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ABSTRACT

This study was conducted with the aim is amelioration salinity stress and optimizes flowering, seed
productivity and quality of cowpea (Kaha 1) under the stress of natural soil salinity using some different
treatments during both successive seasons 2018-2019. The seeds of seed priming were grown under the
same levels of natural saline stress, medium (5dS/m) and high 7dS/m) in two fields of EI-Serw Agricultural
Research Center, Damietta governorate. Sulfur (0.4 ton/fed.) and sulfuric acid (10 L/fed.) as soil
amendments and chitosan (200ppm), silicon (200ppm), and yeast extract (50ml/L) as different foliar
applications in addition to untreated control. The layout of the current experiment was planned as split-split
plot design in a completely randomized blocks design. The results conducted into a negative feedback of
salinity stress on flowering, dry yield productivity and seed quality in comparing to improved ones by soil
amendments or foliar applications. The major interaction in optimization flowering, dry yield and quality
was less level of salinity stress (5dS/m) interacted with mixed treatment between sulfur (0.4 ton/fed.),
followed by sulfuric acid (10 L/fed.) amended with soil and sprayed with chitosan (200ppm) or by yeast
extract (50ml/L). Therefore, we recommend adding sulfur to the soil (0.4 ton/fed.) before planting as well
as spraying plants with chitosan (200ppm) or spraying with yeast extract (50ml/L) after 20 days of planting
3 times every 10 days to increase plant tolerance on soil salinity to obtain the best flowering, seed
productivity and the highest quality under the same conditions.

Keywords: Salinity stress, soil amendment, sulfur, sulphuric acid, foliar application, chitosan, silicon, yeast

extract, seed quality.

INTRODUCTION

Soil salinity is one of the most brutal environmental
factors as it threatens crop productivity and an increased risk
and threat to food supplies around the world. Day after day,
the more land area is affected by salinity and most of crop
productivity and quality are sensitive to salinity (Shahbaz
and Ashraf, 2013). Salinity stress reduces almost aspects of
plant development such as the speed and percentage seed
germination, the vegetative characteristics of plant, the
content of photosynthetic pigments and different minerals
either in plants and seeds (Qados and Moftah, 2015;
Yahyaabadi et al., 2016).

Cowpea (Vigna unguiculata L.), is an important
grain legume grown in the tropics where it constitutes a
valuable source of protein in the diets of millions of people
(Boukar et al., 2019). Salinity stress has a negative feedback
on its germination, vegetative growth, productivity and
quality of productive seeds (Gogile et al., 2013; Win and
Oo, 2015). In addition, there are a residual effect of soil
salinity on the physiological quality of produced seeds (Neta
etal., 2016).

Application of soil amendments or growth
stimulants is the most recent approach for overcoming
salinity stress on the growth and productivity of plants. Soil
amendments improve the main characteristics of soil for
more suitability to cultivation. Sulphur and sulphuric acid
are the main and most wide soil amendments of saline soil
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in this field especially in Egyptian soils. Their improvement
was summarized by their main role in reduction of pH-value
and improving availability of microelements in soil as well
as transport microelements for plant growth and increase
yields and related characteristics (Kineber et al., 2004).
Meanwhile, chitosan, yeast, and silicon have
recently been reviewed as important foliar and successful
plant stimulants (Jabeen and Ahmad, 2013). Chitosan and
its derivatives are known as bio renewable, biocompatible,
biodegradable and bio-functional polysaccharide, and non-
toxic, and environmentally friendly. It induces plants to be
more resistant to unfavorable conditions and growth
stimulator and improves yield productivity in many crop
species (Zargar et al., 2015; Bakhoum et al., 2020). On the
other hand, a promising and promoting natural plant growth
at various crops is yeast extract which has high nutrient
elements (Mohamed et al., 2018). These element have
ability for enhancing cell division and nutritional status,
stem elongation, and improvement of vegetative and
reproductive growth stages, crop quality and productivity
These elements have a reflection on enhancing vegetative
and reproductive growth stages and crop quality and
productivity (Ibraheim, 2014; Mohamed and Almaroai,
2016). While, Silicon is one of the beneficial element in
many of physiological processes of plants such as increasing
the absorption of roots to necessary elements for plants
development and activity of oxidative enzymes,
improvement of photosynthesis process as well as reduction
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of toxicity of sodium accumulation and heavy metals
(Adrees et al., 2015). Additionally, silicon in plants elevates
the concentration of sodium and potassium, supports cell
wall and aerial parts of plants to be more resistant and
ameliorates biotic and abiotic stresses, in special salt stress
(Guerriero et al., 2016). The current study was carried out
for alleviating natural salinity stress and optimization of
cowpea productivity by both applications; foliar application
and application of soil amendment. Additionally, it is
determined the effective application to optimize its
productivity and residual effect of salinity and each of
applied treatment on physiological quality of produced
seeds.

