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Abstract

This research investigated the effect of calcium application and Serendipita indica
(Varma et al., 1999) inoculation on the growth and morphophysiological parameters of
grapes under drought stress. A completely randomized design was applied with two
levels of foliar application of calcium (0 and 1%), two types of fungal inoculation (non-
inoculated and S. indica), and three levels of drought stress (0.2 MPa as control, -0.7,
and -1.2 MPa) with four replications. The traits include leaf mass per area (LMA),
relative water content (RWC), cell membrane stability, photosynthetic pigments,
malondialdehyde, soluble sugars, phenol contents, antioxidant enzyme activity, soluble
protein, and proline. According to the results, the levels of drought, fungus, and
calcium, as well as their interactions, had a significant effect on physiological traits.
With an increase in the level of stress, the amount of soluble carbohydrates, the content
of malondialdehyde, proline, phenol, and the activity of antioxidant enzymes (catalase,
peroxidase, superoxide dismutase, and guaiacol peroxidase) increased, while the
stability of the cell membrane, RWC, soluble proteins, photosynthetic pigments, and the
ratio of LMA decreased. Root inoculation of grape seedlings with S. indica fungus,
foliar application of calcium nitrate, and their interaction showed a positive effect in
alleviating drought stress. Therefore, it seems that the optimal use of elements and
endophytic fungi can be considered a suitable strategy to increase the resistance of
grapes to drought stress.

Introduction

Biological methods that utilize beneficial soil organisms and horticultural practices such
as applying nutrients play a significant role in enhancing resistance to abiotic stresses.
The endophytic fungus, Serendipita indica has attracted attention due to its growth-
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promoting mycorrhizal-like functions, broader host range compared to mycorrhizal
fungi, and the ability to be cultured in artificial media (Varma et al., 1999). This fungus
has been successfully utilized in promoting growth and improving resistance to abiotic
stresses in different plants (Karimi et al., 2022; Ghabooli & Kaboosi, 2022).
Considering the water scarcity challenge in Iran and its significant impact on reducing
agricultural products, and considering the importance of grapevine plants, studying and
developing strategies to mitigate the negative effects of drought stress in grapevine
plants is of paramount importance. This research aimed to investigate the potential
impact of calcium application along with root colonization by the endophytic fungus S.
indica on drought stress tolerance in grapevine (Vitis vinifera L. cv Sultana) plants.

Materials and Methods

This research was conducted as a factorial experiment in a completely randomized
design with four replications. It aimed to evaluate the effects of calcium foliar
application and inoculation with the endophytic fungus, S. indica on growth and
morphophysiological parameters in grapevine plants under drought stress conditions.
The experimental treatments included two levels of calcium (0% and 1%), two fungal
treatments (inoculated and non-inoculated), and three stress levels (0.2 MPa as control,
0.7 MPa, and 1.2 MPa as second and third drought stress levels, respectively). Grape
cuttings were rooted in a suitable rooting medium. For inoculation, a suspension of
fungal mycelia (1% w/v) was prepared and the cuttings were placed in the suspension
for one hour and then transplanted into pots. The other group of cuttings (control) was
immersed in water for one hour. Calcium nitrate foliar application was performed at two
levels of 0% and 1%. After 10 days of inoculation, root samples were harvested to
assess root colonization. Drought stress treatments were applied at the 15th or 16th leaf
stage and were applied when the soil water potential reached the desired value. After
two weeks, sampling was done and traits such as relative water content, photosynthetic
pigments, soluble carbohydrates, protein, proline, malondialdehyde, and antioxidant
enzymes were measured.

Results and Discussion

The results showed that drought stress, fungus, calcium, and their interactions had a
significant effect on the measured traits. Drought stress increased the levels of
carbohydrates, malondialdehyde, proline, phenols, and antioxidant enzymes, while
decreasing membrane stability, relative water content, protein, chlorophyll, and
carotenoids. Inoculation with the fungus, calcium application, and their interactions had
a positive effect on reducing the effects of stress by improving morphophysiological
traits. Several mechanisms have been proposed for the positive effect of the fungus on
increasing growth, including increased cytokinin production and improved transport
through the vascular system. Fungal mycelia increase the absorption surface and thus
help to retain water around the plant (Ghabooli & Kaboosi, 2022). Calcium also plays a
role in maintaining membrane structure and function and increases the water retention
capacity of cells (Albino-Garduno et al., 2008). The fungus increases the levels of
carbohydrates, proteins, and proline through certain hexose transporters, affects plant
hormone synthesis, and increases the expression of some genes involved in protein and
proline synthesis (Ghabooli et al., 2013). Calcium increases carbohydrate accumulation
by interfering with the photosynthesis process and acts as a secondary messenger to
affect protein stability and activity. Besides, calcium can reduce membrane damage by
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maintaining and enhancing the activity of antioxidant enzymes and increasing proline
accumulation (Hosseini Tafreshi et al., 2019). The effect of the fungus on reducing ROS
production is one of the reasons why membrane stability is higher in inoculated plants
under stress conditions (Kaboosi et al., 2023b). The fungus and calcium might play an
important role in eliminating reactive oxygen species by increasing the activity of
antioxidant enzymes, which is consistent with their effect on carotenoid levels,
membrane stability, and malondialdehyde content. This demonstrates that these plants
reduce the detrimental effects of drought stress more than control plants.

