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ABSTRACT: A field trial was conducted to study the effect of foliar spray on the micronutrients 
accumulation in peach leaves and fruits at Horticulture Farm, The University of Agriculture, Peshawar 
during March, 2010. The experiment was conducted in RCB design with six foliar treatments and four 
replications on peach orchards (Early Grand variety). Soil samples were collected before spray for 
analysis of physico-chemical properties. The soil was silt loam, alkaline, calcareous, adequate in soil 
organic matter and deficient in P. The concentration of micronutrients in leaf and fruits was determined 
after foliar spray and compared with critical limits. The micronutrient content in leaf and fruit was 
significantly (P≤0.05) increased after spray. All micronutrients were adequate in leaf rather than fruit. The 
accumulation of micronutrients in leaf was higher as compared to fruit. 
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INTRODUCTION 
 

 Peach (Prunus persica L.) belongs to the family Rosaceae with other species collectively referred to 
as "stone fruits". Important varieties grown worldwide are Cling and Free Stone. Peshawar is best suited 
for Early Grand, Florida King 6-A and 7 peach cultivars. The soil and climatic conditions of Peshawar are 
suitable for peach production (Samiullah, 2009). According to Agricultural Statistics of Pakistan (2008-
2009), peach orchards covered 15.8 thousand ha area in Pakistan, producing 83.7 thousand tons of 
peach fruit, while in Khyber Pakhtunkhwa it covers an area of 6.2 thousand hectares producing 57.8 
thousand tons of peaches (MINFAL, 2008-2009).  
 The main sources of micronutrients are parent material, sewage sludge, fungicides, farmyard manure 
and also present in small amount in soil (Nafees, 2009; Awad and Romheld, 1993). Micronutrients 
deficiency is common in peach orchards and fruit trees in Peshawar (Tariq, 2008). Soil and climatic 
factors affecting the availability of micronutrients including: pH, soil water content, organic matter, 
nutrients interaction, temperature and light. The DTPA and AB-DTPA extractable Zn, Cu, and Fe 
decreases with increasing soil pH (Khattak, 1994). Soil test is of limited value for orchards where roots 
penetrate 1–2 m in the soil and samples are taken from surface soil (30cm) in most cases and do not 
represent the fertility status of the lower depths where the roots are feeding. Therefore, plant analysis is 
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commonly accepted as being the most reliable guide for evaluating the success of the orchard’s fertility 
program (Basar, 2006). However, the micronutrients content in the leaves usually does not indicate the 
status of micronutrients in plant. Several authors did not find a relationship between micronutrients 
deficiency and the micronutrients content in the leaves of various fruit trees  (Abadia, 2000; Razeto and 
Valdes, 2006). 
 Chemical analysis of different fruit tissues has been proposed as an indicator of the status of 
nutrients in trees: boron in almond husk (Nyomara and Brown, 1997), iron in fruit pulp of nectarine, kiwi 
and avocado (Razeto and Valdés, 2006; Razeto and Castro, 2007). The mineral content of plant parts, in 
particular leaves is used to identify nutrient deficiencies and excesses within orchards. Plant analysis has 
been used as a diagnostic tool for years (Childers, 1989). The leaf analyst must consider many factors, 
influencing foliar nutrient levels: seasonal variances due to precipitation, fruit load, and variety (Heckman, 
2001). Apart from leaf analysis, chemical analysis of fruit pulp has also been suggested for the diagnosis 
of nutrient status in peach.  
 Therefore, the objective of this effort is to compare the micronutrients content in peach leaf and fruit 
for the purpose, whether micronutrients analysis of leaf and fruit pulp could be used as a tool for 
diagnosing the micronutrients status of peach orchards. 
 

MATERIALS AND METHODS 
 

Experimental Design and Fertilizers 
 A field study was conducted on peach orchards at The university of Agriculture Peshawar. Twenty 
four trees were selected for the trial. Each tree was considered as an individual treatment in the 
experiment. Six treatments with four replications were applied. The spray was applied twice: once 
sprayed at bloom and at berry sized fruits. The detail of the micronutrients doses and their treatments is 
given in Table 1. Composite soil sample (0-60cm) was taken from peach orchard for the determination of 
various physico-chemical characteristics (Table 2). Similarly, leaf and fruit samples were also collected 
from each treatment tree after spray. The concentration of micronutrients in leaves and fruits after foliar 
spray were recorded.  
 