MATERIALS AND METHODS

The current study was carried out at both different
levels of natural soil salinity during the two successive
2018& 2019 at farm following to El-Serw Agricultural
Research Center (EARC), Damietta Governorate, Egypt.

Heavy clay soil with alkaline pH is the main soil
type. Both levels of salinity differentiated according to soil
analysis (Table 1). High saline soil in the study area was
attributed to increasing in the mean of electric conductivity
(7.0 dS.m™) and increasing the concentration of different
cations (sodium, calcium, and magnesium), Exchangeable
Sodium Percentage (ESP), and ions as (chlorides,
bicarbonates, and sulphates) in soil than moderate or lower
level of salinity.

Experimental design

Healthy seeds of cowpea (Vigna unguiculata L., cv.
Kaha 1) were primed by their soaking in each of following
solutions: tap water and others treated only with soil
amendments. Meanwhile, other soaking solutions from each
of foliar or spray substances either chitosan at 200 ppm, or
silicon at 200 ppm, or yeast extract with the concentration at
20g/ 1. period of seed soaking for 3 hours and half then dried
back to their original water content.

Table 1. Clarifying the physical and chemical characteristics of soil samples collected from both study area (EI-Serw
Agricultural Research Center), Damietta Governorate, Egypt

Type EC

Percentage of soil particle size

Soluble lons Concentration (%)

Area cass PH (dSm)Csand(%) F.Sand(%) Silt(%) Clay(%) CI __HCOs _ COr _ SO&
Area l Heavy 822 4.95 1.64 9.5 22.64 66.06  33.15 148 14.85
Area 2 claysoil 8.38 7.05 1.7 11.47 21.47 66.26  43.35 1.85 26.75
Area Soluble Cations ( mg/100g dry soil) Nutrients

Na* K*  Ca™ Mg** Organic matter (%) Available N (ppm)  Available P (ppm) Awvailable K (ppm)
Area 1l 339 064 722 7.19 9.55 34.5 8.83 464.5
Area 2 4465 022 131 12.44 9.25 32 7.86 455.5

The layout of the current experiment was planned as
split-split plot design in a completely randomized blocks
design with three replicates. The main effect plot was both
different levels of natural soil salinity, which different both
types of protective treatments were randomly distributed as
sub plots for soil amendments and sub-sub plots for second
type of protective treatments; foliar applications. Net
treatments from this experiment included twenty four
treatments which were the interaction between two levels of
natural soil salinity (main plot), three sub plot of soil
amendments (control without any treatments, sulfuric acid
and sulphur, and finally four sub-sub plots of foliar
applications (control (tap water), potassium silicate, yeast
extract, and chitosan as the following :

A. Main plots: Natural soil salinity level (dS/m)
1.Medium salinity level (Area 1, EC 5.0 dS/m)
2.High salinity level (Area 2, EC 7.0 dS/m)
B. Sub-plots, soil amendments
1.Control (without any treatments)
2.Sulfuric acid (10L./fed.)
3.Sulphur (0.4 ton/ fed.)
. Sub-sub plots, foliar applications
control (Tap water)
Silicon ( 200ppm)
Yeast extract (50ml/L)
Chitosan (200ppm)

Seed-priming of cowpea was cultivated during the
first week of May in both seasons. Seeds were sown on one
side of the ridge (4 meters length and 0.70 meters width), at
a spacing of 15 cm between hills within the same row, each
hill contain about 3-4 seeds and thinned to one plant, The
sub-sub experimental plot contained six ridges making an
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area of 16.8 m? The protocol of applied protective
treatments were divided as soil amendments by addition of
sulphur (0.4 ton/fed) during preparation of soil for
cultivation and sulfuric acid, 10 L/fed., add to its subplot by
the first irrigation, while foliar applications were sprayed
during plant growth for triple times, first one after twenty
days from seed sowing with ten days intervals.

Data collection

1. Flowering Parameters

During the flowering phase of cowpea, the average number

of flowers at ten plants in each plot of experiment were

randomly chosen, labeled and the following data were
recorded:

- Number of flowers per plant: The whole number of the
opened flowers per plant all over the season were
recorded.

