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Abstract  

Maize (Zea mays L.) is an effective host of 
mycorrhiza in infertile and drought conditions. In 
order to study the effects of arbuscular mycorrhizal 
fungi on relative water content (RWC) and cell 
membrane stability (CMS) of maize two field experiments 
were conducted in 2011 and 2012. The experiments 
were carried out as split-plot factorial based on 
randomized complete block design with three replications. 
Irrigation was imposed at three levels based on 70, 
50 and 30% field capacity. Mycorrhizal biofertilizer 
was applied at two levels; control and 100 kg ha

-1
. 

Phosphorus fertilizer was applied at three levels; 0, 
75 and 150 kg ha

-1
 triple superphosphate. The 

results of combined analysis showed that different 
irrigation treatments and mycorrhizal biofertilizer 
application have significantly affected RWC and CMS, 
but different P fertilizer levels have not significantly 
affected measured traits. RWC and CMS as affected 
by different irrigation regimes were decreased by 
increasing drought stress. The data showed that the 
mycorrhizal biofertilizer application improved RWC and 
CMS in maize plant as a consequence of enhancing 
nutrient uptake, extension of the root system and water 
status of the plants. Generally, AM plants have a greater 
effect than non-AM plants. 
 
Keywords: Maize, Mycorrhizal biofertilizer, Water 
stress. 

1. Introduction 

The term mycorrhiza literally derived from the 
Greek words, mykes and rhiza, which mean fungus 
and root respectively [1]. It was used at the first time 
by Albert Bernhard Frank in 1885. Mycorriza is a 
symbiosis between soil fungi and plant roots [2]. 

Water deficit and drought are the most serious 
obstacles to agricultural development [3]. 
Arbuscular mycorrhizal symbiosis can protect host 
plants against detrimental effects of water scarcity 
[4] through direct uptake, transfer of water by the 
fungal hyphae to the host plant [5], retention 
properties through changes in soil water [6] and 
better osmotic adjustment [7]. Arbuscular 

mycorrhizal fungi symbiotically associated with plant 
roots are known to enhance plant growth under 
drought conditions by increasing nutritional status 
and water uptake. However, osmotic stresses may 
reduce microbial activities and as a consequence, to 
reduce also plant productivity. Limitation in soil 
water content causes a series of reactions in plants 
like stomatal closure that limits CO2 fixation. After 
some time, lack of water in the growing medium 
causes poor nutrients diffusion in soil which has 
important detrimental effects on plant growth [8]. 
Tong-jian et al. [9] reported that the mycorrhizal 
fungi and plant roots symbiosis can promote plant 
uptake water and improve plant growth. Smith and 
Read [10] reported that under drought conditions, 
mycorrhizal colonization promotes water relations of 
the host plants through stimulated plant nutrition as 
a direct effect and possibly through enhanced direct 
water uptake. Arbuscular mycorrhizal (AM) fungi are 
beneficial to improve the soil structure and 
aggregate stability [11]. Thus, improved soil 
aggregation can be expected to increase absorption 
of water by plants, which can also enhance plant 
growth [12]. Auge [13] has reported about the 
effects of AM symbiosis on plant water relations in 
numerous host species colonized by various fungal 
symbionts, with a particular emphasis on these 
effects under drought conditions. 

 When cells expose to osmotic stress, solution 
metabolites increase to prevent water deficit and 
turgor pressure reduction. When osmotic adjustment 
occurs, the metabolites accumulate, which include 
nitrogen ingredients, such as proline and other 
amino acids, poly amines and ammonium [14]. 
Organic solutions accumulate in cytosol and play an 
important role in osmotic adjustment and cell 
retention, while water deficit is increased [15]. 
 The primary site of injury under drought stress 
conditions is the plasmalemma [16]. The membrane 
integrity is altered by drought stress. A logical 
reason of this is the increase of the cell permeability 
accompanied by electrolyte leakage from the cell 
[17]. The experiment to detect the integrity of cell 
membrane is called Cell Membrane Stability (CMS) 
and was used to demonstrate drought resistance in 
plants [18].  
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The aim of this study was to assess the effects of 
mycorrhizal biofertilizer and drought stress on 
relative water content and cell membrane stability to 
water resources appropriately. 

