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Figure 1- A. alternate colony on PDA, B. T. harzianum colony on PDA, C. spore chain A. alternata, D. Phialides of T.
harzianum, E. Phialides of A. alternata, F. Petridish containing sterile wheat leaves of Narin cultivar inoculated with A.
alternata, J. Wheat leaves of Narin cultivar necrotic by A. alternata, H. spores T. harzianum on wheat, K. spores T. harzianum
mixed with A. bisporus for use in farm
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Table 1- Results of soil analyze at the test site

SB cal o o ) PH Ec (dS.m)
(Soil texture) (Sand) (Silt) (Clay)
(%) (%) (%) (%)
) —9 (Clay- Loam) 20 35 45 7.9 55
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Table 2- Results of analysis of variance for some physiological and quantitative traits of Narin cultivar of wheat under the
simultaneous application of T. harzianum and plant mulch

kS oo Df ek JS s 325 s Job S gy gl ew Ay g5 cupd
Sou;::es chan o Total weight Number of Spike length  Dry plant height Green plant 0 Jubg IS
9 of spikes (kg) spikes (cm) (cm) height (cm) Spad Index
(Reijlfi;ion) 2 62708.22 026 111 45.13 214.81 25.46
. )Lt‘“ 0 48494.06 2.92 1.04 4,09 46 11.10
reatmen
(Trial L’“"?' sl g 31430 0.15 0.39 58,05 17.16 15.34
error
(Coefficient of 11.07 10.17 7.39 8.06 4.27 7.51
variation)
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Table 3- Comparison of the mean of some physiological and quantitative traits of Narin cultivar of wheat for different levels
of T. harzianum using vegetable mulch
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T. harzianum Total weight of Number of Ieﬁgth Green plant 30 Jadg IS
spike (kg) spikes (cm) hlgirgyhgl(acrrﬁ) height (cm) Spad Index
(Control) sals 2.05a al507.0 ab8.15 95.45a 95.75a 53.90 a
. J)J')K‘-.{B . al.o4 1548.8 a a8.27 93.05a 95.80 a 51.40 a
(Soil application)
?Mls_&ﬁ a2.05 a1588.8 b7.17 95.05a 96.26 a 50.20 a
(Application sheet)
38 Sy plgs 3, S S
(Soil Application + Leaf az2.24 al758.0 a8.25 94.90 a 95.97 a 53.10a
application)
LSD 0.31 283.59 1.01 12.18 6.26 6.26
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Table 4- Comparison of the average of some yield traits of Narin cultivar of wheat for different levels of T. harzianum using
plant mulch

T. harzianum 5,506 359 Al JS 5 ,Sles &3 4138 (39 2 aldy3e 9 a3 alaxs
Soj9om Totalb grain yield Weight of aloow
Lo e kg) thousand seeds (gr) L )
Biological yield (kg Grain weight Number of
weight (kg) in spike (gr) seeds per
spike
(Control)usls 171 a 144 ab 46.13 a 142 a 28.07 a
S Esk 176 a 134 b 4473 a 451 a 307 a
(Soil application)
388, 172 a 141 ab 4578 a 146 a 300 a
(Leaf application)
Syl8 Sy plgi 35S 202 a 156 a 46.47 a 141 a 2950 a
(Soil Application +
Leaf application)
LSD 0.36 0.22 3.28 2.16 45.95
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Table 5- Results of analysis of variance for some physiological characteristics t of Narin cultivar of wheat inoculated by A.
alternata and T. harzianum

i zlo df Apgiig,lS
Total chlorophyll
Sources change Carotenoids Py Chlorophyll a Chlorophyll b Total phenol
)l)sf . 2 0.000 " 0.0001"s 0.0001"s 0.000 " 0.0129 s
(Repetition)
L"M%": 3 0.000" 0.0012" 0.0004 " 0.0004 " 0.0370 ™
T. harzianum
wl>d 6 0.0001" 0.0039"s 0.0012 " 0.0004™ 0.01760 *
Error a
Ll o -
1 0.000 "™ 0.0021 " 0.000 M 0.0008 0.0961
A. alternata
b’i’g)‘ > b‘."b’“‘ 3 0.000 " 0.0013 ™ 0.0002" 0.0001"s 0.0138™
Alternaria . Trichoderma
uts b 8 0.0001 0.0018 0.0008 0.0000 0.0129
Error b
Sl 21.78 21.43 20.15 12.80 20.01

Coefficient of change

T. harzianum lisw g g, 1y (2,0 ) @05 (Sjels 38 Olwogas (& ol 51 (40ke dmglio -F Jgo
Table 6- Comparison of the mean simple effect of some physiological characteristics of Narin cultivar of wheat for different
applications of T. harzianum