- Fruit set (%): according to the following equation:

Number of pods/plant

100

Fruit set {%E Kumber of flowers/plant

2.Seed Yield and Its Components

-Average of pod length

-Average of pod weight

-Weight of 100-seeds

-Shelling ratio (%): Shelling ratio is the percentage of the net
sum of the following equation according to (Marquard and
Tipton, 1987)

Shelling ratio (%)=

- Number of pods/plant
-Total seed yield/fed.

weight seeds per 30 pods
Weight of 30 pods

X 100
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3.Quality of productive seeds

Productive seeds of each treatment were full
dryness. Productive seeds were separated according to
treatment type. Soaking of seeds were carried out in distilled
water with three replications, for three hours, and then
transferred to a moistened filter paper for allowing them for
germination. Eight days during the germination were
observed for determined the quality of germination indices
by different indices as the percentage of germination, rate of
germination and seedling vigor index per each treatment.
The percentage of germination was calculated by the
following equation (Hartman et al., 2002)

1 total sum of germinated seeds ot total germinated day (Sdays)

Germination.% =
Total seeds number that processed for germination

Meanwhile, the rate of germination.% represented
the relative germination percentage at each treatment to the
germination rate at control as the following

Germination precentage of each treatment

Germination rate V= % 100

Germination percentage at control

According to Abdul-Baki and Anderson (1973),
Seedling Vigor index measured the strength of seedling by
the following equation:

Seedlng Vigor index = ¥ (average sum of radick and pafumle ength (cm )+ Germination %,

Meanwhile, the vegetative indices were expressed
by the length and fresh& dry weight of radicle and plumule
were recorded for detection the vegetative indices for
germinated seeds.

Data analysis

All recorded data were processed by SPSS
(Statistical Package for Social Sciences, Inc.) version 20.0
for Windows 7. The main statistical analyses were one way
ANOVA with its Post-hoc analysis by Duncan's Multiple
Range Test at 5% Level for detecting a statistically
significant variance between the different treatments at
P<0.05 (Snedecor and Cochran, 1982).

RESULTS AND DISCUSSION

1. Flowering& dry yield parameters
Effect of salinity

Represented data in Table (2) illustrated the effect of
different levels of soil salinity on the main characteristics of
flowering and dry yield; average of flowers number, fruit set
percentage, length and weight of pods, weight of one
hundred seeds and finally, yield mass during both growing
seasons. Such data revealed that increasing the level of soil
salinity was significantly reduced the characteristics of
flowering and yield parameters overall both growing
seasons. These results showed that delayed flowering and
pod formation with decreasing the percentage of fruit set as
well as pods length and weight coincided with the high level
of salinity (area 2; EC7.0).

In sequence, the significant decrease of shelling
ratio, weight of hundred seeds as yield index and mass yield

were correlated with the increment of soil salinity levels at
both seasons of harvest. The minimal average of them was
detected at higher level of soil salinity, area 2. In opposite to
area (area 1; EC 5.0) with lower level of soil, as illustrated
in Table (2).

The significant reduction of yield parameters as the
soil salinity stress was earlier concluded on cowpea (Manaf
and Zayed, 2015; Tagliaferre et al., 2018; Al-Hayany,
2020). That attributed to salinity which is significantly
reduced chlorophyll contents, potassium concentrations,
and thus distorted photosynthesis and hormonal regulation,
causing nutritional imbalance, specific ion toxicity and
osmotic effects in legumes. All of this, the reduction of
reproductive growth has been available result by inhibiting
the growth of flowers, pollen grains and embryos resulting
in inappropriate ovule fertilization and less number of seeds
grain yield and quality (Qados, 2010; Torabi et al., 2013;
Farooq et al., 2017).

Effect of soil amendments

The data presented in Table (2) displayed the
statistical analysis of the effect of applied soil amendments
on the main parameters expressing the dry yield during 2018
and 2019 seasons. An extremely significant enhancer effect
was revealed to add different applied soil amendments i.e.,
sulfuric acid and sulphur on all flowering and yield
parameters when compared to the minimal one at untreated
plants in control plot during both seasons. The highest yield
parameters were mostly influenced by the addition of
sulphur amended with soil, followed by sulfuric acid during
both seasons of harvest. In this trend, many researchers
supported this role of sulfur in increasing yield parameters
and quality at different legumes which are in harmony with
the current results. Among of them are the conclusions of
Osman and Rady (2012) on pea, Zhao et al. (2008) and
Mahrous et al. (2016) on soybean and Nascente et al. (2017)
on common bean.