Soil, Plant and Fruit Analysis 
 Soil samples were analyzed by the standard methods for soil texture (Bouyoucos, 1962), soil pH 
(McClean, 1982), organic matter (Nelson and Sommers, 1982), lime (Page, 1982), soil extractable P and 
K (Soltanpour and Schwab, 1977). The B content in leaf, fruit and soil was determined by Bingham (1982) 
method and micronutrients in leaf and fruit by wet digestion as described in Ryan, (2001). 
 
Statistical Analysis 
Data were subjected to analysis of variance and differences among treatments evaluated through 
Statistix 8.1 (Jandel, 1991). 
 

RESULTS AND DISCUSSION 
 

Physico-chemical characteristics of experimental soil 
 The Physico-chemical characteristics of experimental soil are presented in Table 2. The soil is silt 
loam, pH ranged from 7.73-7.96 being lower in the surface and increased due to leaching of basis from 
surface and its accumulation in subsurface. The pH of Peshawar soil is generally alkaline (Rashid, 2008). 
The soil organic matter varied from 1.83-2.07 % ranging marginal to adequate which was reported by 
Rehman, (1993) for Peshawar soils series. The soil is calcareous in nature due to the high CaCO3 
content in the parent material (Rashid, 2008). The extractable P was marginal ranging 5.39-6.47 mg Kg

-1
 

for four depths as shown in the table. The K content ranged marginal to low from surface (0-30cm) to 
subsoil (30-60cm).  
 The Zn content ranged from low to marginal in soil. About 70% of the cultivated soils in Pakistan are 
deficient in Zn (Rashid, 1996). The Cu content was high in soil. The Fe content ranged low to marginal. 
The Mn content was high in all depths. The soil of Khyber Pakhtunkhwa is adequate in Mn (Khattak and 
Perveen, 1985). Boron was low. Khattak and Perveen (1985) reported 98 % deficiency of B in soils of 
Khyber Pakhtunkhwa 
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Micronutrients Content in Peach Leaf and Fruit after Foliar Spray 
 The micronutrients content (Zn, Cu, Fe, Mn, and B) in peach leaf and fruit after foliar spray is 
presented in Table 3 and 4 and shown graphically in Figure 1-5 respectively. In all cases the 
micronutrients content in leaf was higher than the fruit. Micronutrients content in the leaf and fruit were 
evaluated and compared with the critical values reported by Jones, (1991) and Malakouti (2006) 
respectively. 
 
Zinc (Zn) 
 The higher Zn content in leaf (73.72 µg g

-1
) was reported in T2, when Zn was sprayed alone at the 

rate of 5 Kg ha
-1

 followed by the T6, whereas the minimum Zn concentration was noted in control plants 
(Fig. 1). Zinc is very effective when applied alone as reported by Rahman and Haq (2006). The Zinc 
concentration determined after spray was adequate and none of the treated plants were found deficient or 
in excess. The Zn content in fruit was non-significant in all treatments. The Zn content was adequate in 
T4, low in T1, T3 and T5, whereas high in T2 and T6 in fruit samples (Fig. 1). 
 
Copper (Cu) 
 The Cu content in leaf after spraying the micronutrients, significantly (P≤0.05) higher value (37.76 µg 
g

-1
) was noted in T6 (Zn+Cu+Fe+Mn+B) followed by T3 containing Zn+Cu at the rate 5+2.5 Kg ha

-1
 

respectively (Fig. 2). The minimum was noted in T2 (Zn only). The Cu utilization was higher in all 
treatments after spray. The Cu content was found adequate after spray. Similar results were reported by 
Shahin et al., (2010) in case of foliar spray on apple orchards. Results showed that the Cu content in fruit 
was significantly (P≤0.05) higher in T3, T4, T5 and T6, whereas it was reported adequate in T1 and T2 
(Fig. 2).  
 
Iron (Fe) 
 The results showed that Fe content after spray of micronutrients, significantly (P≤0.05) higher value 
(86.06 µg g

-1
) was noted in T6 when Fe was sprayed along with Zn+Cu+Mn+B at the rate of 5 Kg ha

-1
 

followed by T5 (80.61 µg g
-1

) containing Zn+Cu+Fe+Mn, whereas significantly (P≤0.05) lowest value was 
noted in control (Fig. 3). The significantly higher value in T5 and T6 may be due to better utilization of Fe 
when all the essential nutrients were present. The Fe concentration increased in all the treatments over 
the control (untreated). These finding are supported by the work of Hassan, (2010) and Gurmani, (2003). 
The concentration of Fe in leaf was found in an adequate range when compared with the standards. The 
Fe concentration in fruit was significantly (P≤0.05) low in all the treatments except T6, where it was 
adequate (Fig. 3).  
 
