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Extended Abstract

1. Introduction:

Water deficit is one of the major abiotic stresses that adversely affects crop growth and yield. Drought
stress occurs when the available soil-water becomes scanty and atmospheric conditions cause continuous
loss of water by transpiration or evaporation. Arbuscular mycorrhizal fungi, the most important root
endophytes, are extensively studied and well documented for their role in promoting resistance to drought
stress, nutrient uptake, and improvement in plant development. Furthermore, drought stress adversely
affects the physiology, biochemistry, growth, and development of plants worldwide. It leads to the
accumulation of reactive oxygen species (ROS) in plants, destroys cell membranes, and disrupts the
dynamic balance of active oxygen content. These physiological and biochemical responses of plants
under drought stress cause growth inhibition and even death. Many studies have shown that the
inoculation of mycorrhizal fungi initiates morphological, nutritional, and physiological changes in host
plants to counter biotic and abiotic stresses and enhance plant growth. Approximately 72% of the known
vascular plants can act as hosts for arbuscular mycorrhizal fungi, and such mutually beneficial
mycorrhizal associations have key roles in maintaining plant productivity in natural and agricultural
habitats.

2. Materials and Methods:

To investigate the symbiosis of mycorrhizal fungi and drought stress on the growth and biochemical
characteristics of tarragon plant, a factorial pot experiment (with two factors) was conducted in the form
of'a completely randomized design in the research greenhouse of Razi University in 2021. The first factor
was drought stress in two levels, including control (full irrigation) and irrigation up to 50% of the pot
capacity, and the second factor included inoculation of tarragon rhizomes with mycorrhizal fungi from
the genus Glomus in 5 levels (G.hoi + G. mosseae, G.hoi + G. intraradices, G. mosseae + G. intraradices,
G.hoi + G. mosseae + G. intraradices, and the control (no inoculation). During the cultivation of
rhizomes, fungi inoculation was done, and the amount of mycorrhizal fungi used for each pot was 100 g.
After the rhizomes were cultivated and the plants were fully established, drought stress was applied. In
order to prevent sudden stress and osmotic stress in plants, drought stress was applied gradually over a
period of two months. Drought stress was applied by weight, and two months after the application of
drought stress, some growth characteristics (leaf dry weight and root length) and physiological
characteristics (relative water content, photosynthetic pigments, electrolyte leakage, proline, total soluble
sugars, soluble protein, and antioxidant capacity) were measured.

3. Results and Discussion:
The results showed that in tarragon plants, drought stress caused a decrease in leaf dry weight, root length,
photosynthetic pigments, relative water content, and soluble protein. While the amount of proline, total
soluble sugars, and antioxidant capacity has increased. The use of mycorrhizal fungi improved the studied
characteristics under drought stress conditions. In the conditions of drought stress, the application of
mycorrhizal fungi led to a decrease in electrolyte leakage. In response to drought stress, osmotic
regulation processes were activated in tarragon plants. Inoculation with mycorrhizal fungi significantly
increased vegetative growth indicators, relative content of plant water, proline, and total soluble sugars
of tarragon plants under drought stress conditions in comparison with non-inoculated plants. In general,
the use of mycorrhizal fungi increased the resistance to drought stress in tarragon plants. The lowest



amount of leaf dry weight (0.65 g) and root length (14.65 cm) was observed in the treatment of 50% FC.
Contrary to drought stress, the use of all three types of mycorrhizal fungi increased the dry weight of the
leaf (0.83 g) and root length (17.57 cm). In the conditions of drought stress, the application of mycorrhiza
improved the amount of photosynthetic pigments compared to the control. The highest amount of proline
(18.33 pmol g'! FW) was in the treatment of drought stress with three species of mycorrhizal fungi. The
highest amount of total soluble sugar (49.00 mg g' FW), soluble protein (0.352 mg g! FW), and
antioxidant activity (96.06%) was observed in the full irrigation treatment with three species of
mycorrhizal fungi.
4. Conclusion:

