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ABSTRACT 
 

In the arid region area, date palm trees (Phoenix L.,), are considered crucial to the ecosystem as they protect 
the surrounding vegetation against desert influences and provide adequate microclimate to the under storey 
crops. The arbuscular mycorrhizal fungi (AMF) found worldwide establish a symbiotic association with the 
majority of land plants including those of the arid areas. AMF enhance root mineral nutrition, especially 
phosphorus, and favor plant growth. Moreover, AMF may protect plants against environmental stress such as 
drought. The date palm AMF association was found to promote palm growth especially on nutrient poor soil and 
was recognised as positively significant for their establishment and survival. This experiment carried out in the 
different irrigational regimes in date palm combining them with the application of phosphoric fertilizers and 
mycorrhizal fungi which in the conditions of water deficit may be decisive for the provision of unhindered 
process of mineral nutrition. The results showed that there were significant differences in the stability, total 
fresh and dry weight of date palm and concentration of nitrogen and potassium, but there were no significant 
differences  of phosphorous and calcium. 
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Introduction 
 

Ectomycorrhizal (ECM) fungi like Pisolithus are 
known to enhance tree growth by increasing the 
uptake of nitrogen (N) [22] and phosphorus (P) by 
roots in P deficient soils [15,21] Mycorrhizal fungi 
have a long history in having symbiotic relations 
with most plant families and they exist in most 
ecosystems [Salem et al, 2003]. Nowadays special 
attention is paid to the potential role of these fungi in 
the production of agricultural products due to the 
ability of such fungi to increase water and nutrient 
uptake of agricultural plants.  The date palm Phoenix 
dactylifera L. belonging to the Arecaceae family 
represents an important economical and ecological 
culture for many countries. Some reports [17,30] 
have shown that roots of P. dactylifera are commonly 
colonised with arbuscular mycorrhizal fungi (AMF) 
in controlled conditions. However, there are no 
studies using ectomycorrhizal fungi as inoculum. In 
the aim to improve interest species culture as date 
palm (Phoenix dactylifera) we have used mycorrhiza. 

In the arid region area, date palm trees (Phoenix 
L.,), are considered crucial to the ecosystem as they 
protect the surrounding vegetation against desert 
influences and provide adequate microclimate to the 
under storey crops. The arbuscular mycorrhizal fungi 
(AMF) found worldwide establish a symbiotic 
association with the majority of land plants including 

those of the arid areas [11]; once established, AMF 
enhance root mineral nutrition, especially 
phosphorus, and favor plant growth. Moreover, AMF 
may protect plants against environmental stress such 
as soil salinity [14,19], drought [2,16]. 

The date palm AMF association was found to 
promote palm growth especially on nutrient poor soil 
and was recognised as positively significant for their 
establishment and survival [5,18]. 

It has been observed that the application of 
Glomus mosseae improved the growth of aerial 
organs for 30% and applying Glomus Caledonium 
for alfalfa improved the yield of this plant compared 
with an inoculated plant [24]. Mycorrhiza fungus 
accelerated plant growth and affected the transfer of 
biomass in the root and in the stem and because of 
higher absorption of nutritional elements, the dry 
weight of aerial parts of the plant increased. 

 Some researchers showed that the increase in 
the percentage of mycorrhiza applied to the date 
palm root had significant effect on the absorption of 
phosphorus, zinc, and copper, while it had no 
significant effect on the absorption of Fe [30]. It has 
been found out that root mycorrhizal symbiosis 
percentage has a negative correlation with the 
amount of phosphorus existing in the soil [15]. 
Mycorrhizal symbiosis has statistically significant 
effect on phosphorus absorption when the amount of 
phosphorus in soil is low [27]. 
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In many arid and semiarid regions of the world, 
drought limits crop productivity. The incorporation 
of factors enabling plants to withstand drought stress 
would be helpful to improve crop production under 
drought conditions. Inoculation of plant roots with 
arbuscular mycorrhizal (AM) fungi may be effective 
in improving crop production under drought 
conditions. Colonization of roots by AM fungi has 
been shown to improve productivity of numerous 
crop plants in soils under drought stress [2,4]. 
Improved productivity of AM plants was attributed 
to enhanced uptake of immobile nutrients such as 
phosphorus, zinc and copper. In addition, other 
factors associated with AM fungal colonization may 
influence plant resistance to drought [6,12]. 