Mg, JS by is adsdy i bJadg I5 Js g

T. harzianum ]
Carotenoid  Total chlorophyll  Chlorophylla b Chlorophyll  Total phenol
(mgg*FW)  (mgg™FW) (mgg*FW) (mgg*FW) (mgg™FW)
(Control).sls 0.057 a 0.218a 0.136 a 0.074 a 0.128 a
. Jﬁ)&-.{u . 0.048 a 0173 a 0.188 a 0.054 a 0.336 a
(Soil application)
35Sy
ST 0.053 a 0.195a 0.133a 0.061a 0.188 a
(Application Leaf)
oS Se oot 0.055a 0.206 a 0.138a 0.067 a 0.3%9a
(Soil Application + Leaf application)
LSD 0.0195 0.0882 0.0497 0.0298 0.1879

Al ed o me Cogls (s 1o )3 O (6,15 xe prdaw )3 LSD (yg0j] Loluly g so 5> aliie g >l (olo Sl

A. alternata b gdli pas b mdli 61 (02,0 03, 005 (S jolg 08 Slogas (S 00l 51 (ke duglio -V Jgaa
Table 7- Comparison of the mean simple effect of some physiological characteristics of Narin cultivar of wheat for inoculation
or non-inoculation with A. alternate.

A alternata Mg, JS Jedg i adsdy ls bJadg IS Js g
Carotenoid  Total chlorophyll Chlorophylla Chlorophyll b Total phenol
(mgg*FW)  (mggFW) (mgg*FW) (mgg*FW) (mgg™FW)

b6yl el
¥ 2 G&L P . 0.0550 a 0.2075 a 0.1331a 0.0706 a 0.207 b
(Lack of inoculation of Alternaria)
LUyl b peails
~ ’"J ; & . 0.0521 a 0.1888 a 0.1331a 0.0578 b 0.334a
(Alternaria inoculation)
LSD 0.0110a 0.0400 a 0.0274 a 0.0078 a 0.0511a

LBl e o stme Sglis gyl 103 B (5l stme pas 15 LSD ygasl bl (g 2 )3 ailite By o (sl (sl Silia
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Table 8- Comparison of the mean interaction of some physiological characteristics of Narin cultivar of wheat for different
levels of T. harzianum and A. alternate

N . sigigss  F Ik s 5 b s 5 J5 i
alternata  harzianum  Carotenoid chIor?oShyII Chlorophyll a Chlorophyll b Total phenol
Mgg"FW)  ggipw)  (MIGTFW) (mg g~ FW) (mg g FW)
0 0 0.062 a 0.247 a 0.144a 0.086 a 0.240¢
0 1 0.049a 0.182 ab 0.119a 0.062 b 0.219¢
0 2 0.054 a 0.200 ab 0.126a 0.064 b 0.281c
0 3 0.053 a 0.200 ab 0.136a 0.068 b 0.090d
1 0 0.052a 0.189 ab 0.127a 0.061 bc 0.195 cd
1 1 0.047 a 0.163 b 0.116a 0.047 ¢ 0.458 b
1 2 0.051a 0.189 b 0.130a 0.059hc 0.096 d
1 3 0.056 a 0.212b 0.145a 0.067 b 0.587 a

bl g gy 50 ulie Bgys b ola (pSike (S5 3,8 590 T ¢ 3,0, S ¥ ¢ S5 30,8 ) Ll -) T, harzianum (il ) o,les-) A alternata
it gl I3 gtme GMESI L 70 (615 ine gdaws 3 LSD 505

(8 35 4ol

A. alternata a5 sly oL )b cplsl sl Baioo cpl sloosls
o ol ogde ety 1y ()b S g9y 0 spbow Sl (Ul
COlogad 1 pljyls LeygSs 5 )3l adlllas (gl plois
OB a5 b gLt () 08y paS (03 Sas 9 (o s 58
Hlab o) Slogas (ol gy Cwl B pgil)la LoydsSy 5
21 algs plisl g S 55 LeyngSs i plgi 5,8 il axsly o8
bl gled slaplil b adyy o AlBlus 5,8 4 cos (b
S S Jele plgie 0 )6l @B b )b o) il rionen
(9 423555 de 50 0 b (S ) WMo o 4 podie N> o
OlaSy Il el o clg 1) Slew 4 63) ool (15T
9oL (3 i S 25 L 3 Ly3gS 5 )8 0y oS s
AU cos ) [l GlS 5 45 i elS Coglio gaw (13
ol by (LS (218 i Glojon S0 0l 1,8
b SluS 5 Gl gy ) ST et Loy @B 5 L6yl
aeyio 3 OilS g olS e 13 LydsSs 5 gyB W o cuily olS
9 St (id)y Slogad 3 (ol Col aily
el (B oo sl Lol wS bl ()b 08 paST (63, Mes
MBS B elS 5 @B S w3 58 d4syje e balpd aslen
9 WAAA _elyj Jad o cas (Vs b sla Sus,l Loy
72 RS 80 Jelse 5l pasS (ol 1) bl b (392 ceslie
e (T g (S Llyd 4 da g g s ol glaedly
sle i jeas 1 g8 ool 1y ad edlaiwl boyaeSs 5 5l adlaio
30 Ui 395 5l 650k IS BT e

