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Our soils are faced with micronutrients Our soils are faced with micronutrients 
deficiencies mainly due to:deficiencies mainly due to:

• High pH,
• High CaCO3,

• Low organic matter,

• High bicarbonates in the irrigation water,

• Over use of P-fertilizers,

• High temperature,

• Continuous drought, Salinity and 

• most important item is the absence of 
micronutrient-fertilizers in the farmers’
conventional fertilization practices.
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High Bicarbonate 
in the irrigation 
Water

RC5 RC4 RC3 RC2 RC1



4

For example, if our irrigation 
water has 4 meq/li (244 mg/l) of 
HCO3

-, and if it is added to a field 
crop or an orchard at a rate of 
5000 m3 per year, then the yearly 
amount of added HCO3

- to soil will 
exceed one tone (1220 kg/ha). 
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• Let us see why higher pH 
and higher bicarbonate in 
the plant rhizosphere
reduce micronutrient 
availability?
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The signs of zinc deficiency in apple tree, calf and human (Malakouti, 2003). 

The signs of iron deficiency in apple leaves, calf (Fe and Cu) and human 
(Malakouti and Tehrani, 2005).
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Mn deficiency in wheat (Bergmann, 1997)(Bergmann, 1997)

Boron deficiency in wheat 
(Snowball & Robson, 1991; Bennet, 1993)
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Cu deficiency in wheat
(Snowball & Robson, 1991; Bennet, 1993; Bergmann, 1997)
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Mo deficiency in alfalfa Mo deficiency in alfalfa (Bergmann, 1997)(Bergmann, 1997)

What will happen 
when we are faced 
with micronutrients 
deficiencies?
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According to the Liebig’s (1863)

Law of the Minimum, 
these deficiencies will slow 
down plant growth and 
reduce crop yield and 
quality.

Some of the adverse effects that will develop 
when plants are stressed with micronutrients 
deficiencies include (Welch et al., 1991; Rengel and Graham, 1995; 
Malakouti and Homaee, 1995; Marschner, 1995; Cakmak et al., 1997; Malakouti and 
Tehrani, 1997; Graham et al., 2000; Welch, 2003; Alloway, 2004; Cakmak, 2005): 

• Yield decrease;
• Lower crop quality;
• Imperfect morphological structure;
• Increased bio and non-bio-stresses;
• Widespread infestation of various diseases and pests;
• Low activation of phytosidrophores and zincosidrophores and 

• Lower fertilizer use efficiencies
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• In addition, micronutrients 
deficiencies induce structural 
changes in plant (root, stem, and leaf)

so that, often, fewer xylem vessels 
with smaller size would be 
noticed in stressed plants 
(Gadallah and Ramadan, 1977; 
Keshavarz et al., 2005)

 

+ Salinity + Salinity (100m moles/liter)(100m moles/liter)

-- ZincZinc
+ Salinity + Salinity (100m moles/liter)(100m moles/liter)

+Zinc+Zinc (10 mg/kg)(10 mg/kg)
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TakeTake--all disease due to imbalanced fertilization in wheat root  all disease due to imbalanced fertilization in wheat root  
((MalakoutiMalakouti,, 2000)2000)

By supplying plants with 
micronutrients either through 
soil application, foliar spray, or 
seed treatment, we will be able to 
increase the yield and improve 
the quality of our crops as well as 
promote macro-fertilizer use 
efficiency. 
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NPNPKNPK+Micro

NPKNPK + Micro

Effects of micronutrient application on 
producing vigour grain (Malakouti, 2000)
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NPNPK1
NPK1+MicroNPK2+Micro

Effects of balanced fertilization in ensuring efficient use of 
micronutrients (Malakouti and Kavousi, 2004)

Effects of micronutrient application on the 
premature of canola (Salimpour et al., 2001)

+ Micronutrient - Micronutrient
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Effects of balanced Effects of balanced fertilizitionfertilizition on lengthening photosynthetic on lengthening photosynthetic 
process in orchards (process in orchards (KianiKiani and and MalakoutiMalakouti, 2000), 2000)

+Micro+Micro -Micro-Micro

Effects of micronutrient application on the Effects of micronutrient application on the 
discoloration of the apple juice due to formation of discoloration of the apple juice due to formation of 

antioxidants antioxidants ((SouriSouri and and MalakoutiMalakouti, 2000), 2000)
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+ Micronutrient - Micronutrient

Effects of micronutrient application on the Effects of micronutrient application on the 
discoloration of the apple juice due to discoloration of the apple juice due to 
formation of antioxidants formation of antioxidants ((SouriSouri and and MalakoutiMalakouti, 2000), 2000)
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Research results of the last decade on the 
calcareous soils of Iran show that at the 
present time among micronutrients, zinc 
deficiency is the most important detriment to 
effective crop yields. Other important 
micronutrients that increase crop yield and 
quality are in the following order  (Malakouti
et al., 1999):    Zn>Fe>B>Mn>Cu>Mo.
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• It means we have a big gap between 
Research, Education and Extension in 
transferring the valuable data to the 
farmers and in changing their habits 
of conventional fertilization methods. 

• Despite a great deal of data that 
proves the importance of balanced 
fertilization, more than 80% of 
fertilizers used by farmers consist 
only of N & P-fertilizers.

• Finally, in the case of calcareous 
soils, the conventional idea (belief) 
that micronutrients increase crops 
yield by 10-20% is an 
understatement. In fact, in some 
cases, specially with non-efficient 
cultivars such as Durum wheat 
(Triticum aestivum L.), 
micronutrients can more than 
double the grain yield.
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 مهربهدست در دست هم نهيم   

ميهن خويش را کنيم آباد
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Balanced Fertilization (+zinc)Balanced Fertilization (+zinc) Unbalanced FertilizationUnbalanced Fertilization
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