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ABSTRACT

The present study aimed to elucidate the effect of chitosan on germination, growth, yield and certain
salinity stress-related metabolites in two barley cultivars contrasting in salt tolerance namely cvs. Giza 129
(salt susceptible) and Giza 136 (salt tolerant). Salinity stress treatments were commenced 30 days after
sowing via soil irrigation with either NaCl or CaClz each at three levels 0, 3000 mgL* (4.6875 dS m) and
6000 mgL? (9.375 dS m). The obtained results indicated that both types of salinity at 6000 mgL-!
decreased germination percentage, growth parameters, total chlorophylls, relative water content and yield
whereas increased mean germination time as well as carotenoids, proline and total soluble sugars (TSS).
Chitosan (CHS) treatment at 200 mgL increased yield and its components in plants growing under normal
conditions, and alleviated the negative effects of salinity on characters that were negatively-affected in
salinity-stressed plants. On the other hand, there was an additive effect between salinity and CHS on
inducing the content of carotenoids, proline and TSS. The damaging effect of salinity was more pronounced
in case of NaCl compared with CaClz, and the alleviative effects of CHS was more pronounced at 200 mgL™.
Salinity tolerance of cv G 136 may be attributed to higher seed germination potential along with higher
intrinsic contents from proline and TSS.
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INTRODUCTION

Barley is the fourth most important cereal crop in the
world after wheat, maize, and rice and dominates other
grains in some developing countries having arid and semi-
arid climates where it is the only cereal and only staple food
resource. Even in more developed countries, it is also very
important species not only for animal feed but also for malt
industry. Barley is known to be a salt tolerant plant (Norlyn
and Epstein 1982), however large variation in salt tolerance
exists among cultivars (Bhatti et al., 1976). It has been
argued that tolerant cultivars have more efficient antioxidant
system that help them to overcome salinity-induced
oxidative stress (Chawla et al., 2013; Abedini and Daie-
Hassani 2015).

Soil salinity is one of the major environmental
constraints limiting crop production in many parts of the
world and is predicted to increase due to global climate
change (FAQ, 2011). The situation is worst in arid and semi-
arid regions, characterized by water deficiency and high
temperature, aggravating the effects of salinity. Salinity
stress induces a multitude of responses in plants including
morphological, physiological, biochemical, and molecular
changes (Ambede et al., 2012; Abreu et al., 2013). It causes
ionic imbalance, which results in ionic toxicity, osmotic
stress, and generation of reactive oxygen species (ROS;
Chawla et al., 2013). Accumulation of Na* under salinity
stress competes with K* binding in proteins, causing
inhibition of protein synthesis (Pardo and Quintero, 2002).

High concentrations of NaCl in the roots
environment reduce the water potential, and making it more
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difficult for plants to absorb water. In leaves, high salt levels
cause stomatal closure, impairment of electron transport and
the photosynthetic apparatus, leading to reduced
photosynthesis and productivity (Abreu et al., 2013;
Deinlein et al., 2014). High salinity also induces the
formation of ROS within plant cells, and their over
accumulation results in oxidative damage of membrane
lipids, proteins and nucleic acids (Gill and Tuteja, 2010).

It has been confirmed that under saline condition,
some chemicals could alleviate the negative effects of salt
stress on plants. Chitosan (CHS) is a natural, safe, and cheap
biopolymer produced from chitin, the major constituent of
arthropods exoskeleton and fungi cell walls and the second
renewable carbon source after lignocellulosic biomass.

Biological responses of plants to CHS are dependent
on its structure, concentration, species and developmental
stage.

Chitosan has a great potential for enhancing crop
production due to its effects on plants such as stimulating
growth of plant and seed germination (Luan et al., 2006);
increasing chlorophyll content and photosynthetic
efficiency (Limpanavech et al., 2008); enhancing nitrogen
fixation in legumes (Dzung and Thang, 2004); increasing
nutrient uptake and reducing stress of plants (Dzung et al.,
2011); thereby enhancing plant productivity (Bukrudeen et
al., 2010; Dzung, 2010). Other biochemical and molecular
changes observed in plants fed with CHS include callose
deposition (Faoro and Iriti, 2007), inhibition of plasma
membrane H*-ATPase (Amborabé et al., 2008), chromatin
alterations (lriti and Faoro, 2009), synthesis of alkaloids
(Orlita et al., 2008), and phytoregulators, jasmonic acid and
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abscisic acid (Iriti and Faoro, 2008). Moreover, CHS also
alleviates biotic stress on plants (El Hadrami et al., 2010).

