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Introduction

Drought is one of the most important environmental stress adversely affecting agricultural products, especially
in arid and semi-arid regions. Using Trichoderma fungus and biopolymers such as chitosan is one of the ways to
reduce drought stress. Trichoderma fungus, as a plant growth-promoting fungus, is the most common fungal and
soil-modifying species that can directly with plant roots in the rhizosphere and improve growth as well as biological
control of living stresses such as pathogenic fungi and non-living stresses such as drought, salinity, and heavy
metals. On the other hand, one of the effective ways to protect the plant in conditions of low irrigation is the use of
anti-transpirants, including the biostimulant chitosan, which markedly limits transpiration from the plant surface.
The anti-transipirants action of chitosan can be attributed to the involvement of chitosan in the abscisic acid
pathways, which closes the stomata and thus reduces transpiration. Chitosan is readily soluble in water and organic
acids. Therefore, it can be used in various methods such as mixing with soil, foliar spraying, and impregnation with
seeds in agriculture.

Material and Methods

This research was conducted in a split factorial arrangement based on a randomized complete block design. The
main plot factor was irrigation interval in three levels (two days as normal irrigation and three and four days as
deficit irrigation conditions), and sub-plots were inoculated with T. longibrachiatum at two levels (inoculation and
uninoculated control) and chitosan at three levels (0, 0.2 and 0.4 g/L). Each experimental plot consisted of three
planting lines two and a half meters long and one meter wide. T. longibrachiatum was obtained from Tabarestan
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Agricultural Genetics and Biotechnology Research Institute. The first irrigation was done simultaneously with
planting basil. Up to one month after sowing the seeds (six to eight-leaf stage of plants), the plots were irrigated
evenly with tubes, and from this stage onwards, irrigation treatments were applied. Pesticides and herbicides were

not used during the experiment, and weed control was done manually. Chitosan was prepared from the Sarina Teb
store, in three levels of zero, 0.2, and 0.4 g/l, and sprayed in three stages: vegetative, before flowering, and 50%
flowering.

Results and Discussion

The results showed that by increasing the irrigation period from two to four days, the morphological traits of
basil, such as root length and stem length, leaf dry weight, root, stem, and dry matter yield decreased. Also,

physiological traits of basil, such as carotenoids and chlorophyll meter, increased while chlorophyll a, b, and total
chlorophyll decreased. Application of 0.2 g/L of chitosan inoculated plants increased chlorophyll b content by 68%.

The highest percentage and yield of essential oil in normal and irrigation deficit conditions were obtained when
plants were inoculated with Trichoderma and foliar sprayed with chitosan. The highest percentage and yield of
essential oil were observed with an average of 0.88 and 42.87% in normal irrigation conditions, application of
Trichoderma, and zero level of chitosan, respectively. According to the results, increasing the irrigation cycle,

chitosan application and fungal inoculation, increased the percentage and yield of essential oil. However, by
increasing the irrigation cycle, chitosan alone decreased the percentage and yield of essential oil, and only in the
three-day irrigation cycle it increased the percentage of essential oil compared to the control.

Conclusion

Overall, the findings showed the positive effect of concomitant use of Trichoderma fungus and chitosan on
improving the growth of sweet basil and increasing drought resistance.
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Fig. 1- Interaction of deficit irrigation fungus (A) and deficit irrigation and chitosan (B) on the stem length of basil
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Fig. 2- The effect of irrigation deficit on basil root length
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Table 3 - Interaction of fungus and chitosan on leaf dry weight of basil (g.plant?) in different irrigation periods

i, (595) el 592
B Ol L
Fungus Chitosan levels (g.I) 2Irrlgatlon |r;)terval (Day)4

L 0 0.35 0.34 0.27
- 0.2 0.55 0.47 0.31
Control 0.4 0.38 0.34 0.35
" 0 0.36 0.36 0.46
lpsiet 0.2 0.17 0.42 0.46
Trichoderma fungus 0.4 0.36 0.32 0.34

LSD (5%) 0.05

(F o) Ad G |y ) SB35 i )

g g aw (olel 99) (gyluleS Laulys y> a5 Bl i nassly
o5 1Y 3 g Bl b 5 €5 b plalS il ()