2. Materials and Methods 

2.1. Region of experiment 

Two experiments were conducted at the Agricultural 
Research Station in Khorramabad (Iran) in 2011 
and 2012 (June 7

th
), with Lat. 33˚, 29΄ N; Long. 48˚, 

21΄ E; Alt. 1171 m above sea level; mean 
temperature at the during growth season in first and 
second year were 24.90°

c
 and 25.92°

c
 respectively. 

2.2. Experimental design and agronomic 
applications 

Two experiments were carried out as split-plot 
factorial based on randomized complete block 
design with three replications. Irrigation was 
imposed at three levels; (a) well-watered conditions 
(I1), based on 70% field capacity; (b) moderate 
drought stress conditions (I2), based on 50% field 
capacity; (c) severe drought stress conditions (I3), 
based on 30% field capacity, as the main plot. 
Mycorrhizal biofertilizer (species Glomus 
intraradices) was applied at two levels; (a) control or 
without application of mycorrhizal biofertilizer (M1); 
(b) application of mycorrhizal biofertilizer (M2) 100 
kg ha

-1
, as the sub plot. Phosphorus fertilizer was 

applied at three levels; (a) control (P1); without 
application of phosphorus fertilizer; (b) application of 
75 kg ha

-1
 triple superphosphate (P2); (c) application 

of 150 kg ha
-1

 triple superphosphate (P3), as the sub 
plot (values were used according to the soil testing). 
   According to the mycorrhizal biofertilizer testing by 
department soil biology research, ten average 
mycorrhizal biofertilizer segments had 31 spores 
per cm

3
. The experimental field was ploughed in fall 

and disked twice in spring. Each plot was 8 m in 
length and consisted of 4 rows separated by 0.75 m, 
with a distance of 0.20 m between the plants in 
each row. The studied hybrid was NS-640. 
According to the soil testing (Table 1) nitrogen and 
potassium fertilization were determined, including 
250 kg ha

−1
 urea and 100 kg ha

−1
 potassium sulfate. 

One third of nitrogen (N), all of mycorrhizal 
biofertilizer, phosphorous (P) and potassium (K) 
fertilizers were applied at planting and the remaining 
N was applied during the vegetative growth. Farm 
operations for two years were same. 
 

Table 1.  Chemical characteristics of substrate soil 

 

Year 
 

Depth 

(cm) 

pH 
 

O. C 

(%) 

P 

mg 
kg

-1
 

K 

 mg 
kg

-1
 

2011 0-30 7.48 1.13 3.5 455 

30-60 7.70 0.95 2.2 340 

2012 0-30 7.40 1.20 3.2 500 
30-60 7.40 0.85 2.5 370 

 

2.3. Soil water content measurement 

Soil water content was measured by weighing the 
soil before and after drying at 105

◦C
 for 24 h. 

Moisture weight percentage was calculated by using 
the following equation proposes by Kirkham [19]. 

100
2

21 



W

WW
m

 
where Өm, W1 and W2 are water content (moisture 
content) percentage, soil wet weight (g) and soil dry 
weight (g) respectively. Samples were collected 
from the 0 – 30 and 30 – 60 cm depths. Bulk density 
was 1.35 g cm

-3
. Moisture weight percentage in field 

capacity was 26.5 and 24.2 in 2011 and 2012 
respectively. Hydrogen ion concentration (pH) was 
7.5.  
   Irrigation time was determined by weighting soil 
samples (taken by Auger from the root extension 
depth) to obtain moisture weight percentage. Then 
by using the following equation proposes by 
Doorenbos and Pruitt [20] irrigation water volume 
was calculated. 

100

)( ADrbmFC
V





 

where V is the irrigation water volume (m
3
), FC is 

the gravimetric soil water content at field capacity 
(%), βm is the soil water content before irrigation by 
weight (%), ρb is the bulk density of the soil (g cm

-3
), 

Dr is the root extension depth (m), A is the irrigated 
area (m

2
). 

