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Abstract

Introduction: Global climate change-induced abiotic stresses such as drought have profound impacts
on crop yield and the subsistence farming economy in Iran. Biostimulants are an effective type of
substances obtained from some organic and inorganic materials and from microorganisms. These
materials, as a promising and eco-friendly approach, are widely used to decrease the destructive effects
of drought stress and fulfill the need for developing sustainable/modern agriculture. Current
knowledge revealed that biostimulants derived from plants and animals (e.g., seaweeds and
phytoextracts, humic substances, amino acids and fulvic acid) as well as microbial stimulants such as
plant growth promoting bacteria (PGPR) have high potential to elicit plant tolerance to drought stress.
Fertilizer materials directly supply plants with essential nutrients, correcting nutrient deficiencies in
plants and promoting plant growth. In contrast, growth biostimulants promote the plant's innate
abilities to absorb nutrients from soil and alleviate stresses, without providing nutrients directly. The
aim of this study was to investigate the effect of biostimulants on wheat tolerance under deficit water
condition.

Materials and Methods: Experiments conducted in form of split plots as a complete randomized
block design with three replications in Ilam for two years since 2021. The soil order The main plots
include two levels as irrigation application after 70 and 140 mm cumulative evaporation and sub-plots
including six levels of biostimulants as control, foliar application of amino acid, fulvic acid and
seaweed, fertigation of humic acid, azotobacter inoculation and combined application of all
biostimulants. At the end, after harvesting wheat, grain and biological yield and the concentration of
nitrogen, phosphorus, potassium, iron, zinc, copper and manganese elements in grain and straw were
measured. Analysis of data and mean comparison was performed with SAS software and Tukey' s test,
respectively.

Results and Discussion: The results showed that the application of biostimulants under deficit
irrigation improved the yield, relatively. The combined biostimulants application with 12.9% increase
in grain yield was the superior treatment. Under normal conditions, the use of amino acids and under
conditions of deficit irrigation, the application of fulvic acid produced 10.3% and 12.8% increase in
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grain yield, respectively. The increase in nutrient concentration with the application of biostimulants
was between 11% and 18%. . The highest concentration of phosphorus in the grain was obtained with
the combined application of growth stimulants, the sole application of fulvic acid and the sole
application of amino acid with concentrations of 0.227, 0.225 and 0.223%, respectively. Also, the
highest concentration of potassium in straw was obtained with the combined application of growth
stimulants with a concentration of 0.136%. The highest concentration of potassium in the grain was
obtained with the combined application of growth stimulants and the sole application of fulvic acid
with concentrations of 0.633 and 0.593%, respectively. Among the biostimulants, the best results
under deficit irrigation and normal conditions were obtained by fulvic acid and amino acid,
respectively. In general, biostimulants, due to the presence of plant growth-promoting compounds
such as nutrient elements, phytohormones and enzymes, can improve plant growth characteristics and
nutrient absorption. Also, these materials improved growth parameters due to its role in increasing
photosynthesis respiration, cell membrane permeability and root architecture.

Conclusion: In general, the application of growth stimulants compared to the control treatment
improved the yield components and changed the concentration of nutrients in wheat grain and straw.
In the condition of dehydration, the absorption of nutrients decreased and the consumption of growth
stimulants could have a positive effect on the process of absorption of nutrients and reduce the negative
effects of dehydration. Fulvic acid was more effective than other biostimulants in decreasing the
negative effects of drought stress. Finally, the use of natural materials such as fulvic acid can be a safe
approach and complementary additive to improve plant growth and to decrease the adverse effects of
not only drought stress but also chemical fertilizers.
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Table 1- Results of chemical analysis of used biostimulants
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Table 2- Results of physical and chemical analysis in depth of 0-30 cm of soil
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Table 3- Results of variance analysis of yield and yield components of wheat
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Table 5- The effect of drought stress and biostimulants interaction on grain and biological yield of wheat (kg ha™)
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Irrigation Control ~ Amino acid Humic Fulvicacid  Seaweed Azotobacter .Cor.nblned
biostimulants
als o Slos
Grain yield
S Feskee Vo slasy o)L
Irrigation after 70mm 6442ab 6870ab 6555ab 6826ab 6548ab 6733ab 7287a
evaporation
S yesks VB Slan (L]
Irrigation after 140mm 3915c¢ 4408bc 4315bc 4460bc 4301bc 4338bc 4557b
evaporation
sy 0 Shes
Biological yield
5 e Vo slany o)L
Irrigation after 70mm 15911ab 15946ab  15837ab 16584ab 15175ab 16146ab 17047a
evaporation
S yesks VB Slan (L]
Irrigation after 140mm 11735¢ 12780bc  12376bc  13129bc 12265bc 12537bc 13088b

evaporation
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The same letter/letters in each column are not significantly different at p<0.05
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Table 6- Results of variance analysis of nitrogen, phosphorus and potassium in grain and straw of wheat