Skl Ao sl 9 ;3 (Wgr 53 0,5) Gloy ) dwlyy SWid (39 2 0395 9 7B LS R - Jgu
Table 4 - Interaction of fungus and chitosan on root dry weight of basil (g.plant?) in different irrigation periods

. (390) el 592
2,6 O3S (9] S
Fungus Chitosan levels (g.I) 2Irrlgatlon |r;terval (Day)4

G 0 0.17 0.15 0.14
- 02 0.24 0.17 0.19
Control 0.4 0.16 0.15 0.13
R 0 0.14 0.12 0.16
lpgiels 0.2 0.08 0.16 0.20
Trichoderma fungus 04 0.14 0.13 0.17

LSD (5%) 0.05

Ois olisnS L (Solanum  lycopersicum L.) 5,84545
Ab el sals GlS b awlie 1) ddle i 5 Suis
2 s Pl Sis i e A 5 i ksl
Mahdavi et ) cusls (Carthamus tinctorius L.) 5,15 oLS
S23gshoge oSy 9 48y 2 OlighS S 28 (al., 2010
awslis 5k (Calendula officinalis L.) jlgdisen o9, olS
Ay 5 Saidsdrge S S i Jl Sl 2 site Jole (lsis
Cusl 0391 3o (2l laplsl Sis g 5 (g s i)

(Hussaini et al., 2013)

g 2 @l 2 (ligS 9 B Jlie S jlages 3k
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WBlo S 59 Gliee glopd BY dgas 5 )b me ]38l o
3 S oY chle 08 S mil pas paw 4 G
Lo TV g B psba |y dile Sis by e oligiS
03 Gl (oljgs 28 pas g gl pac) Jald aaw &4 Cos
Ao g 3 )5 IV Sl Ll S (59 ol (5
(¥ JS5) 35 oanlito gl pas 5 oljsiS
g Ay oSy SWE (g 2 OligS Cute (a5l QU gl
Sl 5 moh @ls g oS dilse sl > 4l
sloyds jleg oS ol ol ;o (Hidalgo et al., 1996 ) S
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Fig. 3- Interaction of fungus and chitosan on the dry weight of basil stems
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cel ol55ns &S cul ol 555 (Ghoname et al., 2010)
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Fig. 4- The effect of irrigation deficit (A) and chitosan (B) on the chlorophyll z of basil leaves
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Table 5- Analysis of variance (mean of squares) of the effect of irrigation deficit, 7richoderma fungus, and chitosan on
SPAD number and photosynthetic pigments of the basil plant

©lape nSbe
Mean of squares

O e o &3l a2y

sov df RV FRPS Ch‘fﬁs”f | Mg g,
orophy .
SPAD a b ath a/b Carotenoid
Sok 2 25.63 0.63 0.08 1.19 0.54 0.12
Block
(B) cleles 2 52.58" 4.38" 0.42 9.27"  0.004 0.69™
Irrigation deficit
kel sl 4 36.29 0.62 0.09 0.74 0.22 0.09
Main error
(F) ek 1 19.68 5.04 0.22 5.25 0.14 0.000008
Fungi
(©) s 2 41.49 1126 032 1627 078" 0.22
Chitosan
DxF 2 57.72" 4.29 0.19 6.59" 0.07 0.02
FxC 2 52.18" 1.45 1.13™ 5.18" 0.39 0.26
DxC 4 387 2.91 0.32 3.43 0.19 0.05
DXFxC 4 11.04 1.35 0.76™ 2.14 0.28 0.15
oialejl sl 12 15.23 12 0.14 1.33 0.21 0.07
Error
Sl e 17.78 12.61 14.06 10.02 14.49 14.36
C.V (%)
Ao pd S5 g gy paw 50 )b pixe i FR "
*, " are significant at 5 and 1%, respectively.
Ly ol ol @ ubg S 5 olsiS ooles 31 Jloges (il —F SL2) w5l 193 0 @ ibo)lS 5 s lleS ool 1 a3
e 4 Cons 1o > VO dgas A by IS (glaie l5nS 0,8 ool y9d S I 3 wecsl ialSa Lbg S clgixe 5q,
(o =Y JSS) 0d oS sals (395 9> silel ys3) opll Sy bl Uy e ) 59y Sl
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Table 6- Interaction of fungus and chitosan on Chlorophyll b (ug.ml?) in different irrigation periods