   Irrigation duration was determined by using the 
following equation: 

Q

V
T 

 
where T is the Irrigation duration (s), V is the 
irrigation water volume (m

3
) and Q is the discharge 

(m
3
 s

-1
). 

2.4. Relative water content measurement 

Relative water content (RWC) was calculated by 
using the following equation: 

 
  













100

DWTW

DWFW

 
where FW, TW and DW are fresh weight (g), turgid 
weight (g) and dry weight (g) respectively.  

For this purpose, a fully expanded young leaf 
(ear leaf) was selected from each treatment and 
replication at the mid-canopy position before 
irrigation in flowering stage (four plants). Ten leaf 
pieces (2 cm diameter) were cut from these leaves 
and weighed immediately to record fresh weight 
(FW). Turgid weight (TW) was determined by 
weighing the leaf segments after 24 h of immersion 
in distilled water in a sealed flask at room 
temperature. Dry weight (DW) was determined by 
weighing the leaf segments after 48 h at 70

°C
 in 

oven [21]. 
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2.5. Electrolyte leakage measurement 

Cell membrane stability as measured by the 
electrolyte leakage technique has been used as a 
tolerance index for abiotic stresses. Electrolyte 
leakage was determined on leaflet disks removed 
from the material used for osmotic potential 
measurements as described by Tas and Basar, 
(2009). For this purpose, a fully expanded young 
leaf (ear leaf) was selected from each treatment and 
replication at the mid-canopy position before 
irrigation in flowering stage (four plants). Ten leaf 
pieces (2 cm diameter) were cut from these leaves 
and washed with distilled water to remove the 
debris from tissue. The leaf segments were put into 
glass bottles, then added 20 ml distilled water. 
Prepared bottles were left in shaker for 24 h and 
after this procedure solutions in bottles were 
transferred into test tubes and C1 value was 
measured in EC meters. Solutions were again 
transferred into bottles and put in autoclave at 120

˚C
 

for 20 min. Afterwards C2 value was measured in 
room temperature [22]. Electrolyte leakage 
percentage was calculated by the following equation 
proposes by Tas and Basar [22]. 

100
2

1 
EC

EC
EL

 
Membrane stability index percentage was 

calculated by the following equation proposes by 
Singh et al. [23]. 

MSI = 1001
2

1 
EC

EC

 

2.6. Statistical analysis 

The recorded data were statistically analyzed using 
the software MSTAT-C. Mean comparisons were 
calculated using Duncan’s Multiple Range Test 

at 05.0P . 

3. Results and Discussion 

The results of combined variance analysis showed 
that different irrigation treatments and mycorrhizal 
biofertilizer application have significantly affected 
relative water content (RWC) and cell membrane 
stability (CMS) but different P fertilizer levels have 
not significantly affected measured traits (Table 2). 
The results of mean comparisons showed that RWC 
and CMS were decreased by increasing drought stress. 
There was not significantly different in RWC between 
well-watered (70% field capacity) and moderate 
drought stress (50% field capacity). Severe drought 
stress (30% field capacity) was 26% lower than 
well-watered conditions. Well-watered had the 
highest CMS of all irrigation regimes. Severe 
drought stress was 28% lower than well-watered 
conditions. AM plants have increased about 3.8% 
RWC to their leaves compared with non-mycorrhizal. 
The CMS of AM plants were 4% higher than non-
AM plants. Generally, relative water content and cell 

membrane stability in inoculated plant were higher 
than non-inoculated plant (Table 3). 
 
Table 2. Mean square values in the combined analysis of 

variance of relative water content (RWC) and cell 
membrane stability (CMS). 
 

