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Table 1- Maximum (T max), minimum (T min), and average temperature (T mean) and rainfall during growing
season of soybean at 2014 and 2015 years

. 2014 2015
o9 b o b g
el 2 ET g Swb C2 Sl gl o Su
BEIKES Sl . BEIKES [P} .
Day after ) T mean Rainfall ) T max Rainfall

y al Tmin  Tmax ¢C) (mm) T min ¢C) T mean (mm)

planting Q) () (-C) (-C)

0-10 8.9 27.0 18.8 8.8 10.5 29.6 21.0 0.2
10-20 10.0 28.8 20.5 0.1 125 34.2 24.2 0.0
20.30 114 30.3 22.3 0.3 11.1 331 234 0.0
30-40 15.2 35.1 26.0 0.0 13.3 354 25.2 0.0
40-50 14.9 33.6 25.1 0.3 19.1 37.8 29.6 0.0
50-60 17.3 36.9 28.7 0.0 17.6 35.9 27.3 4.0
60-70 15.7 353 26.2 0.0 13.6 33.9 24.6 0.0
70-80 144 36.6 26.3 0.0 144 354 26.2 0.0
80-90 15.3 355 25.9 0.2 14.9 36.9 26.9 0.0
90-100 14.6 34.2 25.2 0.0 134 36.4 24.8 0.0

100-110 12.2 33.0 235 0.0 11.9 305 211 135
110-120 12.2 31.2 22.2 0.0 12.3 28.7 205 0.0
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Fig. 1- Daily evaporation (mm) during growing season of soybean at 2014 and 2015 years
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Table 2- Physical and chemical characteristics of experimental field soil (soil depth 0-30 cm)
T EO TP L
Jo el S g Cis cia | Foi
Year Texture EC (dS. m?) pH Organic _— -~ Total N
Matter (%) Available P Available K (%)
(ppm) (ppm)
2014 ) 0.38 7.50 1.10 20.00 456.00 0.08
Loam
2015 ) 0.18 8.00 1.00 11.00 326.00 0.02

Loam
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Table 3- The amount of water used (m® .ha%) in soybean growing season

&Sk
Irrigation (mm evaporation 2014 2015
from pan class A)
60 6840 7106
90 5220 5440
120 4140 4284
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Fig. 2- Effect of fungus Piriformospora indica on leaf area index of soybean under different irrigation regimes in
both years (2014 and 2015)
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Table 4- Effect of non linear model parameters fitted to irrigation regimes and fungus on leaf area index of

soybean
3N 2014 2015
Irrigation (mm z,6
evaporation - a b c R? a b c d R?
from pan class Fungus
A)
_@up -0.09 7.84 735 1356 0.99 -0.17 761 734 1416 0.99
60 With fungus
e oo -0.16 7.27 726 1358 0.95 -0.24 722 723 1402 0.99
No fungus
,E’M -0.18 6.89 710 13.74 0.99 -0.23 670 711 1428 0.96
90 With fungus
e o -0.16 6.07 71.6 14.00 0.99 -0.22 6.09 712 1431 0.99
No fungus
_@M' -0.15 5.89 704 1404 0.96 -0.19 575 699 1434 0.98
120 With fungus
e o -0.16 481 701 1449 0.98 -024 471 702 1566 0.99
No fungus

9 se s adlsye 3)ly 5y s w3y ol )3 &S e cilae alaii i § Sy paw asls @Slis € oSy s (asls Sl 4 ey Gloj D elise Jl Ly A
a: Intercept, b: Time to reach the maximum leaf area index, c: Maximum leaf area index and d: The curve turning point
(when leaf area index inters the linear phase).
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Fig. 3- Effect of fungus Piriformospora indica on total dry matter of soybean under different irrigation regimes in
both years (2014 and 2015)
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Table 5- Non linear model parameters fitted to irrigation regimes and fungus on total dry matter of soybean

Sl 2014 2015
Irrigation (mm &b
evaporation from Fungus a c R? a b c R2
pan class A)
.@M{ 786 182 0.08 0.98 825 256 0.09 0.97
60 With fungus
&b os 688 172 0.08 0.98 744 219 0.09 0.97
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.@M{ 616 182 0.09 0.98 651 238 0.09 0.95
90 With fungus
& 516 159  0.09 0.97 562 183  0.09 095
No fungus
.@bb‘ 424 130 0.101 0.93 422 139 0.101 091
120 With fungus
e g 340 121 0104 092 371 133 0105 0.89
No fungus