. e Sokl y90
zb oligs i

Fungus Chitosan levels (g.I) I2rr|gat|0n |r:13terval (Da);z
L 0 3.61 2.52 3.54
- 0.2 2.17 2.26 2.41
Control 0.4 2.91 2.32 2.6
e 0 2.74 2.87 2.48
Lpsiygl 0.2 3.65 3.13 2.25
Trichoderma fungus 0.4 2.48 2.25 3.37

LSD (5%) 0.73
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Fig. 5- Interaction of deficit irrigation fungus (A) and fungus and chitosan (B) on the total chlorophyll content of basil leaves
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Fig. 7- The effect of irrigation deficit on the carotenoid content
of basil leaves
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Fig. 6- The effect of chitosan on the chlorophyll a/b ratio of
basil
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Fig. 8- Interaction of deficit irrigation fungus (A) and fungus and chitosan (B) on SPAD number in basil plant
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Table 7- Analysis of variance (mean of squares) for the effect of irrigation deficit, Trichoderma fungus, and chitosan on dry matter yield,
percentage, and yield of basil plant essential oil

Olayo (uile
CHJOVES 27 oS R Mean of squares
S.0.v df Sis 03l 2,5hos bl ao owilwl 3 Slos
Dry matter yield Essential oil percentage Essential oil yield
ok 2 13765.6 0.001 28.10"
Block
DO) sibles 2 185763.1" 0.008" 245.29™
Irrigation deficit
kol sl 4 46483 0.006" 49.19"
Main error
(F) E).lﬁ 1 4423.5 0.043" 8.75
Fungi
(C) cliges 2 20739.5 0.103™ 215.60%*
Chitosan
DxF 2 31326.7* 0.008" 36.62"
FxC 2 7091.1 0.007" 30.00*
DxC 4 20414.7% 0.116™ 191.70™
DxFxC 4 58447.2%* 0.042™ 73.92™
ool st 12 6164.3 0.001 6.89
Error
Sl 17.78 8.95 2115
CV (%)

S

Ao pd S5 g g gaw 50 ) pixe iy *
*, . are significant at 5 and 1%, respectively.
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Table 8- Interaction of fungus and chitosan on dry matter yield of basil (g.m™) in different irrigation periods

5 (395) ol 592
z,b BT TSI
Fungus Chitosan levels (g.I™) 2 Irrigation |r;terval (Bay) 2
s 0 696.40 192.80 313.87
0.2 655.20 445.20 262.80
Control 0.4 750.20 401.07 436.80
5 0 428.00 476.40 294.40
o 0.2 484.40 297.60 629.87
Trichoderma fungus 0.4 765.60 396.80 199.60
LSD (5%) 169.97
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Table 9- Interaction of fungus and chitosan on the percentage of basil essential oil in different irrigation periods

5 (595) ol 592
&b Oliges OO
Fungus Chitosan levels (g.I"") 2Irr|gat|on |r;terval (Day)4
Ll 0 0.56 0.32 0.48
0.2 0.41 0.26 0.24
Control 0.4 0.38 0.82 0.30
B 0 0.88 0.33 0.34
B 0.2 0.22 0.29 0.48
Trichoderma fungus 0.4 0.43 0.85 0.62
LSD (5%) 0.12
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Table 10 - Interaction of fungus and chitosan on the yield of basil essential oil (kg.ha) in different irrigation periods

5 (595) 5l 59
el Oligs e
Fungus Chitosan levels (g.I"%) > Irrigation |r;terval (Bay) 7
Ll 0 27.46 2.25 7.90
0.2 13.05 8.34 4,54
Control 0.4 32.16 18.62 8.97
5 0 42.87 7.18 5.44
@ 0.2 7.11 6.57 13.06
Trichoderma fungus 0.4 8.63 14.34 20.00
LSD (5%) 10.23
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