S. O. V df 
MS 

RWC CMS 

Year (Y) 1 873.472
ns 

91.264
ns 

R(Y) 4 304.038 218.282 
Irrigation (I) 2 4215.014

** 
4254.003

** 

Y×I 2 105.261
ns 

14.536
ns 

Error (a) 8 165.324
 

122.426 
Phosphorus (P) 2 9.888

ns 
3.086

ns 

Y×P 2 33.322
ns 

16.635
ns 

I×P 4 3.860
ns 

19.274
ns 

Y×I×P 4 39.491
ns 

15.335
ns 

Mycorrhiza (M) 1 211.064
** 

213.813
** 

Y×M 1 0.262
ns 

2.072
ns 

I×M 2 11.646
ns 

15.740
ns 

Y×I×M 2 4.086
ns 

8.170
ns 

P×M 2 16.226
ns 

15.654
ns 

Y×P×M 2 1.305
ns 

1.251
ns 

I×P×M 4 17.033
ns 

11.883
ns 

Y×I×P×M 4 20.455
ns 

4.994
ns 

Error (b) 60 23.452 16.809 

C. V % - 6.77 6.08 

 **: Significant at P ≤ 0.01,  and ns: Non- significant. 
 
Table 3. Mean comparisons of relative water content 

(RWC) and cell membrane stability (CMS). 
 

Factor RWC (%) CMS (%) 

Irrigation   
I1 80.47 a 77.64 a 
I2 74.65 a 68.53 b 
I3 59.51 b 55.99 c 

Triple superphosphate   
P1 70.98 a 67.05 a 
P2 71.65 a 67.59 a 
P3 72.01 a 67.52 a 

Mycorrhiza   
M1 70.14 b 65.97 b 
M2 72.94 a 68.79 a 

The same letter within each column indicates no 
significant difference among treatments (P ≤ 0.05). 

 

Arbuscular mycorrhizal fungi postpone reductions in 
leaf water potential during periods of drought stress 
and hasten returns to control levels upon the 
reduction of water-limiting conditions [13] through 
direct uptake and transfer of water by the fungal 
hyphae to the host plant [5]. The results of present 
study are in agreement with the conclusions of Auge 
et al. [5] that fungal hyphae were obtained water by 
direct uptake and transfer to the host plant, so that 
protection plants against drought stress. Also, 
osmotic adjustment occurs to decrease their water 
potential to maintain a beneficial gradient for water 
flow from soil into plant roots. The results of this 
study are in agreement with the conclusions of 
Porcel and Ruiz-Lozano [7] that AM plants have a 
greater osmotic adjustment than non-AM plants. On 
the one hand fertilizers increased RWC under drought 
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stress conditions [24], on the other hand Singh et al. [25] 
reported that there was no significant effect of soil-P on 
RWC by increasing P fertilizer, which is somehow in 
accordance with the results of this experiment. 
   Among the physiological traits that are correlated 
with performance under drought stress conditions, 
membrane stability has recognized as a useful 
measure of drought tolerance [18]. Water limitation 
in the growing medium reduces diffusion, uptake by 
roots and transport of nutrients from roots to shoots 
due to altered membrane permeability [26]. 
However, water limitation has been accepted as 
one of the major causes of increased cell 
membrane permeability [27]. Arbuscular mycorrhizal 
plants have higher electrolyte concentration than 
non-mycorrhizal plants by improvement integrity 
and stability of the membrane [28].  
   Water stress leads to increase accumulation of 
reactive oxygen species [29] such as superoxide 
(O2•

−
), hydrogen peroxide (H2O2) and the hydroxyl 

radical (•OH). They cause damage to cell 
membrane structure by injuring cell components, 
that ultimately electrolyte leakage is increased [30]. 
Khodary [31] concluded that water stress caused to 
change in phospholipid membranes and increased 
unsaturated acids and therefore, increased 
electrolyte leakage. The results of the present study 
are in agreement with the conclusions of Janda et al. 
[29], Foyer [30] and Khodary [31] associated with 
the role of water stress to increase electrolyte 
leakage. 

4. Conclusion 

The results obtained in this study show that relative 
water content (RWC) and cell membrane stability 
(CMS) in maize plants have been affected greatly 
by water stress conditions. The data showed that 
the mycorrhizal biofertilizer application improved 
RWC and CMS in maize plants as a consequence 
of enhancing nutrient uptake and water status of the 
plants. Generally, AM plants have a greater effect 
than non-AM plants. With respect to environmental 
problem associated with fertilizer and water 
limitation in future, it is essential that we apply water 
resources appropriately and decrease fertilizers 
application in order to improve soil fertility, 
productivity and water quality. 
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