Taking into consideration high costs of 
production of chemical fertilizers, as well as 
environmental problems caused by applying these 
fertilizers, a necessity to revise the methods of 
increasing crop yield has arisen. Nowadays, one of 
the methods to achieve this goal is to use 
microorganisms, which can be useful to meet the 
needs of the plants. However, as survival and the 
efficiency of these microorganisms are under the 
influence of environmental factors, in order to 
preserve their viability it is necessary to carry out 
certain measurements [23].     

Water deficit is one of the most environmental 
stresses affecting agricultural productivity around the 
world and may result in considerable yield reductions 
[7]. Drought affects nearly all the plant growth 
processes; however, the stress response depends 
upon the intensity, rate, and duration of exposure and 
the stage of crop growth. Inhibition of leaf growth by 
water stress can be considered to be an adaptive 
response.  

AM fungi were found to promote the growth of 
date palm seedlings, especially on nutrient poor soils 
[5]. However, the AM fungal communities 
associated with date palm in the whole world have 
not been well investigated. To our knowledge, the 
only study which addressed the composition of AM 
fungal communities associated with this tree in field 
conditions was conducted in North Africa [10].  

Some researchers suggested that mycorrhiza 
application enhances the plant growth and influences 
on allocation and transition of biomass between root 
and stem so that dried weight of areal parts increases 
by more absorption of nutrients and their transition 
[28].  

It was also reported that wheat symbiosis with 
mycorrhiza fungus VA (Glomuse mosseae) increased 
total dry matter of plants, dry matter of roots, and 
root length to control (without incubation) [32].  

The results from many experiments have shown 
that two elements, copper (Cu) and zinc (Zn) in 
mycorrhiza plants have high concentrations. The 
transition of sulfur and calcium has been reported as 
well. Researchers have different opinions on 

potassium uptake: some believe in potassium uptake 
and others say its ineffective [8].  

Some researchers suggested that the symbiosis 
of soybean with mycorrhiza increased the absorption 
of zinc and copper in poor phosphorus soils. 
Meanwhile high phosphorus of soil prevented the 
activity of mycorrhiza [20]. Some researchers 
reported that nutrients like P, S, Ca, K, Cu and N are 
absorbed by mycorrhizal fungi and transported to 
host plants [31]. Mycorrhiza is an agent, which can 
prevent the yield reduction of plants in water deficit 
conditions to some extent [2].  

Some researchers reported that the water use 
efficiency of soybean, which is symbiotic with 
mycorrhizal fungi, had lower reduction in drought 
stress in comparison to non-mycorrhiza plants [9].  

Mycorrhizae have reportedly increased nutrient 
uptake, salinity tolerance, drought tolerance, water 
uptake, root disease resistance, and photosynthesis 
[26].  

The prospect of future development of 
agriculture in Iran’s Islamic Republic is connected 
with water economy and effective usage of limited 
water resources. New technologies are already being 
worked out and carried out in this direction that 
enable to reduce considerably dosages of irrigational 
water and the consuption of material and energetic 
resources per one unit of area without reducing the  
primary biological production. Investigations carried 
out in the scope of the given problem were aiming at 
experimenting different irrigational regimes in date 
palm plantations combining them with the 
application of phosphoric fertilizers and mycorrhizal 
fungi which in the conditions of water deficit may be 
decisive for the provision of unhindered process of 
mineral nutrition. In the investigations carried out in 
green house the following problems were elucidated: 

 the application of Irrigation based on 100% 
ETc of class A pan (normal irrigation means without 
stress), Irrigation based on 80% ETc of class A pan 
(medium water stress),  Irrigation based on 60% ETc 
of class A pan (heavy water stress), the effectiveness 
of application of different combinations of 5 dosages 
of phosphoric fertilizers and concentrates of 
mycorrhizal fungi in date palm plantations. 

