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Abstract

To investigate the effect of soaking with chitosan and proline levels under salinity stress on seedlings
characters of wheat, a laboratory experiment was carried out at Central Laboratories in Central
Administration for Seed Testing and Certification, Ministry of Agriculture, Egypt, during January 2019. The
experiment was conducted in factorial experiment in randomized complete block design (RCBD) with four
replications. The first factor included four levels of soaking with chitosan (0.00, 0.25, 0.50 and 0.75%). The
second factor integrated with five levels of soaking with proline (o, 1, 5, 9 and 13mM). The third factor
incorporated with four levels of salinity i.e. 0, 4, 8 and 12dSm™ of NaCl. The results indicated that soaking
in chitosan at 0.75% recorded highest values of seedlings characters, followed by soaking in chitosan at
0.50%. The highest values of seedlings characters were produced from soaking in highest level of proline
(13mM), followed soaking in proline at gmM. The highest values of seedlings characters were obtained from
the control treatment (without salinity stress), followed by salinity stress at the level of 4dSm~ of NaCl and
then salinity stress at the level of 8dSm- of NaCl. It could be concluded that for maximizing seedlings
characters of bread wheat Shandaweel 1 cultivar under salinity stress, it could be recommended to soaking

with the mixture of chitosan at the rate of 0.75 or 0.50% and proline at the rates of 13 or gmM for 6 h.
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Introduction

Wheat (Triticum aestivum L.) is used mainly as a
human food due to its nutritious, concentrated, easily
stored and transported and easily processed into
various types of foods like; bread, macaroni, biscuit
and sweets. In Egypt, wheat production is not
sufficient for local consumption, where Egypt still
imports about 50% from bread wheat consumption to
overcome the shortage due to excessive population. It
is necessary to look for ways to increase wheat crop
production and the cultivated area, especially in new
reclaimed soils, to improve crop growth in the first
stages of growth in saline affected areas by soaking

seeds with mixture of chitosan and proline.

Chitosan is an abundant and comparatively cheap

organic compound. It is a large cationic
polysaccharide mainly obtained from waste materials
from seafood processing. Chitosan have many special
properties through amine and —OH groups which
making it applicable in many areas and easily
available for chemical reactions. Chitosan is non-toxic
material which interacts with poly anions to form

complexes and gels (Se and Niranjan, 2005).

Ma et al. (2012) indicated that 0.0625% oligochitosan
pretreatment increased root length, shoot length, dry
weight and chlorophyll content of wheat seedlings.
Zeng and Luo (2012) showed that wheat seeds treated
with chitosan significantly improved dry weight and
root length. Hameed et al. (2013) reported that wheat
seed priming with chitosan at 0.50% improved the
vigour index, seedling shoot and root length. Hameed
et al. (2014) found that shoot and root lengths of
wheat were markedly improved by chitosan priming
treatments compared with the control. Wang et al.
(2016) showed that chitosan application had a
positive effect on seedling growth and its content of
chlorophyll. Behboudi et al. (2017) showed that wheat
seed priming with chitosan had significant effects on
shoot, seedling, root length, fresh and dry weight, as
well as vigor indexes as compared to the control
treatment. Peykani and Sepehr (2018) reported that
significant differences in relation with root and shoot
growth as well as seedling weight were observed at

high concentrations of chitosan (75%) in comparison

with the control plants. Rawat et al. (2018) showed
that seed soaking with chitosan proved to enhance
seedling growth indices (root and shoot lengths, shoot
and root fresh and dry weights and seedling vigour
index) of wheat crop. Li et al. (2019) suggested
chitosan nanoparticles have positive effect on
seedling growth of wheat at a lower concentration
(5pug/ml) than chitosan at soug/mL due to higher

adsorption on the surface of wheat seeds.

Proline is water soluble amino acid and the most
important in the protection of plant facing stress.
Proline could be turned as a signaling molecule to
modify plant physiological functions in terms of
osmotic  adjustment, upgrade photosynthetic,
enhanced ion uptake, antioxidant activity and also
effects on cell explosion or cell death and cause gene
expression, that can be vital for plant rescue from

osmotic stress (Ali et al., 2013).

