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Table 1- Pedigree of studied genotypes

Genotypes G g3 Pedigree 0yl
C-97-1 Mihan
C-97-9 Charger//CMHB80A.768/3*Cno79

C-97-13 Boh4/7/Wa476/3/391//Num/5/W22/5/Ana/6/Tam200/Kasyan
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Table 2- Combine variance analysis of biochemical traits and grain yield of wheat genotypes
under irrigation and Foliar application conditions in two locations

S.0.V. TE O agdls b 05 Jebs i s s S5
i @le ‘55;" Chla Chlb Total chl Prolin  Glycine betaine
@ Location gl 1 0.04™ 0.07" 022" 895.57%% 133.91"
Repeat (location)(ge) IS5 4 0.09 0.03 0.28 3.46 55.29
@ Irrigation sl blyé 1 5008 0.75%* 10.29%* 125.58%% 12911.0%*
T LoytSn x 6l oyl 1 0.04™ 0.009™ 0.08" 3.55% 88.86%*
El o slas 4 0.005 0.0007 0.007 0.05 12.48
(F) Foliar application &b Jelxe 3 2.83%* 0.71%* 8.78%* 627.13%* 8606.74**
FX Lolsa x o5 Jylxe 3 0.005™ 0.004™ 0.01™ 0.004™ 775,687
Fx g sl oyl x oily Joloxa 3 0.002" 0.0005™ 0.0005™ 90.10%* 0.18™
FXIx L gyl x 5150 x sy Joloo 3 0.001™ 0.0001™ 0.0003™ 0.0009™ 0.0001ns
©) Cultivar p, 2 0.22%% 0.097** 0.73%* 102.93%* 105.51%*
CXLyl5a x o, 2 0.04™ 0.011™ 0.10™ 9.57%+ 3.07ns
CXI gl bl b x o, 2 0.009™ 0.001" 0.01™ 0.08™ 24.77%
CXF by Joko x p 6 0.002™ 0.0001™ 0.08™ 19.25%% 274.97%*
CXLx Tyl Lol x 850 x o3 2 0.002 0.001™ 0.0001™ 0.004™ 0.19"
CXLx F sibly Jalowo x 550 x o 6 0.009™ 0.005™ 0.04™ 037+ 0.23"
Sl x (Al Jglre x gl x 18, 12 0.0006™ 0.0001™ 0.001" 0.006™ 143>
CxLx Ix F
E2g0 glas 64 0.014 0.005 0.051 0.62 6.94
CV. % oy y 2.70 351 3.54 257 5.58

eled gl sl e 5o (6l pixe o S e s
: Significant at the probability level of 0.01 and 0.05, respectively.

Y Jgue alol
Table 2- Continued

a3 s Ogligls S g ) o S dos
S'.(.,)'V'. ¢ Catalase ) 3By el g2 oole als
¥ gl Df Glutation Super oxide Malondialdehyde Grain
reductase dismutase yield
(L) Location 1 3.68%* 6.48%** 10.36** 60.14%** 3.58™
Repeat (location) (&) ,I,55 4 0.21 0.06 0.22 0.29 4.21
@) Trrigation sl Lyl 1 0.64%+ 0.49%+ 0.45%+ 6.75%+ 11.46%+
Ix Ly x g5kl dagl it 1 0.007™ 0.01™ 0.008™ 0.02ns 0.35™
El & glas 4 0.004 0.005 0.0004 0.006 0.03
(F) Foliar application il Jgkxo 3 14.35%* 6.54** 74.15%* 2.60ns 0.74%*
Fx Lyl x ool Jolxo 3 0.20ns 0.39™ 0.21%** 5.56%* 0.007™
Fx Tgybl byl x oily Jolxo 3 0.0009ns 7.21%* 0.0001™ 0.006ns 0.81**
FXIX L gl 30550 x obly Joloxa 3 0.0001%  0.0001™ 0.0002™ 0.007ns 0.07*
(C) Cultivar o3, 2 0.63** 0.16** 0.87** 5.46ns 2.90**
CXL 0 x o8 2 0.06™ 0.01™ 0.10™ 2.31** 0.04™
CxI g5kl ol i x o3, 2 0.001™ 0.0007™ 0.0007™ 0.01ns 0.15™
CXF gy Jolono x 3 6 0.22%* 0.02" 0.15%* 3,08% 0.57%*
CXLX L gl Lagh s x 5l x 3, 2 0.001™ 0.0004™ 0.0007™ 0.0001ns 0.01™
CXLx F bl Jalxo x (S x o3 6 0.003™ 0.04"™ 0.03™ 0.002ns 0.02"
@l x Bl Jsle x Gl x o3, 12 0.009"  0.0006™ 0.0003™ 0.0007ns 0.01™
CxLx Ix F
E245 las 64 0.046 0.013 0.04 0.043 0.15
C.V. % &l ki s g 5.10 5.21 6.26 3.34 9.76

b g )N il e )8 (5)ls e ool i
: Significant at the probability level of 0.01 and 0.05, respectively.
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Table 3- Mean comparison of the main effects of irrigation, foliar application and variety in
terms of effect on the studied traits

