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Extended Abstract

Background and Objectives

Drought stress is one of the most important abiotic factors that can harm plant growth, development,
and performance. One type of microbe that lives symbiotically with plants is the fungal endophyte,
which is crucial for improving the growth and performance of their host plants. Fungal endophytes
can improve a plant's ability to survive and resist abiotic stressors, such as drought. Given the growing
water scarcity in Iran, there is an urgent need to identify biological treatments that can regulate and
improve plant tolerance to drought stress. This study aimed to investigate the effect of the fungal
endophyte Aspergillus niger (A. niger), isolated from Teucrium polium L., on improving the growth
of garden thyme (Thymus vulgaris L.) under drought-stress conditions.

Methodology

In this experiment, sterilized T. vulgaris seeds were cultivated in trays containing autoclaved peat
moss, and the seedlings were transferred to pots after two months. Six months after the transfer of the
seedlings to pots, a solution was prepared using the endophytic fungus A. niger, and inoculations
were performed on T. vulgaris plants. The spore count of A. niger in each Petri dish was determined
using a Neubauer hemocytometer, with a concentration of approximately 10° spores per milliliter
(CFU/mI). The solution was then applied as a foliar spray to the aerial parts of the plants (10 ml) and
injected into the soil around the roots (5 ml). After one month, a verification test was conducted to
ensure the presence of, the endophyte A. niger in the plants. Drought stress was applied using the
weight method for three months. Morphological, physiological, and biochemical characteristics of T.
vulgaris were evaluated. A factorial experiment was designed using a completely randomized design
(CRD) with three replications. The drought treatments included four levels of drought stress (100%,
75%, 50%, and 25% of field capacity) and fungal endophyte inoculation at two levels (control and
inoculated with A. niger).

Results

Drought stress caused a significant reduction in plant height, shoot fresh weight, shoot dry weight,
root fresh weight, root dry weight, chlorophyll a, chlorophyll b, carotenoids, and relative water
content of leaves. However, under severe drought conditions (25%FC), inoculation with the fungal
endophyte A. niger led to a notable increase in plant height (39.18%), shoot fresh weight (78.92%),
shoot dry weight (58.27%), root fresh weight (74.25%), root dry weight (74.56%), chlorophyll a
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(8.40%), chlorophyll b (16%), and carotenoids (32.12%). Additionally, the presence of A. niger
resulted in elevated levels of proline (13.72%) and soluble sugar (16.43%), along with a decrease in
malondialdehyde content (45%), compared to non-inoculated plants under drought stress conditions.
Conclusion

This study demonstrates the positive effect of inoculating T. vulgaris plants with the fungal endophyte
A. niger on the quantitative and qualitative characteristics of plant height, shoot fresh weight, shoot
dry weight, root fresh weight, root dry weight, relative leaf water content, chlorophyll a, chlorophyll
b, carotenoids, proline, soluble sugar, and malondialdehyde in T. vulgaris. Drought stress decreased
the studied characteristics, except for the proline content, soluble sugar, and Malondialdehyde.
Overall, this study suggests that the use of A. niger fungal endophyte can significantly improve plant
growth and reduce the adverse effects of drought stress. Therefore, it is recommended to spray A.
niger fungal endophyte during the vegetative growth stage for three weeks and three times under
severe stress conditions, as it provides biological compounds from a natural source.
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Table 1. Analysis of variance effect of drought (D) levels and fungal endophyte (FE) (A. niger) on physiological
characters of T. vulgaris

Sources of Variation DF Plant Stem Root Stem Root Relative leaf
height Fresh weigh Fresh weigh Dry weight dry weight water content
Drought stress (D) 3 299.13%* 152.71%* 96.27%* 47.88%* 43.67% 4759**
Endophyte (E) 1 300.75%* 114.45% 44.88%* 14.30%* 8.53#* 640™
Dx E 3 10.77#* 3.18#* 0.33 0.53#* 0.50%* 1.3
Error 16 0.77 0.22 0.27 0.025 0.025 1.58
C.V(%) 2.60 5.10 7.11 1.83 2.44 2.04
*and **: significant at 5% and 1% probability levels, respectively 253 50 Jts a3 Sl gne i a )