The physiological and molecular bases for CHS
effect on plants have been elucidated. Chitooligosaccharides
are cell molecular signals that induce and regulate defensive,
symbiotic as well as developmental and growth processes in
plants (Sy and Dzung, 2010). An initial oxidative burst with
hydrogen peroxide (H2O) accumulation was observed in
different plants supplied with CHS (Iriti and Varoni, 2015).
It is thought that this can lead to the induction of plant
defense enzymes, and to the synthesis of secondary
metabolites, such as polyphenolics, lignin, flavonoids, and
phytoalexins (Hamel and Beaudoin, 2010).

The present study aimed to elucidate the effect of
chitosan on germination, growth, yield and certain salinity
stress-related metabolites in two barley cultivars contrasting
in salt tolerance.

MATERIALS AND METHODS

Plant materials, experimental conditions, and
application of treatments

Two experiments were conducted at the Greenhouse
and in the Labs. of the Agric. Bot. Dept., Fac. of Agric.,
Mansoura Univ., Egypt. Grains of barley (Hordeum vulgare
L.), cvs. Giza 129 (salt susceptible) and Giza 136 (salt
tolerant) were secured from Field Crops Research Institute,
Agric. Res. Center, Egypt. Grains were disinfested by
immersion in a 2.5 % solution of sodium hypochlorite for

10 min and washed thoroughly with distilled water and
sown on November 21, 23 during the two successive
growing seasons 2015/2016 and 2016/2017, respectively.
Sowing was carried out in bottom-perforated black plastic
bags containing 15 kg of air-dried soil at the rate of 10
grains/bag. Representative soil samples were taken from the
experimental site during both seasons and analyzed
according to Black et al. (1965) and presented in Table (1).
Thinning was made 15 days after sowing (DAS) to leave 6
uniform seedlings/ bag.

Salinity ~stress treatments were commenced
concomitantly with sowing via soil irrigation with equal
amount of either NaCl or CaCl, each at three levels 0, 3000
(4.6875dS m™), 6000 (9.375 dS m%) mgL* and this amount
was adjusted progressively to accommodate plant growth.
Chitosan was added as seed soaking at either 0, 200 or 400
mgL?! for 12 h before sowing. The experiments were laid
out in a randomized complete block design with three
replications. Plants were fertilized with 2.5 g ammonium
sulfate (20.6% N), 3.59 g calcium superphosphate (15.5%
P,0s) and 1.25 g potassium sulfate (48% k-O) per bag.

Fertilization with calcium superphosphate was done
before sowing, whereas N fertilization was applied in two
equal doses, at 20 and 30 DAS. Fertilization with potassium
sulphate was applied at the beginning of the heading stage.
All agricultural practices were applied according to the
normal recommended for barley by ARC, Egypt.

Table 1. Physical and chemical analysis of the used soil (average of the two growing seasons).

CS% FS % S% C% CaCOs3 %

OM % TN% APppm EKppm  TSS%

112 27.6 26.0 35.2 2.7

2.0 011 14 213 0.20

*CS, Coarse sand; FS, Fine sand; S, Silt; C, Clay; OM, Organic matter; TN, total N; AP, available P; EK, exchangeable K; TSS, total soluble

solutes

Recoded parameters and analyses

Ten DAS, germination percentage was recorded as
evidenced by emergence of the radical. In addition,
germinating grains were recorded daily for 10 days to
determine mean germination time according to Ellis and
Roberts (1980) as MGT = Znd/T, where nis the no. of grains
newly germinated on the day of counting (d) and T is the
total no. of germinated seeds during the 10-days
germination period. At 75 DAS, plant samples were
collected to determine plant height, plant fresh and dry
weight as well as leaf area. In addition, total soluble sugars
(TSS) in the shoots and photosynthetic pigments, relative
water and proline contents in the flag leaf were determined.
Leaf area was determined as: Leaf area = Length x Width x
0.75 (Quarrie and Jones, 1979). TSS were extracted in 80%
ethanol and determined according to Homme et al. (1992).

