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 ABSTRACT 
 Water availability is a determining factor in plant growth and yield of all agricultural commodities. While demands on 
water resources for agricultural purposes is increasing, declining water availability, changing climate conditions, and 
increasing human demands are limiting its availability for agriculture. Drought tolerance is a complex agronomic trait 
with multi-genic components which interact in a holistic manner in plant systems. Iron plays an important role in the 
synthesis of chlorophyll and also helps in the absorption of other nutrients. As a constituent of chlorophyll and 
cytochrome, it regulates respiration, photosynthesis, reduction of nitrate and sulphate. Although Mn is not a 
constituent of chlorophyll, it helps in its formation. The field experiment was laid out split plot with randomized 
complete block design with three replications. Analysis of variance showed that the effect of water stress and foliar 
application on all characteristics was significant.   
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INTRODUCTION  

Soil and water two important natural resource for 
agricultural development and economic benefits of the 
acquisition will be accounted for in any country (Rajak et 
al, 2006). Agricultural irrigation is an effective way to 
cope with the increase of the demand food and fiber in the 
world (Du et al, 2006). Fear of rapid population growth, 
the problem of decreasing water resources, particularly in 
arid and semi-arid regions of the world (Sepaskhah and 
Akbari, 2005).  Water availability is a determining factor 
in plant growth and yield of all agricultural commodities. 
While demands on water resources for agricultural 
purposes is increasing, declining water availability, 
changing climate conditions, and increasing human 
demands are limiting its availability for agriculture 
(Reddy et al., 1996). Drought tolerance is a complex 
agronomic trait with multi-genic components which 
interact in a holistic manner in plant systems (Ingram and 
Bartels, 1996; Cushman and Bohnert, 2000). Water deficit 
(drought) is one of the common stress conditions that 
adversely affect plant growth and yield. Decreasing 
ground water supplies and high energy cost affect 
production of irrigated cotton. Therefore, selection for 

drought tolerance is a major interest of plant breeders in 
cotton, as well as other agricultural commodities. Previous 
drought tolerant studies have focused on either modifying 
root systems to increase water use efficiency or 
determining morpho-physiology of plants, and the effects 
of plant growth regulators on cotton roots for increasing 
drought resistance (Bland and Dugas, 1989; Xu and 
Taylor, 1992; McCarty et al., 1993; Ball et al., 1994; 
Nepomuceno et al., 1998; Pace et al., 1999; Howard et 
al., 2001). The process of leaf expansion is affected very 
early from the water stress, but photosynthetic activity is 
much less affected. Inhibition of leaf expansion reduces 
consumption of carbon and energy, and a greater portion 
of the plant’s assimilates can be distributed to the root 
system. Thus, root growth is less sensitive to drought than 
shoot growth according to Malik et al. (1979), Ball et al. 
(1994), and McMichael et al., (1999). Root characteristics 
can be important in determining the response of plants to 
drought. Water deficit not only decreases shoot growth 
rate, plant height, and yield, it also affects root growth. 
Pace et al. (1999) reported that drought-stressed cotton 
seedlings showed some increase in root length but 
reduced diameter. Ball et al. (1994) and Prior et al. (1995) 
showed that inadequate soil moisture reduced cotton root

 
 
Cite This Article as: hossienzadeh MA, HR Ganjali and MH Saberi, 2016. The effect of iron, zinc and manganese foliar 
application on yield and yield components (Gossypium hirsutum), under water stress in Birjand Region. Inter J Agri 
Biosci, 5(3): 120-123. www.ijagbio.com (©2016 IJAB. All rights reserved) 



Inter J Agri Biosci, 2016, 5(3): 120-123.  

 121 

elongation while Plaut et al. (1996) found reduced root 
length density at 42 and 70 days after emergence. Malik et al. (1979) reported an effect of drought stress on root 
distribution for cotton. Manganese and iron deficiency is a 
common disorder affecting plants in many areas of the 
world. In most cases, plant manganese and iron 
deficiencies are not due to the lack of manganese and iron 
in the soil, but due to soil conditions that reduce their 
availability to plants, such as: high pH, high calcium 
carbonate (CaCO3) content and high soil phosphorus 
levels. In many countries cotton is grown on calcareous 
soils or over limed reclaimed acid soils, sandy or soils rich 
in CaCO3 (Benedict, 1984 and Silvertooth et al., 1999). 
In these soils, the availability of manganese and iron is 
significantly reduced and this lead to development of Mn 
and Fe deficiency which affects crop growth, 
development and productivity (Constable et al., 1988 and 
Moraghan and Mascani, 1991).  It is commonly accepted 
that floral and fruiting organs are especially sensitive to 
Mn deficiency due to limited supply through the phloem 
and xylem (Marschner, 1995). There is a much higher 
demand for Mn and other micronutrients during the 
generative growth (flowering and seed set) even if the Mn 
level is in the adequate range (Reuter et al., 1988). 
Manganese deficiency causes low pollen fertility and 
shortage of carbohydrates supply for fruit and seed 
development (Sharma et al., 1991). Iron plays an 
important role in the synthesis of chlorophyll and also 
helps in the absorption of other nutrients. As a constituent 
of chlorophyll and cytochrome, it regulates respiration, 
photosynthesis, reduction of nitrate and sulphate. 
Although Mn is not a constituent of chlorophyll, it helps 
in its formation. A deficiency of Mn causes chlorosis 
between the veins of leaves. Iron is a very immobile 
element within the plant, as such; iron deficiency is 
noticeable in youngerleaves. It helps in absorption of 
other nutrients. As a constituent of enzyme system which 
brings about oxidation reduction reactions in the plant, it 
regulates respiration, photosynthesis, reduction of nitrates 
and sulphate. These reactions are essential to plant 
development and reproduction (Marschner, 1995).  Foliar 
application of Mn is used mainly to correct Mn deficiency 
during the early seedling establishment and during 
reproductive growth (Bergmann, 1992). Moreover, there 
is very little information regarding the reproductive 
requirements for Mn of cotton and also the effect of Mn 
application on flowering, seed set, lint yield and quality, 
fruit retention and seed development and seed quality. 
Foliar Mn application increases fruit set and yield in many 
plant species including soybean, wheat, sorghum, corn, 
wheat, and lupins (Randall et al., 1974; Alley et al., 1977; 
Hallock, 1978; Mascagni and Cox, 1985; Brennan, 1996; 
Modaihsh, 1997 and Reuter et al., 1988). Dordas (2009) 
found that manganese application increased the chlorophyll 
content and number of bolls per plant compared with the 
control treatment with no difference between the two rates 
of Mn, but it did not affect the mean boll weight. 

