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Extended abstract

Introduction

Maize (Zea mays L.) is a crucial cereal crop worldwide, particularly in tropical and subtropical regions,
valued for its high nutritional content and diverse uses. Drought stress is a major limiting factor for
maize growth and yield, impairing key physiological processes such as photosynthesis and cellular
division. Effective drought management is essential, as water scarcity directly compromises yield and
plant quality. Mycorrhizal fungi form symbiotic associations with plant roots, mitigating the adverse
effects of drought by enhancing water and nutrient uptake and improving soil structure. Based on
previous findings, plants colonized by mycorrhizal fungi exhibit enhanced drought tolerance and
improved physiological performance under water-limited conditions. This study aims to evaluate the
effects of arbuscular mycorrhizal fungi on maize performance under drought stress, with a focus on
enhancing agricultural sustainability in the Jiroft region.

Materials and methods

This study was conducted at the Agricultural and Natural Resources Research and Education Center of
South Kerman Province in 2022—-2023 to evaluate the effects of arbuscular mycorrhizal fungi on hybrid
maize (single cross 704) under drought stress. The experiment was conducted as a split-plot
arrangement based on a completely randomized block design with three replications. Four levels of
drought stress (50%, 70%, 90%, and 100% of the plant’s water requirement) and three seed inoculation
treatments—two mycorrhizal fungi species (Glomus fasciculatum and G. mossea) and a non-inoculated
control—were evaluated. The response of maize to drought was examined starting from the 8-leaf stage.
Various physiological traits, including chlorophyll content and leaf relative water content, were
measured. Chlorophyll was assessed using a chlorophyll meter, and leaf relative water content was
determined by measuring the fresh and dry weights of leaf samples. Other traits, including proline
content, were also measured using standard methods. Data were analyzed using SAS software (version
4.2) to determine correlations and perform mean comparisons.

Results and discussion

In this study, the interaction between drought stress levels and mycorrhizal fungi significantly
influenced several agronomic and physiological traits of hybrid maize (single cross 704). The maximum
plant height (251.93 cm) was observed under full irrigation combined with G. mossea inoculation.
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Conversely, the least plant height (205.07 cm) occurred under 50% of the plant’s water requirement
without mycorrhizal inoculation, indicating a strong influence of water availability on cell division and
plant height. Similarly, cob length was maximized under full irrigation combined with G. mossea, and
decreased under reduced water supply, likely due to reduced photosynthesis and nutrient transport. Cob
number per plant and grain number per row were also influenced by water stress and mycorrhizal
treatments. Full irrigation supplemented with G. fasciculatum resulted in the highest cob count,
suggesting enhanced meristematic activity. Grain number per row was maximized under optimal
conditions when combined with G. mossea. Irrigation levels exerted a significant effect on seed weight,
with the highest values observed under full irrigation and G. mossea inoculation, highlighting the
importance of optimal water availability and mycorrhizal symbiosis for seed development. Notably, the
yield was highest under optimal irrigation conditions combined with G. mossea, where mycorrhizal
symbiosis enhances water and nutrient absorption. Mycorrhizal fungi significantly influenced
physiological traits under drought stress. The highest water content and chlorophyll levels were
observed under full irrigation and mycorrhizal inoculation, due to enhanced water uptake facilitated by
mycorrhizal inoculation. Proline accumulation, a stress indicator, was minimized when drought stress
was accompanied by mycorrhizal inoculation, demonstrating the fungi’s role in stress mitigation.

Conclusion

The use of mycorrhizal fungi in this study demonstrated that they can mitigate the negative effects of
drought stress and contribute to significant improvements in plant performance, including increased
chlorophyll content and reduced proline levels. The results indicated that mycorrhizal inoculation under
optimal irrigation conditions enhances grain yield. The high correlation observed among most evaluated
traits suggests that improvement in one trait may positively influence other traits, enhancing overall
plant performance. This study confirms the importance of using mycorrhizal fungi as an effective
strategy to enhance plant tolerance to drought stress and improve agronomic traits, underscoring the
need for continued research to develop more effective solutions for sustainable agricultural
management.
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Table 2. Analysis of variance of corn yield traits under the influence of various stress treatments and mycorrhiza

30 &l slaxy
g g5 Gogryd Jholas P ki ) I3k 55 ) Slass
S g Plant JYX Jeb  Number of ears Cob Numberof  Number of rows
S.0.vV df height Cob length per plant diameter seeds in row in ear
Sok 2 0.07m™ 0.06™ 0.007" 0.000m 0.02™ 0.04"
Block (B)
S 3 3042.18™  47.44™ 0.01m™ 1.38™ 364.95™ 417
Water stress (S)
Error A
ol sl 0.06 0.103 0.0038 0.00006 0.011 0.0541
S*B 6 0.06" 0.10m™ 0.003" 0.000m 0.01™ 0.05™
Zd 2 86.56™ 5.42™ 0.01m™ 0.02™ 29.91™ 0.43™
Fert. (F)
. WEAM 6 54407 3687 0.004" 0.05™ 8.04" 14.497
Error B
oy sl 0.06 0.091 0.0038 0.00008 8.040 0.0683
CV % - 0.10 1.49 6.08 0.46 0.27 1.91

Al oo %) 3 %00 Jlaiml ghaw ;o o s o pre i ol 5 4 s g % NS
ns, * and ** represent non-significant, significant at the 5% probability level, and significant at the 1% probability level,

respectively.
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Table 3. Comparison of average morphological traits of corn