Under drought conditions, mycorrhizal fungi can enhance seedling survival, promote absorption and
transportation of water by the host plant, change the root morphology, improve the gas exchange ability
and water use efficiency, regulate the plant endogenous hormone levels, and accelerate reactive oxygen
species removal, all of which are aimed at reducing the negative impact of drought on plants. The results
showed that the application of G. intraradices +G. hoi + G. mosseae had a better effect on the growth,
physiological, and biochemical characteristics of tarragon under drought stress. The above results showed
the positive effect of mycorrhiza in increasing the drought tolerance of the tarragon plant and better
inhibition of free radicals produced in the presence of this stress. Accumulation of organic molecules in
the vacuoles of leaf cells under drought stress is more common in mycorrhizal plants and causes a
decrease in the osmotic potential of leaf cells. All these changes change the ratio of water in mycorrhizal
plants. In this study, the use of all three species of mycorrhizal fungi improved stress tolerance in tarragon
plants more than the control.
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Table 1- Physical and chemical characteristics of the soil used in the experiment
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Table 2 - Comparison of the average effect of mycorrhizal fungus and drought stress on leaf dry weight
and Artemisia dracunculus root length

b Lo Sy SES (s aly) Jsb
Treatment Leaf dry weight (g) Root length (cm)
Control 0.78° 12.30¢
153,950 7,8 G.hoi + G. mosseae 0.67¢ 14.71°
Mycorrhizae fungi G.hoi + G. intraradices 0.48° 15.78°
G. mosseae + G. intraradices 0.78° 15.41°
G.hoi + G. mosseae + G. intraradices 0.83* 17.57*
’ 100 0.77° 15.66°
(s
Drought stress (FC%) 50 0.65° 14.65°

el o0 iy Jlool a5 o g gl 055 Sl Jlest 10 50 9 gt 2 50 Sles By >
The numbers with the same letters in each column are not statistically different at 5 % probability levels
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Fig 1- Effect of mycorrhizal fungus and drought stress on root colonization of Artemisia dracunculus
MI1= Control, M2= G. mosseae+G. hoi, M3= G. intraradices+G. hoi, M4= G. intraradices+G. mosseae and
MS5= G. intraradices+G. mosseae+G. hoi. D1= Control and D2= 50% FC
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The numbers with the same letters in each column are not statistically different at 5 % probability levels

@ b5 e 20l L aldl 4z 512023
el 5l edal Cawsds ol Lol o s (Kot 23 o
Sade ((Sis S Cog aS ol lid egh
5 8L el w95 5 S 9 b @ by ks
W Sdo opl s Sl In)eSe g8 98
Prunus ) sla jo cowsas ol gllas a5 (0 Jgoz)
a5 3 (Wang et al., 2023a) @ersica L.
Alam et ) (Solanum lycopersicum L.) 5,5
Jdg IS e palST Lds Koo oy (al., 2023
oo i) SLislS s (K25 55 Lyl o
Odon Fe Gl Gdon 4 (Gddon 9 J89)lS
Wy Ses ws (Yang et al., 2023) el

e b a8 a0 o iol33l ) &MT KWW PN W

S Fmgid (sle 15
G5 oV Jga2) lanSiles dlie ol ulal
Oliee » hie Aol cd )b 700 (S
Wz (Bld 95 S p sy slaes)
B 5 5 (Si G5 zob ) s gl
Oliee (Si3 G5 955 oS po s eaalis
ohals sals [l a4 Cai | (g omgid Slao 55,
S GRS Lo 8,5 el (1 Jgae) ol
o 5SSy g S Gl Jdoar wlgs e
Syl s ) Cales wlil G0, lawgs
yolie clale als 5 (6 uwsd sladilass ) ouijlu
wile Jbs lS plexsle sazas LS5 sols
Ali et al., ) osl 5350 5 o] (o2 jmie (g,



)Y

Vo ylino) 9 sy oY oylos A 0590 A Jlu (b g o pole sols aoliliadas

el 5,650 7,8 L Sl (Saccharum Spp.)
OBl L aS eals S p0 g cdale il
ol oS Sl olen Sn L89,lS 5 ged 9 0,
oS 5 Sloe Zoled 50 5 00 prie ) Jingid e
(Spinoso-Castillo et al., 2023) sl oo sl
S 990 iy 0y SO ASeig,lS Jege o
SESle )0 et LEES (59,00 A Cewl ouis gl
2,8 a5 6,56 Ly (Alam et al., 2023) s,ls 1
Az 50 0,10 ol awgs (459,58 i p 15,9
WS99yl lime 13,6500 2B L 0955 Siab