Weight of 0.5 g leaf tissues was grounded in 80%
acetone and leaf photosynthetic pigments were determined
according to Lichtenthaler (1987). Leaf relative water
content was determined according to Beadle et al. (1993)
according to the formula:

fresh weight — dry weight

RWC =
turgid weight — dry weight

x 100

Proline content was estimated spectrophotometrically at 520
nm according to the method of Bates et al. (1973). At
maturity, 125 DAS, vyield and its components were
recorded.

Statistical analysis:

Data of the two growing seasons were subjected to
combined analysis of variance using MSTAT-C software.
Significance of differences between treatments means were
compared with Duncan’s multiple range test at the 0.05
probability level.

RESULTS AND DISCUSSIONS

Results
Germination capacity

Germination capacity of cv Giza 136 (G 136) was
higher than that in cv Giza 129 (G 129) as shown in Table
(2). Germination percentage (G %) was significantly higher
in cv G 136 whereas mean germination time (MGT) was
higher in cv G 129. Germination percentage was not
affected by the lower level (3000 mg L) from either NaCl
or CaCl, whereas decreased in response to the higher level
(6000 mg LY. On the other hand, all salinity levels delayed
germination as evidenced by increasing MGT. The higher
level of NaCl proved to be more deleterious than that of
CaCl,in decreasing G % and delaying germination.

Both levels of CHS did not significantly affect either
G % or MGT in plants growing under normal conditions. In
salinity-stressed plants, CHS increased G % whereas
decreased MGT compared with control (Table 2). However,
the difference was not significant in case of plants stressed
with the lower salinity level. So, CHS counteracted the
effects of salinity at 3000 mg L on both G % and MGT. In
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all treatments involving salinity, values of G % were higher
whereas those of MGT were lower in cv G 136 compared
with cv G 129.

The interaction effect between cultivars and
treatments showed no significant effect regarding G %. On
the other hand, the interaction was significant regarding

MGT. Within all treatments involving both salinity and
CHS, the higher MGT was recorded in cv G 129 plants
stressed with NaCl 6000 mgL-* and treated with CHS at 400
mgL* whereas the lowest MGT was recorded in cv G 136
plants stressed with CaCl, 3000 mgL-! and treated with CHS
at 400 mgL.

Table 2. Effects of chitosan on germination percentage and mean germination time (MGT) of salinity-stressed barley
cultivars Giza 129; G129 and Gizal36; G136 (combined analysis of the two growing seasons).

Parameters Germination % MGT (d)

Treatments G136 G129 Mean G136 G129 Mean
Cont 99.4 99.5 99.4a 1.62 1.66 1.64h
NaCl 3000 mgL! 99.5 98.4 98.9a 1.68 2.04 1.86f
NaCl 6000 mgL™* 89.2 87.7 88.4d 2.80 3.40 3.10d
CaCl> 3000 mgL? 99.6 98.7 99.1a 1.70 1.94 1.82¢f
CaCl2 6000 mgL™* 93.6 92.1 92.8¢c 2.64 3.15 2.89b
CHS 200 mgL! 99.4 99.7 99.5a 1.65 1.66 1.65h
CHS 400 mgL™* 98.8 99.5 99.1a 1.70 1.72 1.71gh
NaCl 3000 mgL™ + CHS 200 mgL? 99.6 99.1 99.3a 1.66 1.70 1.68h
NaCl 3000 mgL* + CHS 400 mgL™* 99.5 99.3 99.4a 1.68 1.78 1.73gh
NaCl 6000 mgL™ + CHS 200 mgL* 94.4 925 93.4c 2.52 2.98 2.75¢
NaCl 6000 mgL* + CHS 400 mgL™* 95.0 93.2 94.1c 2.63 3.26 2.94b
CaCl> 3000 mgL™ + CHS 200 mgL! 99.5 994 99.4a 172 1.74 1.73gh
CaCl2 3000 mgL + CHS 400 mgL™* 99.9 99.3 99.6a 1.60 1.84 1.72gh
CaCl> 6000 mgL™ + CHS 200 mgL! 97.3 94.8 96.0b 2.15 2.75 2.45e
CaCl2 6000 mgL™ + CHS 400 mgL ! 98.4 95.0 96.7b 2.26 2.94 2.60d
Mean 97.5A 96.5B 2.00B 2.30A

