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Introduction

In natural environments, plants are continuously exposed to diverse environmental conditions that may affect
plant survival, development and production. Water deficiency considers as one of the most ominous abiotic factors
that limits the growth and yield of crops and decreases water use efficiency and photosynthesis rate.
Nowadays it is suggested to use bio-fertilizers as a tool to adjust adverse effects of water shortage in soil.
Bio-fertilizers containing Arbuscular mycorrhizal fungi are supposed to use. Some plant species have the
ability to form a symbiosis relationship with the Arbuscular mycorrhizal fungi (AMF). AMF can increase
growth and yield of plants under water deficiency, and it is one of the most important bio-inoculant that
can be used to adjust adverse effects of water stress in plants. AMF-symbiosis considerably increases root
colonization which turns into improving water use efficiency. Also, it establishes a platform to increase phosphorus
mobility between soil and roots in the rhizosphere. Lallemantia iberica (Dragon’s head) and Lallemantia royleana
(Lady’s mantle) are medicinal plants that belong to the Lamiaceae family. Genus Lallemantia seeds contain
mucilage, polysaccharide, fiber, oil, protein, and plenty of valuable secondary metabolites. Limited information is
availiable about the ability of these two species to make symbiosis relation with AMF under water deficit condition.
Hence, the current study was aimed to evaluate of Lallemantia iberica and Lallemantia royleana inoculated by
mycorrhizal in the different irrigation regimes.

Materials and Methods
The field trial was conducted at the Research Farm of the Agricultural Faculty of Shahed University, Tehran,
during the cropping season of 2018 and 2019. A split-factorial experiment was employed in a randomized complete
block design (RCBD) with three replications. The main plot consisted of three-level of irrigation regimes (30% (lso;
without stress), 60% (lgo. mild stress), and 90% (lqo; Sever stress) depletion of available water resource). The sub
plots were factorial combination mycorrhizae (non-inoculation and inoculation of mycorrhizae) and plant species of
Lallemantia (L.iberica and L. royleana).

Results and Discussion

1- Ph.D. Student, Department of Crop Production and Plant Breeding, College of Agriculture, Shahed University,
Tehran, Iran.

2- Assistant Professor, Department of Crop Production and Plant Breeding, College of Agriculture, Shahed University,
Tehran, Iran.

3- Assistant Professor, Department of Plant Protection, College of Agriculture, Shahed University, Tehran, Iran.

(*- Corresponding author's Email: maleki@shahed.ac.ir)



https://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about
https://agry.um.ac.ir/journal/about
https://orcid.org/0000-0002-0388-4935
https://orcid.org/0000-0002-1678-2743
https://orcid.org/0000-0002-6104-1717
https://doi.org/10.22067/agry.2021.67929.1006

¥+ Qmj‘fo)b.& NF ol (6 elis 5.»‘.2.& P9 A yuad yyy

Increasing water deficit significantly reduced plant height, grain yield, chlorophyll a and b, water use efficiency,
root colonization, seed phosphorus, seed mucilage, and seed oil content However, the highest plant height, grain
yield, chlorophyll a and b, water use efficiency, root colonization, seed phosphorus, mucilage, and oil seed content
obtained at 60% available water soil of depletion (mild stress). The application of mycorrhizae increased plant
height, grain yield, chlorophyll a and b, water use efficiency, root colonization, seed phosphorus, seed mucilage, and
oil seed content in cross all irrigation regimes. It has been reported that establishment a relationship of symbiotic
AMF with roots of host plant, through spreading the hyphae and developing the root system, improves growth and
provides more water for plants, which finally this ability leads to the yield, root colonization and water use
efficiency. Inoculated and non-inoculated L .royleana had the greatest resistance to different levels of irrigation
regimes and mycorrhizal treatments than L. iberica. It has been reported that L. royleana was more tolerant to water
deficit in compared to L. iberica Also the results showed that the highest root colonization was in L. royleana
species which was grown under different levels of irrigation regimes and mycorrhizal treatments.

Conclusion
In general in this research, it can be concluded that under water deficit stress conditions, water deficit stress
damages can be reduced in both species of Lallemantia with careful irrigation management (using an irrigation
regime of 60% available water soil of depletion) and application of mycorrhizae.