 
MATERIALS AND METHODS 

 Location of experiment The experiment was conducted at the birjand which is 
situated between 32° North latitude and 59° East longitude. 

Composite soil sampling Composite soil sampling was made in the 
experimental area before the imposition of treatments 
and was analyzed for physical and chemical 
characteristics. 
 
Field experiment The field experiment was laid out split plot with 
randomized complete block design with three replications. 
 
Treatments Treatments included water stress (a1: control, a2: 
Irrigation cut in four leaf stage to early flowering, a3: 
Irrigation cut in flowering to boll opening, a4: Irrigation 
cut beginning of boll opening until the end of plant 
growth) as main plot and sub plot consisted of spraying 
the leaves with liquid fertilizers (b1: control, b2: iron 
liquid fertilizer at the time of use in stem elongation, b3: 
zinc fertilizer before flowering, b4: mn fertilizer before 
flowering) 
 
Data collect Data collected were subjected to statistical analysis 
by using a computer program MSTATC.  Least 
Significant Difference test (LSD) at 5 % probability level 
was applied to compare the differences among treatments` 
means. 

 
RESULTS AND DISCUSSION 

 
Plant height Analysis of variance showed that the effect of water 
stress on plant height was significant (Table 1). The 
maximum of plant height of treatments a1b3 was obtained 
(Table 2). The minimum of plant height of treatments 
a3b1was obtained (Table 2). Analysis of variance showed 
that the effect of foliar application on plant height was 
significant (Table 1). The maximum of plant height of 
treatments a1b3 was obtained (Table 2). The minimum of 
plant height of treatments a3b1was obtained (Table 2). 
 
Grain yield Analysis of variance showed that the effect of water 
stress on grain yield was significant (Table 1). The 
maximum of grain yield of treatments a1b2 was obtained 
(Table 2). The minimum of grain yield of treatments 
a3b1was obtained (Table 2). Analysis of variance showed 
that the effect of foliar application on grain yield was 
significant (Table 1). The maximum of grain yield of 
treatments a1b2 was obtained (Table 2). The minimum of 
grain yield of treatments a3b1was obtained (Table 2). 
 
Biological yield Analysis of variance showed that the effect of water 
stress on biological yield was significant (Table 1). The 
maximum of biological yield of treatments a1b3 was 
obtained (Table 2). The minimum of biological yield of 
treatments a3b1was obtained (Table 2). Analysis of 
variance showed that the effect of foliar application on 
biological yield was significant (Table 1). The maximum 
of biological yield of treatments a1b3 was obtained (Table 
2). The minimum of biological yield of treatments 
a3b1was obtained (Table 2). 
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Table 1: Anova analysis of the soy bean affected by foliar 
application and water stress 
S.O.V df Plant 

height 
Grain 
yield 

Biological 
yield 

R 2 64.9 250614.1 77500.0 
Water stress (a) 3 278.9** 400706.7** 22434722.2** 
Error a 6 95.9 543978.7 10664722.2 
Foliar application (b) 3 195.6** 233984.8* 12416388.8* 
a*b 9 80.4* 567002.2** 7087314.8* 
Error b 24 34.1 74678.2 3016250.0 
Total error 47 - - - 
CV (%) - 13.7 16.4 19.8 
*, **, ns: significant at p<0.05 and p<0.01 and non-significant, 
respectively.  
Table 2: Comparison interaction of different traits affected by 
foliar application and water stress 

Treatments Plant height  
(cm) 

Grain yield 
 (kg/ha) 

Biological yield 
 (kg/ha) 

a1b1 44.7 b 1313 hijklm 9266.6 cde 
a1b2 43.23 bcd 2164 a 8966.6 cdef 
a1b3 45.86 a 2073 a 11833.3 a 
a1b4 41.13 cdefgh 1802 bcdefg 11533.3 ab 
a2b1 40.83 efghi 1807 abcdef 7333.3 klm 
a2b2 42.30 bcdefg 2040.3 ab 10733.3 ab 
a2b3 44.36 b 1495.6 efghij 11500 ab 
a2b4 41.83 defgh 1648.3 defghi 8000 eghi 
a3b1 30.60 jklmn 1015.6 klmno 4400 mno 
a3b2 39.63 hijkl 1415 ghijkl 7800 fghijk 
a3b3 40.13 fghij 1471 efghijk 8700 defg 
a3b4 36.36 ijklm 341943 abcd 6000 lmn 
a4b1 39.70 ghijk 1866 abcde 8300 efgh 
a4b2 42.80 bcdef 2016 adc 10666.6 bcd 
a4b3 43.36 bc 1709.6 cdefgh 7366.6 ijkl 
a4b4 42.83 bcde 1079 ijklmn 7500 hijk 

Any two means not sharing a common letter differ significantly 
from each other at 5% probability  
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