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Figure 1- Images of chitosan NPs by field Emission-Scanning el ectron Microscope (FE-



S G o g2 olS SUjedg b Slie (B p ligS Sldel (SB B pas 5 (LBL gl Sl Sen 5 o5t \ig

57 o gpSolail Slas Sy p Brae Ghgy 5 skl md) (oS Sldgl cdale ST by aies ) Jgu
Table 1- Analysis of variance for the effect of chitosan NPs concentration, irrigation regime
and application method on some measured traits of barley

Mensquare  oleye paiile

coloa 5 COz it <L b
a0 . - " = a s 5
o gl o i e 6 BT cmﬁi’p’gn cmg:;;rt;n
SOV S df) Photosynthesis  Stomatal  Transpiration Interé: S ular g a b
2
conductance concentration WUE
de’sk 2 0.24 0.009 0.002 184.14 1.01 0.1010 0.01202
lydgil cdalé
NPs 3 6.07"™ 0.012" 0.396 "™ 26436.60 3.02"™ 0.0082 " 0.00169
concentration
L by 1 13.93" 0.001"™ 0.086 "™ 5238.16 9.06"™ 0.0004 ™ 0.00008 ™
Methods (B) ' ’ ’ ' ' ' '
sl 3) . . . . . . .
Irrigation 1 1105.92 0.150 147.00 12117.88 39.67 0.1171 0.01778
regime (C) " - -
AxB 3 124" 0.002 "™ 0.043™ 9683.35 " 0.92" 0.0015"" 0.00003 "
AxC 3 349" 0.013™ 0.719 30198.82" 413" 0.0014 ™ 0.00047 "
BxC 1 3.31m™ 0.003™ 0.367™ 5008.00 " 6.42" 0.0063 0.00011"
AxBxC 1 559" 0.001"™ 0.046 ™ 3211.69 1.33"™ 0.0002 ™ 0.00001
°E'“r'r“(‘;r' 30 2.23 0.009 0.141 2136.85 5.52 0.0002 0.000004
CV (%) - 14.68 6.71 12.93 12.87 13.42 6.12 3.75

O e e 5 10 Y ekl ko 4o s xS 5 4 i NS g 4
ns: non- significant, ** and * significant at the 1% , 5% probability levels, respectively
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Table 2- Analysis of variance for the effect of chitosan NPs concentration, irrigation regime
and application method on some measured traits of barley

Mean square wlx yo (pSibeo
. Sy S 3 Slos
axyo .. . ;
et @l ;,T JS.I%”? ;I’IS Sgig,lS S 5L 3¥S98 Jele &ls oologt
SYOAY ¢ , f) chlorophyl Carotenoid  Glucose Sucrose Fructose Soluble Grain Biomass
carbohydrate yield
B‘f;’i( 2 0.0939 0.0000253 338.23 821.69 136.35 1963.49 18.66 9.36
ol )dgil cdalé
NPs 3 0.0168"  0.0000586" 107.14"  104.23" 180.08 1278.13" 46.78" 25137
concentration
A)
L by 1 0.0008™  0.0000440"  4.83™ 0.74" 0.38"™ 154" 066™  1.43™
Methods (B) ’ ' ' ' ' ’ ’ '
ol w5
igation 1 02264 00015870 ~ 470943 1067108  ,101963" 33260604 (8416 65394
regime (C)
AxB 3 ooo1g” 00000439 454 343" 235" 1395™  228™  419™
AxC 3 0.0016 0.0000233°  28.65" 3398" 87.79" 62230 10.73™  6.35™
BxC 1 00047 00000007 176" 907" 673" 3934 11227 2909
AxBxC 3 0.0003™  0.0000221"  0.65" 296" 295" 13.30"™ 250"  4.24™
E"r'r“;r' 30 0.0002 0.000007 0.36 0.84 094 3179 422 7.97
CV (%) - 5.30 581 2.04 11.97 8.07 6.22 8.19 5.18

o goe e 5 10 Y Jlisl mohaw ;o ls xe oS5 4t NS g s e
ns: non - significant, ** and * significant at the 1% , 5% probability levels, respectively
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Figure 2- Mean comparison the effect of chitosan NPs application and irrigation regimes on
photosynthesis, stromal conductance and water use efficiency (WUE)
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Figure 3- Mean comparison the effect of chitosan NPs application and irrigation regimes
pigment. interaction on photosynthesis
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Means by the uncommon letter are significantly different according to Duncan tests (p<0.05).
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Table 3- Mean comparison the effect of chitosan NPs concentration and irrigation regime
for some measured traits of barley