Keyword: Drought stress, Grain yield, Root colonization, Seed phosphorous, Water use efficiency.
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Table 1- Physico-chemical properties of soil for the 2018 and 2019 growing seasons.
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Fig. 1- Total rainfall and average monthly air temperature in the 2018 and 2019 growing seasons
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Table 2- Irrigations number and amount of water applied per irrigation treatments to Lallemantia species plots after starting
water regimes
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Table 3- Analysis of variance (mean of squares) of L. iberica and L. royleana inoculated by mycorrhiza inoculated by

mycorrhiza in different irrigation regimes

ol s golia BE L GhaSles wgpliy R omelsl Ol gl
o ] O o Root Water use
S.0vV Grain yield Plant height A -
d.f colonization efficiency
Jf 1 1092.002" 1.393522ns 2165550 0.000305"s
(L) Sk 4 5158.604 6.612203 0.82901 0.001279
Block (Y)
d’LTl';’ij’ 2 882527.301"  904.986925** 1092.92526™* 0.846514™*
d"-’*'\(“’:j’; Ju 2 166.851"s 0.113499n.s 0.36616"s 0.000039"s
(el sy Jl) Ssb 8 7096.367 28.347961 5.33121 0.00161
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'}e.)ﬁ./lr et 1 527980.88™  4941.560652™  3547.05192" 0.000379"s
U“fs“’s 1 7315312.5™  2580.000868™  32691.93239" 2.28125"
[t L z,6 x
ostile g x 1 322.58"s 1.096022" 0.01617"s 0.000194"s
MxY
LS 68 x e
ool 0 1 39208 15.079201n.s 0.04381"s 0.000125"
YxPS
L yesole )6 % ol waj , X
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LS @68 X, cylo] 40
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LS 4563 X >
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LS @65 x 1050k 236 o)l o
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Error
St o 7.62 41 3.79 6.47
C.V (%)
o i 9 S Jlain] maw )3 I e w9 I e o5 NS g e ak
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 4- Analysis of variance (mean of squares) of L. iberica and L. royleana inoculated by mycorrhiza inoculated by

mycorrhiza in different irrigation regimes
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Ol et bl g Ak b Juds 5 23 hd “eed JRUpey
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IR Yx MxPS
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ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Fig. 2-The effect of irrigation regimes and mycorrhizal fungi inoculation on seed yield of L.
iberica and L. roylean a
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Means followed by similar letters in each column are not significantly different at o= 5% probability level, The
bars indicate the standard error of the means.
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Fig. 4-The effect of irrigation regimes and mycorrhizal fungi inoculation on plant height of L.
iberica and L. royleana
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Means followed by similar letters in each column are not significantly different at o= 5% probability level, The
bars indicate the standard error of the means.



¥+ QLM' 5« Foyloud IF wls (55,9l 5.»‘»..» P9 A yuad Y¥Y

B Non-inoculation OInoculation
100
90 a
S 0
—' c ] C
70
g d = [
= 60
S ] ©
-g 50
E 40 f .
: ol gl
=4
10
0
%30 %60 %90 %30 %60 %90
Available soil water of depletion Available soil water of depletion
L. iberica L. royleana

S3lomb 9 SR 9K ity ool 50398 2 152550l 58 el 5 ()l oy 05 -0 JSS
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Means followed by similar letters in each column are not significantly different at a= 5% probability level, The
bars indicate the standard error of the means.
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Fig. 6-The effect of irrigation regime and mycorrhizal fungi inoculation on water use efficiency of L.
iberica and L. royleana
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Means followed by similar letters in each column are not significantly different at a= 5% probability level, The bars
indicate the standard error of the means.
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Fig. 7-The effect of irrigation regimes and mycorrhizal fungi inoculation on chlorophyll a (A) and
chlorophyll b (B) of L. iberica and L. royleana
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Means followed by similar letters in each column are not significantly different at a= 5% probability level, The bars indicate
the standard error of the means.
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Fig. 8-The effect of irrigation regime and mycorrhizal fungi inoculation on seed phosphorus of L.
iberica and L. royleana
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Means followed by similar letters in each column are not significantly different at o= 5% probability level, The bars
indicate the standard error of the means.
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Fig. 9-The effect of irrigation regime and mycorrhizal fungi inoculation on seed mucilage of L.

iberica and L. royleana
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indicate the standard error of the means.

Seed oil content (%0)

HENon-inoculation OInoculation
il b b
—~=
d c
e
f o — f
2
%30 % 60 %90 % 60 %90
SAW depletion SAW depletion
L. iberica L. royleana

3l 9 58 S 5 (B9, S5m0 1 152,55elo 58 il 9 (g kel s U Y0 USS
Fig. 10-The effect of irrigation regime and mycorrhizal fungi inoculation on seed oil content of L.

iberica and L. royleana
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indicate the standard error of the means.
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