LSD 5 %:

Cultivars 0.53 0.04

Treatments 1.46 0.12

Growth attributes

Control plants of cv G 136 had higher values of leaf
area/plant, plant height, as well as plant fresh and dry weight
compared with those of cv G 129 (Table 3). This was also
true when the mean of each cultivar overall all treatments is
considered, though the difference in mean leaf area was
insignificant. Salinity stress caused by either NaCl or Ca Cl,
decreased growth parameters at 6000 mgL ! except plant dry
weight. The magnitude of decrease in growth parameters
was higher in case of NaCl compared with CaCl,. On the
other hand, salinity was stimulatory to dry weight, either
with or without CHS. In this regard, the lower level of
salinity (3000 mgL?) stimulated the recorded growth
attributes, but the effect was insignificant.

In unstressed plants, CHS treatments did not
significantly affect the growth parameters (Table 3). On the
other hand, growth parameters in salinity-stressed plants
that were treated with CHS were, generally, of higher values
compared with those in salinity-stressed only plants,
especially in plants exposed to the higher salinity level,
though the differences were not significant.

The effect of the interaction between cvs and
treatments was significant only regarding plant dry weight.
Within treatments in which plants received the combined
treatments, the highest dry weight was recorded in cv G 136
plants stressed with NaCl at 3000 mgL™ and treated with
CHS at 200 mgL whereas the lowest dry weight was
recorded in cv G 129 plants stressed with NaCl at 6000
mgL* and treated with CHS at 400 mgL™.

Table 3. Effects of chitosan on growth parameters of salinity-stressed barley Cultivars Giza 129; G129 and Gizal36;
G136 (combined analysis of the two growing seasons).

Parameters Plant height (cm) Leaf area/plant (cm? F.W. (9) D.W. (g)
Treatments G136 G129 Mean G136 G129 Mean G136 G129 Mean G136 G129 Mean
Cont 734 714 724 284 25.3 268abc 257 238 24.7abcd 356 2.72 3.14c
NaCl 3000 mgL! 75.0 736 7433 224 222 223def 290 224 257abc 5.78 349 4.64de
NaCl 6000 mgL! 64.3 575 609 165 155 16.0g 224 145 184f 568 326 447gh
CaCl2 3000 mgL* 76.1 753 757a 258 245 251abcde 308 228 268ab 548 421 4.84b
CaCl2 6000 mgL* 67.6 624 65.0de 202 186 19.4fgy 246 168 20.7¢f 681 348 5.14a
CHS 200 mgL* 725 708 716ab 281 217 27.9a 272 20.1 236abcde 328 296 3.12k
CHS 400 mgL! 710 68.7 69.8bc 272 217 274ab 253 222 238abcde 327 256 291
NaCl 3000 mgL-2+CHS 200 mgL* 75.0 723 737ab 253 237 24abcde 310 216 263ab 553 351 452fg
NaCl 3000 mgL1+ CHS 400 mgL* 714 705 709bc 223 24.6 234cde 320 220 27.0a 525 355 440h
NaCl 6000 mgL-2+ CHS 200 mgL* 61.4 595 604e 197 18.2 18.9fg 240 190 215def 518 329 4.23i
NaCl 6000 mgL1+CHS 400 mgL1 62.7 632 629de 188 16.6 1779 237 195 2l6def 422 319 3.70j
CaCl23000 mgLt+ CHS 200 mgL* 774 740 757a 263 28.0 271abc 328 209 268ab 4.96 4.24 4.60ef
CaCl> 3000 mgL! + CHS 400 mgLt 75.8 732 T745ab 256 251 253abcd 312 218 2653 4.60 4.29 445gh
CaCl26000 mgLt+CHS 200 mgLt 68.7 645 66.6dc 251 231 241bcde 250 201 225cde 5.16 441 4.78bc
CaClk6000 mgL™! + CHS400 mgL* 66.4 635 64.9de 229 20.2 215ef 262 210 236bcde 513 4.29 4.71cd
Mean 705A 68.0B 236A 227A 274A 20.5B 4.92A3.56B
LD %: 17 13 12 003
ultivars 46 37 33 0.09
treatments ' " : :
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Photosynthetic pigments

Leaves of cv G 136 contain higher concentrations
from chlorophyll a (chl a), total chlorophylls (tchls) as well
as higher chl a/b ratio. On the other hand, leaves of cv G 129
contain higher concentration from carotenoids (Table 4).
However, the difference in chl b concentration between the
two cultivars was insignificant.

