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Abstract

The experiment was conducted to assess the optimum dose of phosphorus and zinc sulfate for
improving the fruit quality of ber cv Umran. Soil application of 400 g P,O, per plant produced ber fruits
with maximum fruit weight, fruit size (length and breadth), pulp content and pulp/stone ratio. However,
stone weight and juice content were not affected significantly by different phosphorus and zinc sulfate
treatments. Maximum TSS, total sugars, reducing and non-reducing sugars, ascorbic acid, TSS/acid ratio and
minimum acidity were also recorded with the application of 400 g P,O, per plant. Fruit quality was also
improved by zinc sulfate application and optimum dose for better fruit quality was 200 g zinc sulfate per
plant. Application of 400 g P,O, in combination with 200 g zinc sulfate per plant produced maximum fruit

weight.
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Among different cultivars of ber (Ziziphus
mauritiana Lamk.) grown in northern part of India,
Umran ranks first in area and yield potential due to its
large fruit size, attractive color and superb eating qual-
ity. Its fruits ripen from mid-March to April when other
fruits are scarce in the market and thus fetches good
price. The general opinion of the ber fruit growers is
that ber can grow successfully in adverse soil and
climatic conditions without proper care and fertiliza-
tion. According to a survey of ber orchards, the soils
of Haryana are low in nitrogen, medium in phospho-
rus, high in potassium and about 70% of these soils
are also deficient in available zinc (1). Judicious fer-
tilization is key to successful cultivation of ber. Bal-
anced supply of nutrients is essential for obtaining
high yields of quality fruits in addition to maintaining
trees in healthy and productive conditions for their
optimum span of life. Yet due attention has not been
paid on the nutritional aspects of ber and no recom-
mendation of phosphorus and zinc exists for this crop
under Haryana conditions. Hence, the experiment was
planned to study the effect of soil application of dif-
ferent levels of phosphorus and zinc, alone and in
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combinations, on fruit quality of ber cv Umran.
Methods

The experiment was carried out at the experimen-
tal orchard of the Department of Horticulture, CCS
Haryana Agricultural University, Hisar. The soil of
the experimental orchard was low in nitrogen, phos-
phorus, zinc and high in potassium having a pH of
8.2. There were sixteen combinations of four levels
each of phosphorus (0, 200, 400 and 600 g PO /plant)
and zinc (0, 100, 200 and 300 g zinc sulfate/plant). The
experiment, designed in factorial randomized block,
had three replications for each treatment. All the forty-
eight plants selected were of uniform size and vigor
and these plants were kept under uniform conditions
of orchard management as per recommended cultural
practices during the studies. Single super phospthate
and zinc sulfate were used as the source of phospho-
rus and zinc, respectively and full dose of single su-
per phosphate and zinc sulfate were applied in the
month of July every year. Physical attributes of qual-
ity parameters like fruit size (length and breadth), fruit
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Table 1. Effect of soil application of phosphorus and zinc on
vegetative characters in ber cv Umran.

Table 2. Effect of soil application of phosphorus and zinc on
vegetative characters in ber cv Umran.

Fruit size Fruit Stone Pulp
(cm) wei- wei- con- Pulp/ Juice
Len- Bre- ght ght tent stone con-
Treatments gth adth (g) (g) (%) ratio tent
P, (0 g P,O,) 3.81 3.04 19.3 1.07 94.5 17.2 3.68
P, (200 g P,O,) 3.90 3.09 20.2 1.08 94.6 17.8 3.68
P, (400 g P,O,) 4.03 3.13 21.6 1.09 94.9 18.6 3.71
P, (600 g P,O,) 4.01 3.11 21.6 1.11 95.0 18.6 3.80
CD at 5% 0.06 0.03 05 NS 02 05 NS
Z,(0 g ZnSO,) 3.69 3.00 18.0 1.07 94.1 15.9 3.67
Z, (100 g ZnSO,) 3.94 3.07 20.2 1.07 94.7 18.0 3.74
Z, (200 g ZnSO,) 4.08 3.16 22.4 1.1295.1 19.2 3.73
Z, (300 g ZnSO,) 4.03 3.14 22.0 1.11 95.0 19.0 3.74
CD at 5% 0.06 0.03 05 NS 02 05 NS

weight, stone weight, pulp content, and juice content
were recorded on ten randomly selected fruits,
whereas, chemical parameters like TSS, acidity, ascor-
bic acid and sugars were estimated as per standard
prescribed methods. The data of two years, recorded
on different parameters, were pooled and statistically
analyzed.

