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ABSTRACT

Aims: To study the effect of different micronutrients and number of foliar spray on fruit quality and
leaf nutrient content of peach.

Study Design: The experiment comprised of seven treatments and conducted on seven years old
plants in Randomized Block Design with three replications.

Place and Duration of Study: The experiment was conducted at the experimental orchard of
Department of Horticulture, CCS Haryana Agricultural University, Hisar during the year 2018.
Methodology: The treatments included in the study consisted of three micro-nutrients [T4- ZnSO,
@ 0.2%, To- ZnSO, @ 0.3%, T3- FeSO, @ 0.2%, T4- FeSO, @ 0.3%, Ts- Boric acid @ 0.1%, Te-
Boric acid @ 0.2%, T7- Control (water spray)] each applied as foliar spray at different concentration
as single and double spray.

Results: The results showed that foliar spray of micronutrients significantly improved quality and
leaf nutrient status in peach cv. Shan-e-Punjab. The foliar spray of FeSO, @ 0.2% (T3) found to be
the best treatment with respect to TSS (11.06%), ascorbic acid (8.18 mg/100 g pulp) and leaf iron
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content (345.51 ppm). The highest TSS: ratio (23.88), leaf zinc content (35.42 ppm) and lowest
acidic fruits (0.45%) was observed from the plants sprayed with Ty (ZnSO, @ 0.2%), whereas,
highest leaf boron content (91.02 ppm) was recorded with Tg (Boric acid @ 0.2%). Double foliar
spray of micronutrients (Fe, Zn and B) at first week of March + April significantly TSS, TSS: acidity,
ascorbic acid, leaf zinc, iron, and boron content and reduced acidity fruits then single foliar spray in

first week of March.

Conclusion: The foliar spray of ZnSO, @ 0.2% (T,) proved to be best treatment in terms of quality.
A double spray of micronutrients (Fe, Zn and B) significantly increased total soluble solids, TSS:
acidity, ascorbic acid, leaf (zinc, iron, and boron) content and reduced fruit acidity as compared to

single spray.

Keywords: Foliar spray; leaf nutrient; micronutrients; peach; quality attributes;, Shan-e-Punjab.

1. INTRODUCTION

Peach [Prunus persica (L.) Batsch] is a juicy fruit
with excellent appearance and quality. It belongs
to the family rosaceae and sub family prunoidae.
It is distinct in its group (stone fruit) along with
plum in having lower chilling requirement than
other temperate fruits like apple, pear etc. The
fruit achieve best quality fruits in area where
summers are warm to hot. A distinct group of
cultivar which requires low chilling hours for bud
burst and growth is known as low chill peach.

Peach tree requires all the essential nutrient
elements for optimum growth and productivity
like other fruit plants. Deficiency of any one of
these nutrients can lead to the problem with
vegetative growth, tree health, yield and quality
[1]. The foliar application of nutrients on fruit
trees has gained more importance in recent
years as fertilizers applied through the soil are
needed in higher quantities because some
amount leach down and some become
unavailable to the plants due to complex soil
reaction. Application of micronutrients through
foliage can be 10 to 20 times efficient as
compare to soil application. However, this
efficiency is not always achieved in actual
practice due to weather extremes, application of
the wrong spray mix, or of the right mix at the
wrong time [2]. The beneficial effect of foliar
application of nutrients is based on the fact that
the nutrients reach directly to the leaves which
are the sites of metabolism [3]. Foliar fertilization
of micronutrients has an advantage of low
application rates, uniform distribution of fertilizer
materials and quick responses to applied
nutrients [4]. Foliar application of micronutrients
like boron, zinc, and iron seems to be an
effective tool to correct the deficiency symptoms
as well as increase the yield of the plant. It is
also increased resistance to disease and insect
pests and improved drought tolerance [5].
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Various micronutrients play complex roles in
plant composition and production. Although most
of micronutrients participate in the functioning of
number of enzyme systems but there is
considerable variation in the specific functions of
the micronutrients in plant and microbial growth
processes. For example iron is capable for acting
as electron carriers in the enzyme system that

bring about oxidation-reduction reactions in
plants. These are essential steps in
photosynthesis and many other metabolic

processes. Zinc function in many enzyme
systems as bridge to connect the enzyme with
the substrate upon which it is meant to act [6].