JS Jadg IS g uxiguigyls A Jad g iS¢l jae

9 45959) @ J3g)lS (ljwe puibly w35 s & Jou
il slaybyy 9 Lbydl Jless s cov puis JS byl
o555 5 LByl o QST o2 Caslond 1)) Lo )36y 5 )8
bl 5k 51 ST Jido)IS7 5 459508 @ o kS (jee sixe
Cao dw (pl o lopdsSs 5 (6 138 51 aad o )l &S WS b Sixe
el 5 jlon o 5l Jine

@ Jdg kS i 2 ibsine 86 35 byl zdls o3l
(Y Jyia) €t (P < 0.05) a8 IS J i) 5 gy S
el bl ll gl ol (Lt )61 el ool Bl (ol duylie
A5 pS S 89S 9 35559, @ b kST (e sl ine ialS
25018 gy 03w 3l 5 09 o (ime ()lol Sl 51 als” g
915 5 15550, @ oIS lise 2 ()laistne b Loy
S5 S o8 paS el )3 (7 Jgia) el pais S
o Yo ialidl camw ol clayds 40 T. harzianum 43l
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The Effect of Simultaneous Application of Trichoderma harzianum and Plant
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Introduction: Trichoderma species are the main causes of decomposition and decay of agricultural residues
and are considered for the control of plant pathogens, especially fungi and nematodes in the world. Trichoderma
species have the ability to produce microbial enzymes such as xylanases, which are used in the paper and food
processing industries. These enzymes improve the digestibility of nutrients in certain diets in ruminants and
poultry, where there is no digestive enzyme that can digest the complex carbohydrates in the cell wall. These
enzymes have the power to digest and hydrolyze these substances. South khorasan province due to hot and dry
climate, water shortage and successive droughts, saline water in agriculture, pests and diseases, soil with low
fertility for planting irrigated wheat needs cultivars resistant to these stresses. Narin cultivar is the latest cultivar
introduced for this province. The characteristic of this cultivar are more compatibility with salinity stress areas
and relative maturity with other wheat cultivars.

Materials and Methods: In order to investigate the effect of simultaneous use of Trichoderma harzianum
and plant mulch on yield and physiological characteristics of wheat of Narin cultivar and its effect on the
interaction of this cultivar with Alternaria alternata in 2019-2020 in Birjand Faculty of Agriculture Research
Farm an experiment asComplete randomization block design was performed with four replications. Treatments
included control (without application of Trichoderma), Trichoderma as soil application, Trichoderma as leaf
application in granulation stage, Trichoderma application as soil and leaf application in granulation stage. In the
granulation stage, each experimental unit was divided into two parts and Alternaria leaf spot pathogen treatment
at two levels (inoculation in the granulation stage and without inoculation) was considered as a sub-factor in the
experiment. The purpose of using the pathogen treatment was to evaluate the effect of Trichoderma in the
presence of the pathogen. This fungus was prepared from the archives of the Plant Pathology Laboratory of
Birjand University of Agriculture, which had previously been isolated from the wheat of this province. To
inoculate this pathogen, a suspension with a concentration of 108 spores per ml of A. alternata was used from a
7-day fungus colony on PDA medium and its effect on physiological traits (including total phenol, chlorophyll a,
chlorophyll b, carotenoids, total chlorophyll) were investigated. To investigate the effect of different applications
of Trichoderma on Narin cultivar from another part of the plot without pathogen treatment was analysis of
growth traits, yield and yield components including chlorophyll index, including green and dry stem height,
spike length, weight, grain yield, biological yield, number and weight of grains per spike, spikes number and
weight per unit area were measured.

Results and Discussion: The aim of using pathogen treatment was to evaluate the biological control of
Alternaria wheat leaf spot agent by T. harzianum in different methods by using Trichoderma in the presence of
Alternaria in comparison with the absence of Alternaria and its effect on physiological traits (including total
phenol, chlorophyll a, Chlorophyll b, carotenoids, total chlorophyll) were evaluated. No symptoms of necrosis or
leaf chlorosis were observed after pathogen inoculation. Analysis of physiological traits (total phenol,
chlorophyll a, chlorophyll b, carotenoids, total chlorophyll) showed that only the simple effect of inoculation or
non-inoculation of Alternaria with Trichoderma significantly different (P <0.05) in terms of total phenol content.
Due to the presence of Alternaria as a pathogen, it may lead to a reaction of the plant's defense system, and
Trichoderma can also increase phenolic compounds to counteract the pathogen. Analysis of growth traits, yield
and yield components showed that Trichoderma treatment had no significant effect on any of them.
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Conclusion: This study, for the first time showed that A. alternata can cause disease on wheat Narin cultivar.
Also, this research studied the effect of T. harzianum on physiological and functional characteristics of wheat
Narin cultivar and results demonstrated that T. harzianum can have little effect on these characteristics of Narin
cultivar. Concomitant use of Trichoderma in soil and leaves had a greater effect than separate application in
roots or leaves. Also, according to other research, the effect of trichoderma varies depending on the
environmental conditions including temperature and humidity, soil texture and structure and the type of wheat
cultivar.
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