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Abstract

Background and Objectives

Salinity is one of the most important environmental stresses after drought stress in Iran, which has
affected about 50% of agricultural lands with different intensities. The growth and development of crop plants
in these areas are constantly exposed to salinity and other stresses at the same time, which causes
morphological, physiological, and biochemical responses. Alleviating the negative effects of salinity in the
crops is mainly done by agronomic and breeding methods. The use of appropriate microorganisms is one of
the agronomic methods that can directly and/or indirectly reduce some limitations of salinity stress. In recent
years, the necessity of biological study in rhizosphere microorganisms to improve nutrition and plant growth
and, to control stress factors has been considered. Some species of Trichoderma fungi are known as plant
growth stimulants in normal and stressful conditions. Since the bio-treatment of Trichoderma fungi for
alleviation of salt stress in the Pinto bean has not been evaluated, so, the inoculation effects of different species
of this fungus were studied on the plant growth and development under salinity conditions.

Methodology

A field split-plot experiment based on a randomized complete block design with three replications was
carried out at the Nuclear Agriculture Research Institute in Karaj on Pinto bean Saleh 2 plants. The main factor
(salinity) was in two levels of non-saline (ECe=1.1 dS m™) soil and saline (ECe=6 dS m) soil, and the second
factor with 11 levels, including; T. harzianum (MW718882), T. lixii (MW719563), T. ghanens (MW719590),
T. virens (MW719876) and (MW719255) and their mutant isolates, namely NAS108 M1, NAS114-M17,
ONb545796, NAS115 M17, and NAS112M2, respectively, and the control treatment was without inoculation.

Findings

The results showed that the effect of salinity and the biopriming on the characteristics of emergence
percentage, plant height, harvest index, number of pods, number of seeds per pod, seed weight, seed yield,
biological yield, branching, seed protein, and leaf area was significant (p<0.01). Also, the results showed that
the interaction effect of salinity and biopriming on emergence percentage, plant height, seed yield, biological
yield, seed protein, and leaf area was significant at p<0.01, however, harvest index, the number of pods per
plant, number of seeds per pod and the seed weight were not influenced by treatments interaction. All studied
characteristics were significantly reduced under salt stress compared to the control. The decrease in yield
component traits was more than vegetative traits. The biopriming of Trichoderma species except T. lixii
improved all traits of growth, development, and seed protein of the plant in saline and non-saline conditions.
T. harzianum, T. ghanens and T. atroviride and their mutants produced the highest salinity resistance induction.
Among them, the effect of T. atroviride was more obvious in saline condition while its mutant was superior in
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non-saline condition. The symbiosis efficiency of Trichoderma with this plant shows that under non-saline
condition the efficiency varies between 16 to 70%, and the lowest is in T. lixii (mutant) and the highest in T.
atroviride (mutant). Also, except for T. atroviride, the index declined by salinity to the range of 3 to 58% for
the rest of fungi.

Conclusion

In general, the results of the experiment showed that the growth and development of pinto beans are
affected by salinity and inoculation by the Trichoderma species and their interactions. As a result, the effects
of different Trichoderma species are not the same under saline and non-saline conditions. Although under
salinity treatment, the potential of the fungi in supporting the vegetative traits, yield, and yield component
decreased, however, the values of all traits in saline conditions were higher than that of control without
inoculation. This article shows that choosing the right and sustainable fungal treatment can partially alleviate
the effects of the moderate salinity in the pinto bean plants. Therefore, it is possible to optimize bean production
by inducing salinity resistance by selecting suitable Trichoderma. Overall and according to the results, seed
biopriming with Trichoderma species improves the vegetative and reproductive traits of pinto bean in saline
and non-saline conditions, and the use of T. harzianum, T. ghanens, and T. atroviride along with their mutants
is recommended to maximize of the plant yield in the field conditions.

Keywords: Abiatic stress, Biological treatment, Legume, Morphology, Salinity



Sla g o) VEY Lo /52 5 0Y (sladoio ¥ oyleds ¥ als / S5 9 O il 4y

b g 3 dlo

Jooai 9 BT oG g bo 9459 33 sbdE 6 b (Phaseolus vulgaris L.) Lagh god g o y S g2
SIg

i‘sog; Jaslows! f,_;,;?l}u BTN ¢S 3lad 1 gnow ‘*‘51:1: ol Je “ylb) 1)

VEYNY Gy b VEY/ V0 il G

VENY/ VN Sl sLasl b VEY/NA/ Vs sl

o oK1 (5355LES eaSLiils ( alS S 5 W g wkige 05,5 -)

Ol w3t (55 Ol glatan (555188 008l 55 cSlatans 053 5 psle 2 dSi s (S oS oy S-Y
25 Al ol 35T ol&zils ¢ ando e 5 535S eaSisls (L Sl 5 sl 05 ST

bl e ol ((g3,laS saliils (S ke (aj.l.a o5 S—t

aliasghar.aliloo@gmail.com : &5 xS s (LSS J st

LRYLEN

- <

=105 OLS wd; 8 g Sl (55 50 wile aiae (sl i 4 oL Joad (I 381 b Le o 56 5 2,8 slas S 51 (A
T. T.ghanens .T.lixii .T.harzianum (ol Le ;0 6 53 58 S Vs 31 Bl ol oo 6 oo J gemns GRaI38)
T. ghanens (ON545796) T. lixii (NAS114-M17) T. harzianum (NAS108 M1)) Lag,] =i ge o T. atroviride  virens
ECe=1.1 ;ECe=6dSm?) SIa (5, (i3 &l 3 Jsaas gl (T. atroviride (NAS112M2) 4 T. virens (NAS115 M17)
JolS las sl ok Gl 5o sadiusa glac S oot i Lusl ol Laul) 5 (pdug) ady Ol Ho (dS m
550 il Slaae ssbes Sl Lusl olS wid; o l L il ad e ae53e Iaulid 5o LSS 4 b iuleas
Gl 50 5 (el « o 5 Sliia (ol 5 G dae wum 5o 0 LagT Jalie 31 5 Le o s 55 o8 st slaslass
alis 5 Gis o Slae ghal olie jo (ualS auil (2l sald 4 e (p<0.01) Lo fne 5 sbds (g5 (2 cial
Lol s 0 1 oLS Bls (85 55 5 gad ey ol S T XIS Lo o 50 3 LA S L s Jes sy slajlasi o g,
T. atroviride 4 T. ghanens T. harzianum (glads S 1 (g, o 0 o glie (&I o jiiiny d0A0 8 gags Sl a8 g o
D9 i 4 da s\ g Ve daw) oKL T atroviride 51 LagT o La oS wa S slasl g T slacils o o yan
a5 (5 ) las S a5 o olle U8 Glsie 4 WIS e B8 ol 1A s SH0L sd st s sl Il

il oke Hpdind 5 el by 5o Fua Lo

(55888050 (s @S (Few Hlas adl)y e (N (gusls slaojly



V¥ Jlo /¥ ojleds YF sls / S g T il 4 i

OHed 5 glls, oY

b Buse elyy QLS 5o (B3 cpl Sl 31 Joass
Ol o9 s e aladl ulBie o el slaghs,
oo 8335 4 adiy SHane Glolila sy 50,8 Bl
S ol el lagiss 5 osSee slag,B L LA
Gosd ot sad Jlael (slacus gane 5 pdas 2 5 oo
oBlw) o GhalS aiiiiue e b g axliine job s,
O b slaneSt slac] Joaas (Yo V- o),Kan
o2 bl 5o LAl 5o () 50us) Jlas slad £ pans
g o Sk annlSe s slagis ¢l
Ssd oo o s HLALS wd ) S sae slag SL 5 wde
OLALS e GBI 4 (Yo o0 GlolSen 5 (Meu)
03 S gosd dal i al 156800 b sud Hlas
S 3,8 g0 L8 sosd ) (U slaas] a5 sl
Sliial slanuilSa Lo LagT oS ,lie o7 J¥ 5 (S
sl 4 B,5Sme gL ) BT Jlad Yl Jie o a3
3505850 sads 1 o of Qs (Rl Gl
adbiee ot el Bl JualS gl laddy,
Lo € 51 (A Tl (VoYY gllan 5 S5
Lol 5o GlalS wd ) Sae lsie Lo yu s 55 6,18
AY-YY OLKan 5 sai) wileads e (S 5 Jle s
Ol desusGn g8 la S 5l A @l o
LS b ol Sle i) G san dhaly 551585
chs 59 S350 Guslin sl alanl b g wola 1, (el
358 o mhae ) sladsl 5 asal Goo9 © s,
o) sl IS (VY GKes 5 (hse) WS o
el 59 ey JOES L Lag,ls ool &S wleols olas
Wiy slagseoss wls (S Glheolan Jolse
JRal 51 Sl o sealie el can) Gl
G ik aalic JEBI 5 Gia Ghlbil dag] Jslaals
3 OLLS 4t 5o duelanl 8 JlEm (il330 LS
e glaae LA sals Lo (B e slie sl
(Y-VY OSen 5 5tsl) wisd o GLALS ) usage
SluS 5 a5 b g )l Gl cul sud (adidie (yrinaa