Zinc plays a vital role in photosynthesis and
related enzymes resulting in cumulative sugar
and reducing fruit acidity [7]. Soil application of
Zn is not very practical because the roots of fruit
crops occupy deep into the soil layers, and zinc
does not easily move in the soil, therefore, foliar
sprays are more effective method [8]. Foliar
application of Zn increases the growth, yield and
also improves the quality of the peach [3]. Boron
is also an essential microelement required for the
healthy growth of the plant. The deficiency of this
element Induced dense branching, shortening of
internodes, leaves may narrow, brittle, curled and
necrotic at the tips. The essentiality of boron for
sugar transport in plants is discovered by Gauch
and Dugger [9]. Reduction in fruit set, fruit growth
and yield in boron deficient plant is reported in
pear [10]. Boron increases the germination of
pollen grains and enlargement of pollen tube,
fruits setting and yield in peach orchards [11].
Iron plays an important role in chlorophyll
biosynthesis pathway [12] thus deficiency of this
element reduced the net photosynthesis [13]
which causes huge reduction in fruit yield [14].
The Iron chlorosis has harmful effects on fruit
quality parameters such as colour, firmness, or
acidity and affecting fruit production, dropping the
number of fruits per tree, fruit size and yield [15].
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Keeping this into consideration, the present
investigation was conducted to determine the
effects of foliar application of micronutrients (B,
Zn, and Fe) on fruit growth, yield of peach cv.
Shan-e-Punjab.

2. MATERIALS AND METHODS

The present study to study the effect of foliar
fertilization of boron, zinc and iron on fruit quality
amid leaf nutrient content of peach was carried
out during 2017-18 at the experimental farm,
Department of Horticulture, CCS HAU, Hisar,
Haryana (India). The experiment was laid out on
seven years old trees planting at 6 m x 6 m
spacing in Randomized Block Design with three
replications. The trees were kept under uniform
conditions of orchard management during the
study period. All cultural practices were carried
out as per the package of practices. Details of
treatments are given below:

T+- ZnSO4 @ 0.2%

T,- ZnSO4 @ 0.3%

T3;- FeSO4 @ 0.2%

T4- FeSO4 @ 0.3%

Ts- Boric acid @ 0.1%
Ts- Boric acid @ 0.2%
T+~ Control (water spray)

2.1 Time and Number of Spray

S4- First week of March (one spray)
S, - First week of March and April (one spray
each month)

The total soluble solids of the randomly selected
fruit was determined at room temperature by
using Pocket Digital Refractometer having a
range of 0-32% by putting a drop of juice
obtained by pressing the pulp on the prism and
taking the readings. Titratable acidity and
ascorbic acid were determined as per the
method suggested by AOAC [16]. The ratio of
total soluble solid to acidity was determined by
dividing the total soluble solid with total acid.

For determining the leaf nutrients status, five-
month old healthy leaf samples from non-fruiting
shoots were collected in August and washed
under running tap water followed by 0.1% HCI
and two time washings through distilled water.
The washed leaf samples were surface dried and
then oven-dried at 70°C for 48 hours. The dried
samples were ground and sieved through muslin
cloth for further analysis as per the procedure
suggested by Chapman [17]. The digestion of
leaf samples for nutrient analysis was done the
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procedure described by Piper [18]. The DTPA
extractable Zn and Fe was estimated by using
the method of Lindsay and Norvell [19]. The
digested leaf samples were analyzed for
determining zinc concentration on atomic
absorption spectrophotometer and their contents
were expressed in ppm. The boron content of
leaf was determined from the digested leaf
extract by Spectrophotometer using azomethine-
H reagent as suggested by Wolf [20] and value
expressed in ppm.

The data were analyzed according to the
procedure for analysis of randomized block
design (RBD) as given by Gomez and Gomez
[21]. The overall significance of difference among
the treatments was tested, using critical
differences (C.D.) at 5% level of significance.
The results were statistically analyzed with the
help of a windows-based computer package
OPSTAT [22].