. AT . Ol yuad g S
- Jal [T oS . JSJ.Q”IS . . _ Plaad
Gkl w3) . Transpiration 8 Jea,ls Total e ”lf 9k Jsloxeo
" olyd4b Rate Chlorophyll Carotenoid  Glucose
Irrigation NPs a(mg g’l chlorophyll (Mg g‘l (Mg g‘l Soluble
regime (mmol EW (mg.g* EW EW carbohydrate
(Ppm) 2 1 W) F.W) W) W) g
H,O0.m~“.s") - (mg.g” F.W)
0 5.272 0.571°¢ 0.805°¢ 0.38° 17.83" 63.72°¢
G (399 30 458" 0.591° 0.827° 0.40° 18.889 65.91°
No-Stress 60 4.32° 0.638°2 0.884°2 0.37° 19.79" 68.49°©
90 4.44° 0.6452 0.8942 0.442 21.24°¢ 70.92°¢
e 0 1.20°¢ 0.488° 0.674" 0.25¢ 34.55¢ 225.29¢
TS 30 1.06°¢ 0.512¢ 0.713°¢ 0.27% 37.11°¢ 239.39°¢
Drought 60 1.24°¢ 0.516 ¢ 0.714°¢ 0.30°¢ 40.25° 252.54"
stress 90 112°¢ 0.532 ¢ 0.76 ¢ 0.32°¢ 45072 266.15 2
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Means by the uncommon letter are significantly different according to Duncan tests (p<0.05).
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Table 4- Mean comparison the effect of NPs concentration, irrigation regime and
application method on some measured traits of barley

cdale a9y 235 CO; .J;.Lc L o 5,5
oo 5t Intercellular (Ci) Jedg s Fructose Sucrose

<3 i Chlorophyll b ' UG0S >

Treatments NPs CO, concentration (Mag W) (mg.g (mg.g

(opm) (®)] (rLTl]r;q)COz- 9.9+ Fw) Fw)

0 259.13 9 0.235° 27.77" 43.289

SRS (39w 30 234421 0.237°¢ 28.76 " 45.04

No-Stress 60 210.59! 0.244¢ 29.46 ' 46.35°

sl Jelxe 90 188.83 % 0.2512 30.98° 46.47"
Foliar application o 0 512.002 0.188" 64.14° 68.93 ©
P SEESE g 514,392 0.207 6911°  74.03°
Drought 60 421.93°¢ 0.200 72.90°¢ 75.26 ¢

stress 90 310.37°¢ 0.228" 78.782 78.73"

0 262.919 0.235" 27.68" 43.039

oS 90 30 232.17" 0.233¢ 28.04" 43299

No-Stress 60 232.48' 0.249° 28.89 9" 4502

& yuao S 90 243.36" 0.248°¢ 30.08 1 45321
Soil application S 0 497.49° 0.182° 63.29°¢ 68.82 ¢
30 311.09¢ 0.194™ 69.87 ¢ 72.23¢

Drought 60 329.90 ¢ 0.198' 76.41° 77.84"°

stress 90 291.33f 0.226' 79.072 80.532
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Means by the uncommon letter in each row and column are significantly different according to Duncan tests
(p<0.05).
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Table 5- Mean comparison the effect of application method and chitosan NPs
concentration on some measured traitsin barley

G pan ) " a Juds 5 J’T“’f;"’ RO JeRL

Consumption = l\: P: ChloroPhyII a chlor(z)phyll Carot(lanoid Gl uclose
methods (bom) (mg.g-F.W) (Ma.gF.W) (mg.g-F.W) (mg.g~F.W)

0 0.519" 0.751° 031%™ 26.25°
sl Jolxe 30 0.549 % 0.776 ™ 0.35® 28.46 ¢
Foliar application 60 0.563 ™ 0.785°¢ 0.34° 30.11°¢
90 0.6002 0.842 0.382 33912
0 0.554 0.764 % 0.28°¢ 26.12f
O pan S 30 0.54; 0.728 ; 0.34 E 27.53¢
Soil aoplication 60 0.59 0.813 0.33 30.03°¢
P 90 0.577 ™ 0.814° 036 32.41°
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Means by the uncommon letter are significantly different according to Duncan tests (p<0.05).
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Figure 4- Mean comparison the irrigation regimes and application methods interaction on
glucose
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Means by the uncommon letter are significantly different according to Duncan tests (p<0.05).
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Abstract

Chitosan is a glucosamine polysaccharide deacetylated form of chitin species and
could be used as biotic elicitor to improve secondary metabolites and as a fertilizer it
controls the release of chemical compounds of toxins and stimulates germination and
plant growth. Thus, to evaluate the effect of chitosan NPs on barley plants under late
season drought stress, a factorial pot experiment was performed based on a randomized
complete block design with three replications. The experimental factors were NPs
concentrations at 4 levels (0, 30, 60 and 90 ppm), method of usage at 2 levels (foliar and
soil application) and irrigation regimes at 2 levels (normal irrigation and with-holding
irrigation 15 days after pollination). Experimental procedure consisted of planting
seeds, preparing chitosan NPs solution, and using solutions through soil and foliar
application at three plant growth stages (tillering, stem elongation and heading). Results
indicated that drought stress significantly decreased contents of carotenoid, chlorophyll
a, the chlorophyll b, the total chlorophyll, rate of photosynthesis, sscomatal conductance,
transpiration, grain yield, as well as, biomass. Results aso showed that contents of
soluble carbohydrate, glucose, sucrose, fructose, intercellular CO, concentration (C;)
and photosynthetic water use efficiency (WUE) were increased. Also, under both
irrigation regimes, application of chitosan NPs significantly increased the chlorophyll a,
the chlorophyll b, the soluble chlorophyll and the glucose. Application of 60 and 90
ppm NPs significantly increased grain yield as compared to that of control. Signifficant
diffrences for some traits under study between two usage methods of NPs were not
observed. In general, application of chitosan NPs reduced negative effects of drought
stress for barley plants and improved its growth and seed yield.
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