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Extended Abstract

Background: Bread wheat (Triticum aestivum L.), as one of the most important cereal crops
worldwide, plays a fundamental role in providing both protein and calories for humans.
However, the deficiency of micronutrients, particularly zinc (Zn), is recognized as one of the
most serious challenges in wheat production and grain quality. Zinc functions as a cofactor for
numerous enzymes and has a pivotal role in many essential biological processes, including
photosynthesis, nitrogen metabolism, protein synthesis, and regulation of oxidative balance. Zn
deficiency not only reduces crop yield but also limits the nutritional value of wheat grains,
which adds to its importance from the perspective of human health and global food security. In
this context, the exploitation of wheat genotypes with higher efficiency in zinc uptake and
utilization can be considered a sustainable strategy to mitigate these limitations. Therefore, the
present study was conducted to investigate the effects of soil Zn deficiency on
morphophysiological traits, enzyme activities, and amino acid compositions in wheat genotypes
with contrasting zinc efficiency to identify the underlying mechanisms of their differences and
provide a basis for selecting efficient genotypes to be used in breeding programs.

Methods: This study was conducted using a factorial design in a completely randomized layout
with three replications in the greenhouse of the Faculty of Agriculture, Urmia University, in
autumn and winter 2023-2024. Factors included two zinc levels (no zinc application and 5 mg
Zn kg soil from zinc sulfate), seven wheat cultivars (Niknejad, Kavir, Amin, Setareh, Owj,
Sarang, and Farin), and three sampling stages (vegetative, reproductive, and grain-filling). The
measured traits included plant height, stem diameter, awn length, root length and volume, root
fresh and dry weight, spike length and diameter, grains per spike, total number of spikes, total
spike weight, thousand-grain weight, and final grain yield. The shoot zinc efficiency index was
calculated to identify Zn-efficient and Zn-inefficient cultivars. Additionally, zinc concentrations
in roots, leaves, and grains, copper concentration in grain, activities of superoxide dismutase
(SOD) and alkaline phosphatase(ALP), and concentrations of essential (lysine, threonine,
leucine, and isoleucine) and non-essential (aspartic acid, asparagine, arginine, glycine, and
tyrosine) amino acids were determined in both efficient and inefficient genotypes. Data were
analyzed using SAS software, and means were compared with Duncan’s multiple range test.
Results: Based on the shoot zinc efficiency index, Niknejad was identified as the most Zn-
efficient, while Farin was classified as the least Zn-inefficient. Analysis of variance showed that
Zn deficiency significantly affected most traits at the 1% probability level. Root length and
weight, spike length, grains per spike, and yield of Farin were severely reduced under Zn
deficiency, whereas Niknejad maintained its growth potential. Zinc concentrations in roots and
grains of Niknejad under stress were significantly higher than those in Farin, whereas
differences in shoot zinc levels were less pronounced. Grain copper concentration declined
more sharply in the inefficient cultivars compared to the efficient ones. Enzyme activity analysis
revealed that Zn deficiency decreased SOD activity in both cultivars, but Niknejad maintained
significantly higher activity. The activity of alkaline phosphatase increased in the leaves of
Niknejad under Zn deficiency, while no significant changes were observed in the roots of the
cultivars. Amino acid analysis showed a reduction in both essential (lysine, threonine, leucine,
and isoleucine) and non-essential (aspartic acid, arginine, glycine, and tyrosine) amino acids
under Zn deficiency. For example, lysine and threonine concentrations in Niknejad under Zn

Copyright ©2026. Yari Kamelabad and Abdollahi Mandoulakani. Published by Sari Agricultural Sciences and Natural Resources University.

@ @ @ This work is licensed under a Creative Commons Attribution-Non-Commercial 4.0 Unported License, which allows users to read, copy, distribute,

and make derivative works for non-commercial purposes from the material, as long as the author of the original work is cited properly.


https://orcid.org/0000-0003-3825-2759
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
http://dx.doi.org/10.61882/jcb.2026.1630
https://jcb.sanru.ac.ir/article-1-1630-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-26 ]

[ DOI: 10.61882/jch.2026.1630 ]

Yari Kamelabad and Abdollahi Mandoulakani
Journal of Crop Breeding Vol. 18, ISSUE 2, 2026 ... ..ouiuitiininit ittt et e 130

sufficiency conditions were 14.8 and 11.5 mg g, respectively, which decreased to 9.7 and 9.5
mg g! under deficiency conditions.

