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Abstract 

Boron (B) is one of the important plant micronutrient elements and plays a significant role in physiological 

and biochemical processes.  The poor drainage of saline soils maybe responsible for the excessive 

accumulation of B in the soil solution.  Toxicity symptoms often occur because of additions of B via 

irrigation water and lack of drainage. The present study, as a pot experiment with pistachio plants was 

conducted to study the effect of increasing boron application on nutritional status and shoot growth under 

greenhouse conditions. Seven treatments consisted of B levels (0, 2.5, 5, 10, 20, 40 and 60 mg/kg soil as 

H3BO3) Treatments were arranged in a factorial manner in a completely randomized design with three 

replications.  Results of this study clearly show that relatively high B content might reduce the adverse 

effects of B and consequently improve plant growth. It is suggested that this finding be verified under field 

conditions. Moreover, in future studies of boron stress should have attentions to soil pH, separation of young 

and old leaves, modeling of B adsorption by sorts of local soils and role of B in  operative enzymes of oxin 

metabolism.  
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Introduction 

The role of macro and micronutrients is crucial in crop nutrition and thus important for achieving higher 

yields. Boron (B) is an essential micronutrient for vascular plants and diatoms (Marschner 1995). The role of 

B in plant is still the least well understood of all mineral nutrients (Mengel et al 2001). Several reports in the 

literature indicated that the supply of B in the substrate may affect the behavior of other micronutrients in 

plants, but the specific function of B on the behavior of other micronutrients is not well defined. Presumably, 

this is due to its complex chemistry in soil and little known physiological and biochemical functions in 

plants. A major constraint to cereal crop production is the element boron (B), which is often associated with 

marine argillaceous sediments (Erd 1980). Whilst B is a plant micronutrient at low concentrations, high 

concentrations are associated with phytotoxicity. Plant tolerance mechanisms associated with B toxicity are 

not well understood but thought to be related to the restriction of B uptake by the roots (Marschner 1995; 

Hayes and Reid 2004). Grain yield can be affected by concentrations above 1.9 mg/ml
 
B in soil solution 

(Aitken and McCallum 1988), with yield reductions of 17% in barley (Cartwright et al. 1984). There are 

more than 420000 hectares of nonbearing and bearing pistachio trees (pistacia vera L.) mainly in Kerman 

province in Islamic Republic of Iran (Tajabadipour et al. 2005). Pistachio trees are known to grow and fruit 

under high drought and salt-stress conditions in the desert area of the I.R. of Iran (Spiegel-Roy et al. 1977). 

Despite the economic importance of this crop (LeBaron 1973), very little information is available on its 

nutritional requirements. The objectives of the present study were: (1) to determine uptake of B into 

pistachio leaves, stems, and roots from soil amended with various B levels (2) to determine toxicity level of 

B to pistachio trees (3) to evaluate effects of B toxicity on dry matter yield and to evaluate the effects of 

boron levels on chemical composition of pistachio seedlings 

 

Methods 

The experiment was conducted with a calcareous soil collected from the top 30 cm layer of a region 35 Km 

South of Sirjan, Kerman province, Islamic Republic of Iran. 

 

 The experiment was laid out in Randomized Complete Block design with three replications. Analysis of soil 

after air-drying and grinding to pass through a 2-mm sieve revealed the following chemical properties: This 

soil had a sandy loam texture, 27 % CaCO3, pH of 7.8, 2.34 % organic matter, 100 kg/ha exchangeable 

potassium (K), 5.5 kg/ha  phosphorus (P)  as measured by the standard methods given in Olsen. DTPA 
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extractable Zn concentration was 0.7 mg/kg and Mannitol- CaCl extractable B concentration was 0.02 

mg/kg. Seven different doses of B (0, 2.5, 5, 10, 20, 40 and 60 mg/kg as H3BO3) were applied to the plastic 

pots which filled with 5 kg of air-dried, <2 mm soil. 100 mg/kg N (urea form), 40 mg/kg P (in KH2PO4 form) 

were applied uniformly to each pot. Boron was added to bags based on experimental treatments. Each 

sample was mixed thoroughly and transferred to a plastic pot before planting. Pistachio seeds (cv. Badami) 

were placed in muslin sacks and pre-treated for 24 hours with 2 g/L Benomil solution. Eight germinated 

seeds were planted in each pot and irrigated with distilled water, after 25 days seedlings were thinned to four 

per pot. Seedlings grew for 185 days in a greenhouse with average daily temperature of 32
º
C. Pots were kept 

at field capacity by irrigating with distilled water every day. After the growth period, seedlings were cut at 

the soil surface and roots was separated and washed free of adhering soil particles. Leaf, stems, and root dry 

weights were recorded. Harvested plants dried at 70
 º
C for 72 h in an oven, weighed and ground for analysis. 

