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Introduction

Medicinal plants have long had a special place in the traditional agricultural system of Iran and the use of these
plants as medicine to prevent and treat diseases has been considered by traditional medicine experts since ancient
times. Medicinal plants with rich sources of secondary metabolites provide the basic active ingredients of many
medicines. Although the biosynthesis of secondary metabolites is genetically controlled, but their construction is
strongly influenced by environmental factors. One of the important climatic factors that affect the distribution of
plants around the world and can cause morphological, physiological and biochemical changes in the plant is the
lack of available water. Basil (Ocimum basilicum L.) seems to show little resistance to water stress. For this reason,
there is a need for protective mechanisms for the basil plant against stress due to water shortage. Plants are able to
reduce or eliminate the effects of water shortage stress by coexisting with a number of soil microorganisms.
Coexistence relationship plant with T. harzianum fungi is one of the ways to reduce dehydration in plants. These
mushrooms by altering some of the root properties and absorbing nutrients in the host plants, they reduce the
destructive effects of water shortage stress. Observing the positive effect of these fungi in increasing the absorption
of nutrients from the soil, improving plant water relations, increasing water use efficiency in plants and finally
increasing plant resistance to water deficit stresses on the one hand and on the other hand. The existence of water
crises in different countries has prompted researchers to further study this aspect of the symbiotic relationship
between the host plant and Trichoderma harzianum.

Materials and Methods
Present study was performed to investigate the effect of T. harzianum on the antioxidant content of Ocimum
basilicum under water deficit stress. It is also intended to evaluate the effects of an endophytic fungi namely T.
harzianum on the shoot yield, photosynthetic pigments, content and yield of essential oil from O. basilicum under
water deficit stress. All experiments were performed as the factorial based on completely randomized design
blocks with three replications in greenhouse condition. The experimental factors were the different irrigation
regimes including 100, 75, 50 and 25% of field capacity and two concentrations of the T. harzianum (108 and 10°
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CFU/ml). At the beginning of flowering, water deficit stress was applied at four levels of 25, 50, 75 and the control
treatment (100 percent) of field capacity until three weeks later. The application of water stress was such that the
pots were weighed daily and the moisture deficiency in each treatment was removed by watering the pots until
reaching the desired treatment level. After applying the stress, sampling and measuring traits were done at the full
flower stage. After the plants reach the full flowering period, various traits including plant height, number of
leaves, fresh and dry weight yield of the plant (as the economic yield of basil) and fresh and dry weight yield of
roots per square meter, chlorophyll a, b, total (T), carotenoid, colonization percentage, yield and essential oil
content were measured in all the plants in the pots.

Results and Discussion

Increasing the level of water stress reduced the economic performance of basil (O. basilicum). Coexistence
with Trichoderma reduced the destructive effects of dehydration on the plant. With the application of dehydration
stress, the essential oil content increased in mild and moderate stresses, but the yield of essential oil did not differ
significantly from the control and plant height, number of leaves and plant pigments decreased under dehydration
stress. According to the experimental results, it can be said that Trichoderma with a population density of 106
(spores per ml of inoculum) had a better effect on most growth indices, while the effect Trichoderma with a
population density of 109 (spores per milliliter of inoculum) on important traits such as shoot fresh weight yield
(212.2 g), percentage (0.7%) and essential oil yield 1t was higher. According to the obtained results, it can be stated
that inoculation of basil with Trichoderma increased the percentage and yield of essential oil in both water stress
and non-stress conditions, and considering that in cultivation of plants the goal is to increase the effective
substance. It is in these plants.

Conclusion
Finally, the results indicated that the use of Trichoderma mushroom in comparison with the control (without
inoculation with the fungus) under water stress conditions has the ability to improve plant growth and leads to an
increase in plant efficiency under water stress conditions.
Keywords: Abiotic stress, Aerial part performance, Essential oil, Morphological traits
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Table 1 continued— ANOVA for the effect of Trichoderma mushroom population density and soil moisture on the some traits
in O. basilicum plant
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Figure 1- The effect of different concentrations of 7. harzianum mushroom on O. basilicum plant height (DMRT, p<0.05)
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The index above each column indicates the standard error.
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Figure 2- The effect of different levels of soil moisture on O. basilicum plant height (DMRT, p<0.05)
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The index above each column indicates the standard error.
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Figure 3- The effect of different concentrations of 7. harzianum fungus on the yield of plant fresh weight per square meter in
O. basilicum (DMRT, p<0.05)
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Figure 5- The interaction effect of 7. harzianum population density xdifferent soil moisture levels on O. basilicum chlorophyll
b (DMRT, p<0.05)
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Figure 6- The effect of the interaction of 7. harzianum population density xdifferent levels of soil moisture on the total
chlorophyll of O. basilicum (DMRT, p<0.05)
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Figure 7- The interaction effect of 7. harzianum population density xdifferent levels of soil moisture on O. basilicum
carotenoids (DMRT, p<0.05)