Salinity stress due to NaCl treatments decreased
tchls whereas increased carotenoids (Carots) concentration
at both levels. Similar results were recorded in response to
CaCly, but only at the higher level. Generally, all salinity
types and levels showed no significant effect on chl a/b ratio.

Application of CHS, generally, did not significantly
affect either chl a, chl b, tchls, or chl a/b ratio, whereas
increased carots concentration in both cvs. Treatment of
salt-stressed plants with CHS increased chl a, tchls and
carots concentrations compared with CHS-untreated plants,
and the enhancing effect of CHS was more pronounced at
its lower adopted level (Table 4). On the other hand, CHS
treatments did not affect chl b concentration in salt-stressed
plants. It is worth mentioning that salinity and CHS
treatments as well as their interactions increased carots
concentration whereas, generally, did not significantly
affect chl a/b ratio (Table 4).

Table 4. Effects of chitosan on leaf photosynthetic pigments of salinity-stressed barley cultivars Giza 129; G129 and
Gizal36; G136 (combined analysis of the two growing seasons).

Parameters Chla(mgg?FW) chib(mgg!FW) tchls(mgg?FW) Chla/chlb Tcarots (mg gt FW)
Treatments G136 G129 Mean G136 G129 Mean G136 G129 Mean G136 G129 Mean G136 G129 Mean
Cont 147 130 138cd 043 050 046bc 190 180 185 354 261 307cd 060 052 056f
NaCl 3000 mgL* 128 118 123 040 043 041cde 168 160 164cde 330 274 302cd 062 066 064de
NaCl 6000 mgL! 094 086 096f 032 026 020f 126 112 119f 300 341 320cd 064 072 0.68cd
CaCl2 3000 mgL* 138 134 136cd 053 055 054ab 191 189 190b 270 244 257d 058 065 061ef
CaCl, 6000 mgL* 098 093 095f 037 032 034def 135 125 130f 278 292 285cd 056 071 0.64de
CHS 200 mgL! 143 137 140bc 037 043 040cde 180 180 180bc 395 325 360abc 067 062 0.64cde
CHS 400 mgL! 147 130 138cd 032 040 0.36def 179 170 174bcd 465 339 4028b 069 058 063de
NaCl 3000 mgL*+ CHS 200 mgL* 145 134 13%c 045 048 046bc 190 182 186b 327 287 307cd 068 072 0.70abc
NaCl 3000 mgLt+ CHS 400 mgL* 152 130 141bc 043 042 042cd 195 172 183 355 322 33%bc 069 071 0.70abc
NaCl 6000 mgL*+ CHS 200 mgL* 138 122 130cde 029 036 032f 167 158 162de 472 357 4152 071 079 0.75a
NaCl 6000 mgL1+CHS 400 mgL* 124 120 122 035 034 034def 159 154 156 358 362 360abc 074 073 0.74ab
CaCh3000mgL!+CHS200mgL?  1.57 145 15lab 059 057 058 216 202 209 268 255 262d 065 071 0.68bcd
CaCL3000mgL1+CHS400mgL? 168 160 164a 056 052 054ab 224 212 218 304 311 307cd 066 068 0.67cd
CaCh6000mgL1+CHS200mgL? 132 119 125de 042 038 040cde 174 157 165cde 326 327 326bed 070 080 0.75a
CaCl, 6000 mgL1+ CHS 400 mgL* 126 116 12le 037 035 036def 163 151 157e 351 331 341abc 072 077 0.74a
Mean 1.35A1.25B 041A 042A 177A 167B 343A 308B 0.66B 0.69A
O .
AT 004 003 006 027 002
Treatments 0.12 008 0.16 0.76 005

Proline, RWC and TSS

Leaves of cv G 136 contained significantly higher
concentrations from proline and TSS, but comparable RWC
content compared with the leaves of cv G 129 (Table 5).