The ground plant samples were dry-ashed at 550
 º
C, dissolved in 2 N hydrochloric acid and made to volume 

with hot distilled water. Boron determination was made by the azomethin-H colorimetric method (Gupta 

1983).  Statistical analyses of all the data collected during investigations were performed by SPSS computer 

package and the means were compared by the LSD-test of significance. 

 

Results 

The effect of boron (B) applications on dry matter yield of pistachio seedlings 

Analysis of variance indicated that dry matter yield of pistachio seedlings was significantly affected with the 

application of increasing rates B in the soil (p=0.05). With lower level of boron dry weight of leaf, stem and 

root of seedlings increased. But, high levels of boron leaf, stem, and root dry weights decreased significantly 

(Table 1). For instance, at the level of 60 mg/kg B, leaf, stem and root dry matter yield of seedlings 

decreased 52%, 53% and 65% respectively in comparison to control,. Maybe the positive effect of B with 

increasing dry weight is because of its impact on increasing activity of enzymes and supplying the products 

of photosynthesis, and its negative effect is because physiological problems and protoplasm injury due to 

boron toxicity (Gary et al. 1979). Eraslan et al. (2004) concluded that B uptake of plants increases in Zn 

deficient soils, therefore B toxicity develops and plant growth is adversely affected by this soil situation. 

 
The effect of boron (B) applications on B concentrations of pistachio seedlings 

Leaf, stem, and root B concentrations increased with increasing boron levels. For example, with application 

of 60 mg/kg B soil, leaf , stem and root B concentration increased by 8.2, 3.1 and 4 times relative to control. 

The increase of leaf B concentration was higher than that of stem and root (Figure 1). This tendency of B to 

accumulate at leaf indicates that B may prohibit movements of other nutrients from root to shoot. Result 

show that, B shifted to leaf and is sedentary in the phloem and cannot move to tissues (Eaton 1944).  Boron 

in the phloem of some trees such as pistachio and orange is sedentary, therefore could not distribute and this 

can be a defensive mechanism of these trees against B toxicity. B concentration in all parts of plants 

increased with increasing level of B. The same results were obtained for various plants (Kamali and Childers 

1970; Papadakis et al. 2003; Sotiropoulos et al. 1999; Shelp 1988).  

 

Ca/B Ratios  

Calcium and Boron concentration affect plant needs and availability of each other for normal growth of 

plants (Tisdale et al. 1985). Types of plant genotype also have effects on absorption of Ca and B (Huo-Yan 

et al. 2003). Gupta (1993) concluded that, maybe the Ca/B ratio can indicate the show boron situation of 

plants. Gupta (1984) reported that, with increasing boron concentration the Ca/B ratio reduces significantly. 

Increasing boron levels reduce the Ca/B ratio of leaf tissue of pistachio seedlings (Figure 2). The average of 

this ratio from 129/61 at level of 0 mg/kg
 
B, comes to 8/98 at level of 60 mg/kg B. Ratios higher than 20/13 

(0-10 mg/kg B) corresponded to little B toxicity in pistachio seedlings, but at lower ratios (20-60 mg/kg B) 

medium caused or high toxicity of boron reduced growth and caused leaf symptoms. The Ca/B ratio 

indicates that absorption of Ca depends on boron concentrations of plant (Shamsa et al. 2008). Gupta et al. 

(1985) reported that a Ca/B ratio of 10 to 45 is toxic for barley and a ratio of 185 is suitable for growth of 

barley. It seems that according to the salinity and high level of NaCl in soils of pistachio regions we cannot 

use this ratio as a suitable scale, because the effect of Na on Ca concentrations changes continuously. 
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Table 1. Influence of boron on leaf, stem and root dry weights (g/pot) of pistachio seedlings. 

B level (mg/kg soil) 

 

parameters 

0 2.5 5 10 20 40 60 

Lsd 

(0.05) 

Leaf 2.39 2.48 2.55 2.23 2.15 1.59 1.15 0.26 

Stem 2.49 2.71 2.82 2.39 1.86 1.69 1.17 0.54 

root 3.95 4.25 4.96 4.35 3.62 2.09 1.38 0.64 

   

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 1.   Influence of boron application on B concentrations (mg/kg) of leaf, stem and root.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 2.  Influence of boron application on the Ca/B ratio of leaf tissue of pistachio seedlings 

 
Conclusion 

Results of this study, show that pistachio yields increase with appropriate application of B.  The 

establishment of optimal nutritional regimes will be an important contribution to the determination of 

pistachio reactions to soil boron. 
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