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55l Gt Ol Lol 0,87 @ j50 50 (Jlcnl b
5 2l polie Jols alys oo eSSl wilan oLS
b o | aliss olarbon 5 Sojglsn b slaan] 8
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i s,y Jsb gyl gme Lialidl o (T0 viride)
sl 00 L)y.: oLsf ) o)f Slass 9 WLf )9 a8l
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sale 51 S e b osad Cawjen JLS o g,
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Table 2. The effect of experimental treatments on wheat germination indices

Siloss S5 azaile Jsb azaiy, Job Dry weight Sas o5
9 B Pedicel Radicle length  Pedicel a>asl., Radicle a>as,, o A
Zine Fungi length Vigor seed
(Cm) ol @n e5
. Tl g 8.721 4,841 0.03hi 0.03 ¢h 12914
’80 T. longibragiatum 13.88bed 10.482 0.057bed 0.04 20.07¢
T. harzianum 13.014% 9.92d 0.05 bed 0.04 24 22.47 e
A. niger 12.33¢ 8.73¢f 0.05 °f 0.03¢¢ 22.42 e
Tl g 9.61fF 6.44 ¢ 0.04 fe 0.034f 14.594
I# T longibragiatum 14.98 10.86 0.07°2 0.03 ¢f 24.43%
0.6 T. harzianum 14.06 <4 9.70 bed 0.06 ¢ 0.04 2b¢ 22.49 e
A. niger 13.56 ¢de 9.64 ¢ 0.05°f 0.04 4 24.61%
il 90 6.94¢ 3431 0.03 ¢ 0.03 ¢f 9.68f
4 T. longibragiatum 14.14 b 10.842 0.06 0.03 ¢ 21.28°
6 T. harzianum 15.482 10.1820¢ 0.062 0.04 %4 22.32%®
A. niger 12.924 9.38 cde 0.06 2b¢ 0.04? 23.49
il 90 9.03f 3.661 0.031 0.03 feh 10.44 ¢
# T. longibragiatum 13.26 ¢ 9.21 def 0.05 cde 0.03 0 20.09¢
60 T. harzianum 14.41 2b¢ 9.14 def 0.05b 0.034¢ 21.822bc
A. niger 13.38 cde 8.29f 0.05 % 0.04 24 22.032be
il g 4011 1.67™ 0.03 0.03 ¢ 5.58¢
ARN T. longibragiatum 9.26f 2.81 hik 0.04 ¢t 0.03 feh 9.02f
300 T. harzianum 9.65f 2.39K 0.04 ¢t 0.03 ¢ 10.59 <
A. niger 6.69¢ 2.961 0.03 0.04 cde 11.31¢f
il g 2.201 1.09™ 0.01" 0.021 3.17¢8
Fev T. longibragiatum 6.51¢ 2.54 0.03 0.03 ¢ 9.89¢f
600 T. harzianum 6.86¢ 3.07K 0.031 0.02 i 9.26f
A. niger 5.21M 2.57K 0.02% 0.03 " 8.69f

(LSD) s sine iglis J8laz yg03] Lulsl yp sy gty zebaws 50 (g l0 (ime BB (S e By G BBlas 5lyls sl Silee gt 5o 0

In each column, the means with at least one common letter do not have a significant difference at the level of five percent
based on the least significantdifference (LSD) test.
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;o 50 (Farooq et al., 2008) )L Son g 35,18 o]
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5 SSgemlzonwl slgixe (Arabidopsis thaliana)
JB sba S glead; ol g SlewIlosenl
Contreras-Cornejo et al.,) <dl ildl 4>

** ns ns
FT ’FZn ’FT*Z

44 1
43
42 1
41 A
40

Co, T
tro of Onglbfac Iat 7’3]]“ mgel
um

Gy 5o alyz) Siailem ey
Germination rate

PO o 4) T 95 (597 Z 3 (58) To(Jale) F a8 0 () (J5ailgar a pus 1 (595 yis 1) S

(w033 S 9 g b 0 (5,100 9 Gyl Sx0
Figure 1. Effect of zinc on germination rate (a) of wheat. F (Factor), T (Fungi) and Z (Zinc). ns, * and
** (lack of significance and significance at the level of 5 and 1%, respectively)