Effect of foliar application

The effect of usage different foliar application i.e.,
potassium silicate, yeast extract, and finally chitosan was
clarified in Table (2) on various flowering and yield
parameters. Statistically, an extremely significant effect of
these formely foliar applications was correlated with all
parameters. Moreover, apply of different foliar applications
had a very significant improvement to all flowering and
yield parameters in comparing to untreated plants at control
plants. It was clarified in both seasons. The most improvable
to flowering and yield parameters was spraying chitosan or
yeast extract then potassium silicate at both seasons. In this
trend, some studies supported the current result as on pea
(Khan et al., 2018) and cowpea (Abou EIl-Khair, 2015;
Shabana et al., 2019) who confirmed the efficiency of
chitosan spraying in improvement of increasing flowers and
pod number as well as length and weight of pods per plant.
Meanwhile, similar positive results of chitosan on the pod
or fruit weight and yield are in accordance with those
obtained by by Sheikha (2011) on common bean, Amiri et
al. (2015) on bean, and Farouk and Ramadan (2012) on
cowpea.
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Table 2. Effect of each of different levels of natural soil salinity, different applied of soil amendment s and finally
foliar applications on flowering and dry yield parameters under natural soil salinity conditions during 2018

and 2019 seasons

Flowering parameters

Yield parameters

85?::1')' salinity Number of flowers /plant Fruit set % Pod length (cm) Pod weight (g)
2018 2019 2018 2019 2018 2019 2018 2019
Areal (5.0) 25.282 27.32 84.90° 76.91° 11.062 11472 21.37# 222
Area2 (7.0) 19.81° 21.06" 83.32° 75.35" 9.34° 9.86° 18.15° 18.79°
A- Soil salinity _ __ _ Yield parameters _
(ds/m) Shelling ratio (%0) Weight of 100 seeds (g) Number of pods/plant  Total yield (Kg/fed.)
2018 2019 2018 2019 2018 2019 2018 2019
Areal (5.0) 70.078 70.242 23.892 24812 19.722 21.00° 12742 12972
Area2 (7.0) 65.82° 66.30° 19.19° 19.59° 16.81° 18.03° 1034.° 1037°

Means followed by the same letter within each column do not significantly differed using Duncan’s Multiple Rang Test at the level of 5%.

Also, these findings are consistent with Sakr et al.
(2013); Ibraheim (2014); Saker et al. (2015); Ray et al.
(2016a) and Al-Amery and Mohammed (2017) on other
crops that confirmed the role of yeast extract in
improvement of yield traits.

Effect of interaction

Triple interaction effect was clarified on the
flowering and yield parameters i.e., the number of flowers
and fruit set (%), as well as the pod length and weight, the
number of pods per plant, the shelling ratio. the weight of
hundred seeds as yield index, and mass yield per fed. (Table
3aand b), at both seasons.

The prementioned triple interaction had an obvious
improved effect on the number of flowers and percentage of
fruit set during both seasons. However, statistical analysis
clarified that a significant variation in the improvement of

formely yield characteristics was attributed to different
levels of soil salinity, applied of soil amendments and foliar
application at both seasons. The mostly improved to
formally yield characteristics was the combined interactions
between lower natural soil salinity level treated by mixture
of sulfur amended with soil and chitosan or yeast extract
sprayed plants throughout growth. The combination
between the prementioned role of sulphur with chitosan or
yeast extract ameliorate the salinity stress during proper
maturation of yield.

This effect differentiated according to level of
salinity stress. The results have proven that lower salinity
stress treated by a mixture between soil amendments and
foliar applications supported the better yield parameters than
treated with one of protective treatments > untreated ones in
comparing to likes at high level of salinity stress.

