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ABSTRACT

Plants, During The Period of Growth and Development, are exposed to Environmental Stress. One of the
Most Important Stresses is drought Stress. The objective of this  study was to evaluate  the effect of
mycorrhiza inoculate under drought stress condition on grain yield of sorghum(sorghum bicolor).This
Experiment Was Carried Out in Factorial by using a Randomized Complete Block Design in inThree
Replications in 2009 in Shiraz-Sadra city. Treatments are Consisted of drought Stress in four
levels:I1:Reirrigation when %75 of plant available water is remained.I2: Reirrigation when %55 of plant
available water is remained.I3: Reirrigation when %35 of plant available water is remained.I4: Reirrigation
when %15 of plant available water is remained And mycorrhizae (M1)and nonmycorrhiza (M0) The Results
Showed that drought Stress was effective on plant length,shoot dry mater, 1000 kernel weight and yield have
shown a decreas 1% level of significantly but mycorrhiza could release the decrease effects of drought stress
on grain yield of sorghum in middle level of drought stress. the interaction of mycorrhiza and drought stress
on these characteristics was significant in 1% level. grain yield increased 17.8 percent by use of mycorrhizal
effect with compared to control.
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Introduction

Drought is still a serious agronomic problem and
one of the most important factors contributing to
crop yield loss. For sorghum  grown in Iran , water
resources are very limited with drought stress often
occurring during the growth season. Water shortages
and soil water losses due to environmental change
[1] and land use change are challenges to sorghum
production. Also Drought is a world-spread problem
seriously influencing grain production and quality,
the loss of which is the total for other natural
disasters, with increasing global climate change
making the situation more serious.drought stress is
one of the most important environmental factors

limiting growth and development of the crop plants
[12]. Among the diverse consequences of a drought
effect on plant development in these ecosystems,
restricted nutrient and water acquisition are
commonly recognized [2]. the arbuscular mycorrhizal
fungi (AMF)belong to taxonomic order called
Glomales,which currently comprises 6 genera.because
they are the most common underground symbiosis
and have important agricultural applications this
resarch will focus on the vesicular-arbuscular
mycorrhiza.(VAM) is able to make relationship with
most of plants to reduced water defecate. [5]  

In this context, and because vesicular -arbuscular
mycorrhizal (VAM) fungi are known to enhance the
ability of the plants to establish and cope with stress
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situations (nutrient deficiency, drought, etc.), the use
of these fungi as plant inoculants, was investigated to
help plants to thrive in degraded arid/semiarid areas
[7,4]. While drought responses in mycorrhizal crop
plant species have received considerable attention
[5,3], yet, physiological responses during drought
recovery are  still poorly studied. Ninety percent of
the earth’s land plant species form symbiotic
associations with arbuscular mycorrhizal fungi [9].
Arbuscular mycorrhizal (AM) symbiosis can effect
the water relations of many plants [8]. Arbuscular
mycorrhizal fungi (AMF) are a group of soil fungi
that form mutualistic associations with over 80% of
all terrestrial vegetation [19].These fungi have been
considered keystone species in that they can increase
ecosystem productivity and have the potential to
affect plant diversity by providing increased access
to immobile soil nutrients, water, and by increasing
root pathogen resistance [14,15].  The effect is often
more pronounced in plants grown under drought
stressed conditions than under well-watered
conditions [18]. In other words, AMs are able to
alter plant physiology in a way that confers the plant
ability to more efficiently grow under stressful
conditions and cope with stresses [13]. The
mechanisms by which AM  fungi have enhanced the
water relations of host plants are often not clear.
Potential mechanisms included enhanced absorption
of water by external hyphea[17], stomatal regulation
through hormonal signals[10], the indirect effect of
improved phosphorus nutrition[8], and greater
osmotic adjustment in AM plants[6.16]. In addition,
Auge suggested that mycorrhizal soil  itself could
somehow directly influence the water  relations of
plants associated with them. so the goal of this
research is investigating the effect of mycorrhiza on
yield and yield component  of sorghum in drought
condition.

Materials and Methods

This experiment was carried out in 2009 in pot
condition in natural farm environment. The method
of research was carried out based on factorial by
using a randomized complete block design(RCBD) in
three replications. Treatments are Consisted of
drought Stress in four levels:I1:Reirrigation when
%75 of plant available water is remained.I2:
Reirrigation when %55 of plant available water is
remained.I3: Reirrigation when %35 of plant available
water is remained.I4: Reirrigation when %15 of plant
available water is remained Influencing water stress
treatment; first, soil (pb) and (pwp) and (fc) was
measured, then available water was determinded by
difference (fc-pwp) and available water in (fc)
condition was theorized 100 and other treatments was
measured in relation to it. For determining soil
moisture, sampling of sub  pot  each 2  days. Then,

each sample was draied 24 hours in oven in 105
cantigrad degree..And mycorrhiza (M1) and
nonmycorrhiza (M0).

The planting is sorghum vulgare variate atlas
which is common in most of the regions in state of
fars. In each pott three seeds of Sorghum were
planted. Each potts were consisted of 9.5kg streel
soil with sandy- loom texture. This soil first became
streel in autoclave with 121ºc heat and 15 psi presure
for 2 hrs. This killed all the possible fungal or
bacterial pollutions.Then streel the walls of the potts
with alcohole, then inside each pott were filled with
mixture of agricultural soil and sand. And put the
seeds ,which were germinate in germinator , in soil
in the 3 to 5cm hole.Then put the soil that has the
fungus  of Mycorrhiza Visicular-Arbuscular, Glumos
intraradices, in the bottom of the hole in away that
the seeds root are  in contact  with it.  In each pott
 the amount of  N ,P and  K were calculated  .in
end of vegetative growth stage  grain yield  and
1000 kernel weight was measured. And The results
were analysed after classification using the softwares
sas and minitab.