Manganese (Mn)  
 In case of Mn content, significantly (P≤0.05) higher value (49.18 µg g

-1
) was noted when Mn was 

sprayed along with Zn+Cu+Fe (T5) at the rate of 5 Kg ha
-1

 followed by the treatment containing all the 
micronutrients (T6), whereas the minimum was noted in control (Fig. 4). The Mn concentration was 
reported adequate Jones et al.,. No deficiency or toxicity was reported in all the treatments that were 
sprayed. These results were found in line with the work of Gurmani, (2003). The Mn concentration in fruit 
was significantly (P≤0.05) low in all treatments except T6 (Fig. 4). The least concentration was observed 
in control while adequate in T6. 
 
Boron (B) 
 The results revealed that for B content, significantly (P≤0.05) higher value (72.49 µg g

-1
) was noted in 

T6 where B was applied along with Zn+Cu+Fe+Mn at the rate of 1 Kg ha
-1

 followed by control (Fig. 5). The 
minimum B content was noted in T5 followed by T4. The same trend was followed by B in case of fruit 
(Fig. 5). The B content in fruit was adequate in control and T6 while low in T2, T3, T4 and T5. The 
decrease in concentration in leaf and fruit may be due to antagonistic effect between the micronutrients 
applied in foliar spray. The B utilization was higher in T6 as it received B in foliar spray. Boron is 
responsible for activation of dehydrogenate enzymes and sugar translocation. It is also involved in nucleic 
acids and plant hormones (Brady and Neil, 1996).  
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Table1. Micronutrient treatments used for foliar spray on peach orchard 
Treatments Foliar spray of various micronutrients 

T1 
T2 
T3 
T4 
T5 
T6 

Control 
Zn  (5 Kg ha

-1
) 

Zn+Cu  (5 Kg ha
-1
 + 2.5 Kg ha

-1
) 

Zn+Cu+Fe  (5 Kg ha
-1
 + 2.5 Kg ha

-1
 + 5 Kg ha

-1
) 

Zn+Cu+Fe+Mn  (5 Kg ha
-1
+ 2.5 Kg ha

-1
 + 5 Kg ha

-1
+ 5 Kg ha

-1
) 

Zn+Cu+Fe+Mn+B  (5 Kg ha
-1
+ 2.5 Kg ha

-1
+ 5 Kg ha

-1
+ 5 Kg ha

-1
+ 1 Kg ha

-1
) 

 
Table 2. Physico-Chemical Characteristics of Experimental Soil 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Zinc concentration in leaf and fruit after foliar spray of micronutrients 

 
 

 
Figure 2. Copper concentration in leaf and fruit after foliar spray of micronutrients 
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Properties of soil Values 
Soil Texture  Silt loam 

Properties Unit 0-15 cm 15-30 cm 30-45 cm 45-60 cm 
pH (1:5) 
Soil Organic Matter (%) 
Lime (%) 
AB-DTPA extractable P 
AB-DTPA extractable K 
AB-DTPA extractable Zn 
AB-DTPA extractable Cu 
AB-DTPA extractable Fe 
AB-DTPA extractable Mn 
Dilute HCl available B 

- 
% 
% 
mg Kg

-1
 

mg Kg
-1
 

µg g
-1
 

µg g
-1
 

µg g
-1
 

µg g
-1
 

µg g
-1
 

7.73 
2.07 
20.75 
6.47 
100 
1.14 
5.38 
3.76 
19.16 
0.45 

7.89 
1.93 
19.25 
6.28 
100 
1.00 
5.30 
3.28 
18.67 
0.29 

7.93 
1.86 
17.50 
5.52 
50 
0.57 
3.29 
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17.50 
0.32 

7.96 
1.83 
17 
5.39 
50 
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0.37 
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Figure 3. Iron concentration in leaf and fruit after foliar spray of micronutrients 

 

 
Figure 4. Manganese conc. in leaf and fruit after foliar spray of micronutrients 

 

 
Figure 5. Boron concentration in leaf and fruit after foliar spray of micronutrients 

 
CONCLUSION 
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significant except Zn in fruit. The micronutrients content of the fruits can be categorized as low, high and adequate 
depending on the treatments whether it receive that specific nutrient or not. None of the micronutrient showed the 
same level in all treatments. But leaf analysis showed that the micronutrients were adequate in all the treatments 
after spray. These results showed that leaf analysis is a best tool for the evaluation of micronutrients in orchards. 
The order of accumulation of micronutrients in leaf and fruit parts were leaf>fruit. Similar findings were made by 
Cummings (1973). 
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