Table 3a. Effect of triple interaction among natural soil salinity level X soil amendments X foliar applications on
flowering and dry yield parameters under natural soil salinity conditions during 2018 and 2019 seasons

Flowering parameters

Yield parameters

':;'”i?t';, Soil Fplia_r No. of flowers Fruit set Pod length Pod weight
(ds/m) amendments applications /plant (%) (cm) (9
2018 2019 2018 2019 2018 2019 2018 2019
Without (Tap water) 1333°  1133" 5025 60.079 6.3" 6k 1167 1067%
Control silicon (200ppm) 18339 18009% 7216F 78.17% 10.15%f 10660 17330 18330
) Yeast extract (50mi/l) 1867¢ 1833 7271F 8226°F 1033%F  108°Whi 18830 194%
Chitosan (200ppm) 1933°  1933%9 7412 88.15% 1083%® 11.16%9 2033 20.00%0
Without (Tap water) 17000 16671 6397 7407 96 105%%  1810' 19331
Area l Sulfuric acid silicon (200ppm) 21.33¢ 2367° 83099 9062% 1200  1227% 2317¢ 234
(EC5.0) (10L/fed.) Yeast extract (50mi/l) 21679 2467 87830 9228% 12174 1250t 2350k 236k
Chitosan (200ppm) 2300% 2600 88452 95652 1293® 1333 2470% 2520®
Without (Tap water) 18009 17330 536" 7653%  10.1¢ 103%8 1833 1943
Sulphur silicon (200ppm) 2233 2500 87990 91044 12174  1293% 2327 240%™
(0.4 ton/ fed.) Yeast extract (50mi/l) 267 2533 8815 94142 1272%  1300%¢  24#c 245dr
Chitosan (200ppm ) 2367  2700* 8888* 95774 13177 13672 25178 2543°?
Without (Tap water) 8.334 833m 4815¢ 56489 443 433k 867¢ 833!
Control silicon (200ppm) 1367™ 1500k 6657" 8059%  7.839 8366k 15637 16.20
) Yeast extract (50mi/l) 1433™ 1567 68069 8143« 8209 8639k 1677 1707
Chitosan (200ppm ) 1500 164" 7168° 82200 859 95%Wi 17839 1827h
Without (Tap water) 1167° 1300' 69119 8005%f  65% 6.7k 13631 14.70i
Area 2 Sulfuric acid silicon (200ppm) 15504 1767 8301¢ 8608% 1077%  115%Gi 21236 21739
(EC7.0) (10L/fed.) Yeast extract (50ml/l) 1600k 18679 83929 87732 11449  1200% 21.10%6 21.80%"
Chitosan (200ppm ) 1733 2033% @524 9236® 12114 1p57#0  ppEak 33
Without (Tap water) 1333° 1433k 72060 8005% 8009 850k 15631 16,630
Sulphur silicon (200ppm) 16831 2000¢ 8497 85374 107%  116%h  205% 2130%
(0.4 ton/ fed.) Yeast extract (50mi/l) 17000  2033% 8524 88324 1200k 12270 2138¢f 2247%0
Chitosan (200ppm ) 176797 2169 86150 9257 12274  1303%c 2290@ 236wk

Means followed by the same letter within each column do not significantly differed using Duncan’s Multiple Rang Test at the level of 5%.
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Table 3b. Effect of triple interaction among A. natural soil salinity level X B. soil amendments X C. foliar applications
on flowering and dry yield parameters under natural soil salinity conditions during 2018 and 2019 seasons

Yield parameters

A- Soil

salinity Sail Foliar Shelling ratio Weight of seeds Number of pods Total yield
(ds/m) amendments applications (%) ((¢] /plant (Kgffed.)
2018 2019 2018 2019 2018 2019 2018 2019
Without (Tap water) 63007 60.00% 169 1759 800 567 10939 1123¢
Control silicon (200ppm) 6766% 68669 21¢ 254 14331 13000 1267  1293°
) Yeast extract (50mi/l) 69339 69.33%" 23d 239% 15339 1333 1277% 1300°¢
Chitosan (200ppm ) 7033*  7050% 2389 245%®  1700° 1433% 1283*®  1303°
Without (Tap water) 66.830 67.31" 219 2157 13K 10677 1106429  1190°
Areal  Sulfuric acid silicon (200ppm) 7033¢  7053% 245 259 19339 19674 1327 1350°
(EC5.0) (10L/fed.) Yeast extract (50mi/l) 7166  7253¢ 265 275% 20004 2167 1340® 1360
Chitosan (200ppm ) 74507 7466% 279% 288 2200 2300 1367®  1377®
Without (Tap water) 68.33F 68.33! 2159 224 1333K 1133 11832% 1216.669
Sulphur silicon (200ppm) 7050 7133 255% 26T 20339 2200 1333  1357@
(0.4 ton/ fed.) Yeast extract (50mi/l) 72530 7333% 27 2880 2133% 2233° 1342%  1365®
Chitosan (200ppm) 7583% 76332 29? 052 2678 24000 1377 13972
Without (Tap water) 5733 57.00¢ 1333 14330 4679 400M 8109 79.667'
Control (0) silicon (200ppm) 6366% 64000 175" 199 11000 1000k 1001337 101267
Yeast extract (50mi/l) 64.33M 64.83! 195N 2049 1167™ 10677  1010f 10209
Chitosan (200ppm ) 65669 66001 203" 219 1233 12671 1016337 1023339
Without (Tap water) 6L00K 6283 156 16339 033° 000F 995’  1010°
Area2  Sulfuric acid silicon (200ppm) 66.50 66.66" 219 2157 13338 14679 1066667¢ 1071674
(EC7.0) (10 L/ fed.) Yeast extract (50ml/l) 6033% 6950%  22f 2327 1400k 1567F 107333° 1080
Chitosan (200ppm) 7100 71.16% 2417 2459 1600% 1733  1100% 11058
Without (Tap water) 64337 64580 7 1729 1067 10331 9956677 10179
Sulphur (0.4 silicon (200ppm) 67089"  67.33" 214 219% 14337 1700° 1096667° 1088.33%
ton/ fed.) Yeast extract (50mi/l) 6833%  6983% 2835f 253 150091 1733¢ 1103667 10965%
Chitosan (200ppm ) 7133 7183@ 2559 262%  1633¢ 18679 1140290% 112667°