Ghaffari and Tadayon (2017) reported that soaking
with exogenous proline at 10mM improved seedlings
lengths, weights and vigor index of sugar beet. Rady
et al. (2018) indicated that seed soaking with proline
(12mM), was more effective in improving wheat
seedlings growth (shoot and root lengths, fresh and
dry weights). Singh et al. (2018) stated that that seed
treatment with various concentration of proline (1, 5,
and 1omM) significantly increased seed vigour index
and a-amylase activity of rice. Qamar et al. (2019)
found that pre-soaked maize seeds with proline at
400 ppm enhanced the chlorophylls, total protein and

amino acids in shoot.

Salinity is an abiotic stress which causes low
productivity in most crops around the world. Such
stress decreases germination and provokes an uneven
emergence of seedlings, thereby reducing population
density, an aspect that affects crop establishment. On
the other hand, salinity is known to inhibit plant
growth caused, at a first phase, by water uptake
reduction in roots, which is called osmotic stress or
water stress phase (Munns and Tester, 2008). Afzal et
al. (2006) pointed out that wheat seedling
developments were significantly decreased due to salt

stress at level of 15 dScm.
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Roots and shoots fresh and dry weights were reduced
increasingly due to salinity compared to the control
treatment. Saboora et al. (2006) reported that total
dry weight and shoot and root dry weights of wheat
significantly decreased by different salt treatments.
Kaydan et al. (2007) reported that shoot and root dry
weights of wheat seedlings were reduced with
increasing level of NaCl. Mujeeb et al. (2008)
accomplished that increasing concentrations of
salinity (8.52 and 9.67dSm™) significantly reduced
length and dry weight of wheat shoot.

Haidarizadeh and Zarei (2009) designated
that salinity more affected total weight, radicle
weight, leaf weight and leaf length of wheat at 6 days.
Akbarimoghaddam et al. (2011) stated that there is
adverse effect in wheat shoot dry weight due to
increases in NaCl concentrations. Increasing salinity
concentrations decreased dry matter of seedling.
Kandil et al. (2012) created that seedlings characters
of wheat were significantly varied under different
salinity concentrations, except shoot dry weight.
Averages of seedling characters of wheat were
salinity

gradually decreased with increasing

concentrations from o to 14 dS m-.

Ahmad et al. (2013) showed that the wheat shoot
development significantly affected more than radicle
development at higher salinity levels. Ghafiyehsanj et
al. (2013) showed that with increasing of salinity, the
amount of protein, insoluble sugar, shoot and root
fresh weight were reduced, but soluble sugar, proline
and malondialdehyde amounts were increased.
Kandil et al. (2013) showed that root and shoot
weights were decreased with increasing salinity levels.
They added that increases in Na and Cl concentration
in shoots maybe due to the reverse relationship
between the salinity. Fercha and Gherroucha (2014)
indicated that salinity significantly decreased seedling
traits of wheat. Al-Saady (2015) indicated that
increases in NaCl levels gradually decreased fresh and
dry weights of seedlings and level of chlorophyll.
Alom et al. (2016) point out that salinity levels
significantly affected shoot length, root length and
seedling dry weight of wheat. Kandil et al. (2017)
revealed that increasing salinity levels from 3, 6, 9, 12

and 15dSm™ significantly decreased shoot and root

lengths, fresh and dry weights and all physiological
indices. Ibrahim et al. (2019) found that shoot and
root lengths, fresh and dry weights and seedling vigor
index were significantly reduced due to increasing

salinity levels from 0 to 100, 200, and 300mM NaCl.

Hence, the purpose of this investigation was to study
the effect of soaking with chitosan and proline levels
under salinity stress on seedlings characters under

conditions of laboratory experiment.

Materials and methods

A laboratory experiment was carried out at Central
Laboratories in Central Administration for Seed
Testing and Certification, Ministry of Agriculture and
Land Reclamation, Egypt, during January 2019. The
objective of this investigation was to investigate the
effect of soaking with chitosan and proline levels
under salinity stress on wheat Shandaweel 1 cultivar

germination and physiological characters.

The experiment was conducted in factorial
experiment in randomized complete block design
(RCBD) with four replications. The experiment

included three factors.

