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ABSTRACT 
 

    Almond is cultured at defect water regions as drought farming on the hills. The main problem in these regions 
is the lack of soil moisture during growth season. Application seedlings, with regards to deeper of root system 
with comparing to roots produced of vegetative rootstocks, causes to be stable tree in this condition. This study 
in order to evaluation of water stress effects and Effective microorganisms (Em) on growth and amount of 
storage nutrition in leaves of almond seedling was conducted in Department of Horticultural Science, agriculture 
faculty, Ferdowesi University of Mashhad, in 2011. In this research effects of two different Em concentrations 
(0, 0.5%) by solution in water in 60 day before of drought stress treatments and drought stress treatments with 
three levels, 100, 66, and 33% of FC on seedling of almond. Using factorial base on randomized complete bloke 
design (RCBD) in four replications was evaluated. Results showed effects of different Em and irrigation levels 
on amount of plant growth. It was found that Em increased amount of plant growth, number of leaf, leaf area, 
fresh and dry weight, storage chlorophyll, N, K and P in leaves. In finally the best plant growth was achieved by 
treatments of interaction between irrigation level of FC% 100 and Effective microorganisms.  
KEYWORDS: chlorophyll, fresh and dry weight, plant growth, seedling,  

  
INTRODUCTION 

 
Almond is cultured at shortage of water regions as dry farming on the hills. The main problem in these 

regions is the lack of soil moisture during growth season. Application seedlings, with regards to deeper of root 
with comparing to roots produced of vegetative rootstocks, causes to be stable tree in this condition[1]. Drought 
resistance in almond may be due to leaves or roots are in adaptive ways. Falling leaves, reduced leaf size and 
photosynthesis, stomatal transpiration loss and change to the root directory, there are some ways that may face 
water stress in plants are used [2,3,4]. Short periods of water stress on plants for several weeks to study the 
physiological and morphological in juvenile phase and water relations provides[2]. Plant health is influenced by 
many factors, biological and non-biological interactions in soil and root surfaces[5]. Em is a mixture of effective 
microorganisms combination that can increase the biological activity of the soil and plants. Studies have shown 
that this compound can affect soil quality, plant growth, yield and product quality to be effective and other 
operations will be significantly enhanced performance[6]. When the combination of Em spray on plants or whit 
soil be used to can increase the population of photosynthetic bacteria and the nitrogen stabilizer .This 
phenomenon causes plant growth, yield and higher quality by increasing the efficiency of photosynthesis and 
nitrogen fixation levels[5]. Reports has been showed to improve productivity effective microorganisms effect on 
rice, sugar cane, some vegetables, citrus [7], amarind, mango[8], cotton and corn [9]. Effective microorganisms 
are increased in soil and plants by combination the Em, this material is used in organic farming to improve the 
performance and quality of crops[10,11].  

The aim of the present studi was evaluation of water stress effects and effective microorganisms on growth 
and amount of nutrition storage in leaves seedling of almond.  

 
MATERIALS AND METHODS 

 
This study was conducted to evaluation of water stress effects and effective microorganisms (Em) on 

growth and amount of storage nutrition in leaves of almond seedling was conducted in department of 
Horticulture, Faculty of agriculture, Ferdowsi University of  Mashhad. in 2011. The soil used was a mixture of 
sand, soil of earth's surface and leaf mold. This mixture was poured into the pots with openings 30 and 35 cm 
height (3 stress treatment × 2 concentration × 4 replication and 3 pots without the plant for the removal of plant 
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overweight). Almond seeds were in order to provide the required cold temperatures in January at 4 ° C in the 
wet sand and in mid-March planted in pots mentioned. Pots were kept in the garden of the College of 
Agriculture, Ferdowsi University of Mashhad whit longitude 59° 53’ 3, latitude 36° 31’ 2 and the altitude of 
1023 meters above sea level with a full supply of irrigation until early July (end of primary growth stage). The 
Em treatments were applied during the growth period of 60 days before of water stress treatments. 50% of the 
pots were sprayed with the prepared solution to a concentration of 0.5% of Em and other pots were irrigated 
with ordinary water. The three levels of stress, was applied, control (100% Field Capacity), 66% and 33% of 
Field Capacity. It is worth noting in the control treatment, soil was kept at field capacity. By measuring weight 
of pots was trying to stress the desired level of moisture in the pots are kept constant. Their moisture status was 
determined. Water status of Pots was determined by measuring the weight of them every day. Thus, decrease 
their moisture was compensated by adding water to the intended of stress. For removal of the weight of the plant 
and reduce the amount of error in soil water was used pots lack of plant containing only soil testing and similar 
to main pots. After the treatments, to evaluate the treatments, various traits were measured  for example total 
chlorophyll  using Arnon (1949) [12] methode Total nitrogen was after distillation titration method using an 
automatic system (Kjeldahl Auto Analyzer) and nitrogen content of the extracts was determined by Emami 
device [13]. Phosphorus was measured, the method yellow color Ammonium Molybdate Vanadate by 470 
nanometers with a wavelength of spectrophotometer [13]. Potassium with a flame photometer apparatus and 
method for measuring flame spread [13]. In order to determine the growth rate per plant, total branches in each 
treatment was recorded in November. The length of each plant was carefully measured and the growth rate 
notes. This experiment was arranged in a factorials design based on randomized blocks with three water stress 
treatments and two concentration levels (0 and 0.5 per cent) Effective microorganism in four replications. 
Statistical analysis was performed by the JUMPS software and comparison of averages whit test LSD (01/0P <) 
and drawing diagrams was done by Excel software. 