Conclusion: The results showed the higher ability of the Niknejad cultivar (Zn-efficient) to
adapt to Zn deficiency compared to the Farin cultivar (Zn-inefficient). The Niknejad cultivar
was able to maintain root and spike growth, the number of grains per spike, and yield even
under Zn deficiency conditions, while the Farin cultivar exhibited a significant reduction in
these traits. Studying the activity of SOD and ALP enzymes in leaf and root indicated that the
Zn-efficient cultivar, through increasing the activity of these enzymes, could sustain oxidative
balance and improve Zn utilization, whereas the Zn-inefficient cultivar, under the influence of
Zn deficiency, faced a reduction in enzyme activity. Furthermore, zinc concentration in the root
and zinc and copper concentrations in the grain of the Zn-efficient cultivar were higher,
demonstrating a higher efficiency in the uptake, translocation, and remobilization of nutrients in
these cultivars. In addition, the study of amino acids revealed that zinc deficiency led to a
reduction in the concentrations of both essential and non-essential amino acids in the grain of
the Niknejad cultivar. In total, the findings of this research indicate that the selection of Zn-
efficient cultivars can be an effective strategy for coping with Zn deficiency in soil. These
cultivars, in addition to enhancing yield stability under Zn deficiency stress, also improve the
nutritional quality of the grain and can be utilized as valuable genetic resources in breeding
programs and in the development of new wheat cultivars.

Keywords: Alkaline phosphatase, Amino acid, Bread wheat, Micronutrients, Superoxide
dismutase, Zinc efficiency
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1- RNA polymerase

2- Alkaline phosphatase (ALP)

3- Alcohol dehydrogenase (ADH)

4- Cu/Zn-Superoxide dismutase (Cu/Zn-SOD)

5- Carbonic anhydrase
6- Reactive oxygen species (ROS)

7- Zn-efficient
8- Zn-inefficient
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Table 3. Zn efficiency of the studied cultivars
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Table 4. Analysis of variance for morphological traits in bread wheat cultivars under Zn-deficiency and Zn-

sufficiency conditions

MS) Slayye (:55ke
S.0.V
SD SL RV RL SD PH Df s olie
Slud @
5.01™ Zn levels
0.02" 2.14™ 656.09™ 337.16™ 0.000005" 1
&5 g
" . " 0.004" 316.89™ Cultivar
0.01"™ 2.48 115.82 54.13 6 o)
- - 0.001™ 10.26 CultivarxZn
0.01™ 0.49 56.87™ 41.16 6 .
)X 89
0.001 Error
0.02 0.14 44.47 11.14 3.4 28 s
CV%
8.89 4.19 19.18 8.006 8.85 2.74 - s .
2 b
S.0.V
Y TGW WTS NSA NGS AL Df s s
St &
6.68" 5751 2125 1.16™ 103.05" 0.001™ 1 Zn levels
- - - - - - Cultivar
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» » . CultivarxZn
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6.47 15.93 5.95 12.48 4.13 7.41 - Slyo® o CV%
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** * and ns: respectively, significant difference at the probabiljty level of 0.01 and 0.05 and non-significant.
baliw JS sl NGS:aliws )5 &b sl AL : Sy Job SD tdliw jlad SL :aliw Job RV :ddy) oz RL :adyy Jsb SD :adlw o PH &g glas)l

Y 5 Sles TGW :aild jlin 55 WTS:bedliw JS' 59 NSA

Plant height: PH, Spike diameter: SD, Root length: RL, Root volume: RV, spike length: SL, Spike diameter: SD, Awns Length: AL, Number of grains
per spike: NGS, number of spike per area: NSA, weight of total spikes: WTS, Thousand seed weight: TSW, Yield: Y
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Table 5. Mean comparisons for the interaction effect of zinc levels X cultivar on plant height (Cm), root length (cm),
weight of total spikes, spike length, number of seeds per spike, and yield of bread wheat cultivars