The first factor included four levels of soaking with
chitosan (0.25, 0.50 and 0.75% "w/v"), besides
control treatment (without soaking with chitosan).
The second factor integrated with five levels of
soaking with proline (1, 5, 9 and 13mM), in addition
control treatment (without soaking with proline). The
soaking treatments with chitosan and proline were

done for 6 hours.

Chitosan powder (Poly-(1.4-B-D-glucopyranosamine);
2-Amino-2-deoxy-(1-4)-B-D-glucopyranan) was prepared
by dissolving a proper amount in 5% acetic acid
solution. Chitosan and proline amino acid were produced
by El-Nasr Pharmaceutical Chemicals Co., Egypt, which
was obtained from El-Gomhouria Company for Trading

Pharmaceutical Chemical & Medical.

The third factor incorporated with four levels of
salinity as sodium chloride (NaCl) i.e. without salinity
(0), 4, 8 and 12dSm™ of NaCl. The concentrations of
salinity are prepared from NaCl as showed in Table 1.
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Table 1. Concentration of salinity stress (mM) and
weight of NaCl (g).

Concentration . EC
No. (dSm) Weight of NaCl (g) (dSm)
0 (control Without salt (distilled 0.001
treatment) water only) )
5 2.560 g NaCl/L distilled o
4 water 3-53
5.120 g NaCl/L distilled
3 8 water 8.390
4 12 7.680 g NaCl/L distilled 11.960
water

Random sample of 400 seeds per each treatment
were allowed to germinate during, January 2019, as
the rules of International Seed Testing Association
(ISTA, 2013) in Central Laboratories in Central
Administration for Seed Testing and Certification,
Ministry of Agriculture and Land Reclamation on top
filter paper in sterilized Petri-dishes (12cm diameter).
Each Petri-dish contains 25 seeds, and four Petri-
dishes kept close together and assessed as though

they were one 100-seed replication.

Each filter paper was moistened as required with a water
solution of different NaCl concentrations, except the
control. The papers belong to each dish were replaced

every two days to prevent accumulation of salt.

The whole experiment comprised 80 Petri dishes for
each replication, arranged in Factorial Experiment in

Randomized Complete Block Design (RCBD).

Seedling characters
After 8 days from planting (final count), five seedlings
were randomly selected from each replication and each

treatment for evaluating the followed parameters:

1. Shoot length (cm). It was recorded from the seed to

the tip of the bade in centimeters (cm).

2. Root length (cm). It was recorded from the seed to

the tip of the root in centimeters (cm).

3. Seedling vigor index (SVI). It was calculated according
to the formula of Abdul Baki and Anderson (1973):

(Shoot length + Root length) X Germination percentage
100

(SVI) =

4. Total chlorophylls (SPAD). Total chlorophyll
content was assessed in wide leaf of plume by SPAD-

502 (Minolta Co. Ltd., Osaka, Japan).

5. Shoot fresh weight (g). The weight of five seedling

shoots were weighted in gram (g).

6. Root fresh weight (g). The weight of five seedling

roots were weighted in gram (g).

7. Shoot dry weight (g). The weight of five seedling
shoots were recorded after oven drying at 70 © C until

constant weight (Agrawal, 1986).

8. Root dry weight (g). Weight of five seedling roots
were recorded after oven drying at 70 °C until

constant weight (Agrawal, 1986).

Regarding to the system of analysis of variance
(ANOVA), it was used for the Factorial Experiment in
Randomized Complete Block Design (RCBD) as
published by Gomez and Gomez (1984) of the
subjected data. LSD method was used as defined by
Snedecor and Cochran (1980) to compare the
differences among treatment means at 5% level of
probability. The data as Russel (1986) method was
statistically analyzed using RCBD design by MSTAT-C

computer package.

Results and discussion

A. Effect of chitosan levels

The obtained results in Tables 2 and 3 indicated that
seedling characters (shoot length, root length,
seedling vigor index, total chlorophylls, shoot fresh
weight, root fresh weight, shoot dry weight and root
dry weight) were significantly affected by soaking
wheat seeds with chitosan levels (0.00, 0.25, 0.50 and

0.75%) before starting germination test.

