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Abstract: An experiment was designed to study the effect of foliar application of micronutrients on the yield,
quality and leaf composition of sweet orange, Blood red variety at Shabazgari, Mardan. The experiment was
laid out in a randomized complete block design in 2* factorial arrangement. Zinc, manganese and boron were
applied as foliar spray at the rate of 0.4, 0.2 and 0.04 kg ha™", respectively in the presence of 1.56 kg N ha™"' as
urea and 0.4 kg surfactance ha™' (as wetting agent) in 400 L of water. The maximum fruit yield was obtained,
when 0.4 kg Zn ha™' and 0.2 kg Mn ha™' was sprayed along with 1.56 kg N ha™ and 0.4 kg surfactance ha™
in 400 L of water. The minimum % peel was obtained with B alone and minimum % rag with Zn + Mn, maximum
fruit size with Zn+ B and maximum fruit volume with Zn +Mn. Similarly, % juice in sweet oranges was increased
significantly by B alone, reducing sugar by Mn alone and vitamin C contents by Zn + B through foliar spray,
suggested that each micronutrient had different role on the quality of citrus fruit. Foliar spray of Zn, Mn and
B along with urea significantly increased the concentration of Zn and Mn in citrus leaves, while the
concentration of B was not affected with foliar spray, perhaps due to dilution within the citrus tissues.
Therefore, it 13 suggested that either Znt+Mn or Zn+B may be applied as foliar spray in combination with urea
and surfactance for getting the maxmmum yield and improved quality of citrus fruit under prevailing conditions.
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INTRODUCTION

Citrus (Citrus sinensis L..) is one of the important fruit
crop of the world, occupied third position among the
sub-tropical fruits. It has a great nutritional role in our
daily food requirements, being a rich source of vitamin C
(Gregory, 1993). Citrus is grown in different areas of
NWFP mcluding Peshawar, Mardan, Hazara, Dera Ismail
Khan, D, Swat and Malakand Area. Indigenous
nutritional survey, soil and leaf analysis and visual
symptoms of various citrus orchards indicated certain
micronutrient deficiencies, specifically Zn, Mn and B
(Rehman, 1990; Khattak, 1991) and due to these
deficiencies some healthy orchards are turning into
unproductive plantation with poor quality fruit. Citrus is
a nutrient loving plant, but growers of this region are not
using micronutrient fertilizers (Personnel commumcation
with the citrus growers), which causes serious nutritional
disorders in citrus (Catara, 1987). Moreover, soils of this
region are mostly calcareous in nature and alkaline in
reaction and these conditions are not favorable to
micromutrients availability (Zeknn and Obreza, 2003).
Similarly, Embleton et al. (1973) also reported that
Zn applied to alkaline soils is usually adsorbed or

precipitated on the surface and does not move readily to
the root zone. However, soil application of micronutrients
15 therefore not very effecive to recover these
deficiencies in calcareous and alkaline soils. Further,
citrus 18 deep rooted crop so micronutrients application to
soll may be of little value. The altemnative way 1s to supply
micronutrient fertilizers through foliar spray. Chiu and
Chang (1986) reported that foliar spray of boric acid was
more effective than soil application in curing B deficiency
i citrus. Similarly, Mamn ef al (1985) found that
micronutrients (Zn, Cu, Fe and Mn) spray on the leaves of
sweet oranges increased the concentration of the
respective nutrient in the leaves. Perveen and Rehman
(2000) also concluded that foliar spray of Zn, Mn and B
corrected the deficiency symptoms and mcreased the
citrus fruit yield. Keeping in view the unfavorable
physico-chemical conditions of our soils, it becomes
necessary to supply micronutrients in balanced amount
through foliar spray and to raise citrus production.
Therefore, the present experiment was designed to study
the effect of micronutrients on the yield, quality and leaf
composition of sweet oranges m the vicimty of Mardan
area.
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MATERIALS AND METHODS