Y NSS SL WTS RL PH Cultivar Zn level
13.22¢d¢ 41.68%" 9.38% 21.220d 36.66¢ 69.77%% Niknejad
13.37¢de 46.32¢ 8.71cdete 17.52he 47.33® 51.05¢ Setareh
13.03% 41.10¢ 8.880def 18.74% 36.66¢ 69.607°¢" Amin
14.55bd 39.442 7.940 17.9¢h 37.66% 73.94° Owj -Zn
13.34¢de 42.33eH .11 21.7bd 36¢ 70.832¢ Sarang
13.42¢de 48.36° 9.60° 23.11¢ 41,330 70.44 Kavir
12.54¢ 44.99¢<bd 8.27"%" 19.09¢f 36.33¢ 66.944" Farin
14.87%¢ 43,220t 9.05b¢de 21.25%¢ 47.66™ 71.107%¢ Niknejad
13.25¢de 45.55¢d 8.49¢feh 18.18¢h 46.66%° 51.44¢ Setareh
10.53" 43.66¢4 9.21bed 16.31" 37.66%¢ 66.55¢F Amin
14.12bede 44,08¢t 8.55dcfeh 20.634%f 41.66¢ 73.27%® Owj +Zn
16.41° 45.44¢d 9.16b 22.51b 48.33¢ 66.21" Sarang
14,13bcde 51.99 10.77 23.58° 43.66%° 69.11¢det Kavir
15.74%® 52.20° 8.830del 26.79* 46 70.05b¢ Farin

)l o) S il e p3 (g5 gime BB STl (glasalanis O}n}] ool S S e Bg s gyl sty 3 S SlapSile

Means with similar letter(s) in each column are not significantly different at the 1% probability level, based on Duncan’s multiple range test.
NSS :aliw ;3 4l dlawi g SL il Job RV iy oo RL 1y Job PH :aigy las)l +Zn : S (59 Zn 359, dgnaS
-Zn: Zn deficiency, +Zn: Zn sufficiency, Plant height: PH, Root length: RL, weight of total spikes: WTS, spike length: SL, and number of seeds per

spike: NSS

ol P8 4] 5o (35 5 it IS 3105 bl b oSty s 1 8, 51 (s el =5 g
Table 6. Mean comparisons for cultivar effect on awn length, stem diameter, number of spikes per area, total weight
of spikes, and thousand-grain weight in of bread wheat cultivars

TGW NSA SD AL Cultivar
33.25¢ 11.5° 0.4 6.74° Niknejad
44.1% 8.33° 0.44* 5.13¢ Setareh
36.63% 8.83° 0.39°¢ 7.36™ Amin
45.38% 9.16" 0.385% 7.12% Owj
46.63* 11* 0.38¢ 5.94¢ Sarang
34.2¢ 11.33° 0.42% 7.65% Kavir
47.55% 10.66° 0.43% 6.99° Farin

)l o> S Jlesn] gaws j3 (6 I gixe B! (Sl (glaseldria 90T bl Skt S yiie gy gy gt yb )3 &S Lla ke
Means with similar letter(s) in each column are not significantly different at the 1% probability level, based on Duncan’s multiple range test.
TGW :&ls)li 59 9 WTS :aliw JS" 59 NSA :aliw JS 3l SD bl jhad AL : Sy Job
Awns Length: AL, Stem diameter: SD, Number of spike per area: NSA, Total weight of spikes: TWS and Thousand-grain weight: TGW
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Table 7. Analysis of variance for root fresh and dry weights under Zn deficiency and sufficiency conditions in bread
wheat cultivars

(MS) &layyo (:Sike

S.0.V
RDW RFW Df s ole
Sl &
o.11™ 2 43 | Zn levels
: $9) gk
736" L6567 . Cultivar
’ )
42.36™ 107,85 ) Samplil:g stages
»
0.30™ - CultivarxZn
27.17 6 .
)% 89
1.50 32.85" ) Sampling stages x Zn
: > yo X (59,
1.54 - Sampling stages x Cultivar
91.32 12 oo x 13,
0.92™ 26.78" 12 Zn x Sampling stages x Cultivar
' o yo X 05 X (59,
0.09 Error
4.4 84 s
CV%
12.88 12.88 - o .