It could be noticed that soaking wheat seeds in
chitosan at the highest rate of (0.75%) surpassed the
other studied levels of soaking with chitosan and
recorded the highest values of shoot and lengths,
seedling vigor index, total chlorophylls, shoot and
root fresh and dry weights, followed by soaking in

chitosan at the rate of 0.50% without significant
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differences between them in most cases and then control treatment (without soaking with chitosan)

soaking in chitosan at the rate of 0.25%. However, recorded the lowest values of these characters.

Table 2. Shoot and root lengths, seedling vigor index (SVI) and total chlorophylls in wheat seedlings as affected

by the levels of soaking with chitosan and proline under salinity stress as well as their interactions.

€Is Shoot length Root length Seedling vigor Total chlorophylls
Treatments (cm) (cm) index (SVI) (SPAD)
A- Chitosan levels:
0.00% (control) 7.63 8.13 14.06 1.255
0.25% 9.14 9.99 17.22 1.281
0.50% 9.69 10.22 18.24 1.300
0.75% 11.23 12.18 21.62 1.341
LSD (0.05%) 0.54 0.71 1.14 0.015
B- Proline levels:
omM (control) 7.69 9.39 14.76 1.227
1mM 9.31 9.71 17.24 1.252
5mM 9.46 10.10 17.59 1.289
omM 10.05 10.35 19.01 1.327
13mM 10.59 11.09 20.33 1.375
LSD (0.05%) 0.60 0.79 1.27 0.022
C- Salinity levels:
odSm (control) 12.28 14.26 26.54 1.300
4dSm 11.01 12.33 22,77 1.300
8dSm 9.63 9.95 15.90 1.292
12dSm 4.77 3.98 5.93 1.284
LSD (0.05%) 0.54 0.71 1.14 0.015
D- Interactions (F. test):
A xB NS NS NS NS
A XC * * * *
B xC * NS NS NS
AxBxC * * * NS

Table 3. Shoot and root fresh and dry weights of wheat seedlings as affected by the levels of soaking with

chitosan and proline under salinity stress as well as their interactions.

€8 Shoot fresh weight  Root fresh weight Shoot dry weight Root dry weight
Treatments (8) (8 (8 (8)
A- Chitosan levels:
0.00% (control) 0.050 0.012 0.005 0.005
0.25% 0.085 0.067 0.006 0.006
0.50% 0.109 0.091 0.007 0.007
0.75% 0.133 0.134 0.008 0.007
LSD (0.05%) 0.001 0.001 0.001 0.001
B- Proline levels:
omM (control) 0.067 0.042 0.005 0.005
1mM 0.081 0.061 0.006 0.006
5mM 0.093 0.071 0.006 0.006
omM 0.111 0.086 0.008 0.006
13mM 0.119 0.120 0.008 0.008
LSD (0.05%) 0.002 0.001 0.001 0.001
C- Salinity levels:
odSm (control) 0.131 0.109 0.010 0.009
4dSm 0.098 0.088 0.007 0.007
8dSm™ 0.084 0.064 0.006 0.006
12dSm 0.063 0.043 0.003 0.003
LSD (0.05%) 0.001 0.001 0.001 0.001
D- Interactions (F. test):
A XB * * * *
A XC * * * *
B XC * * * *
A XB X C * * * *
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These increases in seedlings characters as a result of
soaking wheat seeds with chitosan may be due to
chitosan application enhances the physiological
response and mitigates the adverse effect of abiotic
stresses through stress transduction pathway via
secondary messengers. Chitosan treatment stimulates
photosynthetic rate, stomatal closure through ABA
synthesis, enhances antioxidant enzymes via nitric
oxide and hydrogen peroxide signaling pathways and
induces production of organic acids, sugars, amino
acids and other metabolites which are required for
the osmotic adjustment, stress signaling and energy
metabolism under stresses (Hidangmayum et al,
2019). These results in good accordance with those
reported by Ma et al. (2012), Hameed et al. (2013),
Hameed et al. (2014), Behboudi et al. (2017), Rawat
et al. (2018) and Li et al. (2019).