Experimental design and fertilizers: A field experiment
was carried out on 15 years old sweet orange, Blood red
variety, orchard at Shahbazgari Mardan, showing leaf
deficiency symptoms of Zn, Mn and B. The trees were
selected having uniform canopy and properly tagged.
A basal dose of 150 kg N ha™ (1.7 kg ureatree™),
100 kg P, ha™ (3 kg single super phosphate tree™) and
100 kg K,0 ha™ (1 kg sulphate of potash tree™) were
applied under the canopy of each tree leaving 60 cm
area around the tree and then irrigated. The nutrients
were applied at the rate of 0.4 kg Zn, 0.2 kg Mn and
0.04 B kg ha™" as ZnS0,. 7H,0, MnS0,.3.H,0 and H,BO,
in 400 L of water in the presence of 1.56 kg N ha™' and
0.4 kg surfactance ha™ (as wetting agent), 3 times at
mterval of 15 days, when the new spring leaves were not
fully developed. Detail of the micronutrients doses and
their combinations are given in Table 1. The experiment
was laid out in randomized complete block design with 2°
factorial arrangement and each treatment was replicated
3 times. Before incorporation of nutrients in soil,
composite soil samples were collected at the depth of
0-45 and 45-90 cm from four different crossing points of
four trees in the orchard for the determination of various
physico-chemical characteristics of the experimental soil.
Physico-chemical characteristics of citrus orchard of
Shahbazgari, soil showed that the experimental soil was
silt loam m texture, alkaline in reaction, moderately
calcareous and non-saline in nature, deficient m organic
matter and micronutrients such as Zn, Mn and B. The
values of DTPA-extractable
compared with the reported literature (Lindsay and
Norvell, 1978) and found that Zn and Mn were deficient,
Cu and Fe were adecuate, while HWS-B was also deficient
(Sillanpaa, 1982) in the experimental soil. Similarly leaf
samples were collected from the desired treatments before

micronutrients  were

foliar spray for the determination of native micronutrient
corntents.

Table 1: Detail of micronutrients treatments and their combination used as
foliar spray for sweet orange
Zn Mn B

Treatments  cmeememeceee- kg ha™! in 400 L of water -------—---
Zny Mny By - - -

Zn; Mny By 0.40 -

Zny Mn, By - 0.20 -

Zn, Mn, By ; . 004
Zn, Mn, By 0.40 0.20 .

Zn; Mny By 0.40 - 0.04
Zny Mn, By - 0.20 0.04
Zn, Mn, By 0.40 0.20 004

The subscript 0 indicate no spray of an element on trees, while subscript 1
indicate foliar spray of 0.4 kg Zn, 0.2 kg Mn and 0.04 kg Bha™' in 100 L.
of water along with 1.56 kg N ha~' and 0.4 kg surf ha™! (wetting agent)

Quality analysis: The chemical quality of fruit such as
brix, % juice, vitamin C, juice pH, acidity, reducing and
non-reducing sugar were determined according to the
methods of AOAC (1990). Brix was determine with a
handheld temperature-compensating refractometer, fruit
juice extracted by orange extractor and volume was
measured by a cylinder, vitamin C was determined by
ascorbic acid reduces oxidation-reduction indicator dye,
2, 6-dichloroindophenol to colorless solution method,
juice pH was measured by pH meter, reducing and non
reducing sugars were determined by polarimetric method
before and after inversion with invertase, acidity by
titration of a 25 mL aliquot of juice using 0.25 N NaOH to
a end point of pH on an auto-titrator. While, physical
quality parameters like fruit size measured by vernier
caliper and fruit volume by water displacement method
and % peel and rag were calculated according to the
randomly selected 8 fruit weight formula (Maurer and
Taylor, 1999).

Plant analysis: Leaf samples were collected before and
after foliar spray from the non-fruit bearing terminals
(90 to 180 cm above the ground) then washed, oven dried,
ground and extracted with wet acid digestion method and
analyzed for elemental content of Zn and Mn by Atomic
Absorption Spectrophotometer, model-2380 (Jones and
Case, 1990). While, B was extracted by dry ashing
technicque and determined by Spectrophotometer, model-
601, after color development procedure of curcumin oxalic
acid (Tackson, 1973).

Statistical analysis: All the data collected during field
and laboratory investigation were statistically analyzed
using analysis of variance technique and the treatment
differences were evaluated by Duncan’s Multiple Range-
test of significance (Steel er al., 1997).