paiiiue ne b g adfiine e 4 placalplie

sl (LA I (G S s 5 (s g Ol (sosedb LS
0+ agan S cl Gll 5aS 5o (olaS B ) aa
sl Al glacad L ey glague) ws o
Sblie ol 5o OLLE 5o 5w, ol suls 13 L3
ain Lo sles 5 (500 Gload (o520 53 8l san
el 5 So35ls0008 5 S35l8ose SlowdS case &S
© SIS ool Gloae wsdie LAGT o (liardisn e
5 oad aylse Llle Ho 4 usls (S (goanie Jolse
oo slad 4 Lyl GaSage 5 OES e Jsb
SSLa sla K55 51 S (YT oLlSen 5 osealy)
L obLsyl 5o le) oS el lalS wi) (2alS 5
ol ol (a5 Wl € Na' e YU slaclble
S Jolae 5o S Hguda (VoYY G800 5 | udie)
el o 4S sdie o il Jaailiy GhalS sl
3 oiaes JI) 90 Koo 9 gunse ol sl SIS OT Qs
Gl july (20 cpl cuaal <€ aq T (Yo 7Y Gl,Kan
A Oas (o S o SRl Gaiae lagins nla b
(V7Y OlSan 5 gogbos) ol sy 8550 S Lo o]
9 S5l (Saba cay, oW e S
558 sladilob s sl GLALS Ly (Sil sl
Jsb ol plas) Ol (55 Claa Lo (2l © I8 o
—oallad Hlee (oo slae (Ko LS s Hudl i,
s,ls) LS Ko a5 e si oa ] line sla
slacallad (nal€ (Y- VA (0550 5 a52lSilaaa) o <
SIS Olsee b DS plhiasdign 5 (S350 50008
o s ool g i e 5 Jsles sliie 5o lagy s (am
a5l Gl pead b (Sulplie slaanl b Cuigan wls
OoSer 5 s slin) Wl o S gane arsdy siaes 5o N
O3St a8 (B w3 LAl Gaiaas (YY)
S5haniS) I Siely oS WS o 95 wa S Gl | Jlas

(VXY LKaa 5 Sl) u g o Lagy T o



IAIA)

o oy e g 0Dy 9 S0

OS5 (e sl) wsdioe osd OIS s
(Yo

9 Eos 4 Lulaua ALK (Phaseolus vulgaris L.) L sl
oslial 5 4S ol &Y 8 sul BlA A S 0 Sage
858 iy 50 (YY) Al ) 5 sad samie Hlal oAl
Oselie Y& Lo 5o T 23S ) el 5 9 go 22K
g5 g S ) e 5 Olal Sl 350 ol 1S
plel Jlos 50 (3NN 5 LESA S5 VY s S 4 ] L]
09 Goss OS5 GBS L (VoYY Al ) cal su S
UG 5 paalil Bluis Jlo & HpaS SKE O
Gosd 4 pulsa GLALS uiS (6l cuo gane (Sl
OLoSas o (Slu ) ssdiee uleaal Gy 51 Gl
Soae o onlie gla)Sel, L Gl by (Y- VY
Ol 0o alaa 51 LALES L abilie 5 Lyl o Slae
sl sladl Ho ol Glooslas 5 o) Sl 5o
Soa osbie 4 Hhuighe; Hd (Fun) A5 S
Ly daase o 15088 Jalse JHES 5 olS w5 435
Slasi 050,18 oS Lol 5l el @8 S 18 da g as e
29 sad sl slacibise 5 LoyusSs gl s
sads Lol Gaa Lol ol (55 (o GBS Ll b
Ghie st € Sl ad Lac (hasd ool Lo ol
—ain T8 (A 5 s by s o slas Ha gLl ol
DB Ghas3s ose sy Lusl oS (Si50s00 sla
oS

Lagiiyy 9 9l ge

olsle )l T b 9 ALS ol ga Loy 9% 3 (slag 8 LA
Sose & plaledl gosd GBS S (ps s Hsbieds
JolS slaS sl 5k by swd u A slac S Gule)]
Oy msod Sose e o LSS A b dulias
GooolaS suSiia gl Lo (Bosd S JAS o)
i a3l ¥ ellie 035 Lol oLS s £ S 5o (l4ua
2t S5 4 b S g0 50 (o) sl 5B
5586 5 (EC=6dSm?) b 5 (ECe=11dSm?) | st
sl pands Loy s 3 0 8 iy Jold S o VY L e 8

OlSan 5 6K 50) Wgdi o oLS ad; GRul3El ey
Lol cad usal dBla o uns) ad 31 (Y-Vo
Lol nlie i S oo diy1 5 wlsbisls
LosusSors Aliae slag g bs s sud w8 00
YoV OoKaa 5 GlA) el sad G518 il o
Onipas T Virens L s <53 Sl Gupelinls
i Sealunen Ghl 581 5 s 538 it e Gal38) Baels
(YN8 LK 5 W parle) sl st LAS 5 50 CO2
T. atroviride .T. virence (T. harzaianum (slads <
A oy Lo K pla 3 G Tuviride o T.konigi «
OoSan 5 lash sy (s ey s 5o 338 S 5153
Oll53 T, viride b Lds Sivaslyy 4S ols olas (Y- YY)
Toocdls Jos 4 1) aeds olea alwl 5 adu, wi,
BYJRUIPY olxﬂ: > 6 3)e T. ghanens , harzianum
ol aduy Jsb o paa Glalbdl 5 G gl Gal53
9 208) WXL gla Solen Guw)y JES LIS
(YA GlKea 5 glla)) sib oo 55 oo (RLSb
OBl S S T atroviride wlas b 55 Laa oK1 w5 8 gags
OLSan 5 ool (Y4 olSen 5 slls)) sl sud
L Dan gile s Gy Hlass s S BI85 (Y- YY)
—ee s Jsb o G ) QI e Lepu S 55
oI ST harzianum U G s a0 Gy HlaS oy o g
gl sad Kpa3 dacaly 4 Buac 1) 5508 adle (i3
5les oo a5 50 Lo al S Sl BT colos At
T b (S58 4a S s Hlas (Y VY GlKan 50 sans)
Al dAs oo ey 1y LA (S5 Ol sa harzianum
(syaml (ol LGRS 5 aas e il 1, apals
ohdlae Gl L 1, LS 5 (Sodlesmw (sosd
333 8lana) ol ol 50 HLALS o (S5 5050508
2ol L orube 51 ol o3 b lapaly ol wdds o
I3 €S il duslie S5 Lal€ S P indica e sl
—o ok GlalS Bl glou il (aila b (s S o