B. Effect of proline levels

The obtained results in Tables 2 and 3 showed that
the studied soaking with proline levels (control
treatment "without soaking with proline", 1, 5, 9 and
13mM) significantly affected seedling characters
(shoot length, root length, seedling vigor index, total
chlorophylls, shoot fresh weight, root fresh weight,
shoot dry weight and root dry weight).

It could be observed that the highest values of shoot
and lengths, seedling vigor index, total chlorophylls,
shoot and root fresh and dry weights were produced
from soaking wheat seeds in the highest level of
proline (13mM), followed soaking in proline at the
rate of gmM without significant differences between
them in most cases, then soaking in proline at the rate
of 5mM and soaking in proline at the rate of 1mM.
While, the lowest values of these characters were
produced from control treatment (without soaking

with proline).

These increases results may be due to increasing
activity of a-amylase which in turn has resulted in
better mobilization of stored carbohydrate reserves
resulted in improvement of seedlings parameters
(Kata et al, 2014). In addition, proline exhibit
positive effects on stress alleviation through the
stimulation of a -amylase expression (Sultana et al.
(2000). Ghaffari and Tadayon (2017) and Rady et al.
(2018) confirmed these results.

C. Effect of salinity levels

The achieved results in Tables 2 and 3 clearly showed
that salinity levels significantly affected seedling
characters (shoot length, root length, seedling vigor
index, total chlorophylls, shoot fresh weight, root fresh
weight, shoot dry weight and root dry weight).
Increasing salinity levels from o to 4, 8 and 12dSm™ of
NaCl significantly reduced seedling characters of wheat.

It could be detected that highest values of shoot and
lengths, seedling vigor index, total chlorophylls, shoot
and root fresh and dry weights were obtained from the
control treatment (without salinity stress), followed by
salinity stress at the level of 4dSm™ of NaCl and then
salinity stress at the level of 8dSm™ of NaCl. While, the
lowest values of these germination and seedlings and
also physiological indices were produced from the
highest salinity level of 12dSm of NaCl.

The reduction in germination and physiological
parameters due to salinity stress concentration may
influence the germination of bread wheat seed either
by creating an osmotic potential external to the seed
preventing water uptake, or the toxic effect of Na* and
CI- ions on the germination seeds (Munns and Tester,
2008). Beside, salinity stress may be owing to salinity
stress reduces cell turgor pressure and inhibits root
and shoot growth. When the content of Na and Cl is
high in plant cells, cells fail to divide normally,
especially at the germination phase (Datta et al.,
2009). These results in good agreement with those
found by Kandil et al. (2012), Ma et al. (2012),
Biabani et al. (2013), Habibi and Abdoli (2013), Ayed
et al. (2014), Alom et al. (2016), Kandil et al. (2017)
and Ibrahim et al. (2019).

D. Effect of interactions

The effect of the interaction among three studied
factors (levels of chitosan, proline and salinity) on
shoot and root lengths, seedling vigor index, shoot
and root fresh and dry weights was significant. While,
total chlorophylls in wheat seedlings insignificant
affected by the interaction among three studied
factors (levels of chitosan, proline and salinity) as
shown in Tables 2 and 3. The author will mention and
discuss only the significant interaction among the
levels of soaking with chitosan and proline under
salinity stress on shoot and root lengths and shoot

and root fresh weights.
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With reference to the interaction effect among the levels
of soaking with chitosan and proline under salinity stress
on shoot length, the results presented in Table 4 clearly
indicated that this interaction significantly affected shoot
length. The longest wheat shoot (15.00cm) was recorded
from soaking wheat seeds in the mixture of chitosan at
0.75% and proline at 9 or 13mM under without salinity
stress (0dSm of NaCl). The second best interaction
treatment which recorded shoot length of 13.96cm was
soaking with chitosan at the rate of 0.75% and proline at
the rates of 9 or 13mM under salinity level of 4dSm™ of
Na(l, followed by soaking with the mixture of chitosan
(0.50%) and proline (13mM) under salinity level of
4dSm? of NaCl without significant differences among
them. However, the shortest wheat shoots (2.43cm%)
was produced from control treatment of both soaking in
chitosan and proline (without soaking with chitosan and

proline) under highest salinity level of 122dSm™ of NaCl.