RESULTS AND DISCUSSION

Micronutrients concentration in citrus leaves before
foliar spray: Leaf samples were collected from the desired
treatments before foliar spray for the determination of
native micronutrient contents. Results showed that the
native concentration of micronutrients such as Zn, Cu, Fe,
Mn and B before foliar spray were found 17.06, 12.56,
347.84, 31.54 and 28.43 ug g, respectively (Table 2).
These concentrations were compared with the reported
literature (Embleton ef ai., 1973) and found that Zn and B
were low, Cu and Mn optimum and Fe was found in
excess in sweet orange leaves, which suggested that there
was a need of foliar spray of micronutrients on such citrus
orchard.
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Table 2: Native concentration of Zn, Mn and B (ug g™!) in citrus leaves before foliar application of micronutrients

Treatments Zn Cu Fe Mn B

Zny Mny By 17.59 14.94 342,00 16.84 28.72
Zn; Mny By 14.80 12.64 34167 20.64 29.00
Zny Mn, By 17.70 11.40 331.34 49.07 27.44
Zny Mny By 16.50 15.34 365.34 32.06 25.14
Zn; Mn, By 12.40 12.34 365.34 33.97 28.40
Zn; Mny By 14.47 11.87 353.67 30.94 29.49
Zny Mn, B, 18.50 9.60 32634 33.37 29.22
Zn; Mn; By 19.70 12.34 352.00 35.44 29.97
Means 17.06 12.56 347.84 31.54 28.43
SD+ 2.03 1.58 21.33 5.38 1.92

Table 3: Effect of foliar application of micronutrients on the yield and physical quality of sweet orange fruit

Treatments Yield (kg tree™!) Tncrease (%) 8 finit wt. (kg Peel (%0) Rag (%) Size (cm) Volume (ml.}
Zn; My By 63.00c -—-- 1.09bc 37.57a 6.05ab 6.06¢c 105.84ab
Zn; Mny By 79.33b 2592 1.18bc 34.50ab 6.13ab 6.39b 113.00ab
Zn; Mn; By 89.00ab 41.97 1.11bc 33.67b 5.01be 6.28b 115.50ab
Zny My By 64.00¢ 1.59 1.13bc 26.88b 6.78a 6.42b 121.30ab
Zn; Mn; By 123.3a 95,70 1.15bc 34.71ab 4.54¢ 6.65a 140.50a
Zn; My B, 115.3a 83.02 1.08bc 33.86b 5.64abc 6.75a 128.30ab
Zn; Mn; By 103.0ab 65.56 1.19bc 33.74b 5.84ab 6.65a 119.60ab
Zn; My By 75.00bc 19.05 1.28 33.40ab 5.80abc 6.41b 104.20b
Zn el * NS NS #* NS

Mn ok A NS A NS NS

B NS NS el e #* NS

Zn = Mn * NS NS NS ok NS

Zn =B NS NS el NS el #*

Mn* B NS * ok NS ok NS

Zn x Mn x B * * i NS i NS

Mean values followed by similar letter(s) do not differ significantly from one another; *, ** = Indicate significant at (p<.0.05) and (p<0.01), respectively;

N8 =Non Significant

Fruit yield: Results showed that foliar application of Zn
and Mn alene or in combination with each other
significantly increased the fruit vield of sweet oranges
compared with the control treatment (Table 3). The
maximum fruit yield of 123.3 kg tree™ was obtained
from the treatment receiving 7n + Mn followed by
1153 kg tree™ from Zn + B, 103.0 kg tree™ from Mn + B
and 89.0 kg tree™ from Mn alone treatment, but the yield
differences among such treatments were statistically at
par with each other, indicating foliar sprays of
micronutrients were effective in increasing the fruit yield
over control (tree without foliar spray). Similar results
were reported by Leyden (1983); Perveen and Rehman
(2000). Tt was also observed that Zn + Mn caused 95.70%
increase in yield over control. The -corresponding
increases were 83.02% by Zn + B, 65.56% by Mn + B and
41.97% by Mn alone treatment. Perhaps these increases in
fruit vield were due to the significant increase in leaf 7n
and Mn concentrations, which in turn induced more
tflowenng and mimimize fruit let drop in sweet orange trees.
Because, it was reported that fruit let drop decreased as
leaf Zn and Mn content increased (Gareia et al., 1984). On
the other hand, B alone treatment did not significantly
mcrease the frut yield of sweet oranges, but in
combination with Zn and Mn the fruit yield considerably
increased, perhaps due to positive interactions among
these micronutrients. Because the interactions between

Zn x Mn and Zn * Mn x B were found statistically
significant. These results are m line with the previous
work of Perveen and Rehman (2000) who reported that B
alone spray could not give satisfactory yield, but yield
was increased when it was applied in combination with 7n
and M.