28l

OhSeR 5 (5 a0

b9 5" (e 4z o sl ol yo Dby IS o0 5l
z,6 (Wang et al.,, 2023b) wl o uels
sind oz 5| polie Sy el 5 G b 15 550
wulp b spl JUSH s oS paie pliea
& oad g ls lime (Rl Sl (iwgid
e L 1359500 w010 Lo & ) jiwgns ol38l
olBl 4w 5 039 wile (g polie i
SaS Kb Lt s sl e
bgi w3 4 1,05 Slag B 05 o
Sl Ty JbsslS e I8 a8 e oSS ol
Sias olS o (Rasouli ef al., 2023) wivs o

Artemisia Sy 3owgid o x5 y (SHS A 9 1325950 EHB 1 5l dumglio b —F Jguar
dracunculus
Table 3 -Results of comparing the average effect of mycorrhizal fungus and drought stress on
photosynthetic pigments of Artemisia dracunculus leaf

152,05 &, GBS GRS A Jdg ks b b ks S Jdsyls assns S

‘ ' Drought Chloroph}llll Chloroph}llll Total Carotenoid

Mycorrhizae fungi stress (FC%) a(mgg b(mgg Chlorophyll (mg ¢! FW)

° FW) FW) (mg ¢! FW) g8
ol 100 2.74% 1.402 3.872 0.443%
Control 50 2.67% 1.372 3.77% 0.4292
G. mosseae+G. hoi 100 2.22be 1.252 3.22¢ 0.372%
50 0.92¢ 0.37° 1.22¢ 0.122¢
G. intraradices+G. hoi 100 2.438be 1.312 3.48zbe 0.391%
50 2.12¢ 1.212 3.10¢ 0.364%
G. intraradices+G. 0100 2.26b 1.31° 3.30° 0.421°
mosseae
50 1.744 0.922 2.484 0.295°
G. intraradicesG. 100 2.64° 1.39° 3.76% 0.449°
mosseae+G. hoi

50 2.36%¢ 1.312 3.42b¢ 0.385%

el oo iy Jlezol a5 o g Sl 055 Sl JlesT 10 00 5 gt 2 40 Olees By >
The numbers with the same letters in each column are not statistically different at 5 % probability levels
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Fig 2- Effect of mycorrhizal fungus and drought stress on EL. and RWC of Artemisia dracunculus leaf
MI1= Control, M2= G. mosseae+G. hoi, M3= G. intraradices+G. hoi, M4= G. intraradices+G. mosseae and

M5= G. intraradices+G. mosseae+G. hoi. D1= Control and D2= 50% FC
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The numbers with the same letters in each column are not statistically different at 5 % probability levels
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Table 4- Results of comparing the average effect of mycorrhizal fungus and drought stress on some biochemical properties of Artemisia dracunculus leaf

2,85 g8 S G Odsn J5 Jslome 08 Joloe idg PRI ROV
Mycorrhizae fungi Drought stress Proline Total soluble sugar Soluble protein Antioxidant capacity
Y (FC) (um g FW) (mg g 'FW) (mg g 'FW) (%)
bl 100 5.86f 17.26¢f 0.332 41.89¢
Control 50 6.43f 16.60° 0.329%b 40.58¢
G. mosseae+G. hoi 100 7.92¢ 38.67° 0.2832 76.40°¢
50 11.45¢ 22.75¢% 0.110° 48.44¢
G. intraradices+G. hoi 0100 10.39¢d 42.93b 0.310% 90.38%
50 14.74° 30.47¢ 0.2902b 78.15°¢
G. intraradices+G. mosseae 100 9.094 40.14° 0.2932b 79.46%
50 13.66° 26.20% 0.262° 64.174
G. intraradices+G. mosseaetG. hoi 100 14.42° 49.002 0.3522 96.06*
50 18.332 38.99b 0.345° 89.07°

el oy gy Jlai s 5 o stne Ssli5 5955 Sy oS 5 53 5 (o950 g0 45 plnad B3>
The numbers with the same letters in each column are not statistically different at 5 % probability levels
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