Results and Discussion

Physical attributes of ber fruit quality like fruit
size (length and breadth), fruit weight, pulp content
and pulp/stone ratio increased appreciably by differ-
ent levels of phosphorus, however, the stone weight
and juice content were not affected by different treat-
ments (Table 1). All the three levels of phosphorus
(200, 400 and 600 g PO, /plant) significantly increased
the fruit length and breadth over control. Maximum
fruit length (4.03 cm) and fruit breadth (3.12 cm) were
recorded from the trees receiving 400 g PO, per plant
which was statistically at par with 600 g P,O, per plant
treatment, whereas, minimum fruit length (3.81 cm)
and fruit breadth (3.04 cm) were recorded in no phos-
phorus treatment. The phosphorus treatments upto
400 g P,O, per plant significantly increased the fruit
weight over preceding phosphorus levels. The dif-
ference between the higher levels of P,O, (400 and
600 g/plant) was non-significant but these treatments
increased the fruit weight significantly more than all
other treatments. Table 1 further reveals that there
was a significant increase in pulp content with the
increasing levels of phosphorus. Maximum value

Ascor-
bic Non-
acid Redu- redu-
Aci- TSS/ (mg/ Total cing cing
TSS dity acid 100 g sugars sugars sugars

Treatments (%) (%) ratio pulp) (%) (%) (%)

P,(0gP0,) 16.9 0.278 61.2 89.0
P, (200g P,0)17.6 0.259 69.1 93.4
P, (400g P,0,)18.1 0.237 78.4 103.0
P, (600g P,0,)18.1 0.243 75.9 101.9
CDat5% 04 0013 35 21
Z,(0 g ZnS0,)16.9 0.279 61.3 88.0

9.35 4.54 4.90
9.75 4.67 5.08
10.48 4.89 5.60
10.38 4.95 5.43
0.28 0.15 0.28
9.43 4.51 4.96

Z,(100g  17.7 0.257 69.9 972 9.94 4.82 5.17
Zns0,)
7,200 g 18.2 0.241 76.8 101.7 10.31 4.88 5.43
ZnS0,)
Z,(300 g 18.1 0.241 76.5 100.3 10.28 4.84 5.44
ZnS0,)
CDat5% 04 0.013 35 21 028 0.15 0.28

(95.0%) was recorded with 600 g P O per plant and
minimum (94.5%) under control, however, the higher
levels of phosphorus (400 and 600 g P,O /plant) were
statistically at par. The increase in fruit weight, fruit
size and pulp content by phosphorus application
might be due to increased growth, better root devel-
opment and increased cell division resulting in more
photosynthates and increased absorption of water
and nutrients from soil. These results are similar to
the earlier findings with 500 g PO, per tree in ber (2)
and with 750 g P, O, per vine in grapes (3).

All zinc treatments significantly increased the
fruit length and fruit breadth over control. The higher
levels of zinc sulfate i.e. 200 and 300 g per plant were
at par. The maximum fruit length (4.09 cm) and fruit
breadth (3.16 cm) were registered from the trees re-
ceiving 200 g zinc sulfate per plant and minimum (3.69
and 3.00 cm) from control, respectively. The data fur-
ther revealed that the zinc treatments significantly
increased the fruit weight over control. The maximum
fruit weight (22.4 g) was recorded with 200 g zinc sul-
fate per plant, which was at par with 300 g zinc sulfate
treatment but significantly higher than all the other
zinc treatments, whereas it was minimum (18.0 g) in
control. The interaction between phosphorus and zinc
was also observed as significant in respect of fruit
weight (Fig. 1). The maximum fruit weight (24.0 g) was
recorded with 400 g P,O, and 200 g zinc sulfate per
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Figure 1. Effect of phosphorus and zinc on fruit weight of
ber.

plant and minimum (17.4 g) in control.

The zinc sulfate application upto 200 g per plant
also increased the pulp content significantly. It was
also observed that various zinc treatments could not
affect the stone weight and juice content of ber fruits
significantly. The possible reason for enhancement
in size and weight of fruits with soil application of
zinc sulfate might be due to the fact that zinc pro-
moted synthesis of tryptophan which serves as a pre-
cursor for auxin synthesis resulting in production of
higher metabolites. The results of the present inves-
tigation are in conformity with the findings in guava
(4) and in grapes (5).

