 254 2.64 8.80 8.88 11.34 11.52 45.12 4776 1536 16.23
Mix 1 ppm 3.17 3.04 8..98 9.15 12.15 12.19 47.73 49.71 1783 1868
Yeast 5 g/L 254 2.58 9.00 8.76 11.54 11.34 44.97 4776 1505 1595
Yeast 10 g/L 3.11 3.13 9.11 9.19 12.22 1232 4839 50.03 1826 18.88
KNOs1 g/L 2.78 2.73 8.88 9.01 11.66 11.74 46.15 4814 1641 17.82
KNOs 2 g/L 3.05 2.95 8.96 9.04 12.01 11.99 47.27 4858 1751 18.18
K2S103 2.5 g/L 242 2.58 8.59 8.71 11.01 11.29 43.68 46.69 1395 1545
K2SI03 5 g/L 247 2.58 8.68 8.80 11.15 11.38 44.07 46.82 1453 1550
Vernalization 2.82 2.89 8.80 8.84 11.62 11.73 45,53 4819 1585 16.70
Control 2.38 244 8.48 8.59 10.86 11.03 4297 4626 1356 14.85
LSD at 0.05 % 0.136 0.106 0.252 0.134 0.307 0120 0.218 0.157 0195 2510

Br: brassinolide and Mix: (gibberellic acid 2.5 %, chlorophenoxy acetic acid 2.5 % and naphthalene acetic acid 2.5

C-Effect of the interaction :

Table (10) show that all interaction between
planting dates and foliar applications plus vernalization
increased reducing, non-reducing and total sugar
percentages of pea green seeds in both seasons. The

interaction between sowing on 20" January and spraying
with brassinolide at 10 mg/l recorded the highest values
followed by yeast extract at 10 g/l, mixture at 1cm/I and
potassium nitrate at 2gm/I.
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Moreover, The interaction between sowing on 20%
January and spraying with  brassinolide at 10 mg/l
followed by yeast extract at 10 g/l mixture at 1cm/l and
potassium nitrate at 2gm/l gave the highest values of
carbohydrates percentage in descending order compared
with other studied interactions in both seasons. Generally,
all interactions significantly increased the studied
carbohydrates percentage compared with control.

Otherwise, data in the same table show that, most
interaction between planting dates and foliar applications
plus vernalization increased the protein percentage of
green seeds of pea plant in both seasons. The highest
protein percentage obtained from interaction between
sowing on 20" January and spraying with brassinolide at
10 mg/l followed by yeast extract at 10 gm/I, brassinolide
at10 mg/ 1.

Concerning seeds content of carbohydrate,
reducing, non-reducing and total sugar and protein, The

Table 10. Effect of interaction between sowing date and foliar application

results showed that protein characters responded well to
foliar and vernalization treatments compared with control.
The highest chemical contents in seeds were recorded
when pea plants sprayed with brassinolide at rate 10 mg/I
followed by yeast extract at 10 gm/I.

Brassinolide increase NO3-absorption and nitrate
reeducates activity consequently led to increase in N
content, total free amino acid, protein and carbohydrates
content in pods (Vardhini and Rao, 1998, Ali et al. 2006
and Fariduddin et al., 2008).

From the obtained results of this research, it can be
recommended that sowing pea seeds cv. Master-B on 20
January and spraying with brassinolide at 10 mg/l and
potassium nitrate at 2gm/l gave the highest values of yield
and its component and green seeds quality during the late
winter planting under the environmental conditions of the
study.

and vernalization treatments on

reducing sugar, non reducing, total sugar , carbohydrate and protein of pea seeds during 2018 and 2019

late winter seasons.

Characters Reducing Sugar %  Non Reducing Sugar % Total Sugar %  Carbohydrate % Protein %
Treatments 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Br5ppm 2.92 2.98 9.01 9.14 1193 1212 4773 4833 17.06 17.63
Br 10 ppm 3.22 331 9.22 9.32 12.44 12.62 49.83 51.46 1896 19.86
Mix 0.5 ppm 2.58 2.70 8.85 8.95 11.43 11.65 46.17 48.74 1553 16.40
Mix 1 ppm 3.09 3.20 9.03 9.23 12.12 12.43 48.75 50.73 18.00 18.86
2 Yeast5g/L 2.58 2.63 8.83 9.05 1141 1168 4564 4833 1510 16.06
% Yeast 10 g/L 3.17 3.17 9.08 9.27 12.25 12.44 49.26 51.05 1840 19.33
£ KNOs1 g/L 2.78 2.83 8.94 9.07 11.72 11.90 47.24 49.53 1653 17.33
Q  KNOs2g/L 3.01 311 9.02 9.12 1202 12.23 4823 5032 1756 18.26
K2SI03 2.5 g/L 2.48 249 8.64 8.74 11.12 11.23 45.12 47.53 1410 1556
K2SI103 5 g/L 2.50 2.63 8.73 8.87 11.23 11.50 44.56 47.94 1453 15,80
Vernalization 2.87 2.95 8.85 8.94 1182  11.89 4665 4913 1606 16.90
Control 244 2.49 8.53 8.66 10.97 11.15 44.05 47.25 13.80 14.96
Br5 ppm 2.82 2.88 8.91 9.01 11.73 11.89 45,57 47.99 16.93 1743
Br 10 ppm 3.09 3.18 9.08 9.11 12.17 12.29 47.98 49.60 1853 19.33
Mix 0.5 ppm 251 2.59 8.75 8.80 11.26 11.39 44,08 46.79 1520 16.06
Mix 1 ppm 2.99 3.12 8.93 9.07 11.92 12.19 46.71 48.70 1766 185
g Yeast 5 g/L 2.50 2.53 8.93 8.69 1143 1122 4431 4638 1500 15.83
% Yeast 10 g/L 3.06 3.17 9.05 9.10 12.11 12.27 47.52 49.01 18.13 18.80
o KNOs1g/L 2.78 2.67 8.83 8.93 1161 11.60 45.07 47.96 16.30 17.23
o KNOs 2 g/L 3.05 2.90 8.91 8.97 11.06 11.87 46.31 48.40 1746 18.10
N KoSI032.5 g/L 242 242 8.54 8.67 10.96 11.09 42.80 45.70 13.80 15.10
K2S103 5 g/L 247 2.53 8.63 8.73 11.10 11.26 43.01 45.86 1453 1543
Vernalization 2.82 2.84 8.74 8.73 11.56 11.57 4441 47.25 15.63  16.50
Control 2.38 2.38 8.43 8.52 1081  11.90 4188 4538 1333 14.73
LSD at 0.05 % 0.136 0.101 0.357 0.190 0434 0170 0308 0222 0276 3.550

Br: brassinolide and Mix: (gibberellic acid at 2.5 %,4- chlorophenoxy acetic acid at 2.5 % and naphthalene acetic acid at 2.5 %).
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