Jaad 5 (20l slag lan sl Ho e slie iely 5 uas



V¥ Jlo /¥ ojleds YF sls / S g T il 4 i e 4 Jls, o8

$las 3o phale] Slse ass Siule o aali jlas 5 LagT slacilise

U8 S pbasd 5 (S5 sla Shs oS Hokie 4 szl ALS wlidgolan 4egane 51 So350om
— Bl ¥ B i Gae Sl e dlwsalel Yol e 3 pole o 3o 4 Gl s (slaiuun (555LES slaha 53y
8o o3y ot 3 4e e 3 S e e SA (5 50e cole 4€ Bad ag (NSTRI) S shtun 5,58
() Josa) wa S 4)al 5 gl £ S ) Gua (5,5las T. lixii T. harzianum (MW718882) :3 wuss
G il Wy Sl sy iy Jelae b Ll 5o T. virens .T. ghanens (MW719590) (MW?719563)
Ol L da o 4w Ho Gupes 5 Sode dud B88 V- Sae sladslaa 4 T. atroviride (MW719255) 5 (MW719876)
il wle oS m b ol il ad o gdul jhis T. harzianum (NAS108 M1) s lagl <L ga
Jlods cose 4 L A SIS Ha Gl 0ls T. ghanens .T. lixii mutant (NAS114-M17) .mutant
sads S5 slajlas U gallas (YN € 1L1K0a 5 (s5bgad) ¢ T. virens mutant (NAS115 M17) .mutant (ON545796)
Sy Bt oSIGL Al jalailhas o) © @ s K ol a5 T. atroviride mutant (NAS112M2)
s al laciis, G o dali e Bla t0 b aye GE LS dawde O salel Shwle Los oo
9 o8 S oo sbe Gaanasd AN L Lol cals 9 ol Ghgs osled 5 2ibse slag g as
ssam € Loy sle Lsused Julsl Lo LUMe cudl 3 soliied b L She dwnde Lo (Y18) ollKan
b ook aladl s g sua; LALE wis HuN0-Vo ol 5o Gaabe T cpl 5o g oud 4\ SIS au gy
solsl Al 5 Ol sk Lo S G Gl sud s RLsE dnde Olad Ho gosd 4 ol
b o9 ol sk G (g5 ph S cga Sad ol wlepd cule, @ b (e o S
S OF (Sl culaa 5 438 S 4 s S ) Giale] Ol 58 Bl oS La 5o o5 53 g il e (8 sme 59 e
ol S5 40 a5Y w0 S Gl Llas e 31 oliebs! (PRI-A3-99-001 .S) (sliuun (5538 5 o sle olitia 55,
oo 4 Lol 0S5l Geb gu S relie ol < loblas (s ls sad s (sladisl Ghga w gd oo aladl
R R H IS A )

S el e B s Bas yu plule)l a) 90 GLASIE (olbsasddi § (oS58 SLAST9-) Jgsn

Sand%  Silt% Clay% K (mgKg?) P(mgKg?') TotalN% OC% pH (dlé%e_l) KN
47 22 31 276.1 7.50 0.043 032 71 6.0 BXs
51 24 25 206.3 6.12 0.034 028 7.6 1.11 BXT- B
soSlae 5 (LA os) Bl Ve B0 Ol Al g «INE OhA 953 9,90 LS Sildo
Vo S5slen woSlee dulae gl ad L5, Gl oo Sose 4 (Siia Gslad b e S Sa e
Sae 4 g ;S Bl Jas 3l dls s da ye o B Sl au K dlase oo ad aladl s i G
—4S 500 Lo ol S ke 4a 0 Vo sles Lo celaw YE daxs a5, Jold Si35158,550 5 (sady slagaals
S o3 a8 s ) Gl o Slae and b siad gl e e 8l Sl eoliinul L) Sy elo e 8 4 LS
o ld (e Sie 5 p S) S3lsm o Slae 4 (pase (Leaf Area Meter; Delta- T Devices- Juo S

O 558 Oyloe el s 4 adnbe 3T slaslas csily s 9 Ll olaad (3N uluas WINDIAS 2 analysis system



N

o oy e g 0Dy 9 S0

o Slae ily o Slae ls 55 «BMe Lo LA oluas
cho paald 5 Gl 55 (o8 BlE (Su55lem
Wil s Hladee ws e S Jldal ma 5o S
olas 5 sosd BlEe S oly plas @l Gl
J_)S.LQ.L ¢bl:\§ C‘_.Q:‘)l ‘b‘zsg QA—I-:ZI ‘}:\A.u s Hd LS:“'“f-}
cla.u ua:;l..i 9 ala L.)f';‘:J.k‘: “Si_'}jjﬁ J_)S.La.c Al
» sl ad slatae wis e S Jladal mac o S
Q}JJJM BE) J;s Slaas (3Me slaas cC;u.:Zu‘A):' ‘_)AALAL

DS oo e Gly s

S35 98 0 olduo
Ol (F Jsam) ol LS (5 laal 3 (Sile acslie
Ss5slsiose olia ola Hlo e ualS sl Hlas
CR eSS 59 se,8 Al ulaad Hu (EAIS fp ST
s b el ol iy olS Gad Suw ae s 5 15 )
Oipan 5 CF WNa™ slag s VL clile e 530 o
O aalay 5 (YY) (Oll8an 5 (568 gun) K (0 0 s0eS
S oss @ B S s SK shend Jusliy SalS
Caslie B (VoY) GLKaa 5 §15) s HUaul
ol L (8 Jgan) i slasless ol 1 (Sl
S e 53 B30 g3 ] 95 Lo 5o 90 53 by s Hlass 550
©ola e BIEAS 5 aias 0 s de 50 Hu oS ak
038 A St 53 G iy LS wald 4 s
O oS L anialy (%A - ) T. atroviride mutant b sad ,las
(M) T lixii s T. lixii mutant 1, oL Gyaid S dum
S by s o506 T lixii mutant T, lixii .aiisls
T 0, calas L GOEA) iS5 cdles ol ud
Joano gl 5 Wiy oo (554 waly GL&s harzianum
1 ol wit; S oS slaclale o0 S o iie 550
JolS pae b wils oo YL cble o 5 oS oo 88 5
LS S e el Lag, 5y e 4o o (Jolew slagy s
o5y el oo (VoYY OLKea 5 1sblle) sl

T. atroviride mutant < S |, (st Joaas 51 oy yici

A g S5l (VAV) 068050 Ghgy o) soldiel b
Do & podd Sose 5 (s 9 S8 sladile SIS
ad aladl S

i 308 (o3l 418 daualas

2 LosusS s gols diline s S Sunies ol
(VAAY) O1lSan 5 cipily o 5 s 4l ) J 058 ol
fsa S daalae Hading g el balyd 5o ) £l 4

_T-0
BE = C

X 100 (V]

wls o Slae T Fuwiad o8 BE (S gadasl, o
wali Hlas Hu dls o Slae € ¢ Soale Hlas 5o

S osd balyd 50 g8 RIS Slhuis s s Gaias
fas S 8550 ) Sosee © el sl

e =579 100 [Y]

Tc

29 g8 IS Sy am s BEC 150 sy o
Lulyd 50 o8 SIS TC ed sue 5 Hed Ll
oo bl 50 2ol Sw e QIS TS g e
$obel slads ol
4 4203 SAS 181 a5 w5 Lasuls Ludbisly e
09 heal loa pus Hladas 4 e s bad sl
a0 Uil 8l gl s eadi 0 A SlAs S o) e w5
Sidgy Jae Geedl @508 5 pule)] sldl gul]
JiosS6 o) gm0 Toans Lassls 5 ad alasl Mlalba
OIS wmss w5 S olaine pobi 5 wdaS
liels win Gse5T 51 LaGSilie tanlie oy wiad
5 ad alasl s s gy gobel Jlaial g L oS3l

.CA:Q;C;‘)J.LAEXCHJ‘_}é“z‘):s\_}u_)‘.éj.n:l‘x‘.u_)
S g bl

OLs bl (Y Joan) Lasuls puibisls i waa s b
do s sl 5 2ol Hlad 5 sl Hlas Sl aas e

‘J)Li‘- Jld&:’ tCA—iil‘J‘):s uﬁ‘;l—lj.l ¢él:\§ C‘ASJ‘ K‘:)m :):\.u.n

* Pooling of Errors



V¥ o/ Y o)led Y als / S5 g T il a5 lSan 5 gL, dA

oS bl o (S540) a0 sags o asperelloides T203 e bl Hu () JSE) cudly (g s dasl s a (%AY)
LB sk 4 A thaliana 5 LA LAl slayds s 1ol ad e e o all g Loy sG55 slads S 5
i 4 1, 0T Jale a0 5 sl (LALS 51 YL g 58 Soss Gloe poieS als s wald Hlas @ o
G5 Ll 59 olS 5 2, g yan Jau 55 L) o Blad 3« il aald 1) 4o, Lo ol€ Hud S