Both types of salinity decreased RWC, whereas
increased proline and TSS concentrations. Both applied
levels of CHS did not significantly affect either RWC,
proline or TSS. In all treatments involving the combination
between salinity and CHS, RWC was decreased whereas

proline and TSS were increased. Nevertheless, RWC,
proline and TSS were higher in salinity-stressed, CHS-
treated plants compared with salinity-stressed only plants
(Table 5). The interaction effect was significant regarding
both proline and TSS. The highest proline concentration was
recorded in the leaves of cv G 136 plants treated with the
combination of the higher level of NaCl and CHS, whereas
the highest TSS concentration was recorded in the leaves of
cv G 136 plants treated with CaCl, at 6000 mgll in
combination with CHS at 200 mgL ™.

Table 5. Effects of chitosan on biochemical constituents of salinity-stressed barley cultivars Giza 129; G129 and
Gizal36; G136 (combined analysis of the two growing seasons).

Parameters RWC % Proline (mg g* DW) TSS (mg g1 DW)
Treatments G136 G129 Mean G136 G129 Mean 136 G129 Mean
Cont 85.8 87.2 86.5a 9.19 7.2 8.1h 32.1 29.0 30.5¢g
NaCl 3000 mgL* 775 76.4 76.9de 16.5 13.6 15.0fg 46.3 35.1  40.7f
NaCl 6000 mgL! 69.0 67.1 68.0f 234 19.3 21.4bc 73.6 518 62.7c
CaCl2 3000 mgL* 80.2 78.4 79.3bcd 15.6 11.3 13.4g 50.1 36.0  43.0ef
CaCl2 6000 mgL* 71.6 68.0 69.8f 204 175 19.0cde 80.7 55.1 67.9bc
CHS 200 mgL™! 87.1 90.9 89.0a 7.8 8.6 8.2h 36.4 321 342
CHS 400 mgL* 85.0 91.3 88.2a 7.0 6.7 6.8h 33.1 320 32.69
NaCl 3000 mgL™* + CHS 200 mgL™* 80.4 82.1 81.2bc 185 16.4  17.4def 52.3 423 47.3de
NaCl 3000 mgL* + CHS 400 mgL* 81.2 83.4 82.3b 20.3 18.7 19.5¢cd 55.6 39.8 47.7de
NaCl 6000 mgL* + CHS 200 mgL* 75.6 75.4 75.5e 26.1 22.0 24.1ab 82.0 60.1 71.1b
NaCl 6000 mgL* + CHS 400 mgL* 80.3 76.8 78.5cde 26.9 245 25.7a 79.1 549 67.0bc
CaCl2 3000 mgLt + CHS 200 mgL?  83.7 80.4 82.0b 18.8 134 16.1efg 573 451 51.2d
CaCl2 3000 mgLt + CHS 400 mgL?  83.6 79.6 81.6bc 20.3 157  18.0def 52.1 43.1 47.6de
CaCl> 6000 mgLt + CHS 200 mgL?  76.6 74.3 75.4e 23.6 20.1 21.9bc 87.9 65.1 76.5a
CaCl2 6000 mgL™t + CHS 400 mgL* 774 75.3 76.3de 24.4 18.0 21.2bc 81.1 60.3 70.7b
Mean 79.6A 79.1A 18.6A 15.5B 60.0A 45.4B

LSD 5 %:

Cultivars 12 11 1.9

Treatments 3.3 3.1 5.3

Yield and its components
Number of spikes/plant, grains weight/spike, 100-
grains weight and grains yield/plant in cv G 136 surpassed

those in cv G 129 (Table 6). Salinity stress by either salt type
at both levels decreased all yield components, except 100-
grains weight which decreased only at the higher level (6000
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mgL™%). On the other hand, CHS treatments increased all
yield components at its lower adopted level (200 mgL™). In
salinity-stressed plants, CHS treatments alleviated the
depressing effect of salinity on yield components, where the
values in salinity-stressed, CHS-treated plants were higher
than those in salinity-stressed only plants.

The interaction effect was significant regarding all
estimated yield components except 100-grains weight. The
highest grains yield/plant was recorded in plants of cv G 136
that were treated with NaCl at 3000 mgL* in combination
with CHS at 200 mgL™, whereas the least grain yield was
recorded in plants of cv G 129 that were stressed by NaCl at
6000 mgL ™ in combination with CHS at 400 mgL™.