()P sme pas g /o0 g o+ Jlain] gobaw )0 3 pme BB sS4y ms g %
#,%%and ns: respectively, significant differences at the probability levels of 0.01 and 0.05 and non-significance.
Root fresh weight: RFW, Root dry weight: RDW RDW :ady, Sis (59 REW iy 5 ()59
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Table 8. Mean comparisons for the interaction effect of Zn levels x cultivar on root fresh and dry weights in bread
wheat cultivars

Vegetative Reproductive Grain development
9, il ab iy
RDW RFW RDW RFW RDW
RFW
-Zn +Zn -Zn +Zn -Zn +Zn -Zn +Zn -Zn +Zn -Zn +Zn
Nikne  12.56™  13.18™ LI 1.54° 14877 16.61™ 2217 2.06™ 14.248m 19219 2.66M  3.39%
jad pars opars ar mnop kim mno nop nopq efghi kI i
Setare  11.33°° 1509 1.27 1.5 22.88 25.01° 3.23%  3.15% 17.36%m 19.44¢ 2.69™  3.07°"
h qrstu ‘mnop qrst s d fghi fgh ki efghi ki ghi
Amin 8.04™ 15.61% 1.7°0 3.fq]9e 33.39* 22.d()3bc 5.96*  3.53%¢ 20.7¢det 21 .?”“‘ 3.§8° 4.12°
fnno q ghi o o
Owj 10.460 9235w 1.01 0.95" 11.8%pa"  11.08M 1.92" 1.19% 13.787™  20.42¢ 3.02¢ 3.19d
stuv rst st st rstu op st nopqr efg ghij efghi
Saran 7.8 6.44Y 095  0.93° 21.42%  16.08™ 1.74° 2329 18.8%tem 17 9¢°te 2,768 286"
o st t def Kimn pq mno i hijk hijkl hijk
Kavir 10.05™ 7.69" 1.76 1.(37r 22.f188bc ZIHZf8bc 21(]59'J 2.4kim 30.1° 24.6 4.23° 4.51°
[ opq s e m n
Farin 7.81" 10.319% 0.85  0.93° 9.793"%  12.61"™ 2.02m  2.46% 19.22¢t¢  19.854 2.86'  3.31%
tuy t t w pars nop Tmn hi efgh hijk fg
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Means with similar letter(s) in each column are not significantly different at the 1% probability level, based on Duncan’s multiple range test.
RDW :ady) s 59 RFW tadyy 5 (59 HZn 3 3 g9y =Zn 1(5g) dguS
-Zn: Zn deficiency, +Zn: Zn sufficient, Root fresh weight: RFW, Root dry weight: RDW
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Table 9. Analysis of variance for Zn concentrations in the root and shoot of Zn-efficient and Zn-inefficient bread
wheat cultivars under Zn deficiency and Zn sufficiency conditions

MS) Slayye (1:55ke

S.0.V
Shoot Zn Root Zn Df oss olie
S &
082" 052 1 Zn levels
. : $9) golaw
030" 0.89 " 1 Cultivar
' ' 5)
» - Cultivar x Zn
0.33 0.4 1 .
)X 89
Error
0.004 0.005 8 [
CV%
8.57 5.69 -- s .
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s#,%%and ns: respectively, significant differences at the probability levels of 0.01 and 0.05 and non-significance.