Lo Ay sy 1€ g ddlro Coli b (Siid 0dle zoow yiSTus A
a: Maximum dry matter, b: A constant coefficient and c: Relative growth rate
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Fig. 4- Effect of fungus Piriformospora indica on radiation of soybean under different irrigation regimes in both years
(2014 and 2015)
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Fig. 5- Effect of fungus Piriformospora indica on radiation use efficiency of soybean under different irrigation
regimes in both years (2014 and 2015)
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Table 6- Combined analysis of variance of the effect of irrigation regimes and fungus Piriformospora indica on seed
yield of soybean in both years (2014 and 2015)

Slaryo (ke
SOV, kS i &3l sy Mean of square
df &l 3 ,Shos
Seed yield
Year Jl 1 744740™
Rep x (Year) Jlo x,1,85 4 90213
Irrigation &kl 2 5643279"
Year x Irrigation kel x Lo 2 779490
Error a bl slbs 8 38633
Fungus @B 1 895753"
Irrigation x Fungus B Xl 2 44891™
Yearx Fungus B xJl 1 5157
year x irrigationx Fungus @B xykl x 2 5231
Error b =5 sl 12 11843
CV (%) Ol yods o 6.15

B repe NS o )d S g iy Jlosin! plasw )0 55 xe i )5 s ks g %
*and **: Significant at 5 and 1% probability levels, respectively. ns: non significant
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Fig. 6- Effect of fungus Piriformospora indica on grain yield of soybean under different irrigation regimes
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Introduction

Water stress is one of the most important limiting factors in crop production, especially in arid and semi-arid
regions. More than 45% of agricultural land on earth is subjected to continuous or frequent water deficiency, and it can
cause ~50% loss of grain yield, on average. Soybean growth is affected by drought stress. Drought stress has been
estimated to reduce seed yield of soybean by 24 to 50 percent. Improvement the light absorption in the crop plant
increase the crop yield. All plants, at least during their vegetative growing period, produce and store dry matters using
sunlight. One of the most important strategies to increase tolerance to dehydration and improve the growth performance
in crops is to establish associations with the beneficial of fungal symbiosis. Piriformospora indica is one of the
cultivable root-colonizing endophytic fungi that has a symbiotic relationship with the roots of most crops and improves
the growth and yield of plants by increasing the absorption of nutrients such as phosphorus and some micro- elements
and can enhance the resistance to biotic and abiotic stresses (Oelmuller et al., 2009). The aim of the present
investigation was to study the impact of P. indica on the light absorption, radiation use efficiency and grain yield of
soybean under different levels of irrigation.

Materials and Methods

Two field experiments were carried out at the Agricultural Faculty, University of Bu-Ali Sina, Hamedan, Iran
(35°1'N, 48 °31'E; 1690 m a.m.s.l.) in 2014 and 2015. This region has a cold and semi-dry climate. The experiments
were carried out as split-plot based on a randomized complete block design with three replications. The Main factors
consisted of three irrigation treatments (irrigation after 60 (well-watered), 90 (mild stress) and 120 (severe stress) mm
cumulative evaporation from pan class A) and sub plots included of two levels of fungus P. indica (inoculated and non-
inoculated). All main plots were irrigated immediately after sowing. Water-stress treatments as described above were
applied after seedling establishment. Irrigation was performed via polyethylene pipes, and a water meter was used to
measure the volume of irrigation water in each main plot. In order to maintain the specified soil-moisture regimes, the
amount of used water was calculated by using crop water requirement as described by Doorenbos and Pruitt (1992).

Results and Discussion

In both years, drought stress decreased leaf area and dry matter of soybean. Inoculation with fungus, increased leaf
area and dry matter of soybean plants in different irrigation levels. Daneshian et al. (2011) studied the effect of drought
stress on dry matter and soybean growth indices. Due to the decrease in leaf area, drought stress reduced the amount of
dry matter accumulation in the soybean plants. The highest radiation use efficiency (1.75 and 1.85 g MJ-*in 1%tand 2™
year, respectively) was obtained from inoculated soybean plant under well-watered, and the lowest one (1.10 and 1.15 g
MJ? in 1% and 2™ year, respectively) was observed in control plant (non-inoculated) under severe drought stress.
Drought stress reduces the amount of radiation use efficiency by reducing photosynthetic rates and decreasing leaf area
index. Severe drought stress significantly decreased grain yield of soybean by about 57.20 percent. Application of P.
indica caused an increase in grain yield of soybean by about 13.67, 22.85 and 22.14 percent under well-watered, mild
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and severe drought stress, respectively, compared to control (non-inoculate). Inoculation with P. indica fungus increases
the light absorption and radiation use efficiency by increasing the amount of vegetative growth, leaf area index and
photosynthetic material production, which improves the yield of soybean.

Conclusion
The results showed P. indica fungus had a positive effect on absorption and radiation use efficiency of soybean in
different irrigation levels, so that the application of fungus mitigated the effects of drought stress and improved the yield

of soybean under drought stress.
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