(T. vulgaris) o sl 5505855 Slao i (AL Niger) 2,6 bl 5 SKis gk S Sl anglie Y Joun
Table 2. Comparison of the mean effect of drought levels and fungal endophyte (A. niger) on Morphological
characteristics of T. vulgaris

Treatment Drought stress Plant Stem fresh Root fresh Stem dry Root dry Relative leaf
(Field capacity) Height Weigh Weigh Weight Weight Water content
(%) (cm) (3] (2 (2 (3] (%)
Control 100FC 37.89b 13.95b 11.54b 10.97b 84.66b 1.78b
(No inoculation) 75FC 7.17e 7.17e 5.44e 9.47c 70d 1.41d
50FC 28.19f 4.55f 3.76f 7.45e 51f 1.279
25FC 21.47g 2.999 3.03f 4.059 20.33h 1.19h
Fungal 100FC 47.39% 18.20a 14.70a 12.53a 96.33a 1.98a
Endophyte 75FC 36.52bc 12.45¢ 7.83c 10.77b 80.23c 1.62c
50FC 35.25¢ 10.12d 6.89d 8.40d 60.66e 1.36e
25FC 29.88e 5.35f 5.28e 6.41f 30.00g 1.29f

.J.S)L\}(..m\.ié)bg'.u &l LSD Q_,aj % S Y P PP

In each column, means followed by the same letter do not have statistically significant differences (p<0.05) based on LSD test
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Table 3. Analysis of variance effect of drought (D) levels and fungal endophyte (FE) (A. niger) on physiological
and biochemical characteristics of T. vulgaris

Sources of Variation ~ DF  Chlorophylla  Chlorophyll b Carotenoids Proline Soluble sugar ~ Malondialdehyde
Drought (D) 3 0.490** 0.763** 2.71%* 0.006** 2.672** 11.238**
Endophyte (E) 1 0.135** 0.490** 2.65** 0.005** 1.636** 2.257**
Dx E 3 0.005** 0.093** 0.024** 0.0004** 0.125** 0.061*
Error 16 0.0001 0.0001 0.001 0.0001 0.0022 0.189
C.V(%) 0.811 1.464 1.410 2.416 2.64 1.434

*

S0 ) 50Ju;>|c_hm)a)lab_m%.‘;)sq* 5

*

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

(T. VUIgaris) e sl olasd s 5 S350 5158 i Ly (A, Niger) 2,0 cudsul 5 Sis Cobe S oSl alis ¥ Jox
Table 4. Comparison of the mean effect of drought levels and fungal endophyte (A. niger) on physiological and
biochemical characteristics of T. vulgaris

Treatment Drought level Chlorophylla  Chlorophyll b Carotenoids Prolin Malondialdehyde
(Field capacity %) (Mg gtFW)

Control 100FC 1.78b 1.15b 3.83b 0.024h 1.16 g
(No inoculation) 75FC 1.41d 0.51f 2.64f 0.027g 2.40ef
50FC 1.27g 0.56e 4.18a 0.044d 3.56¢cd
25FC 1.19h 0.58e 3.29d 0.051b 4.50ab
Fungal 100FC 1.98a 1.51a 3.09e 0.038f 2.08 f
Endophyte 75FC 1.62¢ 1.12c 2.08h 0.042¢ 2.90de
50FC 1.36e 0.66d 3.62c 0.047c 4.07bc
25FC 1.29f 0.50f 2.49g 0.058a 5.03a

.Ai)ly\l(..h\gé)b@.u &yl LSD ;)}aﬂ [ O P T TPV K-PE PR

In each column, means followed by the same letter do not have statistically significant differences (p<0.05) based on the LSD test
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Figurl. The interaction Effect of drought levels and fungal endophyte (A. niger) on the soluble sugar content of
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In columns, means followed by the same letter do not have statistically significant differences (p<0.05) based on LSD test.
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