Table 6. Effects of chitosan on yield and its components of salinity-stressed barley cultivars Giza 129; G129 and
Gizal36; G136 (combined analysis of the two growing seasons).

Parameters No. of spikes/plants Grains wt/spike 100 grains wit(g) Grains wt/plant
Treatments G136 G129 Mean G136 G129 Mean G136 G129 Mean G136 G129 Mean
Cont 6.7 47 570 276 206 241b 374 349 36lbc 1848 970 140%
NaCl 3000 mgL* 50 33 41gh 177 106 14lig 410 321 365hc 884 351 617h
NaCl 6000 mgL* 37 26 3] 152 110 131j 239 190 2149 563 28 424
CaCl> 3000 mgL? 54 33 43fg 191 183 1879 406 321 364bc 1030 602 8169
CaCl, 6000 mgL? 49 30 3% 160 140 150i 267 220 243fg 796 421 60%
CHS 200 mgL? 73 57 652 380 219 29 409 384 39%a 2772 1247 200%
CHS 400 mgL* 70 43 56bc 28 199 242h 384 370 377ab 2002 856 142%
NaCl 3000 mgL-1 + CHS 200 mgL* 6.8 40 54cd 264 175 219%d 370 344 357hc 1797 698 1247
NaCl 3000 mgL-1 + CHS 400 mgL* 53 37 45f 249 159 204ef 347 341 344c 1339 587 963f
NaCl 6000 mgL:1+ CHS 200 mgL* 48 36 420h 245 155 200efy 313 248 280de 1178 559 869fy
NaCl 6000 mgL-1+ CHS 400 mgL* 40 32 36i 232 111 171th 300 230 265f 934 357 645h
CaCl> 3000 mgLt + CHS 200 mgL! 60 43 51d 260 169 214de 373 353 363bc 1558 726 114
CaCl> 3000 mgLt + CHS 400 mgL! 53 40 46e 247 215 23lbc 38 340 362bc 1310 863 108ad
CaCl> 6000 mgLt + CHS 200 mgLt 64 38 51d 219 184 202f 324 293 308d 1420 701 1060de
CaCl> 6000 mgL+ CHS 400 mgL* 6.0 34 476 206 175 191fg 330 273 302d 1238 597 917f
Mean 56A 37B 236A 167B 349A 305B 13.78A 655h

LSD 5 %:

Cultivars 0.10 0.05 0.10 0.36
Treatments 0.28 0.14 0.29 0.99
Discussion alleviated salinity effects. Inhibition of growth in response

Results of the present study revealed differential
germination (table 2), growth (Table 3), biochemical
constituents (Tables 4, 5) and yield (Table 6) between cvs G
136 and G 129. In this context, it has been postulated that
differential salt tolerance among barley cultivars is due to
differential Na ion transport from roots to shoots, with a
more sensitive cultivars having a higher cytosolic Na
concentration compared with resistant ones (Flowers and
hajibagheri, 2001).

Data of the present study revealed that at the same
salinity level, the detrimental effects of salinity stress was
more pronounced in case of NaCl salinity compared with
CaCl,, which is consistent with the results of previous
studies (Ayad, 2010; Kheloufi et al., 2016). The higher
stress magnitude imposed by NaCl may be due to the stress
being both osmotic and ionic in case of NaCl whereas it is
mainly osmotic in case of CaCl, (Neumann, 1997). In
addition, Trajkova et al. (2006) argue that Na rather than ClI
is the primary cause of salt damage.

In the present study, the higher level of salinity
decreased germination percentage and delayed germination.
Salt-induced inhibition of seed germination is due to
inhibition of seed imbibition as a consequence of reduced
osmotic potential of the germination medium (khan and
Weber, 2008). Salt-induced inhibition of seed imbibition
leads to reduced activity of protein biosynthesis enzymes
(Dantas et al., 2007) hence, reduced cell division, as well as
other enzymes catalyzing the utilization of seed reserves
(Othman et al., 2006).

Results also indicated that salinity at the higher level
attenuated growth of barley plants and chitosan treatment

to salinity stress was attributed to inhibition of cell division
and cell expansion which are the underpinnings of growth
(Munns and tester, 2008). Mitigation of salinity stress by
CHS application was previously reported (Guan et al., 2009;
Zengand Luo, 2012; Jabeen and Ahmad, 2013; Peykani and
Sepehr, 2018). It has been suggested that CHS enhances
plant growth through enhancing water as well as nutrients
uptake via strengthening of cell osmotic pressure (Guan et
al., 2009).