Soil application of phosphorus and zinc sulfate
significantly improved the chemical attributes of ber
fruit quality (Table 2). Increasing levels of phospho-
rus significantly increased the total soluble solids,
however, the 400 and 600 g PO, per plant treatments
were ar par. The maximum total soluble solids (18.1%)
was recorded with 400 g PO, and 600 g PO, per plant,
whereas, it was minimum (16.9%) under control. All
the three levels of phosphorus (200, 400 and 600 g
PO /plant) significantly reduced the acidity over con-
trol. Minimum acidity (0.237%) was recorded in the
400 g P, O, per plant treatment, which was significantly
lower than other treatments except 600 g PO,
(0.243%). However, the maximum acidity (0.278%) was
registered under control. Further, among phospho-
rus treatments 400 g PO, per plant resulted in maxi-
mum TSS/acid ratio of 78.4, which was significantly
higher than the lower dose of phosphorus as well as
control (61.2) but at par with higher dose. The plants
receiving 400 g P,O, produced the fruits with maxi-
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mum ascorbic acid content (103.0 mg/100 g pulp),
which was statistically at par with 600 g PO, (101.9
mg/100 g pulp) but significantly higher than all the
other phosphorus treatments including control (89.0
mg/100 g pulp). The three levels of PO, (200, 400 and
600 g/plant) increased the total, reducing and non-
reducing sugars significantly over control. Maximum
total sugar (10.48%) and non-reducing sugar (5.60%)
contents were recorded in the fruits obtained from
the trees receiving 400 g P O, and minimum (9.35 and
4.90%, respectively) in control, whereas, reducing
sugar content was recorded maximum (4.95%) under
600 g PO, per plant treatment, however, the differ-
ences between 600 g and 400 g P O treatments were
non-significant. Increase in TSS and sugar content
with phosphorus application might be due to in-
creased vegetative growth and photosynthetic rate
as a result of which fruits accumulated more sugars.
Higher ascorbic acid content might be due to cata-
lytic activity of several enzymes which participate in
the biosynthesis of ascorbic acid. Secondly, phos-
phorus is an essential constituent of several enzymes
which have their important role in energy transfer,
carbohydrate and fat metabolism and respiration re-
sulting in quality improvement of the produce (6).
Phosphorus application decreased the acidity which
might be due to the increase in total soluble solids.
These results are in consonance with earlier findings
inber (2), in orange (7, 8) and in litchi (9).

Total soluble solids were significantly improved
by the increasing levels of zinc upto 200 g zinc sulfate
per plant treatment, thereafter, there was a slight de-
crease. The maximum total soluble solids (18.2%) were
obtained from the trees receiving 200 g zinc sulfate
which was statistically at par with 300 g zinc sulfate
treatment (18.1%) and minimum (16.9%) in control.
The acidity was observed minimum (0.241%) with the
application of 200 g and 300 g zinc sulfate per plant as
compared to 0.279% under control. It was also evi-
dent that zinc treatments significantly increased the
TSS/acid ratio over control. The differences between
the higher two doses of zinc sulfate (200 and 300 g/
plant) were not significant but these treatments gave
significantly higher TSS/acid ratio over all other zinc
treatments. Maximum ascorbic acid content of 101.7
mg per 100 g pulp was registered with 200 g zinc sul-
fate per plant, which was significantly higher than
lower dose and control, but statistically at par with
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higher dose of zinc sulfate. The minimum value of
88.0 mg per 100 g pulp was recorded under control. It
was also clear from the data that total sugar content
of fruits was significantly improved by different zinc
treatments. Maximum total sugar content (10.31%) was
obtained from the fruits of the trees supplied with 200
g zinc sulfate. The higher two levels of zinc sulfate
(200 and 300 g/plant) were statistically at par, whereas,
minimum values (9.43%) were recorded under con-
trol. Similar trend was also observed for reducing and
non-reducing sugar contents of ber fruits. This in-
crease in TSS, sugars and ascorbic acid content of
ber fruits by soil application of zinc sulfate might be
due to increased auxin synthesis, increased availabil-
ity and translocation of metabolites towards the de-
veloping fruits. Zinc also acts as a catalyst in the
oxidation and reduction processes and is of great
importance in the sugar metabolism (10). Zinc sulfate
application increased the concentration of chlorophyll
a and b, net photosynthetic productivity and caro-
tenoids, increased activity of peroxidase and increased
concentration of Fe and P, leading to increased accu-
mulation of sugars in fruits (11). The decrease in acid-
ity by zinc sulfate application might be due to accel-
erated conversion of organic acids into sugars dur-
ing the fruits maturity. These results are in confor-
mity with those in guava (4) and in grapes (5).
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