Table 4. Shoot length (cm) of wheat seedlings as
affected by the interaction among the levels of soaking

with chitosan and proline under salinity stress.

Chitosan | Proline Salinity levels

levels levels 0dSm* 4dSm+* 8dSm 12dSm
omM 9.03 6.66 4.53 2.43
mM 10.53 8.80 7.26 2.73
0.00% s5smM  11.13 9.36 7.60 3.10
omM 11.40 9.53 8.13 3.96
13mM  11.56 9.70 8.20 5.60
omM 10.43 8.66 5.60 2.52
mM 11.66 11.10 9.06 3.10
0.25% smM 12.36 11.26 9.96 3.50
omM 12.50 11.63 10.46 5.50
13mM 12.90 1170 10.96 5.66
omM 11.66 9.63 6.93 2.70
mM 1240 1140 10.23 3.60
0.50% smM 1243 1143 10.80 4.50
omM 12,53 11.73 11.16 6.23
13mM 13.76 12.33 1146  7.60
omM 12,53 11.20 10.70 4.10
mM  13.16  13.11  11.43 5.26
0.75% smM 13.56 13.13 1246  5.90

omM 15.00 13.96 12.80 6.43
13mM  15.00 13.96 12.80 11.13
LSD (0.05%) 1.41

Regarding the triple interaction among the levels of
soaking with chitosan and proline under salinity
stress, it had significant effect on root length as
accessible in Table 5. The longest root of wheat
seedlings (18.83cm) was recorded soaking in the
mixture of chitosan (0.75%) and proline (13mM)
under without salinity stress (0dSm- of NaCl). The

second best interaction treatment which recorded
root length of wheat seedlings of 18.13cm was soaking
with chitosan at the rate of 0.75% and proline at the
rate of gmM under without salinity stress (control
treatment), followed by soaking with the mixture of
chitosan (0.75%) and proline (5mM) without salinity
stress (0dSm of NaCl) or soaking with the mixture of
chitosan (0.75%) and proline (13mM) under salinity
level of 4dSm™ of NaCl without significant differences
among them. However, the shortest root of wheat
seedlings (2.16cm) was produced from control
treatment of both soaking in chitosan and proline
(without soaking with chitosan and proline) under

highest salinity level of 12dSm of NaCl.

Table 5. Root length (cm) of wheat seedlings as
affected by the interaction among the levels of
soaking with chitosan and proline under salinity

stress.

Chitosan| Proline Salinity levels

levels levels 0dSm! 4dSm 8dSm 12dSm-
omM 9.96 9.20 5.80 2.16
1mM 10.20 9.20 7.16 3.33
0.00% s5mM 11.33 9.83 7.95 3.83
omM 11.34 9.93 9.06 4.06
13mM  11.93 11.03 10.76  4.33
omM 13.50 10.10 7.33 2.96
1mM 13.53 10.46 8.13 3.30
0.25% s5mM 13.60 12.33 9.50 3.63

omM 14.50 12.96 10.76  4.20
13mM 15.16 13.16 10.80 4.63
omM 13.93 10.70 9.03 3.10
1mM 14.00 1246  9.26 3.66
0.50% s5mM 14.46 12.90 10.63 4.10
omM 15.36 13.26 10.96 4.26

13mM 1576 13.50 12.96  5.50
omM 15.63 13.36 11.03 3.23
1mM 16.93 13.63 11.23 4.03
0.75% 5mM 17.16  15.00 11.46 4.23
omM 18.13 16.53 11.80 4.73
13mM  18.83 17.16  13.33 6.26
LSD (0.05%) 2.18

Regarding the triple interaction among the levels of
soaking with chitosan and proline under salinity
stress, it had significant effect on shoot fresh weight
as accessible in Table 6. The highest shoot fresh
weight (0.184g) was recorded from soaking in the
mixture of chitosan (0.75%) and proline (13mM)
under without salinity stress of (0dSm- of NaCl). The
second best interaction treatment, which recorded
shoot fresh weight of 0.177 g was soaking with

chitosan at the rate of 0.75% and proline at the rate of
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omM under without salinity stress (control
treatment), followed by soaking with the mixture of
chitosan (0.75%) and proline (13mM) under salinity
level of 4dSm™ of NaCl without significant differences
among them. However, the lowest shoot fresh weight
(0.010 g) was produced from control treatment of
both soaking in chitosan and proline (without soaking
with chitosan and proline) under highest salinity level

of 12dSm! of NaCl.