(YY) OLKaa 5 Guleail) wio S el (55 5 0 s 5o golagine olE Lsles Koo bogole]

—0 S b 5o Glnbe)T fpl i wline cudls wus 5o

Yodlo a3 (an Lugl obiS a5 9198 90 Cldio 11 (55540 9 Loya 95 5 Slag HB Sl puilaylg 42523 -Y Jgua

ol e 5:S5ke :
. : — @3l aa 0 olouas mbe
S e e als olS plas | O s dss 5
100110%** 8.8%* 986.8** 51.1%* 2 Ssb
14801136** 12.33%* 46.8** 1064** 1 (S)soss
3008256** 5.8%* 184.9%* 55.7*% 10 (B) sy Hlas
245947%* 1.06ns 2204.2%* 225.1%* 10 SxB
30.1 0.9 9.15 23.36 42 Wi
6.4 27.4 2.8 5.4 CV%

el (5Ol (Pre pde 5 sy i 5 SO Jladad mhas Ho ol e saias LES G5 5 4 NS g ik

Yllo a3, (Faa bugl obiS o jSlas il g uySlas 1 5594k 9 Loyugsa 5 slag 8 Al by ylg 4253 -Y Jgu dall

Sl e (S
oaald o Slae o Slae Voo O0% als sluas alaas da 0
Ol (i 5 CWAREY S5l e als Gly Sl o S @alsl lomals lis

10ns 4.1ns 1919** 358%* 108** 2.2* 22ns 2 b
632%* 935%* 99369** 38082** 1385%* 25.5%* 327 1 (8) s s 3t
34« 50.9%* 14942+ 6304%* B5%* 4.0%% 31%* 10 (B) (e slas
27** 7.2ns 739%* 410* 12ns 12ns 13ns 10 SxB

371 16.71 82.87 188.2 12.18 0.888 9.26 42 A

9.7 14.6 13 6.8 123 227 218 CV%

ol (sola S pue 5 sy w9 SO Jladal mha o (ol (Sae saias LB (S 5 0 NS g ik

Yellio 65 g Lug! oliS 39198 90 ilias (il 53 (55560 311 Yo

S gl seod ala slaas (€M) oL< plas,) O e ds 0 slas
8988.5+298.8 a 4.19+0.456 a 111.0+2.59a 91.2+0.80 a aals
8041.44297.1 b 3.33£0.51 b 99.4+1.98 b 83.1+0.50 b Eosd

-10.5 -20.5 -10.4 -8.88 EA SO LIV

‘u:""":“‘)bg_f"‘“MJJ@%JLA:A|CL‘“JJ‘SJM“S\9PL§‘)‘JLSLAQJ:‘*“



AN

Log) god 9 055 9 S50

Y o ad) Sua Lu gl olis o Slas gl jal g ySlas Sldoe 3 (5 9ud ) (aSilae T J gua dalal

o . sm oeald aSlae . 3 5ds olaas
M‘J B CX BT M‘J J)Slu 29 S d)l.f- JLBS _)LA;\:
(mg g?) (/) csdalays @m?) S50 @m? (OFSY e
22.7+1.87 a 31.6+0.77 a 728.8+19.9 a 225.7+145a 32.8+t1.9a 4.76+0.585 a 16.1+0.612 a aalsy
16.5+0.89 b 24.1+0.79 b 651.2+22.1 177.6£129b 23.7+2.1b 3.52+0.43 b 11.6+0.686 b (S5
—27.3 —-23.7 —-10.6 —-21.3 —-271.7 —26.0 —-27.9 :_\b:\:\ﬁ Loy
.MJ‘.A@MM_)J&Jm;‘ck.u)dus‘)limd\sﬁtsbbtsuoﬂw
011 dSm? B6 dSm?!
100 a ab
=
90 16T fohij  hihi  [Fphi
80 ]
" :
j‘ 70
60
3\ 50
1 40
v, 30
20
10
0

Sy 09t yak 9 59 ol pud 5o ¥ lles a3 (aa L gl obS i G wis ju g Loy 55 5 g1 AliAe (slada oS Gl ) s
(m=mutant) ..sidils oo <ila 03.431 bl g3 aus ju O Jlalal mlacs jo La(aSilis (5 la S s Sl Lag e VL jo S yiudie

S @asSosw @aS @ aiile gely) e 5 elh)
ol s (31K 035 (Gl b g e (S5 58
—Sooa3 53 ol el Gl b (Yo 8 plhlSan 5 olesla)
Cual oglite ALS (alids glav S Lo ad, Sas
M o JYEAT 5858 (VM Oes 5 i)
e pases Jio (olag 0 b e gaie S 0l Qs
b o8 € 80 S oo 8L Hu e sl slagaly Had Jlas
oS5 (s 1 9 A pee g s 59 S Gloe Wb olS T
9 Ond gy o iy da S pae LIS Gl S o)l
ORalS daa o aS usle (o oo 1) Lla,y ad alS

OloSan 5 By sS) 05 g0 sass sLS US adiy Hu (o sae

—

20 oS g (S3dsise clica alea 31 oLS plis
LosusSo s O S b o) slas 5 g5 58l cas
T oS Losad Juw) slas plalS w8 5,158
o5 b g o ed bl il Hu ) pLES ) 0y il atroviride
— e Ol 8 il aue Hlad 4 s S S0 S Jals
geenly Gl (Y USi) olo (LS a0 58 (gl 1 Sl
S SuShon 5 S Sl Sl
colas ple Hoadl Hed S o Le,yusSe s
59 Sl wiy Gl Tixil 56 Sa 4 ol
S splie B ad saaline wald & o cdis ()l

OLLS 5 Losu s ss emhan Lalgy s ady Ghal il



VoY Jlo /Y o)leds Y als / SB g Ol il 4 i

OHed 5 glls, 5

O a3 0 9aS GLAlS L&) 5wl Hu LRalK (Y- TY)
oLS 4 (o el Gl G 350L lsie 41, NaCl

P IE-BIE

160 1
140 T
,v_f,Z)lZO T
4,100 T
3 80 T |
;3[3 60 +
4 40 1
20 +

bed
e

3 s plas ) (BalS ey (g g (BT 4y oL Hu (Y- YY
Wiy 5 2lea alil SEA 05 5 ddn, aas 5 Jsb
st) C,\-A.u‘ é..\AT Q—A—«JJ‘L}@& (5‘.14.4.:‘) JJ‘S J}iw

OLSen 5 Bla (sl i wSB 5o (inan (V- VY

@6 dSm?

011 dSm?t

bcd
= e

control T. T. T. ghanens T. ghanens

T. T. lixii T lixii T virens T. virens

harzianum harzianum mutant atroviride atroviride mutant mutant
mutant mutant

03 Siudie Sgya gk yad g 59k ol i o ¥ o ) (s L g LS LS 3 Lo ya 953 55 g Alide (sladi oS 5l Y s
(Mm=mutant) .aadils oo $SaIs (59031 ubel y3 aio 0 O Jlalal relac ju LGSl (5 jlo s pae Sl LA gics YL

o) aBle ki, goui€ Kojad 4l glacu slis
(YN8 ohlSan 5 puadlae) il

9 s 5 S (lhae G bLES) Sl SHo e
0 S s Sl oS wl s cules
byl 59 S haes Gy Laslas (polad 5o S
0 a2l Sowle B (Jy ad Jeala Hed jue
ol Dlagane Gl Giels Had st 5 Hed kbl
OB 955 Ol o (Y JSE) ad wald b dwlis Ho S
e balpd 50 Ko placs (i T atroviride  las
T olad ¢ 3laie 5 ek by 50 9 0 slaal ) 5 e
oeald Lyl b eals Hlelsl o) o3 oo .0 93 ghanens m
i s (sardison mdadl i oda S phe
Sad sole o Slee culgs Ho 5 sad sl (g Ad
—* OB 5 sl B L Fakabe S wily o il 33
S S a0 BB 4 (YT lSea 5 (55:08) waly