Root zinc concentration: Root Zn, Shoot zinc concentration: Shoot Zn

Shoot Zn :o)lus i g9y clale Root Zn 1y (g5, cdale
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Table 10. Mean comparisons for the interaction effect of Zn levels x cultivar on root and shoot Zn concentrations in
Zn-efficient and Zn—inefficient bread wheat cultivars

Zn level Cultivar Root Zn Shoot Zn
Niknejad (Zn-efficient) 1.51%® 0.47¢
~Zn Farin (Zn-inefficient) 0.59¢ 0.49°
Niknejad (Zn-efficient) 1.56* 1.33%
+Zn Farin (Zn-inefficient) 1.38° 0.68°

)8 o) S sl e p3 (g5l gime BB STl (glasalanis O?aj ool A Syie Bgys gl gt o &S b Sle
Means with similar letter(s) in each column are not significantly different at the 1% probability level, based on Duncan’s multiple range test.
Shoot Zn:o)ludli (g4, cilale Root Zn iy (g9) cdale +7n : 85 ggy Zn :(gg) dgnoS
-Zn: Zn deficiency, +Zn: Zn sufficient Root zinc concentration: Root Zn, Shoot zinc concentration: Shoot Zn,
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Table 11. Analysis of variance for Zn and Cu concentrations in the grains of Zn-efficient and Zn-inefficient bread
wheat cultivars under Zn deficiency and Zn sufficiency conditions

(MS) ©laype (5:ko

: . S.0.vV
Grain Cu Grain Zn Df ) olie
Shee &
0.00089" 0.36" 1 Znlevels
' ‘ $9) gk
. " Cultivar
0.00087 0.03 1 5
)
. . Cultivar x Zn
0.00083 0.01 1 .
) X $9)
Error
0.0002 0.005 28 s
V%
7.82 15.75 - s .
Oyt oy

Sy dme pas g /o0 g o/ Jlain] golaw )5 b dme GBI 554y ms g % ks

s#,%xand ns: respectively, significant difference at the probability levels of 0.01 and 0.05 and non-significance.

Grain zinc concentration: Grain Zn, Grain Copper concentration: Grain Cu

Grain Cu :&by (e clale Grain Zn :&6b (g4, clale

A o g 59, polie clale p o8y )5 (g9) Zolw (ESen y (1Sike duslie —Y o>

Table 12. Mean comparisons for the interaction effect of Zn levels x cultivar on the concentration of Zn and Cu in the
grains of Zn-efficient and Zn-inefficient bread wheat cultivars

Grain Zn

Grain Cu

Niknejad Setareh Amin Ovj Sarang Kavir Farin

-Zn 0.44< 0.46% 0,%5° 0.26¢ 0.3d9 0.4d11°
ec

0.26°
+Z 0.46% 0.69* 0.69* 0.44< 0.46 0.6% 0.53
n od b

Niknejad Setareh Amin Ovj Sarang Kavir Farin

b
020%  020% 018 o018 o020 019 g7

b a
0.8 0.19* o018 0200 g g3 021

)8 o) S il e p3 (g5l gime BB STl (glasalanis O}n}] ool s Syie Bgys gl gt o &S b Sle
Means with similar letter(s) in each column are not significantly different at the 1% probability level, based on Duncan’s multiple range test.
Grain Cu :&ly e cdale Grain Zn :ab g4y cdale +7n : 85 ggy Zn g9y dgr0S
-Zn: Zn deficiency, +Zn: Zn sufficient, Grain zinc concentration: Grain Zn, Grain Copper concentration: Grain Cu
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Table 13. Analysis of variance for the activities of superoxide dismutase and alkaline phosphatase enzymes in Zn-
efficient and Zn-inefficient bread wheat cultivars

MS) Sleyyo (ko

SOD AlP Df Q,igi\;b
2.357 1837.68" 1 89y zokw Zn levels
0.02" 6188.02*" 1 3, Cultivar
2.008™ 238.52** 1 al> o Sampling stages
6.177 105750.18"* 1 8l Tissue
0.387 462.52%" 1 9y X (59, ZnxCultivar
0.66™ 3250.52* 1 als o X (g9, ZnxSampling stages
0.77 1862.52™ 1 cdlx (59, Zn xTissue
0.49™ 4051.68* 1 als o x 18, Cultivar xSampling stages
1.4 5611.68™ 1 <l x o8, Cultivar x Tissue
0.717 325.50%" 1 8l x al> o Sampling stagesxTissue
0.487" 2537.52™ 1 als o X 8 X (¢4, ZnxCultivarxSampling stages
0.37 204.18" 1 il x o8, (¢4, ZnxCultivarxTissue
0.38" 2200.52" 1 célyx d> o x 59y ZnxSampling stagesxTissue
0.82" 2625.52™ 1 cdly x d>yo x o8, CultivarxSampling stagesxTissue
0.257 2015.02* 1 cdly X ds yo X8y X (g9, ZnxCultivarxSamling timexTissue
0.01 28.22 32 L5 Error
7.18 7.73 - Sy s CV%
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s,%%and ns: respectively, significant differences at the probability levels of 0.01 and 0.05 and non-significance.