OS> a5 wias o sy laeasilSe opl (2008

L b S ass Lyl 40 G. MOSSEA L ooy el
LS gl g GlalS 4 S (5 i

LSy ) jiwgid colled pals & e (Sis iS

3 9 09,9y oy dgi dl cely ralS pl 4T 09l e

2 gbge Pl b 1elS g Jolw peS ol azs

Gl Slge 35l e el (A S S (oS Al e

)0 (K2 59998 0 Olio (pSileo i ¥ Jguxr

JMW olass 30 &ild olaxy

3L ool pdane Wiy s, s, olass

obs gs.’T (%) wg el dek  Number of IO a3 Number of M 50
Plant water 32595k Plant Cob ears per Cob seeds in Number of
supply level (%)  Mycorriza heigh length plan diameter row rows in ear

% cm cm cm

100 Non-inoculated ~ 248.37° 22.07° 1.00° 2.29° 48.00° 14.07¢

100 G. fasciculatum  250.17% 22.47%® 1172 2.322 50.00° 14.13°

100 G. mossea 251.932 22.532 1.07® 2.30® 52.002 14.602

90 Non-inoculated  230.73d° 20.53¢ 1.00° 1.98¢ 44.47° 13.13"

90 G. fasciculatum ~ 233.20¢ 21.57°¢ 1.00° 2.25° 46.07¢ 14.13°

90 G. mossea 243.40° 21.67°¢ 1.00° 2.28° 47¢ 14.23°

70 Non-inoculated  216.57¢ 18.20¢ 1.00° 1.621 40.33' 13.53f

70 G. fasciculatum  221.60° 19.07f 1.00° 1.68 42.00" 13.60

70 G. mossea 227.53¢ 20.37% 1.00° 1.87¢ 449 13.67¢

50 Non-inoculated ~ 205.07" 16.83' 1.00° 1.35' 33.00% 12.23

50 G. fasciculatum ~ 209.47" 19.53f 1.00° 1. 37" 38.00 12.60'

50 G. mossea 207.40" 17.00" 1.07® 1.429 38.00 13.279

) (g o gtre Dglis (LT L 51 SUls gl el 1 P<O.0S jo lasl By b (st o 0 (Sl
The means in each column with the same letters do not have statistically significant differences according to the Duncan test

at (p <0.05).
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Table 4. Analysis of variance of corn yield traits under the influence of various stress treatments and mycorrhiza

S ek o BT &l o Sloc cils y el ald o (439
SOV Grain yield HI 100 grains weight
‘59'14» ns ns ns
Block (B) 2 6567.36 0.12 0.001
Sl 3 21145.07" 229.74" 191.31"
Water stress (S)
- SehEE g 4589.51" 0.032% 0.004™
I 4403897 10.32" 30.88"
Fert. (F)
e p WEAS g 2594815™ 16.36™ 6.33"
Error B
b gl 1779.39 0.030 0.008
CV % - 8.78 0.34 0.28

iz %0V 5 %00 Jloiz] mhaw )0 o s o gireyud oS 5 4 w5 % NS
ns, * and ** represent non-significant, significant at the 5% probability level, and significant at the 1% probability level,

respectively.
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Table 5. Comparison of average yield traits of corn under the influence of various stress treatments

and mycorrhiza

(%)olS T &ls wo (59
Plant water 285k ails & Slos Culiloy sl One hundred
supply level (%) Mycorriza Grain yield Hi grains weight
% gr
100 Non-inoculated 8033.33f 53.554 35.06°
100 G. fasciculatum 10166.66° 56.05° 37.07°
100 G. mossea 11650.00? 57.372 44.042
90 Non-inoculated 9016.67¢f 53.601 34.42¢
90 G. fasciculatum 9151.67°¢ 55.60° 35.01°¢
90 G. mossea 9083.33¢ 55.67°¢ 35.43¢
70 Non-inoculated 7500.00" 49.449 27.50°
70 G. fasciculatum 8184.33¢ 50.91° 29.32"
70 G. mossea 9133.33¢ 52.69¢ 23.40"
50 Non-inoculated 6033.33 41.32 24.1719
50 G. fasciculatum 6540.00' 44,73 28.37¢
50 G. mossea 6505.67" 47.93" 27.29f

8,005 (55l gime wiglas (Lol Ll 5l (SGls gl ulsl 5 P<O.05 jo luSS By b gt po 50 1Sl
The means in each column with the same letters do not have statistically significant differences according

to the Duncan test at (p < 0.05).
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Table 6. Analysis variance of some physiological traits of corn under the influence of different stress and
mycorrhiza treatments
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S.0.V df RWC Leaf proline Chl. a Chl. b Chl. Index
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Error B
CV % - 032 1.70 0.47 1.66 012

il oo 1Y 5 10 Jlaz] mhaw )0 s pire ol giae e oS 5 4y s g % NS
ns, * and ** represent non-significant, significant at the 5% probability level, and significant at the 1% probability
level, respectively.
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Table 7. Comparison of the averages of some physiological traits of corn
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The means in each column with the same letters do not have statistically significant differences according to the Duncan test
at (p <0.05).
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Fig. 1. Heatmap of the Interrelationships of Variables in the Correlation Coefficient for the Studied Traits. The Y and
X axes represent the following respectively: 1- plant height, 2- stem diameter, 3- ear length, 4- number of ears per plant,
5- ear diameter, 6- number of kernels per row, 7- number of rows per ear, 8- cob weight, 9- grain yield, 10-harvest
index, 11- hundred grain weight, 12- relative water content of the leaf, 13- leaf proline, 14- chlorophyll a, 15- chlorophyll
b, 16- chlorophyll index, and 17- carotenoid.
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