PS50 0 3T 3 (oo LA LE 1 Shalo3T (gl jland 31 (lag yo (Silao) (pilyylg 4525 -Y oo
Table 3. Analysis of variance (mean squares) The effect of experimental treatments on physiological
and enzymatic parameters in wheat

Sl ol @Slil ez O Odden S slligalle
S.0.V df Protein Proline Supe_r0x1de Malondialdehyde
dismutas

Zinc s, 5 242m 4.46™ 0.05™ 1873

Fungi £, 3 92.17" 2.08™ 0.59™ 7017
ZxF ¢ lix s, 15 20.58™ 0.42™ 0.09™ 256"
Error (E) s 48 4.18 0.20 0.35 113
CV (%) &lpss oy 12.91 9.15 14.74 9.32

Al oy S g i Jiol v )0 (65 pxe (g )I0 fe pac oS a9 % NS
ns; Non-significant, *and **: Significant at a= 0.05 and a= 0.01, respectively

P eSske Fre) gy pare @35 waw n SYL 0 Slae spSojlul I ol slaosls iyl 4525

Oled ) yho mhw & Cowd 45T 0 oanlin (53, )
L]y o )0 0 5 induo ;0 VO sgux (g,le Loyl )l
1o kg5 o (Stratu et al., 2014) .l |Ses 4 Stratu
Foo 3l e Glall 45 amals ol ol e oS
obS o Coponw Sbml zge (59, yaie 5l 2 0 0,5 e
ol Cewsdy bl (bl pas cusl Jb po ol sl o
ol B o9 5 Loy05% 5 Glag B b (o
3 ki s GseelaenSly Ol SRS Gz ge

20,5 (55, yaie 635 ol (oolod

ool 1 aS (¥ Jguaz) ol olis ml g (olbooniion
ooles il 5 asallsosslle 5 olsy Slyime » (59, paie
S Jlil maw 50,550 (sl p (2,6 sl les
AR SR (e g o gee P<e/0)) ws o
il Cllad g el (oeSen Gl » @B g s,
aoyn K Jlisl mhe o0 lgemss sSThew
Jeo! maw o o.:jai—ngodsJLa Slgime 5 g P<e/4Y)
J9uz) a4z gi o 5 (g losime P<A/+0) o yo iy
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swels 55 (Liva et al., 2020) ,Kea 4
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Table 4. Comparison of mean interaction of zinc levels and fungal symbiosis on physiological and
enzymatic parameters in wheat

Solesd oS 5 Jsesil) asallisoryslle slsiee ey g ey Slyions 0515) B gennss duuST e e
Zss, et G oses » 039 55 2 p S k) G W; 5 o) Goss 55 e 2 o]
inc Fungi Malondialdehyde (S5 ” %foieinjz(:n ot i) Superoxide dismutase

(nm/gr) Proline (mg/gr) g8 (u(g.fw)h)
b o 141/05 bed 0.651 13.63 ¢ 117
2T longibragiatum 106.04 & 0.94 bii 18.19bed 1.01 M
o gibrag :
T. harzianum 117.80 ¢ 0.96 & 17.83 b 1.672
A. niger 90.10 ™ 1.89¢<d 14.22¢1 1.28¢h
il gy 129.60 ¢ 0.687 15.474h 1.07H
17 T longibragiatum 97.10+m 1.25" 17.810 1.13¢4
0.6 T harzianum 103.30 £k 0.88 1 13.89 ¢ 1.4324d
A. niger 94,20 m 1.414¢ 13.44 ¢ 1.36%¢
il g 144.90% 1.067 14,425 Lo
7 T. longibragiatum 88.09 Kim 0.96 & 19.21 #be 1.38%¢
6 T. harzianum 99.70 ™! 0.781 16.37¢¢ 1.47 2be
A. niger 85.70 ™ 1.86 ¢de 13.94¢i 1.29bh
FPTER 127.10% 0.731 19.78 % 0.937
7+ T longibragiatum 103.30 125 18.68b¢ 1.592b
60 T. harzianum 101.20m 0.84 1 10.45k 1.402¢
A. niger 81.80™ 1.424 12.82 1k 1.392¢
il gy 148.50 2 1.53 def 22.17° 1.06 &
Ye- T longibragiatum 133.33 b 1.75 cde 17.21%f 1.6132
300 T harzianum 101.10™! 2.1be 11.361 1.37%f
A. niger 108.50 0.84 be 14.98 < 1154
il ey 162.502 2.4b 19.00 b¢ 0.754
£+ T longibragiatum 141.80 bed 1.51 def 17.47% 1.4324d
600 T harzianum 118.60°¢f 3.362 1231k 1.25¢h
A. niger 116.80 " 2.97? 15.09 ¢ 1.16¢