3. RESULTS AND DISCUSSION

The results obtained from the present
investigation (Table 1) revealed that the total
soluble solids increased with the foliar application
of micronutrients as compared to control. The
maximum total soluble solids in fruits (11.05%)
were noted from the plants sprayed with T,
(FeSO, @ 0.3%) which was statistically at par
with T, (10.88%) and T; (10.81%), whereas,
lowest was recorded from control (9.46%). Foliar
spray of micronutrient in first week of (March +
April) significantly increased the total soluble
solids (10.84%) in peach fruit as compared to
single spray in March (10.30%). The interactive
effect of treatments and number of spray was
found significant and highest total soluble solid
content (11.64%) was observed with T,;S,
(double spray of FeSO, @ 0.3%) treatment
combination over the rest of its single or double
micronutrient sprayed treatments.

The analysis of variance of TSS: acid of peach
fruits treated with various micronutrient spray and
number of spray showed significant variation,
whereas, the interactions amongst the factors
were absent (Table 2). Maximum TSS/ acid ratio
(23.88) was found in T (ZnSO, @ 0.2%), which
was statistically at par with T; (23.34), while
minimum TSS/ acid ratio (17.41) was recorded in
control (T7) followed by T (20.63) and T5 (20.91).
The foliar spray of micronutrients in the first week
March and April was found to be also increased
the TSS: acidity (22.58) as compared to single
spray in the first week of March (20.55).
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Table 1. Effect of micronutrients (Fe, Zn and B) and number of spray on TSS of fruit in peach
cv. Shan-e-Punjab

Treatments Number of spray Mean
Single spray (S,) Double spray (S,)
T4-ZnSO, @ 0.2% 10.46 10.90 10.68
T,-ZnSO, @ 0.3% 10.76 11.01 10.88
T;- FeSO, @ 0.2% 10.43 11.18 10.81
T4- FeSO, @ 0.3% 10.47 11.64 11.06
Ts- Boric acid @ 0.1% 10.14 10.79 10.47
Te- Boric acid @ 0.2% 10.36 10.90 10.63
T;- Control 9.46 9.46 9.46
Mean 10.30 10.84
CD at 5% A B AxB
0.16 0.29 0.41
SE(m) 0.05 0.10 0.14

*A = Number of spray, B = Micronutrients; A x B = number of spray x micronutrients; S1 = Single spray (first week
of March), Sz =double spray (first week of March + April)

Table 2. Effect of micronutrients (Fe, Zn and B) and number of spray on TSS: acidity of fruit in
peach cv. Shan-e-Punjab

Treatments Number of spray Mean
Single spray (S4) Double spray (S,)
T4-ZnSO, @ 0.2% 22.66 25.11 23.88
T,-ZnSO, @ 0.3% 21.52 23.78 22.65
T;- FeSO, @ 0.2% 21.77 24.91 23.34
T4- FeSO, @ 0.3% 20.96 23.32 22.14
Ts- Boric acid @ 0.1% 19.85 21.96 20.91
Te- Boric acid @ 0.2% 19.67 21.58 20.63
T,- Control 17.41 17 .41 17.41
Mean 20.55 22.58
CD at 5% A B AxB
0.64 1.19 NS
SE(m) 0.22 0.41 0.58

*A = Number of spray, B = Micronutrients; A x B = number of spray x micronutrients; St = Single spray (first week
of March), Sz -double spray (first week of March + April)

The increased TSS and TSS acid ratio due to the
spray of nutrients combination might be because
of the increased photosynthesis activity,
translocation of sugars from source to the sink
and conversion of complex form of sugars
(polysaccharides) to simple sugars (glucose and
fructose) in fruits [23] due to the increased
activities of enzymes by zinc. The results of
present study are supported by the findings of El-
Shewy and Abdel-Khalek [24] they reported
highest total soluble solids and TSS to acid ratio
with the foliar spray of combinations of
micronutrients in peach cv. Florida Prince and
Desert Red. Finally, from the above mentioned
results, it could be concluded that, two or three
sprays yearly were more effective in increasing
TSS and TSS/ acid ratio. The results of present
study are in close confirmation with the findings
of Dhotra et al. [25] and Yadav et al. [3], who
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also reported the total soluble solids and TSS:
acid increased significantly with the foliar
application of micronutrients in peach.