 agrochemical investigation of the soil. 
 calculation of fresh and dry biomass of date 

palm. 
 clarification of contents of macroelements in 

the vegetative mass. 
First of all soil sample was taken in the area 

from Khuzestan province in 2008, and then soil 
samples were digested using the method of the 
Association of Official Agricultural Chemists. The 
bulk soil was analyzed for Ec based on Richards 
method, pH based on Schofield method, O.C% based 
on Mehlich method, P based on Olsen method, K, 
Ca, Mg based on Thomas method, Cu, Mn, Zn and 
Fe based on Lindsy method [1. The results are shown 
in Table 1.  
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Table 1: Agrochemical characteristics of the soil 

 Fe 
(mg/kg) 

 Zn 
(mg/kg) 

Mn 
(mg/kg) 

Cu 
(mg/kg) 

Texture 
O.C 
% 

 
P 
(ppm) 

 
K 
(ppm) 

 
Ca 
(meq/kg) 

 
Mg 
(meq/kg) 

EC 
(dS/m) 

pH 

2.2 2.5 7.8 21.1 CL 0.8 8 110 45 10 2.8 7.5 

 
This experiment was implemented within 3 

years, 2009, 2010 and 2011 in the agricultural 
research center of Khuzestan on the variety of 
Barhee. 

The investigations were carried out as a split 
factorial design on randomized complete blocks 
design with four replications. The factors studied 
included three regimes of irrigation, five dosages of 
phosphoric fertilizers (P1 -0 , P2 -5, P3 -10 , P4 -15 and 
P5-20 mg/kg per active ingredient) and colonization 
with mycorrhizal fungi applied to the following 
levels:   

 S1 - Irrigation based on 100% ETc of class A 
pan (normal irrigation means without stress)  

 S2 -  Irrigation based on 80% ETc of class A 
pan (medium water stress),  

S3 -  Irrigation based on 60% ETc of class A pan 

(heavy water stress) 
In the crop coefficient approach the crop 

evapotranspiration, ETc, calculated by multiplying 
the reference crop evapotranspiration, ETo, by a crop 
coefficient, Kc: 

ETc = Kc ETo 
where  
ETc =crop evapotranspiration [mm/day], 
Kc =crop coefficient [dimensionless], 
ETo =reference crop evapotranspiration 

[mm/day]. 
The initial stage runs from planting date to 

approximately 10% ground cover. The length of the 
initial period is highly dependent on the crop, the 
crop variety, the planting date and the climate. The 
end of the initial period is determined as the time 
when approximately 10% of the ground surface is 
covered by green vegetation [3]. Therefore, the Kc 
during the initial period (Kc ini) is large when the 
soil is wet from irrigation and rainfall and is low 
when the soil surface is dry. The procedure for 
estimating Kc in mid and end season are : 

 
Kc(mid) = Kc(mid-table) + [0.04(U2 - 2) - 0.004(RHmin- 
45)] (h/3)0.3                (2) 
 
Kc(end) = Kc(end-table) + [0.04(U2 - 2) - 0.004(RHmin- 45)] 
(h/3)0.3                       (3) 

 
where 
Kc(mid-table)= value for Kc in mid season taken 

from FAO Table  
Kc(end-table)= value for Kc in end season taken 

from FAO Table  
U2 =mean value for daily wind speed at 2 m 

height over grass during the midseason growth stage 
[m s-1], for 1 m s-1 ≤ U2 ≤ 6 m s-1, 

RHmin =mean value for daily minimum relative 
humidity during the mid-season growth stage [%], 
for 20% ≤ RHmin ≤ 80%, 

h =mean plant height during the mid-season 
stage [m] for 0.1 m < h< 10 m. 