ol | . llens - 1
Alkaline phosphatase: AIP, Superoxide dismutase: SOD SOD :bgeud STy AlP :jblaud ]
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Table 14. Mean comparisons for the interaction effect of zinc levels x cultivar x tissue X sampling stage on the
activity of the enzymes studied in Zn-efficient and Zn-inefficient cultivars

Grain development Reproductive
aly by s
SOD ALP SOD ALP
+Zn -Zn +Zn -Zn +Zn -Zn +Zn -Zn
1.21% 0.88' 86.33f 124¢ 0.98" 0.91M 65.33¢ 98¢ Niknejad (Zn-efficient) Flag Leaf
1.52¢ 1.3¢f 80.337  152.33° 1.29¢f 1.08¢" 180.66° 137.66° Farin (Zn-inefficient)
Grain development Reproductive
aly by s
SOD ALP SOD ALP
+Zn -Zn +Zn -Zn +Zn -Zn +Zn -Zn Root
3.53* 1.69° 21.66" 25h 1.62¢ 1.33¢f 18.66" 19.33h Niknejad (Zn-inefficient)
2.02° 1.57% 19.66" 22h 1.73¢ 1424 27" 20.33" Farin (Zn-inefficient)
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Means with similar letter(s) in each column are not significantly different at the 1% probability level, based on Duncan’s multiple range test.
SOD 3 gounrd S gus ALP 1j6lend W JISIT 420 2 31 (g5, Zn 255 dguaS
-Zn: Zn deficiency, +Zn: Zn sufficient, Alkaline phosphatase: ALP, Superoxide dismutase: SOD

ol (Shakouri et al., 2022) ) Sen ¢ (5)555 gls
ssbds il ol clled ooy daeS laslis o a8 s
LU ) pB)) )2 BB 59y laalpd 4 Consd () sixe
2 gl b Sl e puls Ml sl rals
Gdo g OAd o)y )90 M) dloyo o BLS 08, b g5
oilejl (e g (dame bulpd b gy 2908 A5 o
&5 Ol sl 538> (awyp & e Hlaia Sl
dguaS 5 ot ol ceudald gla e g jUlawd WK
Slgicge el g Jodto pB)l (o dolio L olyon 59,

g ol @l ples &S wiwn o] Sl VWY Jgts mls

Sy Jloio s 13 (g3 390 Slo T clad iz
ool b ooy 1SSlee duwlio L 20g Jb5 o dopd s b
wpl cdld & ol plis (VO Jess) oSh geejl
g ady) ) St )laistme sebods Sy Bland I
LS=ss) 08y Sy > cdld ool g9y d9saS kailyd
2l Gl by as g duly sl 0 oS
ol i sdalde (g dre s Ay, <l o &S b
Kojle S plysar Slgee Spop clld 8l

Soigdg i slaylSgile olulis g lacglss cpl s ) RALN R 294yl (59 dgseS 4 by °_L:§ 3 g
LSl Lde 5o 9 b s J clcland muw 5 gilwdljl jo Ulaws

21y i ) sl LK Wlge o el il


http://dx.doi.org/10.61882/jcb.2026.1630
https://jcb.sanru.ac.ir/article-1-1630-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-26 ]

[ DOI: 10.61882/jch.2026.1630 ]