It is revealed from the data presented in Table 3,
that the per cent of acidity was reduced
significantly with  micronutrients spray as
compared to control. The lowest acidic fruit
(0.45%) was harvested from the plants sprayed
with T4 (ZnSO, @ 0.2%), which was statistically
at par with T; (0.46%) and followed by T,
(0.48%). The maximum acidity (0.54%) was
observed from control. Regarding number spray
of micronutrients, twice spray in first week of
March and April was found to reduce the per cent
of acidity (0.48%) significantly than single spray
in March (0.50%). The interaction between of
micronutrients and number of spray with respect
to the per cent acidity was found non-significant.
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The decreased acidity in fruit juice because of
nutrients spray might be due to the metabolic
transformation of organic acids into sugars and
rapid utilization of organic acids in respiration
[26]. The available literature indicates that the
application of non-chelated form of
micronutrients (Fe + Zn + Mn) produced higher
acidic fruits compared to the chelated form in
Florida Prince and peach [11]. However, no
significant differences were recorded regarding
the effect of number of sprays on total acidity of
Desert Red peach [24]. However, The results of
present study are contrary to the findings of
Dhotra et al. [25], who reported the plants
sprayed with 0.1% H3BO3 + 0.5% ZnS0O,4.7H,0 +
0.5% FeS0,4.7H,O produced more acidic fruits
compared to control in peach cv. Shan-e-Punjab.

It is inferred from data presented in Table 4, the
ascorbic acid content in peach fruit was
significantly influenced by different treatments of
micronutrient and number of spray; however the
interactive effect between these treatments was
found non-significant. The highest ascorbic acid
content (8.18 mg/100 g pulp) was found in the
fruits harvested from T, (FeSO, @ 0.3%) treated
plants and it was found at par with T, (8.14
mg/100g pulp), while lowest ascorbic acid
content (7.43 mg/100g pulp) was recorded in
control. In case of number of spray, double spray
of micronutrients in first week of March and April
increased the ascorbic acid content (8.00
mg/100g pulp) significantly as compared to
single spray in first week of March (7.76 mg/100
g pulp). Higher levels of sugar with the
application of micronutrients including boron
might be the possible cause of increased content
of ascorbic acid, which is synthesized from sugar
[27]. Zinc plays an active role in the synthesis of
Auxins and increased synthesis of Auxins has
been reported to increase the accumulation of
ascorbic acid content [28]. Similar results was
observed with the study of Dhotra et al. [25], they
found maximum vitamin C (6.7 and 6.8 mg/100
ml) content with foliar spray of where all the
micronutrients (0.1% H3BO3; + 0.5% ZnS0O,4.7H,0
+ 0.5% FeS0,.7H,O) were applied, whereas,
minimum vitamin C (5.65 and 5.70 mg/100 ml)
content was reported in control in peach. These
results revealed that foliar spray of micronutrients
has a positive effect on vitamin C content.
Hassan et al. [29] reported similar findings by
applying micronutrients on plum orchards.

The analysis of data with regards to zinc content
of leaf indicated significant difference amongst all
micronutrient sprays as well as number of spray

47

(Table 5). The maximum zinc content in peach
leaf (35.42 ppm) recorded in treatment, which
was sprayed with zinc sulphate (ZnSO,) at rate
0.2% (T4) and it was at par with T, (35.22 ppm),
T4 (35.22 ppm), Ts (35.04 ppm), Tg (35.04 ppm)
and T3 (33.93 ppm), while minimum zinc content
(29.36 ppm) in leaf was observed from control
(T7). Double spray of micronutrients (first week of
March + April) significantly increased zinc
content (35.17 ppm) of leaf than single spray in
March (33.18 ppm). The interactive effect
between micronutrients and number of spray with
respect of zinc content of leaf was also found
significant. The highest leaf zinc content (38.14
ppm) was recorded with the T,S, (double spray
of ZnSO, @ 0.3%) treatment combination, which
was found at par with T4S, (37.64 ppm),
whereas, minimum was observed with T,S;
(29.36 ppm) and T;S, (29.36 ppm). In peach
trees Zn is quite mobile and it had also greater
concentrations in plant tissues in first year
compared to second year [30]. Spraying the
trees twice or thrice a year was more effective
than spraying once a year in improving nutritional
status of the trees besides correcting Zn
deficiency in peach [11]. These finding are
supported by the work of Ali et al. [31] who the
Fe concentration in leaves increased with all the
treatments over the untreated (control).