Kc(mid) and Kc(end) =values determined are average 
adjustments for the midseason and late season 
periods.  

Td = (ETc - Re) (0.1√ Pd)      
Ig = Td / E  
where 
Td= estimated ET crop 
ETc = crop evapotranspiration 
Re= effective rainfall in mm. 
Pd= fraction of soil surface covered or shaded by 

vegetation 
E= irrigation efficiency 
Ig= Gross irrigation requirment mm day-1 

With the inclusion of the three factors studied 
(stress, phosphoric fertilizers and mycorrhyzal 
fungi), the scheme of the experiment will be as 
follows: 

 
 

Stress  Phosphorous  Mycorhiza  Replication    Plot 
S1  

 
* 

P1  
 
* 

M0 
 

 
 
* 

 
 
3 

 
 
=  90  

P2 
S2 P3  
 
S3 

P4 M1 
P5 

 
S1 = Irrigation based on 100% ETc of class A pan (normal irrigation means without stress)  
S2 = Irrigation based on 80% ETc of class A pan (medium water stress),  
S3 = Irrigation based on 60% ETc of class A pan (heavy water stress) 
P1=  Without phosphorous application 
P2= 5 mg/kg phosphorous application 
P3= 10 mg/kg phosphorous application 
P4= 15 mg/kg phosphorous application 
P5= 20 mg/kg phosphorous application 
M0= without mycorhiza application 
M1= with mycorhiza application 
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As phosphoric fertilizer triple superphosphate 
(P2O5-46%) has been used. Mycorrhyzal fungi were 
introduced into the soil in the form of special mixture 
of soil and fine sand, of which 10 grams were mixed 
into the soil. 

The soil was air-dried and passed through a <5 
mm stainless steel sieve. The soil samples were then 
transferred into plastic pots, each pot containing 10 
kg of soil. 

After clarification of the plan of the main and 
sub plots, various amounts of phosphoric fertilizer in 
addition to nitrogen (urea, N – 46%), potassium 
(potassium  sulphate – K2O – 50%) and micro- 
elements were weighed according to soil test and 
were mixed with the soil.  

Whole plants were removed from the soil after 
one growth cycle and then samples were taken from 
each pot. Soil samples were air dried at room 
temperature, crushed and pulverized to pass through 
a 2-mm stainless steel sieve [1]. After washing, plant 
samples were dried at 70°C. Acid digests of each soil 
sample were prepared using the USEPA 3051A 
[1998] method. Digestion of soil samples was 
applied with 1:1 nitric acid (69% purity) and 
hydrochloric acid (28% purity) solution. 2g soil and 
0.5g plant samples were digested in a mixture of 
concentrated nitric acid and hydrochloric acid. Soil 
and plant sample digests were used to measure total 
concentration of N,P,K, Ca, Cu, Zn and Fe were 
determined by using an Atomic Absorption 
Spectrometer [1]. 

Soil texture was determined using the 
hydrometric method PH of a saturated paste, organic 
carbon (wet oxidation method), total nitrogen 
(Kjeldahl method), available phosphorus (sodium 
bicarbonate extraction method) and potassium (flame 
photometer method, emission spectrophotometery), 
iron and manganese (Dithyenetriaminepentaacetic 
acid (DTPA) method), using atomic absorption 
spectrometer.  

The statistical analysis was performed through, 
SPSS 16, Mstatc and Excel Software. Difference of 
treatments were evaluated by Duncan’s multiple 
range test [DMRT] in α=0.05.  
 
Results And Discussion 

 
Influence of different irrigation regimes, mycorrhyzal 
fungi and phosphorus on date palm stability: 

 
In field experiments measurements of the 

stability of the date palm have been done. The results 
are given in Table 2.  