(6 Jsin) seos AL slind Sile danlia (igan
o T. harzianum mutant b sad Hlas olalS ol oLlas
158l Lo o8 sladalas g3 oy i T. harzianum
ook L aals ) yid Hls Jdae b @ «S anals
sola 5 o8 sladals slaas (ialhil sel T ol ge
pe slis 31 (S olalS wiy Gl o gl e oS
HAJS:\:_)J.(Y'Y' &‘J&AJ&J:\J:\)@.U‘LAJJJS&J:
Lol oo DK ol dala slaad aul3d) sl
.(*'Y' O‘J&AJ‘JJ\%) C.u-u‘ s UZ'J‘; LA\)Jé\):
Sl Loju s 53 (55 wle (K58 aa S ol Hu (ninas
Ay Gl 8V Y GLKaa 5 Sla) o aald oalS
S L salS 5 il ol Lyl Gsped LS



4

Log) god 9 055 9 S50

5 o) wiS e aalyd 18 JAS gl ) bl
L-Pro aeas Lagi S Gab s Oxigea (YV-VY o),Kan
- 235 A thaliana s T. asperelloides T203 L. 53
laclsslio Ga 53 (Y- YY OLSas 5 Gase) 95
O el Sl Joal dbosu o5 slagols 40l
eile 5 0ol ol B8 L (L0l 5o page
G5 4 a3 L oohila 3, o 3 suliied L € el

9 o) s o HudS 1) (Saeosd srs (sHsb
.(Y’Y' <O|)‘S.AA

12000 1

10000

8000

6000

(oyo yondeo) S o o

4000

2000

AE slaaliil ity 5 S s (2aK Jle (s yiage
slag o5 Oloe suad ale 4 558 Rl 58 S 5o
A. al.ﬁ B (Y’YY O‘JlSA.A K L;a...uL"'q) A.A.'bt:: A.A.ZJ
Job daa 51 GlalS gad 5 0y 5 5o dhaliana
sladdn, JSa5 5 4 o0 sladd,; JSas sl i,
S ol (YYY olKan 5 K5u) uLlE o L53b o
Ol 581 8L il 5u 1, (o 4 Jand (sl e sl 4
sl Syl pand b € olancslSe ol
J:lJld LL:G)‘ YC):\.‘J‘):::—L K} LAO‘A&AS‘ Lf.:;‘. ‘Sﬁ%)ﬁd—u‘

011 dSm! &6 dSm?

h f

m k —p N

Sy g9 b 9 9eh dal i 3 ¥ gl a3 (S L gl oL S 3 el AL s Lo o g 5 gl Alide (slads gS il v g
(Mm=mutant) .sidils oo S3hs (5 90T puleal p3 3o 53 0 Jlaial rlac j3 LGSl (5l Saae pae Silas Lag gics YL Ha S yiddio

Yo pd) Sua L gl olsS (59 Slas 9 a5 999 90 Olduo (aSilis 3 Lo jusss 5 slag )8 B jale S -F Jgua

dAls ulaas

e ulaas e BE] Ji.} alaas (g)‘).lg AREEEY) C,\.ainb):l UAALJ.- JLAﬁ:

e

2.8310.27 i 10.7£1.85¢ 4.28+0.58 abcd 22.8+0.58 ab 22.9+2.44d aals
4.07+0.28 f 12.7+1.91 bc 3.71+0.31 bcde 28.1+0.31 ab 23.4+1.92 cd T. atroviride
4.01+£0.23 g 16.0+1.25 ab 4.01+0.41 bcde 31.1+0.41 ab 28.4+1.74 ahc T. atroviride m
4.47+0.48d 13.5+1.81 abc 5.28+0.53 a 30.0£0.53 a 30.7+2.62 ab T. ghanens
457+0.23 ¢ 17.5+1.06 a 4.86+0.69 ab 32.1+0.69 a 28.1+2.92 abcd T. ghanens m
4.63+0.25b 16.1+1.27 ab 5.38+0.56 a 30.3t0.56 a 28.7+1.73 ahc T. harzianum
5.32+0.25 a 15.5+2.34 ab 4.76+0.73 abc 31.5+0.73 a 33.2+1.81a T. harzianum m
2.44+0.31j 14.6+1.04 abc 2.95+0.31e 22.8+0.31¢ 27.5+2.56 bed T. lixii
2.29+0.24 k 10.6+£1.72¢c 3.05+0.31 de 25.5+0.31¢ 26.8+2.33 bed T. lixii m
3.64+0.39 ¢ 13.1£1.63 bc 3.55+0.31 cde 29.3+0.31 be 28.6+2.41 ahc T. virens
3.12+0.67 h 12.2+2.03 bc 3.75+0.51 bcde 27.5+ ab 28.2+2.70 abcd T.virensm

(M=MULAN) aiieass o ae weo 50wy Jlaial mhaos 5o Side By gl glag siw

¥ L-Proline (L-Pro)



V¥ Jlo /¥ ojleds YF sls / S g T il 4 i

OHed 5 glls, 4]

Lo S S0l b als s Slae conl sualine Jsl5 (€)
2t 5 osd lalyd 5o T X 68 S Lepu s s
T. atroviride <ol go (8 JSi) el 408l Ginl 330 5 suks
Lol i 50 15 9 Shae (s mose Sle 5o a STV L
deoya Ve aald o e Glhae Gl 4K cully 5 el e
o Slae oy yigs T. atroviride (a5 S piaad .05 i
pld O o8 S (o 5o 0 S wd g H e bl 5l
baae 50 58 5ol o Slee RS aals Hlas dajles
S5slom o Slae s o @B fpes Glie odls
o9 olas G5 oS ol Gl b (0 JSd) o s oo s
Llo 5l cdia (ol Gl Hed af 5 Hed buns 5o 54
08 deols @l ad Jols T atroviride m L 55
L oLl oo ol Saasd mle slagisl S bl
s Slae 5 sad ik (I8l sl LeyusGs QU
el LS glatlin Jie @l ol Glals
P Gl 518 0y wduy Jsk Bl Yok Gl
IS Grinan (Yero S 5 (Ea ) Wi g
L T. harzianum < ses acs 53 8LS wiy Ginl 38l 5 Ase
Sl S g gdaly,y alic 5 olind Plasl (il sl
LorssSos slatsm ol (Y-YY oliSas 5 k)
el G 9ned (M slanal i 5 L 15 0 sa Skl s
S o (sl 1K lo shaaal 5 S Sananl (S S K
3 T dagiaey; wolind Ga S Ja b dasl o
5 o) S e SaS oS a; Glid) 4 psadaie
GEIS (YY) olSan s alitial JI (Y- YY olKan
Oloae  Trichoderma asperelloides T203 4 wials
Crl a0 e (RalBAl 1 il il LS 5o el
@) same suliinl 5 Garads LUl e o) S g3,
LosasSusi (Botle gaau® 5o G5o0a0 ola b ol saa
@SS SIS 55588 asmy S 5o s S ash
S hBade bl iy 5 il JSES e oS
cda pdug, ady wlgl dalie Ho gand i pdiads
sl pand HTu g3 hola oS o Slae dai® ju 5 0k
Sl GlDal wal e dl 4 oF Jlaml ) Sas

wils g Slae 51520 g 9 Slas

ol o aSle clie (S35leie clie wiles
—as 5 a8 158 o0l woae 5SE el 50 u Slae
Ol Gaoidin 5 (W Jsua) aidly (RalS Sy e 55k
O by de ;0 ATV 5 do 0 YV G 5 @ Gials
JslEie 531 51 LA By e BME sluas g Lla 5y
U s Lol o Gla s Slae Juws Hlas Ho (5550
Gly Goe 5 BUe Lo Ols sluad S o Be slaas
S8 L st s LS ala ol B il s
Lyl glaesbee o T. harzianum 4 T. ghanens (sla
Gly o 9 BN o Gy @S g 5o BIe olaal oy i
Magire Hob 4 Gloae Gol S (8 Jyan) Boges wld S 1,
Ol 31 51 B YLal ol Gl Juds o s aalis 51 i
Gk (8 Joaa) ol sum o8 gladaly slaas
GialS b o) csad, slaslas 3l solii ladalllas
5 ook 5 (A a0 Gl S (B, s s
UL laad GEal Bl s go eyl (55T 918 0l 5o il 3
Sl (YeVo gomalh 5 (srual) Wigdipe G Lo
sy Sl GLALS s Loju sG55 (S5l 008
L Jleods oosm S ol Lo S 5 Jle 6l
ERRT-X] PR YV PR V- Sy | o R EUR R LS
o e U da e oS S o slas) 53 oLS 0 585550
Sl € ol g8 slapian 5 Lol ua e S
S e 5 55 ol ads s Ho ol u el e
Ofipad (YN llSaa 5 Lol 3S) adl (g idu
OLLE 53 535555 Gae oTLIS &S el sus (3,18
o ohaly) @bl (Rl L,usG o bosad S50k
(Y01 ohlKan