The data pertaining to iron content of peach leaf
as influenced by micronutrient spray presented in
Table 6. Significant variation in different
treatments was observed during seasonal growth
under investigation. The highest total iron content
(345.51 ppm) was recorded in the sprayed plants
with FeSO, @ 0.3% (T,4); which was statistically
at par with T; (302.99 ppm), whereas, lowest leaf
iron content (214.95 ppm) was observed from the
plants sprayed with T; (control), which was
statistically at par with T, (227.43 ppm), Te
(244.56 ppm) and T, (256.46 ppm).

Twice foliar application of micronutrients in first
week of March and April increased leaf iron
content in peach (284.85 ppm) significantly than
single foliar applicant of micronutrients in March
(251.62 ppm). In case of interaction between of
micronutrients and number spray on iron content
of peach was found non-significant. Spraying the
trees twice or thrice a year was more effective
than spraying once a year in improving nutritional
status of the trees besides correcting Zn
deficiency in peach [11]. These results agree
with the findings of EI-Shewy and Abdel-Khalek
[24] they reported that foliar application of Fe (0.6
g/l) increase iron content in peach leaves.
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Table 3. Effect of micronutrients (Fe, Zn and B) and number of spray on acidity of fruit (%) in
peach cv. Shan-e-Punjab

Treatments Number of spray Mean
Single spray (S,) Double spray (S,)
T4-ZnSO, @ 0.2% 0.47 0.44 0.45
T,-ZnSO, @ 0.3% 0.50 0.46 0.48
T;- FeSO, @ 0.2% 0.48 0.45 0.46
T4- FeSO, @ 0.3% 0.50 0.50 0.50
Ts- Boric acid @ 0.1% 0.51 0.49 0.50
Te- Boric acid @ 0.2% 0.53 0.50 0.51
T,- Control 0.54 0.54 0.54
Mean 0.50 0.48
CD at 5% A B AxB
0.01 0.02 NS
SE(m) 0.004 0.007 0.01

*A = Number of spray, B = Micronutrients; A x B = number of spray x micronutrients; S1 = Single spray (first week
of March), Sz =double spray (first week of March + April)

Table 4. Effect of micronutrients (Fe, Zn and B) and number of spray on ascorbic acid of fruit
(mg/100 g pulp) in peach cv. Shan-e-Punjab

Treatments Number of spray Mean
Single spray (S4) Double spray (S,)
T.-ZnSO, @ 0.2% 7.84 8.04 7.94
T,-ZnSO, @ 0.3% 8.01 8.27 8.14
T;- FeSO, @ 0.2% 7.63 7.75 7.69
T4- FeSO, @ 0.3% 7.85 8.51 8.18
Ts- Boric acid @ 0.1% 7.70 7.94 7.82
Te- Boric acid @ 0.2% 7.84 8.05 7.95
T,- Control 7.43 7.43 7.43
Mean 7.76 8.00
CD at 5% A B AxB
0.11 0.20 NS
SE(m) 0.04 0.07 0.10

*A = Number of spray, B = Micronutrients; A x B = number of spray x micronutrients; St = Single spray (first week
of March), Sz =double spray (first week of March + April)

Table 5. Effect of micronutrients (Fe, Zn and B) and number of spray on zinc content leaf (ppm)
in peach cv. Shan-e-Punjab