Conclusion

The results showed that inoculation with S. indica with grapevine plants and treatment
with calcium effectively stimulated the growth and resistance to drought stress. Under
drought stress, they were able to play an effective role in improving the physiological
traits of the plant, which in turn improved the plant's tolerance to drought stress. In sum,
the results indicate that using calcium-containing fertilizers and utilizing beneficial
microorganisms such as endophytic fungi can be considered a suitable strategy to
increase the growth and yield of grapes and achieve sustainable agriculture in the
production of this product.

Keywords: Symbiosis, Calcium, Abiotic stress, Antioxidant enzymes, Membrane
stability.
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Table 1. Variance analysis for effect of drought, calcium and S. indica inoculation on relative water content, leaf dry

mass per area (LMA) and photosynthetic pigments of grape

(MS) Ol yo (yuSilo o o
PV Y Js A b s s agssyr IO emdlEm il e
S o 5 g o
R V7 VR i Winde VIVATH \ [
VAN A% v AYT YN YV ) S
NE AT FNT \dl VoY el \ s
eV 0 TRV B V- YA ) ol 58
Jeeed™ /+Y N % A o™ \ S 8
EEE oV ey N o co™ e \ S S
oY /oY [eoeed™ YN e Ao \ St S w6
[eee® [eey [eeed /ooy VY4 AL \i2 Ol sl
Y YV \fia /o8 AR iid - (Ao 33) Sk oy

el Aoy Y 0 Jlez cla,u 23 Gl sre 5 Sola gme Dol e 5 4 ek 5 3 IS

ns, *, **: Non significant and significant at 5% and 1% probability levels, respectively

(O K2 5,0

(B ol Sl e Tty sl bl
7 el X ) olize D1 g (S 5 elS
5o ) Jlanl mhaw 3 s 555,57 (5l e
,;dmxv,,.xfx@uufu‘}_fu;ﬁurﬂ
Jelize ST bl bl s 1 e 0 bzl oy
iglie L () Jgular) Al e s
ol 535 5,18 Ol 2 SYL 475l Ol S0
Lyl i 53 Aoy ) ST 5 oddim s Hlas o
S 3 (5 0550 8108 deo VD) 15 0
L slass O 5 i il OLaLS 3 0T Ol s
OV s (S i bl b s e S
(Y Jpi) g S stalin (5 035 0570 8 ks

S FFwrgid (S0 15 5
Sl mbils 4 ddr s w2
S et 5 (S 5 endS 25 ol
Ve o 53 o ST G,uutfp‘}_u;ﬁ
Julize 131y 55X 256 e Ol 315 A s
O Jlazl o 53 225 X o ulS % 258 68w
b Hls ae () Jgda) Al syl sme Loy
S s o 0L G a5 68 55 folime il I
AUT s dSles S5 Jos @ 51 Jits ba, 5576
o b oimdls 5lag o8 55 0La ke ylie
Gt GRS Ogde kb 5 Ao)s ) dST
3 (305505708 ke VIOV) IS J35 S 0150
S s (S A5 Ll s dals s
b (5 035 870,85 Sen VIT0) U5 s 57 05



\AR) S b s s g slee 1S5, (A 54 » Serendipita indica q,.\ﬂ@\sp@w,”ﬂ;ﬁﬁ,\fﬁu

O 5 s il [ (St 25 o A i3 o 5 5 1S 5T

Ing
©
-

|y
=]

=
w
=
Pr)
£
=
£ 15 i
o
o
=
o
=
(]
©
k]
=

0.5

Carotenoids (mg/g FW)

S, sa.\.:.sc_il::SO:La,u_;)u.g};:,,lf(g),y&;ﬁ(dl)owﬁﬁf,éﬂsJJ‘G)G&&@J{;\.\ IS
(s S 25Dy thaw se 25Dy ¢ 25 054Dy sr..alf, Lobes Ky er.,Jf_ a9 Ky ol el

Fig 1. Interaction effect of S. indica, calcium and drought stress on (a) total chlorophyll, and (b) carotenoids of grape
(Treatments: S,: non-inoculated; S;: inoculated; K,: without calcium; K;: treatment with calcium; Dy: normal; D;:

medium stress; D,: severe stress)
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Table 2. Variance analysis for effect of drought, calcium and S. indica inoculation on carbohydrate, proline, soluble
protein and phenol of grape
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Fig 2. Interaction effect of S. indica, calcium and drought stress on (a) total carbohydrate, (b) proline, (c) protein, and
(d) phenol of grape (Treatments: Sy: non-inoculated; S;: inoculated; Ky: without calcium; K;: treatment with calcium;
Dg: normal; D;: medium stress; D,: severe stress)
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Table 3. Variance analysis for effect of drought, calcium and S. indica inoculation on MSI, MDA and antioxidant

enzymes of grape
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Fig 3. Interaction effect of S. indica, calcium and drought stress on membrane stability index of grape (Treatments:
So: non-inoculated; S;: inoculated; K,: without calcium; K;: treatment with calcium; Dy: normal; D;: medium stress;

D,: severe stress)
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Fig 4. Interaction effect of S. indica, calcium and drought stress on MDA of grape (Treatments: Sy: non-inoculated;
S;: inoculated; K,: without calcium; K: treatment with calcium; Dy: normal; D;: medium stress; D,: severe stress)
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Fig 5. Interaction effect of S. indica, calcium and drought stress on (a) CAT, and (d) SOD antioxidant enzymes of
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D;: medium stress; D,: severe stress)
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