Means followed by the same letter within each column do not significantly differed using Duncan's Multiple Rang Test at the level of 5%.

2. Productive seeds quality
Effect of salinity

Quality of productive seeds under salinity stress was
determined during the current study. As shown in Table (4),
the effect of different levels of salinity stress had an
extremely significant difference on all indices of
germination and vegetative developments expressing the
quality of productive seeds. Such data also confirmed a
significantly decrease in the germination and vegetative
indices with increasing the concentration of salinity, where
the productive seeds from the lower level of soil salinity
(area 1) were the more germinated and vegetative seeds than
higher saline area (area 2). In harmony with the current

results, many studies at different crops indicated the similar
results among of them as on cowpea ( Abdel-Haleem and
El-Shaieny, 2015; Kandil et al., 2017; Tsague et al., 2017;
Islam et al., 2019). In this trend, Khan and Rizvi (1994)
attributed this result to salinity that may cause alteration of
enzymes and hormones contained in the seeds, the toxicity
of salt constituents or lower osmotic potential of
germination media lead to imbalance in water uptake
(Munns, 2002). Meanwhile, Neta et al. (2016) stated that the
productive seeds under salinity stress characterize with a
lower physiological quality, in terms of germination.

Table 4. Effect of natural soil salinity level on Quality indices of germination in productive seeds from plants during

2018 and 2019 seasons

Germination development indices

Vegetative indices

A-Natural : : : :

soil salinity ~ Promptness Germination Germination Seedling Flead',frl]e Pllum#:e fRa%"\:/IS f Iurll]uwle Ead'\(;\lle Plumule

level (dSm?) index % rate vigor eng eng resn V. fresh V. dry WW. dry W.
index (cm)  (cm) @) (%) (¥)

Aral(EC50) 7.842 90.932 93.752 945.22 4238  6.152 0.522 0.852 0.042 020

Ara2(EC70) 6.59P 87.43°P 90.13°P 874P 3947 6.01° 051P 0.83° 003"  0.19P

Means followed by the same letter within each column do not significantly differed using Duncan’s Multiple Rang Test at the level of 5%.

Effect of soil amendments

The residual effect of protective treatment by soil
amendments on productive seeds of plants grown under
salinity stress was clarified in Table (5). Residual effect of
soil amendments had an extremely significant effect on the
indices of seeds' quality of produced seeds -either
germinative or vegetative indices. Additionally, a
significant improved was detected in the residual effect of
the applied soil amendments on germinative and vegetative
indices of produced seeds in comparing with untreated
productive seeds exposed to natural soil salinity.