Treatments Number of spray Mean
Single spray (S4) Double spray (S,)
T4-ZnSO, @ 0.2% 33.19 37.64 35.42
T,-ZnSO, @ 0.3% 32.31 38.14 35.22
T;- FeSO, @ 0.2% 32.55 35.31 33.93
T4-FeSO, @ 0.3% 35.64 34.80 35.22
Ts- Boric acid @ 0.1% 34.74 35.35 35.04
Te- Boric acid @ 0.2% 34.48 35.60 35.04
T,- Control 29.36 29.36 29.36
Mean 33.18 35.17
CD at 5% A B AxB
0.89 1.66 2.34
SE(m) 0.30 0.57 0.80

*A = Number of spray, B = Micronutrients; A x B = number of spray x micronutrients; St = Single spray (first week
of March), Sz =double spray (first week of March + April)

48



Muradi and Godara; CJAST, 39(1): 43-51, 2020; Article no.CJAST.51260

Table 6. Effect of micronutrients (Fe, Zn and B) and number of spray on Fe content of leaf
(ppm) in peach cv. Shan-e-Punjab

Treatments Number of spray Mean
Single spray (S,) Double spray (S,)
T4-ZnSO, @ 0.2% 220.37 234.48 227.43
T,-ZnSO, @ 0.3% 225.93 286.98 256.46
T;- FeSO, @ 0.2% 287.30 318.68 302.99
T4- FeSO, @ 0.3% 311.32 379.70 345.51
Ts- Boric acid @ 0.1% 266.30 305.18 285.74
Te- Boric acid @ 0.2% 235.17 253.95 244 .56
T,- Control 214.95 214.95 214.95
Mean 251.62 284.85
CD at 5% A B AxB
29.64 55.46 NS
SE(m) 10.14 18.97 26.83

*A = Number of spray, B = Micronutrients; A x B = number of spray x micronutrients; S1 = Single spray (first week
of March), Sz =double spray (first week of March + April)

Table 7. Effect of micronutrients (Fe, Zn and B) and number of spray on boron content of leaf
(ppm) in peach cv. Shan-e-Punjab

Treatments Number of spray Mean
Single spray (S4) Double spray (S,)
T4-ZnSO, @ 0.2% 63.33 88.75 76.04
T,-ZnSO, @ 0.3% 60.83 69.58 65.21
T3;- FeSO, @ 0.2% 79.62 90.42 85.02
T4- FeSO, @ 0.3% 82.92 85.42 84.17
Ts- Boric acid @ 0.1% 80.50 91.67 86.08
Te- Boric acid @ 0.2% 89.54 92.50 91.02
T;- Control 59.01 59.01 59.01
Mean 73.68 82.48
CD at 5% A B AxB
2.11 3.95 5.59
SE(m) 0.72 1.35 1.91

*A = Number of spray, B = Micronutrients; A x B = number of spray x micronutrients; St = Single spray (first week
of March), Sz -double spray (first week of March + April)

Data pertaining to leaf boron content as
influenced by different micronutrient spray and
number of spray presented in Table 7. The
perusal of data showed that the boron content of
leaf significantly increased (91.02 ppm) with the
spray of Tg (Boric acid @ 0.2%) over rest of the
treatments. Whereas, minimum leaf boron
content (59.01 ppm) was observed in control (T;)
followed by T, (65.21 ppm). In case of number of
spray of micronutrients, twice foliar spray in first
week of March and April increased leaf boron
content (82.48 ppm) significantly compared to
the single spray in March (73.68 ppm).
Interaction between micronutrients and number
of spray varied significantly among the
treatments. The treatment combination TgS,
(Boric acid @ 0.2%) significantly increased
the leaf boron content (92.50 ppm) except
TsS; (91.67 ppm), TS, (89.54) and T4S, (88.75
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ppm), whereas minimum leaf boron content
(59.01 ppm) was observed from T,;S; and TS,
which was statistically at par with T,S; (60.83
ppm) and T:S4y (63.33 ppm) treatment
combinations.