S | NG e (e
s Bl Dl syl T T oastels
Treatn Chl a Chlb Total chl ot . GR ;Lsss,
reatment me.g! FW mgg' FW  mgg' FW SOD mln()l'g Lo ' FW
) ) ] pmol.g'FW FW HMOLE
Irrigation s ,LsT sl ps
Normal Jloy fal i 4.65a 2.25a 6.83a 3.34b 4.02b 2.20b
Water deficit o1 o5 (s 4.23b 2.10b 6.33b 3.45a 4.16a 3.32a
gl
Foliar application
Control wals 4.14d 2.03d 6.19d 2.47d 3.34d 1.89d
Sl Seigol 4.500 2.22b 6.73b 3.95 4.40b 2.40b
Jasmonic acid
Zinc chelate (gg, &S 4.78a 2.35a 7.10a 3.77b 4.78a 2.80a
Succinate b g 4.27¢ 2.11c 6.38¢ 3.37c 3.84¢ 1.95¢
Cultivar 48,
Mihan 5.50a 2.23a 6.74a 3.25¢ 4.00b 2.23b
Line 9 4.39b 2.16b 6.56b 3.52a 4.22a 2.33a
Line 13 4.38b 2.15b 6.51b 3.41b 4.05b 2.22b

il e s sine (g Ll BT WBE o5 e o Ky Bl gl s solie
Values with at least one common letter have no statistically significant difference.

o Syge Slie p J B 168, b (LA Jelre )lost SlaS 5 el avalie - F Jgu
Table 4- Mean comparison of the combinations of foliar application with cultivar
treatments in terms of effect on studied traits

wenSTpgw  go0dle

. c WO _ R
' . RIS R ’g AT Nsems WP ails 8 Slos
el Joloe ~) Prolin Gly-Betaein . Grain Yield
T FW lg'Fw  Mmolg SOD MDA tha’
mg.g pmol.g FW mllll%l\',g H%%g .ha
Mihan oeme  28.06i 151.34g 337 2.45ef 6.73b 4.36b
el Line 9 27.4%h 151.43¢g 3.47¢g 2.57e 7.08a 4.03cde
Control
Line 13 24.53j 151.12¢g 3.17h 2.39f 5.15¢g 4.02cdef
S gomwle> Mihan o 29.76f 186.25a 4.25d 3.68b 5.67f 3.96def
! Line 9 34.94¢ 188.33a 4.46¢ 4.08a 6.07¢ 3.79¢f
Jasmonic .
acid Line 13 32.49¢ 177.98b 4.49¢ 4.10a 6.00¢ 4.23bcd
Mihan (peo 33.42¢ 161.97¢ 4.73b 3.66b 6.00¢ 4.72a
59, 35 93l Line 9 37.44a 164.13d 500a 395  6.43cd 3.72ef
Zinc chelate
Line 13 36.02b 172.36¢ 4.60bc 3.71b 6.03e 4.29bc
Mihan o 28.21g 150.99¢ 3.65f 3.20d 6.30d 4.13bcd
oL e Line 9 2924f 156.53f 3.95¢ 3.46¢ 6.81b 3.70f
Succinate
Line 13 29.14g 148.33h 3.93e 3.45¢ 6.55¢ 3.93def

il e s s (g lel ST Wl oS e e Sy Bl gl s solie
Values with at least one common letter have no statistically significant difference.
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Figure 1- Mean comparison of the combinations of irrigation with foliar application
treatments in terms of effect on proline content
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Figure 2- Mean comparison of the combinations of irrigation with cultivar treatments in
terms of effect on Glycine betaine content
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Figure 3- Mean comparison of the combinations of irrigation with foliar application
content treatments in terms of effect on Glutathione reductase
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Figure 4- Mean comparison of the combinations of irrigation with foliar application
treatments in terms of effect on grin yield
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Abstract

In order to investigate the effect of different foliar application treatments on the
biochemical and antioxidant traits of wheat genotypes under different moisture
conditions, a factorial split plot experiment was conducted on the basis of a randomized
complete block design with three replications in two locations. The main factors of
irrigation (normal and water deficit) and the secondary factors were four levels of foliar
application (control (without foliar application), jasmonic acid, zinc nano chelate, and
succinate) and three different genotypes of barley. The results showed that water deficit
stress reduced the content of chlorophyll a, chlorophyll b total compared to normal
irrigation conditions by 9.03%, 6.66%, and 7.32%, respectively, and increased the
activity of superoxide dismutase, catalase, and glutathione reductase enzymes by 3.29,
3.48 and 50.90 percent respectively. Foliar application of nano chelate increased the
amount of chlorophyll a, chlorophyll b, and total, as well as superoxide dismutase,
catalase, and glutathione reductase enzymes, 15.45, 15.76, 14.70, 52.63, 11 and 48.14
percent respectively compared to the control. Mihan cultivar had the highest content of
photosynthetic pigments and the lowest activity of antioxidant enzymes. The results
showed that foliar application of nano-chelate increased the content of proline,
glutathione reductase, and grain yield compared to the control treatment in both normal
irrigation and water deficit conditions. Also, foliar application of nano zinc chelate in
the Mehen cultivar could produce the highest grain yield and the lowest amounts of
proline, glycine betaine, and malondialdehyde. Among the irrigation interaction
treatments, line 9 had the highest glycine betaine content in both conditions. It can be
stated that foliar application of zinc nano-chelate, along with the appropriate variety,
can be a solution to improve seed yield under different environmental conditions.
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