There were significant differences in the stability 
of the date palm, caused by different irrigation 
regimes, Phosphorous rate, with or without of 
mycorhiza application and interaction effects are 
noticed. Here we see that the irrigation regime S2 

stability of the date palm has been more than 
(73.46%)  and was replaced in the first class and the 

regimes S1(69.98%)  and S3 (70.05%) have had 
almost the same effect on the stability of the date 
palm (Table 3). It should be noted that stability of the 
date palm is an important visual index and can be 
seen at once. 

There was significant differences in the stability 
of the date palm, caused by dosage of Phosphorous 
rate. Application of phosphorous (P2, P3, P4 and P5) 
was increased the stability of date palm in 
comparison of  the control (P1). There was no 
significant differences in the stability of the date 
palm, caused by dosage of Phosphorous (P2, P3 and 
P5) rate and were replaced in the first class and P4  
was replaced in the second class. 
 
Influence of different irrigation regimes, mycorrhyzal 
fungi and phosphorus on date palm growth: 

 
One of the main indices of evaluation of plant 

effectiveness in any kind of soil is the amount of the 
biomass. In field experiments measurements of the 
total fresh and dry weight of date palm  were 
determined in different treatments. The effect of 
different treatments on the fresh weight of the plants 
was observed to be significant (Table 2). 

There were significant differences in the total 
fresh and dry weight of date palm, caused by 
different irrigation regimes, Phosphorous rate and 
interaction of irrigation and phosphorous (SP). There 
were no significant difference with or without of 
mycorhiza application and interaction effects on total 
fresh weight are noticed, but  there were significant 
difference with or without of mycorhiza application 
and interaction effects are noticed. In main plots, 
total fresh and dry weight of date palm  in S1  was 
more than S2 and  S3 , although there was no 
significant difference between S1 and S2 in fresh 
weight but there was significant effect between dry 
weight. In S2 and  S3 treatments, the decrease of the 
yield fresh and dry weight of total date palm is 
directly connected with the deficit of irrigation water 
(Table 3).  

There was significant differences in the fresh 
and dry weight of the date palm, caused by dosage of 
Phosphorous rate. Application of phosphorous (P2, 
P3, P4 and P5) was increased the total fresh and dry 
weight of date palm   in comparison of  the control 
(P1), although the higher rate of phosphorous as well 
as control.  There was no significant differences in 
the total fresh and dry weight of date palm  caused by 
dosage of Phosphorous P3 and P4 rate and were 
replaced in one group(Table 4). 
 
The contencentration of macroelements in the shoot 
of  date palm: 

 
In different phases of plant growth and 

development the need of the plant for nutrients is 
quantitatively different, and this phenomenon is 
characteristic to all plant species. From this point of 
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view the date palm in the phases of intensive growth 
takes a large amount of nutrients from the soil. The 
uptake of nutrients by date palm is directly connected 
with the might of its root system.  The amount of 
nutrients lost through fruits and pruned leaves as well 
as the world-wide application of fertilisers were 
considered as a basis for the calculation of the 
amount of fertilisers required by an adult date palm.  

There were no significant differences in the 
nitrogen concentration of date palm, caused by 
different irrigation regimes, Phosphorous rate, but 
there was significant difference on interaction of 
irrigation and phosphorous (SP). There were 
significant difference with or without of mycorhiza 
application and interaction effects on nitrogen 
concentration are noticed, but  there were significant 
difference with or without of mycorhiza application 
and interaction effects are noticed. In main plots, 
nitrogen concentration  in S1  and S2 was more than S3 

, although there was no significant difference between 
S1 and S2 (Table 2). 