The most germinated seeds were the treated
productive seeds by sulphur which recorded the highest
germinated and vegetative appearance, followed to that,
improved seeds by sulfuric acid, as shown in Table (5).
Numerous studies confirmed the importance of sulfur in

providing the best germination and reduction the effect of
salinity stress during seed production because sulfur
increases protein, total sugars, and amino compounds as
stated by ur Rehman et al. (2013).
Effect of foliar application

As shown in Table (6), the protective treatments by
foliar application had a significant effect on the quality of
productive seeds for next germination by its germinative and
vegetative indices of seedling. Moreover, the significant
variation in its improvement between the applied foliar
application in comparing with productive seeds of untreated
plant exposing to salinity. Data revealed that chitosan or
yeast extract ranked the most foliar application under natural
soil salinity that produced the highest quality of seeds either
by its maximum average of germinative and vegetative
indices.
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Table 5. Effect of soil amendments on quality indices of germination in productive seeds from plants under natural soil salinity

conditions during 2018 and 2019 seasons

Germination development indices

Vegetative indices

B-Soil o .. Seedling Radicle Plumule Radicle Plumule Radicle
amendments Prolrnr:jpejl;(m Gernll/gatlon GerTE;?eatlon vigor ’ length length  freshW. freshW. dry W. F(’jlum\yvle
index  (cm)  (cm) @) @) vy
Control (0) 6.57°¢ 86.70° 88.69°¢ 873¢ 3.9¢ 5.93¢ 0.50P 0.80P 0.03°  0.18P
Sulfuricacid(10L/fed)  7.31° 90.15° 92.95° 925P 41° 6.04° 0512 0.83% 0.032° 0.19°¢
Sulphur (04ton/fed)  7.67% 90.342 93.132 9302 422 6.142 0.522 0.842 0.042 0.20%

Table 6. Effect of foliar applications on Quality indices of germination in productive seeds from plants under natural soil salinity

conditions.

Germination development indices

Vegetative indices

shpcaion PrOppues Gemypation Germiraion *yr? fadle PLIMle il b, 300 PUIM
Without 5.757 g2° 83637 7907 3627 557 7 0.46° 0.787 0.03° 0.16°
?2'3883%) 7.33¢ 88.7¢ 91.53¢ 900°  405°  6.09°  052° 0.83¢ 0.03¢ 0.19¢
zg%ans,]t, ,‘i_x)“aCt 767%  918% 9459%  950% 415® G21% 05320  085% 004 020
(szgg%%arg) 7.982 9378 9662¢ 9972 435% 6292 0552  087° 0043  020°

Means followed by the same letter within each column do not significantly differed using Duncan's Multiple Rang Test at the level of 5%.

That result was accordance with the importance of
chitosan in improving the germination of seeds, vegetative
and yield characters which optimize the character of seeds
to be more resistant to stress and increase the availability of
amino compounds (Chibu and Shibayama, 2001), uptake of
water and essential nutrients (Guan et al., 2009%, in addition
of increase the accumulation of photosvnthesis outout
compounds, total protein, total carbohydrates N, P and K in
seeds (El-Sayed et al., 2014; Behboudi et al., 2018).

Effect of interaction

Regarding to the effect of triple interaction between
different levels of salinity in combining with both protective
treatments; soil amendments and foliar treatments on
indices of productive seeds. A significant effect of formely
interaction was detected on the germinative and vegetative
indices (Table 7) in productive seeds.

Moreover, such data clarified reduction in the
erminated seeds that produced from area of high saline
evel (Area 2) even with treatments and was clarified by the

lower mean of germination indices and vegetative indices in

comparing to productive seeds subjected to lower level of
natural soll salinity (Area 1). Addltlonall¥, the quality of
produced seeds from all treatments for germination
improved more significant result than the saline control.

Although the difference of salinity levels, productive
seeds that previous treated by sulfur in combination with
chitosan or yeast extract under salinity stress represented the
highest mean in germination indices and vegetative either in
productive seeds from low saline area (Area 1) in comparing
to their treatment in each level of salinity. The best
interaction between salinity and treatments of the productive
seeds for next germination was the seeds of low level of
natural soil salinity that treated with the combination
between sulfur as soil amendment and chitosan or or yeast
extract as foliar application, followed by sulfuric acid and
chitosan at the same level of soil salinity. Those results were
accordant with the importance of sulfur, chitosan and yeast
extract in improvement the seed quality under salinity stress
as clarified in previous discussion.