¥

S8 pllas SOL bl Jol8 ()b ailows
VE O /Y ojlosis [pbion o/ 2ly; LS 2ol 4ol iy,

Uyl 30 (Niazkhani et al., 2020) o,Ken 9 SB35
el Cld gy S Il cow & LS
Sbhgne sobar =gy Byl 53 Ugemnssnns] g
oS wmdo s bl oyl ile 3L LG p6,1 51 5t
speSlnges el QR oo b Bis L LS slaci
ly golaeaST Joles 55 (g9 dgueS st <l 3l 15506 515 gouusd
cld il | LG clacwss a5 Jb 5 aimd sl

s il 55T ol 5 93 oo d2lgo a3l

adyy g Sy el g3 a0 il (ady g il dloye
bylps 4y Caws (g xe yobdy (g9 dgmeS Laslyd cou
b i Jo ol b (0F Jpie) il aals 3 (s,
(I ghaw 3 D9 Syl Foke adey w3l ol
ASlpaw w3l o5 ol & Wb ol L8 cldles
):\/L l)lfl.s f@)l D Cond fJS ‘)K—d” FG)‘ 5 )bwb
Mahmoudi ) s& bis YU mow > w3l culld g 54
(Malhamlu & Abdollahi Mandoulakani, 2019

d9005 bulyd )3 (b puiS Gl ms5) 9 WS=cs9) )] 00905 36 5 5508 el slassl (B pdlie il ly 4 -0 oo

S8 959 s9)

Table 15. Analysis of variance for some essential and non-essential amino acids in Zn-efficient and Zn-inefficient
bread wheat cultivars under Zn deficiency and sufficiency conditions

MS) Slayye (1:55ke

Tyrosine Glycine Arginine Asparagine Aspartic Isoleucine Leucine Threonine Lysine Df 0.V
Y Y ¢ parag Acid " " Y Syt e
5.88" 9.50" 11.95™ 0.02° 13.13" 8.67" 3758 4417 575" 1 “n levells
. . . . . . . . . e
. . " . . " . " . Cultivar
38.36 45.12 35.70 0.05 22.34 36.93 98.14 21.97 10.75 1 5
o " " o " o " " Cultivar xZn
15.51 19.90 62.72 0.00™ 72.90 27.93 107.60 24.71 10.66 R
™)X 89
Error
0.01 0.01 0.01 0.00 0.07 0.04 0.04 0.02 0.075 4 [
CV%
1.41 1.19 0.80 9.09 2.25 1.77 0.94 1.74 2.59 s .
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#,%%and ns: respectively, significant difference at the probability level of 0.01 and 0.05 and non-significance.

s NS Arginine 55,1 Asparagine o3l bel Aspartic Acid sl Kykal dsoleucine :puwglgs! Leucine : ywg) Threonine : sy Lysine : oy
Tyrosine :(y 9,5 Glycine
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Table 16. Mean comparisons for the interaction effect of zinc levels X cultivar on essential and non-essential amino
acids in the seeds of Zn-efficient and Zn—ineficient bread wheat cultivars

Isoleucine Leucine Threonine Lysine Cultivar Zn level

12.95° 23.16° 9.52° 9.76° Niknejad (Zn-efficient) 7
-Zn

12.39° 23.49° 9.72° 9.75° Farin (Zn-inefficient)

14.60° 26.16" 11.55° 13.76° Niknejad (Zn-efficient)

6.57¢ 11.82¢ 4.72¢ 9.13° Farin (Zn-inefficient) +Zn

Tyrosine Glycine Arginine Aspartic Acid Cultivar Zn level

11.26° 12.73° 14.62° 12.08¢ Niknejad (Zn-efficient)

9.67¢ 11.13¢ 15.99° 14.78° Farin (Zn-inefficient) ~Zn
12.33* 13.70° 17.77a 15.56* Niknejad (Zn-efficient)

5.17¢ 5.80¢ 7.95¢ 6.18¢ Farin (Zn-inefficient) +Zn

Bl )3 S Jless] prlaws j3 (6 I gixe B! (Sl (glaeldria 90T bl Skt S yiie gy gl gt yb )3 &S ola ke
Means with similar letter(s) in each column are not significantly different at the 1% probability level, based on Duncan’s multiple range test.
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