In accordance with the obtained results, it has been
reported that salinity had negative impact on leaf
photosynthetic pigments (Polash et al., 2019). Salinity-
induced chlorophyll decrement was attributed to inhibition
of its synthesis coupled with acceleration of its breakdown
via chlorophyllase action (Santos, 2004). Results of the
present study revealed that CHS alleviated the effects of
salinity stress on chlorophyll content. Previous studies
indicated an enhancing effect of CHS on chlorophyll
content in plants subjected to various types of stress (Dzung
etal., 2011; Zeng and Luo, 2012). It has been suggested that
CHS releases amino compounds that contribute to
stimulation of chlorophyll synthesis (Chibu and Shibayana,
2001). In addition, CHS may lead to increased content from
both nitrogen and potassium in plant shoots (Hidangmayum
et al., 2019) hence, higher number of chloroplasts per cell
and higher chlorophyll content (Possingham, 1980).

It is evident from the present study that RWC in salt-
stressed, CHS-treated plants was significantly higher than
that in salt-stressed only plants. Similar results were reported
by Yahyaabadi et al. (2016). Maintenance of RWC in salt-
stressed plants by CHS may be due to its effects in adjusting

903



Heba M. Ibrahim and Sally A. Arafa

cell osmotic pressure through elevating jasmonic acid
biosynthesis (Farouk and Ramadan, 2012) as well as to its
antitranspirant effect (Abu-Muriefah, 2013).

Salinity stress led to accumulation of proline and
TSS and the treatment with CHS exacerbated this effect
(Table 5). These findings are in line with the results of
previous studies (Peykani and Sepehr, 2018). According to
Hasegawa (2013), the major function of these osmolytes is
to maintain osmotic balance hence, continuous water influx.
Proline is not only an osmoprotectant, but also a ROS-
quencher and a redox balance stabilizer (Hidangmayum and
Dwivedi, 2018). The enhancing effect of CHS on TSS
content may be due to its enhancing effect on chlorophyll
content (Table 4), thereby enhancing photosynthetic
activity. On the other hand, the enhancing effect of CHS on
proline content may be due to its enhancing effect on amino
acids biosynthesis (Li et al., 2017).

Grain yield was decreased in response to salinity,
whereas it was increased in response to CHS treatment at
200 mgL* either in plants growing under normal or salinity
stress conditions (Table 6). Salinity-induced yield loss is due
to both osmotic and ionic stress, thereby injury and/or death
of leaves which decrease leaf photosynthetic area, leading to
a lower supply of photosynthates and reduced productivity
(Polash et al., 2019). In addition, salinity-induced decrease
in grains weight/plant may be due to a decrease in spikelet
differentiation duration, leading to a decrease in number of
spikelets/spike and a decrease in number of grians/spike
(Javed et al., 2003). Meanwhile, the decrease in 100-grains
weight in response to salinity stress was attributed to a
shortening of grain filling period (Javed et al., 2003).

The effect of CHS on enhancing yield of stress-
affected plants recorded in the present study is in line with
the results of previous studies (Zeng and Luo, 2012;
Bistgani etal., 2017). Yield increment due to CHS treatment
in salt-stressed plants was attributed to increased stomatal
conductance and net photosynthetic CO.-fixation activity
(Khan et al., 2002). In addition, the enhancing effect of CHS
on flowering (Utsunomiya and Kinai, 1994) may also
contribute to its effect on enhancing yield in stressful
environments.

CONCLUSIONS

It could be concluded that salinity stress led to a
depressive effects on germination and plant growth of
barley, whereas increased germination time, proline content
and total soluble sugars as well as carotenoids in the two
studied barley cultivars depending on salt type, level applied
as well as cultivar affected. Cultivation of cv G 136 is
recommended in soils affected by high salt concentrations,
as it is, according to the results of the present study, more
adapted to saline conditions compared with cv G 129.
Moreover, application of chitosan proved to be a favorable
agent to mitigate salt stress in barley plant. In this case, the
concentration of 200 mgL* is more effective than higher
ones, in light of the current study’s conditions.
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