There was significant differences in the nitrogen 
concentration of date palm, caused by dosage of 
phosphorous rate. In the conditions of stress 
irrigation S1  dosages of phosphoric fertilizer (P5  , P10 

and P15 mg/kg) have decreased nitrogen 
concentration but P20 increased nitrogen 
concentration. In combination of the stress irrigation 
regime S1 + G, nitrogen concentration in P5 was equal 
S1 but nitrogen concentration have decreased in P10 

and P20 mg/kg and increased in P15 mg/kg in 
comparison of the control (S1). In combination of the 
stress irrigation regime S2 , phosphorous fertilization 
and mycorrhizal fungi, the concentration of nitrogen 
have been increased in the dosages of phosphorous 
P5, P15 and P20 mg/kg, but nitrogen concentration in 
P10 mg/kg was equal S2. In the conditions of stress 
irrigation S3  dosages of phosphoric fertilizer P5  and  

P10  were equal S3 and P15 mg/kg has decreased 
nitrogen concentration but P20 increased nitrogen 
concentration. In combination of the stress irrigation 
regime S3 + G, nitrogen concentration have increased 
in P5 and P10 mg/kg and decreased in P15 and P10 
mg/kg in comparison of the control (Table 5). 

Analysis of variance showed that there were no 
significant differences in the phosphorous 
concentration of date palm, but Duncan Test showed 
that different irrigation regimes had significant 
difference on phosphorous concentration. 
Phosphorous concentration in treatment S1 was 
higher than S2 and S3, and there was no significant 
difference between S2 and S3(Table 3).   

There was significant differences in the 
phosphorous concentration of date palm, caused by 
dosage of phosphorous rate. Application of P3  and P4 

phosphorous rate was decreased phosphorous 
concentration  in  the date palm in comparison of  the 
other treatments, although there was no significant 
differences in the control and P2 and P5 treatments 
and were replaced in one group(Table 4). 

The concentration of phosphorus in the biomass 
of plants in the different treatments varied from 
0,060 to 0,082%. Here, too, considerable differences 
in the phosphorous concentration, caused by different 
irrigation regimes, are noticed. Here we see that the 
regimes S1 and S2 have had almost the same effect on 
the phosphorous concentration, and in the irrigation 
regime S3 phosphorous concentration has been lesser 
than in the S1 and S2. In the conditions of stress 
irrigation S1  dosages of phosphoric fertilizer (P5  , P10  

,P15  and P20 mg/kg) have decreased phosphorous 
concentration. In combination of the stress irrigation 
regime S1 + G, phosphorous concentration in P5 
decreased in comparison S1 but phosphorous  
concentration have increased in P10 , P15 and P20 
mg/kg in comparison of the control (S1). In the 
conditions of water stress irrigation (S2) dosages of 
phosphoric fertilizers (P5 and P10 mg/kg) have 
increased phosphorous concentaration, but dosages 
of phosphoric fertilizers (P15 and P20 mg/kg) have 
decreased phosphorous concentaration. In 
combination of the stress irrigation regime S2, 

phosphorous fertilization and mycorrhizal fungi, the 
concentration of phosphorous has been decreased in 
the dosage of phosphorous  P5,  in dosage of P15 was 
equal control and dosages of P15 and P20 mg/kg have 
increased phosphorous concentration. In the 
conditions of stress irrigation S3  dosages of 
phosphoric fertilizer have increased phosphorous 
concentration. In combination of the stress irrigation 
regime S3 + G, phosphorous concentration have 
increased in comparison of the control (Table 5). 

Analysis of variance showed that there were 
significant differences in the potassium concentration 
of date palm (Table 2). Potassium concentration in 
treatment S2 was higher than S1 and S3(Table 3). 
There was significant differences in the potassium 
concentration of date palm, caused by dosage of 
phosphorous rate. Application of P3  and P4 

phosphorous rate was increased potassium 
concentration  in  the date palm in comparison of  the 
other treatments, although there was no significant 
differences in the control and P2 and P5 treatments 
and were replaced in one group(Table 4). 