 
RESULTS AND DISCUSSION 

 
   Analysis of variance showed that the effect of microorganisms are in compared to control the level of a 

percent increase in the amount of plant growth, leaf area, leaf number, fresh weight and dry weight leaves, the 
amount of chlorophyll, the amount of stored nitrogen, potassium and phosphorus(Table 1 and Figures 1 to 9). 
Khan et al (2007) [14] reported that the use of Em in the tree Albizia saman increase growth factors such as 
fresh weight and dry weight amount of  plant and amount of  chlorophyll are in the leaves. According to this 
report, Em increased growth of seedlings in nursery. The similar results have been reported by Toch et al 
(1999)[15], Xu (2000) [10], Wang et al (2000) [11] and Khaliq et al (2006) [16] . Also base on reports,  Em 
increased leaf area, leaf chlorophyll, the amount of potash, nitrogen, phosphorus, zinc and manganese in 
compared to control of apple trees [17]., Rose and Gerbera[18]. The results are listed in terms of increased the 
material absorption and growth factors evaluated is in accordance with the present study. Increased plant growth 
with the use of Em to the deep effects the material growth regulators, produced by microorganisms (bacteria, 
yeasts and fungi) and to improve the usability of the nutrients in the soil is to be cited[19]. Jagnow .et al, (1991) 
[20] reported that bacteria, an effective amount of Auxin and cytokines production are the cause of leaf area, 
increased levels of root hairs, absorption more nutrients from the soil and increase be metabolism and provides 
the conditions for plant growth. This result could be due to more than 60 different breeds of effect of 
microorganisms. Most important of which are, bacteria, yeasts, viruses and fungi in the mixture Em [21,22]. 
Results of this study showed different levels of water stress treatment, a difference in the level of one percent 
(Table 1). The results suggest that in conditions full irrigation (of available water maintain at 100%) growth was 
highest, but between 66 and 33 percent levels of available water maintain was not significant (Figure 1). 

 
Table 1.  Analysis of variance of the studied traits  

  Mean Squares   
Mean 
WD 

Mean 
WF 
 

Mean 
N 
 

Mean 
    K 

Mean       
P 

Mean 
 growth     

 

Mean 
chloro 

Mea
n  
LA 

Mean 
LN 

DF    Sources of variation   

0.207 **  26.59** 0.194** 0.293** 0.015** 294 ** 5.005** 1350**  42884**   1 EM  
17.73**  145.44 ** 0.18** 0.724** 0.0045** 337.1** 9.7** 1934** 179026**   2  Water stress 

0.092** 3.97** 0.04** 0.423** 0.017** 242.4** 18.2** 356** 10942**   2  Water stress × EM 
0.00456  0.0435  0.0008  0.0017  0.00001  12.41      0.003    0.43   2.6              15  Error   
1.91       2.01   2.58  0.43  0.43  3.74    0.44      0.99     0.39          Coefficient of 

variation )% (  
Respectively non-significant and significant at the 5% level and 1%   ، **   and *   ns 
    
  Results on the characteristics of leaf area, leaf number, leaves fresh weight and dry, the amount of 