Table 7. Effect of triple interaction among natural soil salinity level X soil amendments X foliar applications on seed
quality indices of productive seeds under natural soil salinity conditions

Germination indices

Vegetative indices

n c c
A soil S%_il C- £x g .%m Ecx 85 35 83_33_ g3 33
ity prendrerys  Folarapplcations  BE £% S8 B8t SF EF $5g9E5SSISEe
S= 5§ £ &>° ¢® &2 €f &EE T &
o [©) ]
Without 5.25° 76% 78.35% 732% 387™ 55" 045" 0.79T .038°" 0.179
Control silicon (200ppm) 7.08M  90.1" 92.89" 928°W 420 §1! (053 (0.84°¢ 04% (.19%
) Yeast extract (50mi/1) 7.259"  93.1¢ 9598¢ 978> 4.2t §3' (053 0.86° .045% 0.20°
Chitosan (200ppm) 7.88%€t 951P 098.042 10372 452 6.25%° 056% 0.88% 0482 0.22®
Without 592" 87.87T 90.599 891' 3.75'" 5.69™ 047" 0.79" 0.04 (.18°%
Area 1 Sulfuric acid silicon (200ppm) 7.67¢9 90.6° 93.40° 931° 4.16%¢ 6.12' (0.52¢ 0.84¢ 0.044™ 0.20™
ed. east extract (50m . . . ' . . . . .
(EC5.0) 10 L/ fed Yh ( 50 I/)I 817;”I 93.3¢ 9619; 979'2c 4260bc 623;: 053°ZIe 086‘; 0.046° 0.22%c
’ Chitosan (200ppm 8.33%¢ 93.4@ 98.14® 973P 4.27°°¢ 6.32"¢ 0.53%¢ 0.86° 0.05% 0.24%
Without 6.67% 8827 90.939 893" 4.09°" 6.03" 0.509" 0.829 0.040% 0.19%®
( Sulpf/u]ird ) silicon (200(ppm)|/|) 80 9047 96.29° 939 418615 0527 084° 0.044™ 023¢
0.4ton/ fed.) Yeast extract (50m 850%® 9522 97.20% 10262 4.46% 6.34%® 0.55% (.88% 0.048% 0.25
Chitosan (200ppm ) 8.67% 9552 08452 10332 4.48?2 6.40% 0.55® 0.88% 0.053% 0.26%
~ Without 5.08° 70X 66.677 5577 269 4.66° 049 0.689 0.038% 0.167
Control silicon (200ppm) 6.58Km 87.1" 89.79" 871' 3.9M™ 6.1X 0519 0.82¢ 0.041% 0.18%
) Yef?St eXtrzzct (50m|/)|) 6.75 'Jt'; 90.1; 92.89%" 928°¢M 4.1;’:; 6.2 eLng 0.52; 0.84¢ 0.043% 0.19;2
Chitosan (200ppm 6.68°8 9219 04952 9592 42%d §21%WU 054> 0.87% 0.0452 0.21
Without 542° 8477" 874 8287 348" 559™ 0.46' 0.777 0.036% 0.17%"
Area2  Sulfuric acid silicon (200ppm) 7.17™ 872" 899" 867' 392" 6.02' 059 (0.829 0.042% 0.19¢%*
(EC7.0) (10L/fed.)  Yeastextract (50mli/l) 7.67¢9 902" 92.99" 9169 4.03"™ 6.13™ 0.52¢ 0.84" 0.043° 0.21%™
Chitosan (200ppm) 8% 9219 94.95% 09622 4.23™ 6.22%' 054 0.86° 0.0462 0.23%
Without 6.17™ 8520' 87.84" 8411 3949 593™ (049" 0.8° 0.038% 0.18%
Sulphur silicon (200ppm) 75%  87.3" 90" 870' 3.939" 6.04% 051™ 0.82¢ 0.04% 0.22°¢
(0.4ton/ fed.) Yeast extract (50ml/l)  7.83%" 90.4¢" 93.2¢" 921 4.05" 6.149" 053¢ (0.85° 0.045% 0.24%
Chitosan (200ppm ) 8.17% 9239 95159 968% 4.25™ 6.24°® (0.54™ 0.87% 0.048% 0.25%

Means followed by the same letter within each column do not significantly differed using Duncan’s Multiple Rang Test at the level of 5%.
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In conclusion, salinity stress had not only a
significant feedback on the main parameters of flowering
and dry yield but also extended to the quality of productive
seeds. The success of soil amendments and foliar
applications had a promising trend for alleviating salinity
stress and optimizing yield productivity and quality of
productive seeds under the natural soil salinity. The current
study revealed the most improvable tool is the mixture
between sulphur (0.4 ton/ fed.) followed by sulfuric acid (10
L/ fed.) amended with soil with chitosan (200ppm) or yeast
extract (50m/L) as foliar application for achieving the
maximal goal between alleviating salinity stress, optimizing
yield productivity, and increasing the quality of productive
seeds under soil salinity.
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