Analysis of variance showed that there were no 
significant differences in the calcium concentration 
of date palm, caused by dosage of phosphorous 
rate(Table 2). The content of phosphorus in the 
biomass of plants in different treatments varied from 
0,32 to 0,41%. Here, there is differences effect 
significant in the calcium concentration, caused by 
different irrigation regimes and phosphorous dosage. 
In the conditions of stress irrigation S1  in between 
different dosages of phosphoric fertilizer (P5  , P10 and 
P15 and P20 mg/kg) the dosages of  P5  and P15 mg/kg 
have the maximum calcium concentration and the 
dosages of P10 and P20  mg/kg has the minimum 
calcium concentration and all of them were more 
than control. In combination of the stress irrigation 
regime S1 + G, in between different dosages of 
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phosphoric fertilizer (P5  , P10 and P15 and P20 mg/kg), 
the dosages of  P15  has the maximum calcium 
concentration and the dosage of P10 mg/kg has the 
minimum calcium concentration.  In the conditions 
of stress irrigation S2  in between different dosages of 
phosphoric fertilizer (P5  , P10 and P15 and P20 mg/kg) 
the dosages of  P5  and P15 mg/kg have the maximum 
calcium concentration and the dosages of P10 and P20  

mg/kg has the minimum calcium concentration and 
all of them were more than control. In combination 
of the stress irrigation regime S1 + G, in between 
different dosages of phosphoric fertilizer (P5  , P10 and 
P15 and P20 mg/kg), the dosages of  P15  has the 
maximum calcium concentration and the dosage of 
P10 mg/kg has the minimum calcium concentration. 
In the conditions of stress irrigation S3 in between 
different dosages of phosphoric fertilizer (P5  , P10 and 

P15 and P20 mg/kg) the dosages of  P20 mg/kg have 
the maximum calcium concentration (0.41%) and the 
dosages of P10 mg/kg has the minimum calcium 
concentration. In combination of the stress irrigation 
regime S1 + G, in between different dosages of 
phosphoric fertilizer (P5  , P10 and P15 and P20 mg/kg), 
the dosages of  P5  has the maximum calcium 
concentration and the dosage of P10 mg/kg has the 
minimum calcium concentration (Table 5). 

Guided by the results growth and development 
of date palm we may say that in the dry conditions of 
Khuzestan province high dosages of phosphoric 
fertilizers lead to the condensation of soil solution 
and weakening of the biological activity of the soil, 
so in such lands moderate dosages of phosphorus, 
such as P10 mg/kg should be applied. 

 
Table 2: Analysis of variance for the different traits  

Source DF Stability Fresh weight Dry Weight N P K            Ca 
Factor S 2 118.390 **     6343.265  ** 5657.451  **   0.000 n.s     0.000 n.s 0.002 **     0.002  n.s   
Factor P 4 157.081 ** 23772.375 **  35422.494 **   0.001  n.s    0.000 n.s 0.006**      0.004 n.s 
SP 8 15.519   ** 5190.135   **   4530.803   ** 0.002  **    0.000 n.s 0.004**  0.004  n.s   
Factor M 1 246.148 ** 1916.379  n.s 6019.172   ** 0.011  **   0.000 n.s 0.001*   0.001 n.s   
SM 2 48.371   ** 560.151    n.s 2740.419   ** 0.000   n.s   0.000 n.s 0.001*   0.006  n.s 
PM 4 79.226   ** 1109.846  n.s 3345.524   ** 0.008  **   0.000 n.s 0.003**      0.001 n.s   
SPM 8 42.919   ** 1593.618  n.s 3129.469   ** 0.002  **    0.000 n.s 0.002**  0.001 n.s    
Error            60 4.431     834.990     122.608      0.001  0.000  0.002      0.002   
Total            89        

 
Table 3: Mean of different traits in irrigation levels  

  Stability Fresh weight Dry Weight N P K Ca 
S1 69.98B 340.3 A 250.1 A 0.2143 A 0.0701 A 0.5263 B 0.3970 A 
S2 73.46 A 328.9 A 235.6 B 0.2147 A 0.0653 B 0.5357 A 0.3873 A 
S3 70.05 B 311.4 B 222.6 C 0.2103 B 0.0656 B 0.5207 C 0.3831 A 