AT ssa g ) Sk lasals Gubisly e il
LU S (o ao, my Jlbal mhe 5o la o
oo Ll Ho s o Slae Blad 5 Lo o 5 5 alis,
5 @08 bliie Sl Ganan (Y Joan) o ssd nt
Jlaial mha o S5slsm o Slae cdin 5 (5o
IS 50 4S5 b plad it Hla s 55 sas 50 S (55



Y

o oy e g 0Dy 9 S0

Laslesi baw 55 4l o Shae 5 5550 50 0 Slae ol
e SIS 15 el el olise sl .l
T. L & czals (YY/Y) T. harzianum mutant b sud
T. ghanens (Y-/V)T. ghanens (YY/Y) harzianum

T. virens (YA/¢) T. atroviride mutant (YA/\) mutant
ol e =& (YA/Y) T. virens mutant 5 (YA/N)
0 Loy il Gaald i € e Lo il
Ofaagsy A oboll Gelwl 5w aala
solsar buls, 501688 b S o s 50 Ol
sl a5 Sl i lacallas oLl L GLALS L
Jse aalgi (T lide Bl Goad dacul plis 3
SME Wlse siens bl Gl 5wl saul3dl
OLoKaa 5 ssane) W0 S o ol Wb s
g0 sl (5 iy wibe 5 B3 () B (Y- TN
oeal 50 las QLS &€ g5k & el LosusSo s

g L e (ile HlasS iy ) Jeals sladiily (o s
S8 gy 3 il ) (Sla (T, virens 5 P. indica
soales) 0 aald HLALS 4 cand i 5 (ol plal
S wbpe Gl goed GINIL ss Son) Jlals
el (o abardsn slacallad Cusas ale o
OSan 5 1 saaalsal) KT sl oo bl
O GSoad swn 50 5T @il Ginle 3T el o «S (YY)
bg sosd oI ban GholedT opl age sladiils
4 T. atroviride 5 T. ghanens .T. harzianum lads S
el o ol bYs € ue byl slacilbge ol pan
o 3 S cul oLS (551 5958 5 (53515850 L9 B9IS

adsslal ol @
K wly olis cdlsy geals (:Sle wwlis o
— o ol padld Gl K Eels Lo u S0 5 slad S

o2& lmds s 4 91 5 oo Jole (pl S (2 Jpua) 95

011 dSm! ®@6 dSm?

&

S9um s it 9 p9eb dal i 53 ¥ el 3 (Siun L s LS il 8 jSlas GoALE i Loy g i g Cilide sladi g8 sl -F s
(Mm=mutant) .sidils oo S3hs (5 90T puleal 3 3o 50 0 Jlaial rlac j9 LGSl (5l Saae aae Silas Lag gics YL Ha S yidio



VoY Jlo /Y o)leds Y als / SB g Ol il 4 i

OHed 5 glls, ¥

S350 9 Slac
e e s X)

(

011 dSm! m@m6 dSm?!
T9e gh . b i o
J J ™

[ =8

Cn p9eh ik 3 5uh Ll 0¥ elles g e L g1 LS 5 3 3 Sl s Loy g5 5 l5 il sLach S B3 -0 JSid
(Mm=mutant) .audls co (3l (5§01 Gulesd 53 as ya O Jlaial o o LagaSilis (5 yla e pae Sl Lag gie YL Hu S yiddio

s SLe il LoyusS s o8 Lol mal Ko
Oiaad .aag (il 38 as Ha Ve B (4ls) gulas)
TGS s € o plas pedls o) wwlbss
sad il (sH0d b 8 Sewaa ol ,IS atroviride
Ol oy dlas b GRS T gl
o3 e s osd kulyd Ho Sewier LS s e
JSa) wiS ol bl wm Hu AY B Y G oS oly las
s Slae (ral Bl lae (s Jasl sl 5 4S (g ke 4 (V
5 wle bl o 5 58 bulpd b nlie Hu 4l
T oslaie 58, )y dsys 0A B Y dely @
09 s ran o€ Llad 5l L S sl Latroviride
a5l 5 sag (oo BB sl ey 5l bl
s Toatroviridem K 5 5b & nial oo LSS slallas
T. atroviride (g5 lasl pls 5o 5 Lo e Ll
G e mala plas usa 51, Sewyes oIS o i
08 JosSee slagLls s Sewied oIS ws e 4l
sad BLIS oS Saa 5 pelel o alise plals
e o 1A (VAAY LKaa 5 caaly) el
23 105580k 2Ll uh 50 Lo (G (hlea ladioa s
Lo 5 2B b (Fenl oollaels 5 ool Ll

NHopdy S el i

On) o Al (i 55 (AS Slis (oS lyuad IS o
S Gosd 5 a0l slasles 580wy alesl
s (aalS (g sk (I a3 LAl o Gl 5
oo st bl o HLALS sladls (iS55 4 e
OEAlS L dass yo el Cl ey o SIS 4 (1 JSB) wiiinl
9 2o sosd bl o HLALS i) Bl ally Qi
adl LT cullad 5 Lagni s S 5o aally (A8
035 b g s baulsd o (YooY GlLKan 5 o)
T. 5 T. ghanens T. harzianum L sad less lalS
Iy @y s cpoida lagl calise 4 atroviride
T s T lixii b osad Llas lal€ & Lo il
o GeSo Olose (poiaS aald Hlass ol yea 4 virens
09 G508 Oloae 0988 Wb s oo LS 400 S w3
09 G5soas alle (lal Judo 4 Lesu s 5 slaslass
Ladils 5o OF pand 5 same JUEBI (s, slagias

(YN olSan 5 usla) asls

Q@Qﬁoggu)aéj s_u.a.u.. ..:)MLS'..“J‘SLS"'“J-):‘
\'z u\w&@‘J&Oﬂ‘ﬁQJA:sjai‘ﬂJd‘lsd‘d
&MJT.|iXiimJJGTQ£)m\jéJJ:|_&i:\AM‘)J
eolie 4 (V USE) wa S sualine T. atroviride m o of



) v Lo sei gy o S0

011 dsm? B6 dSm
bcd

3%
9 ¥
2%
3 ¢
o)
e}
2

Syidia B9 a9 ik g 5 9uh ol b o ¥ (el ) i L sl (5 431 (g 53 53 Lo pa 5S35 o Blide (sLada g8 4l —F Ui
(m=mutant) .aidils oo Sl (5 g0 3T uleal p3 3053 0 Jladal reloc ja LaaSilio (5l a0 pus Sl Lag gies YL o

100
@11 dSm?  @me dSml  [O% s
80 A
60 - 51 o
44 i
2 40 - ]
3 1 19 2 26
i
) 0 _ﬁm ' H 4 - 7 b
Yy g 3 g o g g 2 EH g @
I~ = @ 3 N g 5 @ cu i)
2 -20 A E [N § N %12 §-10 § % E” 'E
: N : I ~ N
s N = g g E-so §% IS T
-40 A N g N : K
~
60 - 50 49
-58
-80 - L]
-81
-100 -

Lol i jo ¥ gl a8 (S Lol (5 dala o ySlas 3 gags 53 Loy 553 53 g )8 bt ladh oS (Fum) (318 wao ju -V IS
(Mm=mutant) .ol gk jaf g 59k Joal pki jo b LAg ) (IS ©aglds Silas ol jadl a3y gudi jad 9 ) 9o