chlorophyll, the amount of stored nitrogen, potassium and phosphorus represents significant increase in the level 
of a percent of irrigation treatments complete than other levels (Table 1 and Figure 2 to 9). According to report 
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of Romero et al (2004)[23], severe water stress caused by early deciduous leaves and almond trees will reduce 
the growth rate, the result is a decrease in leaf area. In conditions hard stress, declined the amount of 
carbohydrates in the stem of almond trees, this reduces the efficiency and durability of the leaf. Based on results 
of this study, the amount of nitrogen stored in high-stress conditions (33% of available water maintains) than 
moderate stress (66% of available water maintains) increased (Figure 9) that with the results of Esparza et al 
(2001) [24] is consistent. The amount of leaf area, leaf number, total amount of chlorophyll, the amount of 
nutrients, potassium and phosphorus in the leaves of pear trees[25], Olive[26], almond[27] and apple [28] under 
water stress is reduced. Results of this study showed that, in conditions water stress declined sharply, leaf area 
and growth; the reason is that the loss of early leaves (Fig. 2, 1 and 3) that is consistent with the results 
mentioned. Dlkhovsh et al (2007) [29] reported that the amount of chlorophyll in safflower under water stress 
increased. According to reports of Gyrona et al (1993) [30],effects of water stress on the amount of chlorophyll 
is very diverse and variable and is dependent on environmental conditions and plant genotypes ,water stress is 
followed in some species a decrease in the content of chlorophyll and some of the increase [31]. In this study 
was observed in conditions 66% stress of available water maintenance, the total amount of leaf chlorophyll a 
decrease and in 33 percent rise (Figure 5). In this regard, the results of this study are similar to the reports 
pointed out. The interaction between two factors of irrigation and effect of microorganisms was observed at the 
level of 1 percent difference (Table 1). This review showed that in water stress conditions 33 percent of water 
stored, the seedlings been faced with severe water stress, EM effect on growth was more pronounced in the case 
of complete irrigation. The interaction effect the use of effect of microorganisms and irrigation was evident in 
leaf traits and leaf number that important factors are development. The growth and leaf number has increased 
with the Em in stress condition (Figures 1, 2 and 3). The use of microorganisms in different products is 
increased the growth branches, leaf area and fresh and dry weight and total biomass .It could be due to better 
root development as a result of biologically active substances in the composition of the Em[32] Em with 
produced growth hormones (Auxin and Gibberellin) has a positive effect on plant growth[33]. The 
microorganisms in the conditions of severe water stress are caused more the absorption of nutrient elements 
(nitrogen and phosphorus) (Figures 7 and 9). During stress increased soil nutrient concentration and osmotic 
pressure, therefore absorption of nutrients such as nitrogen decreases, accordingly, greater nutrient uptake by 
plants under stress could be a marker associated with drought resistance[2,34,35]. Thus, the combination of Em 
has increased resistance to drought almond trees compared to controls. 

 
CONCLUSION 

 
    According to survey results, use of combined Em in the almond trees could increase growth and other factors 
that, it to be also cause efficient use of irrigation water, but is necessary, further studies will be on the effect of 
different concentrations of this substance on improvement of plant growth and development, for this purpose 
determine the suitable concentration. 
 

 
Figure 1. Average seedling growth, Influenced by the treatments of Em { E0(Concentration  of 0%) and 

E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and I,33(33% of fc) and Their 
interaction. 

Different letters mean that the significance level of 5% using LSD test. 
  

  
Figure 2.  Average leaf area, Influenced by the treatments of Em { E0(Concentration  of 0%) and 

E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and I,33(33% of fc) and Their 
interaction. 

88 



Shokouhian et al.,2013 

 
Different letters mean that the significance level of 1% using LSD test. 

                           

  
Figure 3.  Average number of leaves, Influenced by the treatments of Em { E0(Concentration  of 0%) 

and E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and I,33(33% of fc) and Their 
interaction. 

 
Different letters mean that the significance level of 1% using LSD test.  

  
Figure 4.  Average fresh weight of leaves, Influenced by the treatments of Em { E0(Concentration  of 

0%) and E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and I,33(33% of fc) and 
Their interaction. 

Different letters mean that the significance level of 1% using LSD test. 
  

  
Figure 5.  Average dry weight of leaves, Influenced by the treatments of Em { E0(Concentration  of 

0%) and E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and I,33(33% of fc) and 
Their interaction. 

 
Different letters mean that the significance level of 1% using LSD test  

  

  
    Figure 6. Average total chlorophyll in the leaves, Influenced by the treatments of Em { 

E0(Concentration  of 0%) and E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and 
I,33(33% of fc) and Their interaction. 
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Different letters mean that the significance level of 1% using LSD test 
 

 
  

Figure 7.  Average percentage of available P in leaves Influenced by the treatments of Em 
{E0(Concentration  of 0%) and E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and 

I,33(33% of fc) and Their interaction. 
Different letters mean that the significance level of 1% using LSD test  

  

 
Figure 8 . Average percentage of available K in leaves Influenced by the treatments of Em 

{E0(Concentration  of 0%) and E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and 
I,33(33% of fc) and Their interaction. 

Different letters mean that the significance level of 1% using LSD test   
.  

  
Figure 9.  Average percentage of available N in leaves, Influenced by the treatments of Em { 

E0(Concentration  of 0%) and E1(Concentration  of 0.5%) and irrigation{I,100  (the Fc),I66(66% of Fc )and 
I,33(33% of fc) and Their interaction. 

Different letters mean that the significance level of 1% using LSD test 
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