 
Table 3: Mean of different traits in Phosphorous levels  

 Stability Fresh weight Dry Weight N P K Ca 
P1 66.18 C 274.2 C 182.4 D 0.2083 A 0.0700 A 0.5300 C 0.3900 AB 
P2 72.60 A 324.7 B 233.2 B 0.2067 A 0.0711A 0.4961 D 0.4100 A 
P3 73.60 A 361.5 A 280.6 A 0.2094 A 0.0673 B 0.5422 A 0.3761 B 
P4 70.86 B 360.4 A 280.3 A 0.2206 A 0.0644 C 0.5378 B 0.3746 B 
P5 72.57 A 313.5 B 203.9 C 0.2206 A 0.0622 A 0.5317 C 0.3950 AB 

 
Table 5: Table 3. Mean of different traits in the different treatments 

Irrigation Phosphorous Mycorhiza %stability Fresh weight Dry weight N P K Ca 
 
 
 
 
S1 

P1 M0 63.36 327.67 219.65 0.22 0.07 0.54 0.33 
P2 M0 69.75 338.73 285.18 0.20 0.08 0.50 0.41 
P3 M0 69.00 365.17 280.69 0.18 0.08 0.56 0.40 
P4 M0 69.23 354.37 273.67 0.18 0.08 0.52 0.39 
P5 M0 71.56 287.87 187.11 0.25 0.07 0.53 0.38 
P1 M1 71.00 299.00 216.32 0.22 0.06 0.54 0.33 
P2 M1 71.82 381.17 269.43 0.22 0.07 0.46 0.55 
P3 M1 72.90 391.83 298.03 0.20 0.07 0.55 0.36 
P4 M1 73.10 386.97 294.86 0.31 0.07 0.56 0.42 
P5 M1 69.11 270.40 175.76 0.18 0.07 0.50 0.40 

 
 
 
 
S2 

P1 M0 66.92 264.47 171.90 0.20 0.07 0.55 0.42 
P2 M0 69.40 317.07 288.43 0.18 0.07 0.52 0.40 
P3 M0 69.75 360.00 314.17 0.20 0.06 0.57 0.39 
P4 M0 69.00 370.20 305.63 0.18 0.06 0.53 0.39 
P5 M0 77.49 290.67 188.93 0.25 0.07 0.54 0.38 
P1 M1 67.81 271.13 171.90 0.20 0.06 0.55 0.42 
P2 M1 79.98 352.83 156.84 0.24 0.07 0.47 0.34 
P3 M1 85.05 368.40 280.69 0.20 0.08 0.56 0.33 
P4 M1 74.85 348.73 273.67 0.24 0.08 0.50 0.41 
P5 M1 74.34 345.17 203.78 0.25 0.04 0.56 0.40 

 
 

P1 M0 58.81 243.20 159.25 0.20 0.06 0.50 0.41 
P2 M0 71.56 287.87 210.36 0.20 0.07 0.53 0.38 
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S3 

P3 M0 71.82 314.50 224.86 0.20 0.07 0.46 0.32 
P4 M0 72.90 358.50 275.76 0.18 0.07 0.55 0.36 
P5 M0 73.10 353.63 278.26 0.25 0.04 0.56 0.42 
P1 M1 69.22 239.87 155.91 0.20 0.08 0.50 0.41 
P2 M1 74.11 270.40 188.43 0.22 0.08 0.50 0.40 
P3 M1 73.07 369.37 285.50 0.31 0.07 0.55 0.34 
P4 M1 66.05 343.73 258.63 0.18 0.06 0.56 0.40 
P5 M1 69.85 333.33 188.93 0.18 0.06 0.50 0.39 
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