The increase in leaf boron content with foliar
spray might be due to B translocate readily in the
xylem, but once in the leaves it becomes one of
the least mobile of the micronutrients [32]. The
results of present study closely agree with the
findings of Ali et al. [31], who also found boron
content in peach leaves increased with the foliar
application of this micronutrient. The findings of
present experiment in respect of leaf B content
are supported by Rease [10] in Bartlett pears and
Stilianidis et al. [33] in peach, who revealed the
pre-harvest Ca—B sprays increased leaf B
concentrations.
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4. CONCLUSION

From the present study, we conclude that the
foliar spray of ZnSO, @ 0.2% (T4) proved to be
best treatment in terms of quality. Double spray
of micronutrients (Fe, Zn and B) significantly
increased TSS, TSS: acidity, ascorbic acid, leaf
(zinc, iron and boron) content and reduced fruit
acidity over single spray.

ACKNOWLEDGEMENTS

I would like to express my very great
appreciation to Dr. A. K. Godara for his valuable
and constructive suggestions during the planning
and development of this research work. My
sincere thanks also go to government of
Afghanistan, ICAR and CCS Haryana
Agricultural University, Hisar for providing me
opportunity of higher studies.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Desmond R, Bassi L, Bassi D. The peach,
botany, production and uses. Printed and
Bound in the U.K. by Biddles, King’s Lynn;
2010.

2. Zaman Q, Schumann AW. Nutrient
management zones for citrus based on
variation in soil properties and tree
performance. Precision Agriculture.
2006;7(1):45-63.

3. Yadav V, Singh PN, Yadav P. Effect of
foliar fertilization of boron, zinc and iron on
fruit growth and yield of low-chill peach cv.
Sharbati. International Journal of Scientific
and Research Publications. 2013;3(8):
2250-2256.

4. Umer S, Bansal SK, Imas P, Magen H.
Effect of foliar fertilization of potassium on
yield, nutrition, quality and nutrient uptake
of groundnut. Journal of Plant Nutrition.
1999;22(11):1785-1795.

5. Tarig M, Sharif M, Shah Z, Khan R. Effect
of foliar application of micronutrients on the
yield and quality of sweet orange (Citrus
sinensis L.). Journal of Biological
Sciences. 2007;10(11):1823-1828.

6. Rajaiea M, Ejraie AK, Owliaie H, Tavakoli
AR. Effect of zinc and boron interaction on
growth and mineral composition of lemon

50

10.

1.

12.

13.

14.

15.

16.

17.

18.

seedlings in a calcareous soil. International
Journal of Plant Production. 2009;3(1):39-
49.

Abedy A. Effect of zinc sulfate and citric
acid spray on fruit characteristics of tomato
cultivar urban. M.Sc. Thesis Shiraz
University; 2001.

Chandler WH, Hoagland DR, Hibbard PL.
Little leaf or rosette of fruit trees.
Proceedings of the American Society for
Horticultural Science. 1931;28:556-560.
Gauch HG, Dugger WM. The role of boron
in the translocation of sucrose. American
Society of Plant Biologists. 1953;28:457-
467.

Rease JT. Physiological disorders and
maladies of pear fruit. Horticultural
Reviews. 1989;11:357-411.

El-Sheikh MH, Khafagy SAA, Zaied NS.
Effect of foliar application with some
micronutrients on leaf mineral content,
yield and fruit quality of "Florida Prince and
Desert Red" peach trees. Research
Journal of Agriculture and Biological
Sciences. 2007;3(4):309-315.

Abadia A. Leaf responses to iron
deficiency: A review. Journal of Plant
Nutrition. 1992;15(10):699-713.
Molassiotis A, Tanou G, Diamantidis G,
Patakas A, Therios |. Effects of 4-month
Fe deficiency exposure on Fe reduction
mechanism, photosynthetic gas exchange,
chlorophyll fluorescence and antioxidant
defense in two peach rootstocks differing
in Fe deficiency tolerance. Journal of Plant
Physiology. 2006;163(2):176-185.

Sanz M, Pascual J, Machin J. Prognosis
and correction of iron chlorosis in peach
trees, influence of fruit quality. Journal of
Plant Nutrition. 1997;20:1567-1572.
Alvarez-Fernandez A, Paniagua MP,
Abadia J, Abadia A. Effects of Fe
deficiency-chlorosis on yield and fruit
quality in peach (Prunus persica L.
Batsch). Journal of Agricultural and Food
Chemistry. 2003;51(19):5738-5744.