Ol i’ @bo Golil azys  aild 59 pu olS" 359 A5 yhund oS yhuud A1 gy ol sy
S.V. df Grain N Straw N Grain P Straw P Grain K Straw K
() Ju 1 0.05™ 0.004 ™ 0.001 ™ 0.001 ™ 0.001 ™ 0.005 ™
RIY) (L) 1,85 4 0.05 ™ 0.006 ™ 0.001 ™ 0.001 " 0.001 ™ 0.003 ™
(N, 1 0.026 0.001 * 0.008 0.01" 0.009 0.005 ™
(Y1) s Lok Jlo 1 0.05 "™ 0.004 ™ 0.01™ 0.001 ™ 0.001 ™ 0.004 ™
(E1)Y sl 4 0.054 0.017 0.001 0.001 0.001 ™ 0.006 ™
(F)sss 6 0.018 0.01* 0.02 * 0.06 * 0.008 * 0.005 ™
(YxF)og5x Jlo 6 0.05 ™ 0.004 ™ 0.001 ™ 0.005 ™ 0.007 ™ 0.007 ™
(IrxF)sgSx s Lot 6 0.02m™ 0.007 ™ 0.001 ™ 0.001 ™ 0.001 ™ 0.005 ™
agxs)gliu
6 0.05™ 0.004 ™ 0.001 ™ 0.001 ™ 0.004 ™ 0.005 ™
YxIrxF
(E2)Y s> 48 0.029 0.009 0.001 0.0001 0.002 0.004
C.vi. 14.3 17.5 14.8 18.5 14.5 16.2
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**and *: Significant differences at 1% and 5%, respectively, ns: Not significant
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Figure 1- The effect of biostimulants on concentration of nitrogen in grain and straw of wheat (%)
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S: Straw, G: Grain, C: Control, T1: Amino acid, T2: Humic acid, T3: Fulvic acid, T4: Seaweed, T5: Azotobacter, T6: Combined application

of biostimulants
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Figure 2- The effect of biostimulants on concentration of nitrogen, phosphorus and potassium in grain of wheat (%)
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S: Straw, G: Grain, C: Control, T1: Amino acid, T2: Humic acid, T3: Fulvic acid, T4: Seaweed, T5: Azotobacter, T6: Combined application
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Figure 3- The effect of biostimulants on concentration of nitrogen, phosphorus and potassium in wheat (%0)
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of biostimulants
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Table 7- Results of variance analysis of zinc, iron, manganese and cooper concentration in grain and straw of wheat
LEST

ICAJUUES g 9119 '| : wls g9, olS 9y PHIRNY| ols’ cyal ails & oS’ 3o 415 o olS Lo
)
A Df Grain Zn Straw Zn Grain Fe Straw Fe Grain Mn Straw Mn  Grain Cu  Straw Cu
(Y) Jw 1 2.60 " 0.40 ™ 2.05" 155" 218 1.55 " 0.04 " 0.008 ™
() 1S5
4 2.59 M 0.62" 267" 837" 238" 752" 0.06 ™ 0.005 "
R(Y)

(1IN LT 1 87.6* 455 * 660 * 1175 660 * 731 ¢ 19.5* 1265 *
YXIrg b gls 1 2.56™ 0.46 ™ 2.55m™ 2.26™ 2.65™ 8.55 M 0.046™  0.085™
(B sl 4 6.81 2.91 32.9 484 12.9 7.821 2.01 0.01

(F)oss 6 18.0* 65.4 246 * 27.2 % 246 * 341 5.34 * 3.38*
(YxF)ossxJlo 6 1527 072" 135 240" 5.65™ 1.58™ 0.092™  0.0074™
(IxF)sssxs el 6 1.27 0.42" 2.75"™ 262" 9.75"™ 2.59 " 0.012 " 0.002 ™
o;ng)L:.ﬂxJLu .
6 1.42" 0.74 1.821 5.60 " 242" 741¢ 0.091 " 0.001 "
YxIrxF
(E2)Y Ua> 48 3.69 1.28 17.9 28.2 7.96 6.58 1.01 0.132
C.vi. 18.1 13.8 14.8 18.4 14.3 16.8 16.7 15.9
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**and *: Significant differences at 1% and 5%, respectively, ns: Not significant
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Table 9- The effect of drought stress on concentration of Zn, Fe, Mn and Cu in grain of wheat (mg kg™?)

i S Q’“T )‘5‘“ (S o
SH
Zn Fe Mn Cu
YK o5 &l o5 FHEY o5 &l o5
Irrigation . . . .
Grain Straw Grain Straw Grain Straw Grain Straw
Foedea Yo jlas (Lo
(Irrigation after ,.ses 28.8a 20.1a 61.8a 63.3a 36.1a 33.1a 3.72a 4.07a
70mm evaporation)
Soakes VE slan (o)L
o 23.1b 16.3b 58.4a 59.6a 35.7a 34.4a 3.01b 3.55b

(Irrigation after 140mm
evaporation)
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The same letter/letters in each column are not significantly different
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Table 9- The effect of biostimulants application on concentration of Zn, Fe, Mn and Cu in grain of wheat (mg kg™)

33 ol BRSNSV oo
oy Sy Slge zZn Fe Mn Cu
Biostimulants als oy als o5 als o5 &l oy
Grain Straw Grain Straw Grain Straw Grain Straw
23.5a 15.2a 54.9¢c 55.9¢ 35.1a 32.0a 3.27b 3.61c
Control
Aol A
) . 26.5a 17.9a 62.0ab 63.8a 36.2a 32.8a 3.63ab 4.09ab
Amino acid
Al Sagus
. 23.3a 16.0a 59.8bc 61.0bc 35.2a 32.4a 3.24b 3.71bc
Humic acid
. 24.3a 16.6a 62.9a 63.1ab 36.7a 33.8a 4.04a 4.29
Fulvic acid
by Sl
25.1a 17.3a 61.7ab 61.9b 34.2a 33.6a 3.59b 3.96b
Seaweed
Syl
24.4a 18.1a 60.4b 62.8ab 35.1a 34.2 3.80ab 4.09ab
Azotobacter
J)z.a Ql}n 'aiy J).a.a
“\"j’)
27.5a 18.7a 63.5a 64.9a 37.7a 34.4a 4.02a 4.22ab

Combined application
of stimulants
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The same letter/letters in each column are not significantly different
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