(LSD) s sime sglis Jolam 5031 (ool s duoyd iy s 58 (500 sime WS oS e By o JBlas sl (slopSilee (g ,2 50

L5 las

In each column, the means with at least one common letter do not have a significant difference at the level of five percent
based on the least significant difference (LSD) test.
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(n: 3) pusS gy s pli g ‘5.04).»]— (2 boiig Olho (po (Swmod gy o —F Jgoo
Table 6. Correlation coefficients between biochemical and enzymatic traits and germination parameters in
wheat (n: 3)

. . Length Dry weight .
Traits 1\(/111))A P(r;))teln P(r;))hne i?)D Pedicel . Radical Pedice}ll £ Radical Vlgor(gs)e ed
©) (6) @) (®

1 1 0.39 0.07 -0.44" -0.80™ -0.74™ -0.75™ -0.677 -0.82™
2 1 -0.20 -0.24 -0.21 -0.08 -0.13 -0.29 -0.23
3 1 -0.14 -0.54™ -0.52" -0.52™ -0.37 -0.46"
4 1 0.53" 0.40 0.53" 0.29 0.48"
5 1 0.94™ 0.97" 0.70™ 0.95™
6 1 0.94™ 0.70™ 0.97"
7 1 0.68" 0.93"
8 1 0.75™
9 1

Proline «(,.555,) Protein «(asallsayglle) MDA el a0 G 5 iy Jloi] zebaws 50 (05 )5 dime sdimsylis oo g™ 5 *
Vigor seed (e (39) Dry weight (4>, ) Radical (a>48l.) Pedicel «(Job) Length «(5Ugonss 0Ty g M}JT) SOD «(¢ydgy)

G e a3Ls)
*and ** indicate significance at 5 and 1% probability levels, respectively: MDA=malondialdehydeand SOD =superoxide
dismutase

(Akteraetal., 2014) ;) Kea g Aktera s ;5 ulul
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» (Yedidia et al.,, 2001; Harman et al., 2004)
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Abstract

In order to investigate the effect of biopriming of wheat seeds with Trichoderma and Aspergillus along with
ZnSo4 on improving germination indices and the tolerance threshold of wheat to zinc a factorial experiment was
done based on a completely randomized design with three replications. Experimental treatments included six levels
of zinc (0, 0.6, 6, 60, 300 and 600 mg/L) and four fungal treatments (no inoculation, inoculation with Trichoderma
harzianum, Trichoderma longibrachiatum and Aspergillus niger). Nonetheless, based on the results, the
coexistence of wheat seedlings with Trichoderma fungi especially Aspergillus fungi reduced the lipid peroxidation
of the membrane in all application levels of zinc. Also, based on the results, the highest proline content was
observed in the highest level of zinc in inoculated wheat seedlings by 7. harzianum (fourfold increase as compared
to the uninoculated control) and in other levels of zinc in seedlings inoculated with 4. niger. However, the results
showed a negative relationship between malondialdehyde (MDA) content and superoxide dismutase (SOD)
activity and growth indices of wheat seedlings. There was also a negative relationship between MDAecontent with
both SOD activity and growth indices of wheat seedlings. Inoculation of wheat seedlings with fungal treatments
with higher production of SOD may led to higher resistance and avoidance to higher concentrations of Zn. Overall,
the results showed an increase in the tolerance threshold of wheat seedlings to a concentration of 60 mg/L and
therefore, more effectiveness of this micronutrient in seeds inoculated with Trichoderma and Aspergillus
especially inoculated with Trichoderma longibrachiatum.
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