Result and discussion

1- Kernels Number:

The variance analysis (table 1) shows that the
effect of mycorhiza on Kernels number is
notsignificant .but effect of drought stress on Kernels
number is significant at 1% of probabability
Interaction of drought stress and mycorhiza on
Kernels number is notsignificant, too. 

Mean comparision (table 2) shows  with increase
of drought stress tension, Kernels number was
decreas. But in treatments that inoculate with
mycorhiza, Kernels number have a highest
value.(table 3)it seems colonization whith mycorhiza
cause increase root length and  absorbtion minerals
of soil.that cause increase in  Kernels number.

Al-karaki  et al, 1997 said, Because of external
mycelia scattering of micorrhiza fungi in soil that
eventfully enhances absorption level, mycelia are able
to absorb phosphorus and nitrogen  from inaccessible
areas of the plant roots and transfer it to the plant
roots,since,among all different ways of nutrients
absorption, phosphore, nitrogen,… are absorbed
through diffusion generally, but in the presence of
micorrhiza fungi,mycelia fungi are able to absorb
these elements actively and consequently. [1]

2- Grain Yield:

The variance analysis (table 1) shows that the
effect of mycorhiza and drought stress on grain yield
is significant at 1% of probability. Interaction of
drought stress and mycorhiza on grain yield is
significant at 5%probablity, too.
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Table 1: Summary of variance analysis the effect of drought stress and mycorrhiza on  grainYield,1000 kernel weight and Kernels
number. 

SOV df Grain yield (g/pot) 1000 Kernel weight(g) Kernels number 
REP 2 0.105 ns 0.0379** 20417.4ns
MYCORRHIZA 1 56.12** 1.984** 31427.02ns
DROUGHT STRESS 3 29.45** 0.251** 257382.4**
DROUGHT STRESS*MYCORRHIZA 3 0.255* 0.0153** 4326.88ns
ERROR 14 0.057 0.0065 16106.23
CV - 5.06 10.88 12.23
Ns,*,**:non significant ,significant at the 5and 1%probability levels,respectively.

Table 2: Mean comparison the effect of drought stress on grain yield1000 kernel weight and Kernels number. 
Treatment Grain yield g/pot 1000 kernel weight Kernels number 
I1 16.48a 24.0a 523.3a
I2 15.68a 23.8a 498.8ab
I3 13.02b 21.6b 476.4ab
I4 11.77b 19.6b 331.3b
Means followed by the similar letters are not significantly different (Duncan 5%)

Table 3: Mean comparison the effect of mycorrhiza on grain yield,1000 kernel weight and Kernels number. 
Treatment Grain yieldg/pot 1000 kernel weight Kernels number 
M0 12.71b 19.4b 479.3a
M1 15.77a 25.2a 485.2a
Means followed by the similar letters are not significantly different(Duncan 5%)

Mean comparison (table 2) shows  with increase
of drought stress tension ,grain yield  was decrease.
But in treatments that inoculate with mycorhizae,
grain yield have a highest value.(table 3).

The root extension by mycorrhiza is an evident
and this help the plant to experience more of the soil
and use some nutrients which was unusable before.
thus grain yield have increased.

3-1000 Kernel Weight:

The variance analysis (table 1) shows that the
effect of mycorhiza and drought stress on 1000
kernel weight is significant at 1% of probability.
Interaction of drought stress and mycorhiza on 1000
kernel weight  is significant at 1%probablity, too.

Mean comparison (table 2) shows  with increase
of drought stress tension, 1000 kernel weight  was
decrease. But in treatments that inoculate with
mycorhiza, 1000 kernel weight  have a highest
value.(table 3) mycorrhiza support the plant in
drought stress condition and decrease stress tension.

Arbuscular mycorrhizas (AM) are able to be in
beneficial symbiosis with plants and their genetic
diversity and geographical distribution do not
adversely affect this symbiosis [15]. This indicates
that different species of AM have the ability for
adaptation to different conditions and being
synergistic with indigenous soil microorganisms. In
this symbiosis the fungi and the host plant provide
each other with nutrients and necessary C,
respectively [5]. The species and even the isolates of
the same species may determine the formation and
function of mycorrhiza [19]. The functional diversity
of AM may be an important factor, determining the
ability of the fungi to help the host plant tolerate the
stressful conditions [19]. In addition, AM–plant
combination and environmental conditions may
determine  the tendency of plant growth including

enhanced growth, natural and even parasitic
relationship [11,21,22,23,24,25].

Conclusions:

Sorghum differed in their responses to deficit
irrigation. Under full irrigation sorghum  yields was
good. However, irrigation deficit reduced vegetative
growth, biomass and yield in sorghum, giving higher
yields for sorghum under moderate or severe water
deficit treatments. Under water limited conditions,
soil water extraction was a more important
component in sorghum yield. One of the most
important reasons of mycorrhiza protection in drought
stress conditions from the host plant is increase of
nutrients absorption in soil and better feeding of
plant. This fact produced higher values of yield in
sorghum, which resulted in higher biomass
production, higher grain yield and harvest index in
sorghum under moderate to severe drought stress.
mycorrhiza could release the decrease effects of
drought stress on grain yield of sorghum in middle
level of drought stress. 
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