Fruit quality: Results of the physical quality of citrus
fruit indicate that the % peel in sweet oranges was
significantly reduced by B alone, Mn alone, Mn + B and
Zn + B treatments compared with the control treatment
(Table 3). These results are in line with the previous work
of El-Shazly and Hemnawy (1983). The % rage was
affected sigmficantly only m Zn + Mn treatment
comparing with control. The size of fruit was however,
significantly increased by all micronutrient treatments of
which the maximum size of 67.75 cm was attained from
Zn+ B treatment. The interactions between micronutrients
with respect to size were found statistically sigmificant.
The volume of fruit was however, not affected
significantly by any of the micronutrients treatment. The
overall results regarding physical quality of citrus fruit
indicate that B significantly decreased the % peel and rag
and improved the size of citrus fruit.

The foliar spray of micronutrients showed variable
effects on the chemical quality of sweet oranges juice
(Table 4). The brix, juice pH, acidity and the level of non-
reducing sugar were not affected significantly by any of
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Table 4: Effect of foliar application of micronutrients on the chemical quality of sweet orange fiuit

Reducing Non reducing Vitamin C
Treatments Brix Juice (%) Juice pH Acidity (%) sugar sugar mg/100 mL
Zng Mny By 10.80 51.10b 3.66 0.68 4.68b 2.84 42.7Th
Zn; Mny By 11.87 59.28ab 3.61 0.72 4.85b 2.94 51.49a
Zng Mn; By 11.23 58.2%9ab 3.04 0.69 5.84a 3.04 418.88ab
Zny Mny By 11.22 62.5%9a 3.65 0.64 4.68b 2.64 48.21ab
Zn; Mn; By 11.10 55.5%9ab 3.04 0.77 4.40b 2.84 50.29a
Zn; Mny By 11.57 56.03ab 3.58 0.62 4.40b 2.78 52.36a
Zng Mn; B, 11.37 58.7%ab 3.66 0.66 4.71b 2.62 47.02ab
Zn; Mn, B, 11.57 54.81ab 37 0.64 4.57b 2.67 48.95ab
Zn NS NS NS NS * NS o
Mn NS NS NS NS NS NS NS
B NS o NS NS *# NS NS
Zn * Mn NS * NS NS * NS NS
Zn =B NS * NS NS NS NS NS
Mn = B NS s NS NS * NS NS
Zn xMn x B NS * NS NS NS NS NS

Mean values followed by similar letter(s) do not differ significantly from one another; *, ** =Indicate significant at (p<<0.05) and (p<0.01), respectively;

NS =Non Significant

the micronutrient spray. Mann et al. (1985) also reported
that micronutrients spray had no significant effect on the
quality of citrus fruit. Other quality parameters such as %
juice, reducing sugar and vitamin C were significantly
affected by one or more micronutrients. The application of
B alone sigmficantly increased the % juice compared with
the control treatment. The % juice was 62.59 in the B and
51.10 in the control treatment. However, the % juice in
other micronutrient treatments was at par with that in the
control treatment. Similarly, the level of reducing sugar in
orange juice was increased significantly only by the
application of Mn alone spray. The vitamin C content of
Juice was significantly increased by the application of Zn
alone, Zn + Mn or Zn + Mn + B treatments compared with
the control treatment. Rehman (1992) also reported
increase in vitamin C content of citrus fruit due to foliar
application of these micronutrients. Although vitamin C
content of juice in Mn alone, B alone, Mn + B or Zn +
Mn + B treatments were higher than that in the control
treatment, but the differences were found statistically non
significant. These results demonstrated that % juice in
sweet oranges was increased significantly by B alone,
reducing sugar by Mn alone and vitamin C contents by
Zn alone, Zn + Mn or Zn + B through foliar application,
suggesting that each nutrient had different role on the
quality of sweet oranges.