Table 6. Shoot fresh weight (g) of wheat seedlings as
affected by the interaction among the levels of soaking

with chitosan and proline under salinity stress.

Chitosan | Proline Salinity levels
levels levels odSm* 4dSm™ 8dSm™ 12dSm
omM 0.027 0.021 0.016 0.010
1mM  0.058 0.021 0.019 0.012
0.00% s5mM 0.101 0.026 0.023 0.014
omM 0.102 0.102 0.065 0.018
13mM 0.105 0.102 0.102 0.048
omM 0.116 0.022 0.020 0.011
1mM 0.124 0.047 0.021 0.019
0.25% smM 0.130 0.080 0.056 0.048
omM 0.132 0.118 0.094 0.078
13mM 0.140 0.118 0.111 0.080
omM 0.122 0.101 0.106 0.024
mM 0.136 0.109 0.107 0.088
0.50% smM  0.160 0.116 0.107 0.101
omM 0.170 0.118 0.107 0.104
13mM 0.170 0.126 0.107 0.106
omM 0.132 0.125 0.112 0.045
imM  0.160 0.130 0.112 0.100
0.75% smM  0.168 0.150 0.120 0.102
omM 0.177 0.162 0.137 0.117
13mM 0.184 0.176 0.140 0.138
LSD (0.05%) 0.004

The interaction among the three studied factors
(levels of soaking with chitosan and proline under
salinity levels) significantly affected root fresh weight
as results accessible in Table 7. The highest root fresh
weight (0.306 g) was obtained from soaking in the
mixture of high level of chitosan (0.75%) and proline
(13mM) under without salinity stress (0odSm™ of
NaCl). Soaking with chitosan at the rate of 0.75% and
proline at the rate of 13mM under salinity level of
4dSm of NaCl was the second best interaction
treatment, which recorded root fresh weight of 0.303
g. However, the third best interaction treatment was

soaking with the mixture of chitosan (0.75%) and

proline (9mM) under without salinity stress with
significant differences among them. While, control
treatment of both soaking in chitosan and proline
(without soaking with chitosan and proline) under
highest salinity level (12dSm™ of NaCl) produced the
lowest root fresh weight (0.003 g).

Table 7. Root fresh weight (g) of wheat seedlings as
affected by the interaction among the levels of soaking

with chitosan and proline under salinity stress.

Chitosan | Proline Salinity levels
levels levels 0odSm* 4dSm* 8dSm* 12dSm
omM 0.008 0.007 0.006 0.003
1imM 0.009 0.008 0.006 0.004
0.00% smM 0.028 0.008 0.007 0.004
omM 0.046 0.008 0.007 0.005
13mM 0.044 0.009 0.007 0.007
omM 0.072 0.055 0.011 0.006
1mM 0.074 0.064 0.052 0.029
0.25% smM 0.086 0.076 0.068 0.032
omM 0.094 0.080 0.078 0.056
13mM 0.094 0.090 0.090 0.060
omM 0.102 0.061 0.047 0.010
1mM  0.102 0.075 0.054 0.043
0.50% smM  0.107 0.104 0.097 0.048
omM 0.110 0.105 0.102 0.101
13mM 0.183 0.179 0.108 0.103
omM 0.105 0.090 0.050 0.032
imM  0.160 0.101 0.059 0.044
0.75% smM 0.213 0.138 0.090 0.058
omM 0.237 0.200 0.120 0.087
13mM 0.306 0.303 0.213 0.135
LSD (0.05%) 0.003
Conclusion

From obtained results in this study it could be
concluded that for maximizing seedlings characters of
bread wheat Shandaweel 1 cultivar under salinity
stress, it could be recommended to soaking with the
mixture of chitosan at the rate of 0.75 or 0.50% and

proline at the rates of 13 or gmM for 6 h.
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