AOAC. Official methods of analysis. 15"
Ed., Association of Official Analytical
Chemists, Washington, DC, USA; 1990.
ISBN-13, 978-0-935584-42-4.

Chapman HD. Zinc diagnostic criteria for
plants and soils. Univ. Calif., Div.
Agricultural Sciences, Berkeley. 1966;484-
499.

Piper CS. Soil and plant analysis. Hans
Publication, Bombay. 1966;368.



19.

20.

21.

22.

23.

24.

25.

Muradi and Godara; CJAST, 39(1): 43-51, 2020; Article no.CJAST.51260

Lindsay WL, Norvell WA. Development of
a DTPA sail test for zinc, iron, manganese
and copper. Soil Science Society America
Journal. 1978;42:421-428.

Wolf B. Important in the azomethine H
method for the determination of boron.
Communications in Soil Science and Plant
Analysis. 1974;5:39-44.

Gomez KA, Gomez AA. Statistical
procedures for agricultural research. John
Wiley and Sons, New York. 1984;680.
Sheoran OP, Tonk DS, Kaushik LS,
Hasijaa RC, Pannu RS. Statistical software
package for agricultural research workers.
Recent Advances in Information Theory;
Statistics and Computer Application by D.S
Hooda and R.C. Hasija Department of
Mathematics Statistics, CCS HAU, Hisar.
1998;139-143.

Eman AA, EI-Migeed MMMA, EI-Moneim
A, Omayma AMMI. GA; and zinc sprays
for improving yield and fruit quality of
Washington Navel orange trees grown
under sandy soil conditions. Research
Journal of Agriculture and Biological
Sciences. 2007;3(5):498-503.

El-Shewy AA, Abdel-Khalek Al.
Physiological studies on the effect of foliar
spray with some micronutrients on leaf
mineral content, yield and fruit quality of
"Florida prince and Desert red" peach
trees. Trends in Horticultural Research.
2014;4(1):20-30.

Dhotra B, Bakshi P, Jeelani MI, Vikas V.
Influence of foliar application  of
micronutrients on fruit growth, yield and
quality of peach cv. Shan-e-Punjab. Indian
Research Journal of Genetics and
Biotechnology. 2018;10(1):105-112.

26.

27.

28.

290.

30.

31.

32.

33.

Brahmachari VS, Yadav GS, Naresh K.
Effect of feeding of calcium, zinc and boron
on yield and quality attributes of litchi
(Litchi chinensis Sonn.). Orissa Journal of
Horticulture. 1997;25(1):49-52.

Mengel K, Kirkby EA. Principles of plant
nutrition. Annals of Botany. 2004;93(4):
479-480.

Nawaz MA, Ahmad W, Ahmad S, Khan
MM. Role of growth regulators on pre
harvest fruit drop, yield and quality in
Kinnow mandarin. Pakistan Journal of
Botany. 2008;40:1971-1981.

Hassan HSA, Sarrwy SMA, Mostafa EAM.
Effect of foliar spraying with liquid organic
fertilizer, some  micronutrients, and
gibberellins on leaf mineral content, fruit
set, yield, and fruit quality of "Hollywood"
plum trees. Agriculture and Biology Journal
of North America. 2010;1(4):638-643.
Sanchez EE, Weinbaum SA, Johnson RS.
Comparative  movement of labelled
nitrogen and zinc in 1-year-old peach
(Prunus persica L.) trees following late-
season foliar application. The Journal of
Horticultural Science and Biotechnology.
2006;81(5):839-844.

Ali A, Perveen S, Syed NMS, Zhang Z,
Fazli W, Mohib S, et al. Effect of foliar
application of micronutrients on fruit quality
of peach. American Journal of Plant
Sciences. 2014;5:1258-1264.

Barker AV, Pilbeam DJ. Handbook of plant
nutrition. Boca Raton, CRC Press; 2007.
Stilianidis DK, Simonis AD, Sirgianidis GD.
Nutrition and fertilization of deciduous fruit
trees, toxicities, deficiencies and
physiological disorders of trees. Greece,
Stamoulis Publications; 2002.

© 2020 Muradi and Godara; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/51260

51