Micronutrients concentration in citrus leaves after
foliar spray: Results show that the foliar spray of Zn
significantly increased the Zn concentration in citrus
leaves (Table 5). A highest 7Zn concentration of
87.33 ug g~' was obtained in the treatment in which the
Zn was applied alone. Similar mcrease m the Zn
concentration of cittus leaves were found by
Nanaya et al. (1985). Results also show that the applied
Zn decreased the concentrations of both Mn and B in

Table 5: Effect foliar application of micronutrients on the concentration of
Zn, Mn and B in sweet orange leaves

Zn Mn B
Treatments pe gt
Zny My By 30.73¢ 34.77bc 23.80b
7, Mny By 87.33a 16.67d 19.92b¢
Zny Mn, By 14.90d 85.87a 22.90bc
7, Mny B 24.37¢ 2847¢ 23.93b
Zn, Mn, B, 69.30b 56.83ab 17.65¢
Zny My By 86.87a 27.90¢ 22.78bc
7, Mny B, 30.87¢ 53.60ab 30.07a
Zny Mn, By 79.30ab 48.57b 24.28b
Zn o NS NS
Mn NS ik NS
B NS NS o
Zn x Mn o NS NS
Zn * B NS NS NS
Mn * B NS NS o
Zn *x Mn * B NS NS **

Mean values followed by similar letter(s) do not differ significantly from one
another; *, ** =Indicate significant at (p<0.05) and (p<.0.01), respectively;
NS =Non Significant

citrus leaves, perhaps due to interaction among these
micronutrients. Because the statistical analysis indicate
that Zn and Mn interaction is significant, while Zn and B
interaction did not attain the statistical significance.
However, results suggested that Mn in Zn spray
significantly reduced the Zn concentration in citrus
On the other hand, 7Zn concentration was
significantly increased compared to the control when B

leaves.

was included in spray mixture with Zn.

Similarly, foliar spray of Mn on cittus leaves
significantly mecreased the concentration of Mn in
cittus leaves (Table 5). A lighest concentration of
85.87 pug Mn g~' was obtained in the treatment where Mn
was applied alone. Moreover, Mn application decreased
the Zn concentration, while the concentration of B was
unaffected. Razeto et al. (1988) reported that the increase
in Mn concentration in orange leaves was greater when
applied singly than in combination with Zn. Furthermore,
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when Mn was applied in combination with Zn and B a
non-significant interaction was found among these
micronutrients. The reverse trend occurred in the case of
B (Table 5). Boron concentration in citrus leaves was not
considerably increased as it was expected, when B was
applied alone or in combination with Zn. The reason is
that boron was transferred to fiuit, so this may be used in
correcting the deficiency symptoms. However, a highest
concentration of 30.07 pg B g~' was obtained when it was
applied in combination with Mn, because the interaction
effect between Mn and B suggested that the
concentration of B in citrus leaves was significantly
increased from 21.86-27.18 pg g~ as compared to the
control when Mn and B were sprayed in mixture.
Leon et al. (1983) also found that high B concentration
was associated with increased Mn and Zn in lemon
leaves.

The overall effect of the micronutrients spray on
citrus leaves showed that foliar application of Zn alone
and in combination with Mn and B completely eliminated
the yellow interveinal blotches contrasting with a green
background, produced a lush green color in leaves,
increased the size of the leaves and eliminated rosettes.
Similarly, foliar application of Mn gave dark green and
shiny color to the leaves. Foliar application of B had no
apparent effect on citrus leaves, but increased the fruit
size soften the peel and decreased the peel thickness. The
number of smaller fruits were less in those treatments
where B was applied alone or in combination with other
micronutrients, compared to the control. Similarly,
Shorrocks (1984) reported that a deficiency of boron
suspected on the basis of leaf symptoms should be
confirmed by fruit symptoms.

CONCLUSIONS

The following conclusions were drawn from the
present study.

The maximum fruit yield was obtained, when
0.4 kg Zn ha™' and 0.2 kg Mn ha™" was sprayed along
with 1.56 kg N ha™ and 0.4 kg surfactance ha™ in 400 I of
water.

The minimum % peel was obtained with B alone and
minimum % rag with Zn + Mn, maximum fruit size with
Zn+Band maximum fruit volume with Zn + Mn. Similarly,
% juice in sweet oranges was increased significantly by
B alone, reducing sugar by Mn alone and vitamin C
contents by Zn + B through foliar spray, suggested that
each micronutrient had different role on the quality of
citrus fruit.

Foliar spray of Zn, Mn and B along with urea
significantly increased the concentration of Zn and Mn in
citrus leaves, while the concentration of B was not
affected with foliar spray, perhaps due to dilution within
the citrus tissues.
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