(005 oS Gl prlas) Ko el (IS b GBS Gl ol S 5 S aauis
Jse als olise Yl ol€ ) Sae Jsb o Lo oS s 5 sty oSl ol (il 3T gl JS 5o
sSlae Sls e GEalS b oS ol GRalS |y (53T 53 BB b lewden opd B8 580 cad e
SRS (S b GRS mal ad o b KT i3l s L ososd a5 adbe gl Bl 31 5 LSy
caald 5o Hnds Gl Hw s slge pdS Y S ol S dim a5 g olie o wad ShalS

J)&L:&JJQ&A&H%%EJE\SJJM@‘JJ? J‘ﬁﬁh&d‘)ﬁjkd)ﬁb%ﬁ)@&‘ﬁe‘



V¥ Jlo /¥ ojleds YF sls / S g T il 4 i

OHed 5 glls, 55

S i ctelesT ol Koo pie o sLaciily 3
Aol Glis S s 2Ll Hlas 5 o Jliie )
s LSy (oo bl b o gL0 Galise glag <
culan o g6 Jaailiy 51 go 5 Hlad cald i ;A
s aald 5l i gaal 5 o Slae Jy GnlS o Slae )
Los! canolio Llas GBI & aau e Glis llae oyl
1S a1 gt ) il o3l gaa B 0l g5
LI b g ol & ol BN L Gl
s g eoliial Lol w8 5 culie slesu Ko
LGS b L Hlas oS s plas K sk« ol
Sl @l Gad S s s Sel LoyusS s
slaslas ol 5 Ol 5 ssdiee (ol 5 (s
« T. atroviride 5 T. ghanens .T. harzianum  j.u)
i Lol o Shae (il 331 (sl Lag] slacsl se ol an

S ol g a2 g e Ll pd 5o

< el GhalS Lan el cad Hu Gl g, 5 Gl
098 OB 50 0 LS 8 Slae (shial 5o (alS Jals 4
i o) (e s ol 5l Gl dul) olie (hals
Sl T liXii o 4o (5 53 0550 LoyosSu 5 slaas S
oate ol Ho € ud oS S ais 5 g1 Gl 33
b s o S0l S5l 9 Slee GRINI @
ook 4 oSy agli an gai 5o Leyu s 5 slad £
sk 50 dls uSlee o Slee glial cu B L S
o Ol Jslae 085558 38, Wb adly G5l Hlo e
oiabedT ol sladisls 51 Koo (S Ly s slalas
ol gslie 0325 4 LIS s o ale 4 BlSe S s
oaald (i3l 4 e basl olS cnl 5o G308
sSlae 5 gulail s Slae 8, YL cdla
saias HLas GialedT dosu s 5l mas S5l
— o &S il (O0g 9 laad) Gl G idn ol g Gasads

s ol a e JUEI U 55l (6 3Thun 558 0l 5o 31 5153

ouldicul g0 &L’m

Abd-El-Khair H, Elshahawy IE and Haggag HK, 2019. Field application of Trichoderma spp. combined
with thiophanate-methyl for controlling Fusarium solani and Fusarium oxysporum in dry bean.
Bulletin of the National Research Centre 43:1-9.

Ali S, Khan MJ, Anjum MM, Khan GR and Ali N, 2022. Trichoderma harzianum modulates phosphate
and micronutrient solubilization in the rhizosphere. Gesunde Pflanzen. 74(4):853-62.

Anonymous, 2021. FAO Statistical Year Book. World Food and Agriculture Organization of the United
Nation, Rome, 366.

Anonymous, 2021. Ministry of Agriculture Statistics and Information Office, Agricultural Census, Deputy
of Planning and Budget. 19: 78-97

Anshu A, Agarwal P, Mishra K, Yadav U, Verma |, Chauhan S, Srivastava PK and Singh PC, 2022
Synergistic action of Trichoderma koningiopsis and T. asperellum mitigates salt stress in paddy.
Physiology and Molecular Biology of Plants. 28(5):987-1004.

Arain U, Ujjan AA, Rajput AQ and Shahzad S, 2022. Synergism between Trichoderma harzianum Rifai
and chemical fungicide for the control of Fusarium oxysporum Schiltdl on mung Bean. Pakistan
Journal of Phytopathology 34(1):117-25.

Bononi L, Chiaramonte JB, Pansa CC, Moitinho MA and Melo IS, 2020. Phosphorus-solubilizing
Trichoderma spp. from Amazon soils improve soybean plant growth. Scientific Reports 10(1):2858.

Bradford MM, 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical biochemistry 72(1-2):248-54.

Chen Z, Cuin TA, Zhou M, Twomey A, Naidu BP and Shabala S, 2007. Compatible solute accumulation
and stress-mitigating effects in barley genotypes contrasting in their salt tolerance. Journal of
Experimental Botany 58(15-16):4245-55.



Y v Lo sei gy o S0

Contreras-Cornejo HA, Macias-Rodriguez L, Del-Val EK and Larsen J, 2016. Ecological functions of
Trichoderma spp. and their secondary metabolites in the rhizosphere: interactions with plants. FEMS
Microbiology Ecology 92(4):fiw036.

Darikvand F, Bazgir A, Darvishnia M and Mirzaei H, 2015. Isolation and identification of Trichoderma
fungi and investigation of its effect on bean plant growth. Agricultural Research Conference, Genetic
Engineering and Medicinal Plant Iran, Jiroft.

Deng H, Li Q, Cao R, Ren Y, Wang G, Guo H, Bu S, Liu J and Ma P, 2023. Overexpression of SmMYC2
enhances salt resistance in Arabidopsis thaliana and Salvia miltiorrhiza hairy roots. Journal of Plant
Physiology 280:153862.

El Enshasy HA, Ambehabati KK, Hanapi SZ, Dailin DJ, Elsayed EA, Sukmawati D and Malek RA, 2020.
Trichoderma spp.: A Unique Fungal Biofactory for Healthy Plant Growth. Rhizosphere Microbes:
Soil and Plant Functions 573-92.

El-Saadony MT, Desoky ES, Saad AM, Eid RS, Selem E and Elrys AS, 2021. Biological silicon
nanoparticles improve Phaseolus vulgaris L. yield and minimize its contaminant contents on a heavy
metals-contaminated saline soil. Journal of Environmental Sciences. 106:1-4.

Eslahi N, Kowsari M, Motallebi M, Zamani MR and Moghadasi Z, 2020. Influence of recombinant
Trichoderma strains on growth of bean (Phaseolus vulgaris L.) by increased root colonization and
induction of root growth related genes. Scientia Horticulturae. 261:108932.

Ghanbari AA, Shakiba MR, Toorchi M and Choukan R, 2013. Nitrogen changes in the leaves and
accumulation of some minerals in the seeds of red, white and chitti beans (‘Phaseolus vulgaris') under
water deficit conditions. Australian Journal of Crop Science 7(5):706-12.

Ghassemi-Golezani K and Farhadi N, 2021. The efficacy of salicylic acid levels on photosynthetic activity,
growth, and essential oil content and composition of pennyroyal plants under salt stress. Journal of
Plant Growth Regulation. 1-3.

Guo C, Liu L, Sun H, Wang N, Zhang K, Zhang Y, Zhu J, Li A, Bai Z, Liu X and Dong H, 2022. Predicting
Fv/Fm and evaluating cotton drought tolerance using hyperspectral and 1D-CNN. Frontiers in Plant
Science 13:1007150.

Gupta A, Mishra R, Rai S, Bano A, Pathak N, Fujita M, Kumar M and Hasanuzzaman M, 2022. Mechanistic
insights of plant growth promoting bacteria mediated drought and salt stress tolerance in plants for
sustainable agriculture. International Journal of Molecular Sciences 23(7):3741.

Hang X, Meng L, Ou Y, Shao C, Xiong W, Zhang N, Liu H, Li R, Shen Q and Kowalchuk GA, 2022.
Trichoderma-amended biofertilizer stimulates soil resident Aspergillus population for joint plant
growth promotion. Biofilms and Microbiomes 8(1):57.

Hao S, Wang Y, Yan Y, Liu Y, Wang J and Chen S, 2021. A review on plant responses to salt stress and
their mechanisms of salt resistance. Horticulturae 7(6):132.

Harman GE, Howell CR, Viterbo A, Chet | and Lorito M, 2004. Trichoderma species—opportunistic,
avirulent plant symbionts. Nature Reviews Microbiology 2(1):43-56.