Al o (iSE) 3,y lbisl (glas oimd il yeiw o (oYL jasli
The index above each column indicates the standard error.

bis ope glaygs 5l (S o) GlalS > J8g)lS oliee

N S (i byl cow oS SlalS 5o sl (gt cob b
Slge sz 3 93,5 o )5 8L Cos by JS (Slgie kS 0
Ol dwy oo jliay Aygba b (el Jd)lS (slgie
JSooly a5 5150 (S (15 L selse plSim )3 Jdg)lS (lsime
o g ied Csmelinsly o Cllie 5 (3] Ol o
2y Sggeygs gdy b by gyl Cusl 03g Lidg)lS
SpmdlSo b LoyeSs 5 iy YU 1) o IS st ()l5pe 2506
Ol ol amy o (LS clapgere W s il

DL epasSe i g 53 S8 aploy Blite 51 Sk sl
@.o.l.: ol obls J.;};J”lf O\)’,,a %j 39345 oS JLA—C‘ L as ol
& i Wg)l8 Gl (nieS g Cp il 098 e Mo ¥
BB Lol mdl JlS  las)ie cud)l dopy VO oS
£35S o YIV0) sl ooy 53 jgpl V0¥ o 0515 50 Lo po5S 5
OlLS 53 9 slasyje Cud )b 103 VO Jlod 5 (S 5 0js £ 2

2l 315 (S 5 s #5525 e VYY) o il



VFer L o osleds FA Al ((55,)9biS uluo g polke) Sl pole 4 piis VYA

=h5 9 EL QLS oo (laljl el g amd oo (oS |, o is
(Harman et al., 2004) 39 0 6.5} ue g 055 (sld 35 ply 5

ol (51 giae

ol gz g Lop39S 5 )8 1 5l Jols (5:S0le dslie
il LS 4 (Mo 1Y) Luilel (dlgie iy oS ol ol
(oo 2 53 yomml) Vo¥ o o515 5 Loy35S5 5 )6 L o
N JS) il o fssine S e plo b &S cadly 3l
oMo el g cals ollg olS ady) lazee )3 Lop3sSu 5 )8
«Sigiy dpmsl ( SiigSs damsl B elig siile (S3lgn lge
2SS 505 (glagygeygn ldlioMe LB joolie a5 b g g
go3 5 M) Ll sl dymn 5 eSgie (ST oRgh D)
Slyme 2 Cto 10 G ul Jl g o Ay a3 5 (5 3,8 hes
.(Kapoor et al., 2007) cuwl ausliS  yuil!

bl Lo ys
Percentage of essential oil
o
S

Control

Lgayh oy i ole g O Gl (g ady, oblas!
M55 ié polis 1S3 g b Mool wxys 5 I (slasel )5
5 Jidg)lS clale (Rl case ool Gl (1B 5 j8gue
(Jaleel 1553 o ol yiangs S (Slyisne 5 rangid ol asessyd
63,8 yo)li5 (Yangetal., 2014) ) Kan 4 5L et al., 2007)
olS )3 1) 5 4 Cunglie g by )48« Judg IS cale jials” oS
POl idgh 5 e e ials Sclerotinia sclerotiorum Lib.
S oy il ialS (55 (b alS slaesSS) 5 Jdg)lS liee
olS )3 (s ytiwgid o35 cnl Oliwe (I3l oo LoydgSs 3 slos
Slgiore cusles T, viride gudls a8 oly lis glaslllas gols .0y )S
-4 (Brassica oleracea var. italica) S, oIS ;5 1) Judg, k8
S 39 e (pl SOly @l (piomen an (il (a2 LB 5k
ey &35 s Gl dond s3tiags cloosS, (sl
(Hermosa et al., wib oo 3y (lj8l 9 (lijsy cuoglin inls
I 5 losks LyogSsyi g8 wgge sboblS b 2012)

a

b b
0.6
05
0.3
0.2
01
0

106 10°

T.harzianum z,6 cilisee gla clalé
Different concentrations of T. harzianum (spores per ml)

(0. basilicum) sl , wilwl w0 yd s 7. harzianum g 8 Glise gbedile Wb -A JSU
Figure 8- The effect of different concentrations of 7. harzianum mushroom on the percentage of O. basilicum essential oil
(DMRT, p<0.05)
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The index above each column indicates the standard error.
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