Hidangmayum A and Dwivedi P, 2018. Plant responses to Trichoderma spp. and their tolerance to abiotic
stresses: a review. Journal of Pharmacognosy and Phytochemistry 7(1):758-66.

Ibrahimova U, Kumari P, Yadav S, Rastogi A, Antala M, Suleymanova Z, Zivcak M, Tahjib-Ul-Arif MD,
Hussain S, Abdelhamid M and Hajihashemi S, 2021. Progress in understanding salt stress response in
plants using biotechnological tools. Journal of Biotechnology. 329:180-91.

Illescas M, Pedrero-Méndez A, Pitorini-Bovolini M, Hermosa R and Monte E, 2021. Phytohormone production
profiles in Trichoderma species and their relationship to wheat plant responses to water stress. Pathogens
10(8):991.

Javed MR, Noman M, Shahid M, Ahmed T, Khurshid M, Rashid MH, Ismail M, Sadaf M and Khan F,
2019. Current situation of biofuel production and its enhancement by CRISPR/Cas9-mediated genome
engineering of microbial cells. Microbiological Research 219:1-12.

Khan MU, Qasim M and Jamil M, 2002. Effect of different levels of zinc on the extractable zinc content
of soil and chemical composition of rice. Asian Journal of Plant Sciences. 1: 20-21.

Lopez-Millan AF, Ellis DR and Grusak MA, 2005. Effect of zinc and manganese supply on the activities
of superoxide dismutase and carbonic anhydrase in Medicago truncatula wild type and raz mutant
plants. Plant Science 168(4):1015-22.



V¥ Jlo /¥ ojleds YF sls / S g T il 4 i e 4 Jls, FA

Mahmud K, Missaoui A, Lee K, Ghimire B, Presley HW and Makaju S, 2021. Rhizosphere microbiome
manipulation for sustainable crop production. Current Plant Biology 27:100210.

Mastouri F, Bjorkman T and Harman GE, 2012. Trichoderma harzianum enhances antioxidant defense of
tomato seedlings and resistance to water deficit. Molecular Plant-Microbe Interactions 25(9):1264-71.

Mishra P, Mishra J and Arora NK, 2021. Plant growth promoting bacteria for combating salinity stress in
plants—Recent developments and prospects: A review. Microbiological Research. 252:126861.

Musin KG, Gumerova GR, Baimukhametova EA and Kuluev BR, 2022. Growth and stress resistance of
tobacco Hairy Roots with Constitutive Expression of ARGOS-LIKE Gene. Russian Journal of Plant
Physiology. 69(5):92.

Nasri M, Khalatbari M, 2015. The effect of different values of nitrogen, potassium and zinc fertilizers on
physiological characteristics of green bean (Phaseolous vulgaris gen. Sunray) in Iran. In Biological
Forum 2:467-472). Research Trend.

Pedranzani HE, Gutiérrez M, Molina Arias SM, Zapico MZ and Ruiz-Lozano JM. 2021. Arbuscular
mycorrhiza interaction with Medicago sativa plants: Study of abiotic stress tolerance in sustainable
agriculture. Advances in Investigation of Agropecuaria 25(3):26-40.

Plenchette C, Fortin JA and Furlan V, 1983. Growth responses of several plant species to mycorrhizae in a
soil of moderate P-fertility. Plant and Soil 70(2):199-209

Poveda J, 2020. Trichoderma parareesei favors the tolerance of rapeseed (Brassica napus L.) to salinity
and drought due to a chorismate mutase. Agronomy 10(1):118.

Pradhan PC, Mukhopadhyay A, Kumar R, Patanjali N, Kundu A, Kamil D, Bag TK, Aggarwal R,
Bharadwaj C and Singh A, 2022. Performance evaluation of a novel dustable powder formulation of
Trichoderma viride for seed treatment against Fusarium wilt in chickpea. Indian Phytopathology
75(4):1055-63.

Rajput VD, Minkina T, Kumari A, Harish, Singh VK, Verma KK, Mandzhieva S, Sushkova S, Srivastava
S and Keswani C, 2021. Coping with the challenges of abiotic stress in plants: New dimensions in the
field application of nanoparticles. Plants 10(6):1221.

Rezaloo Z, Shahbazi S and Askari H, 2019. Induction of resistance related responses of Phaseolus vulgaris
to Rhizoctonia solani by bio-fungicides. Crop Biotechnology 9(26):65-79.

Rezaloo Z, Tohidloo G and shahbazi S, 2018. Study of yield, vegetative traits and seed germination of pinto
bean produced from biopriming with Trichoderma. Research Journal of Agriculture and Plant
Breeding 14(2): 39-47.

Rudresh DL, Shivaprakash MK and Prasad RD, 2005. Effect of combined application of Rhizobium,
phosphate solubilizing bacterium and Trichoderma spp. on growth, nutrient uptake and yield of
chickpea (Cicer aritenium L.). Applied Soil Ecology 28(2):139-46.

Salimi NT, Seraj F, Pirdashti H and Yaghoubian Y, 2014. The effect of seed biopriming by Piriformospora
indica and Trichoderma virens on the growth, morphological and physiological parameters of mung
bean (Vigna radiate L.) seedlings. Iranian Journal of Seed Science and Research 1(2): 67-78. (In
Persian with English abstract)

Sani MN, Hasan M, Uddain J and Subramaniam S, 2020. Impact of application of Trichoderma and biochar
on growth, productivity and nutritional quality of tomato under reduced NPK fertilization. Annals of
Agricultural Sciences 65(1):107-15.

Santander C, Ruiz A, Garcia S, Aroca R, Cumming J and Cornejo P, 2020. Efficiency of two arbuscular
mycorrhizal fungal inocula to improve saline stress tolerance in lettuce plants by changes of
antioxidant defense mechanisms. Journal of the Science of Food and Agriculture 100(4):1577-87.

Savich VI, Artikova HT, Nafetdinov SS and Salimova KH, 2021. Optimization of plant development in
case of soil salinization. The American Journal of Agriculture and Biomedical Engineering 3(02):24-
9.

Senger M, Urrea-Valencia S, Nazari MT, Vey RT, Piccin JS and Martin TN, 2023. Evaluation of
Trichoderma asperelloides-based inoculant as growth promoter of soybean (Glycine max (L.) Merr.):
A field-scale study in Brazil. Journal of Crop Science and Biotechnology 26(3):255-63.

Sofy M, Mohamed H, Dawood M, Abu-Elsaoud A and Soliman M, 2022. Integrated usage of Trichoderma
harzianum and biochar to ameliorate salt stress on spinach plants. Archives of Agronomy and Soil
Science 68(14):2005-26.



A v Lo sei gy o S0

Sogoni A, Jimoh MO, Kambizi L and Laubscher CP, 2021. The impact of salt stress on plant growth,
mineral composition, and antioxidant activity in Tetragonia decumbens mill.: An underutilized edible
halophyte in south Africa. Horticulturae 7(6):140.

Soltabayeva A, Ongaltay A, Omondi JO and Srivastava S, 2021. Morphological, physiological and
molecular markers for salt-stressed plants. Plants 10, 243.

Stasz TE, Harman GE, Weeden NF, 1988. Protoplast preparation and fusion in two biocontrol strains of
Trichoderma harzianum. Mycologia 80(2):141-50.

Tripathi R, Keswani C and Tewari R, 2021. Trichoderma koningii enhances tolerance against thermal stress
by regulating ROS metabolism in tomato (Solanum lycopersicum L.) plants. Journal of Plant
Interactions 16(1):116-25.

Yang J, Kloepper JW and Ryu CM, 2009. Rhizosphere bacteria help plants tolerate abiotic stress. Trends
in plant science. 14(1):1-4.

Zhang X, Zhang L, Ma C, Su M, Wang J, Zheng S and Zhang T, 2022. Exogenous strigolactones alleviate
the photosynthetic inhibition and oxidative damage of cucumber seedlings under salt stress. Scientia
Horticulturae 297:110962.

Zhao S, Zhang Q, Liu M, Zhou H, Ma C and Wang P, 2021. Regulation of plant responses to salt stress.
International Journal of Molecular Sciences 22(9):46009.



