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Introduction
The ber (Zizyphus species), originated in India, China and Malaya 

regions, belongs to family Rhamnaceae which consists of 45 genera 
and 550 species. It is widely distributed in tropical and subtropical 
climates in the world.1 In India, major ber growing states are 
Madhya Pradesh, Bihar, Uttar Pradesh and Punjab. It is also grown 
in Maharashtra, Rajasthan, Tamil Nadu, Assam, Andhra Pradesh and 
West Bengal. It is the most ancient and common fruit cultivated in 
India. It has a long historic background and mentioned in Sanskrit 
literature as well. Being an ideal tree for arid and semi-arid regions 
due to its hardy and salt tolerant nature, the tree can grow in marginal 
lands. Ber fruit is a rich nutritional source for energy, protein and 
minerals. Jujube is one of the world’s most nutritious fruit rich in 
P, K, Fe, vitamin C and amino acids.2,3 Ber is one of the important 
component of agroforestry systems particularly in arid and semi-arid 
tropics. Agri-horti system comprising Zizyphus + mungbean provided 
fruit, fuel wood and round year employment even in below average 
rainfall year. Studies revealed that the yields of both jujube and the 
intercrops were higher than in monoculture.4

There are number of chemicals, growth regulators and commercial 
formulates available in the market which affects growth and yield of 
agricultural as well as horticultural crops. Recently, a new commercial 
formulate named HiFoliar nutrient, a blend of amino acids extracted 
from vegetables and being manufactured by HiMedia, which claims 
its effectiveness on growth and yield of agricultural as well as 
horticultural crops by using 300 g of the product in 100 liters of water. 
The amino acid ratio in HiFoliar nutrient is similar to the amino acid 
ratio in plant tissues. HiFoliar nutrient powder provides readymade 
source of amino acids (building blocks of protein synthesis) to the 
plants for growth. The foliar application of macro and micro-nutrients 
play a very important role in improving fruit set, productivity and 
quality of fruits. It has also beneficial role in recovery of nutritional 
and physiological disorders in fruit trees. Various experiments have 
been conducted earlier on foliar spray of micro-nutrients in different 

fruit crops and shown significant response to improve yield and quality 
of the fruits. Among different chemicals used in foliar applications, 
potassium nitrate (KNO3) is such chemical which affects growth and 
yield of vegetable and fruit crops.5–7 Keeping in view the remarkable 
effect of HiFoliar nutrient as reported by some researchers and 
effectiveness of potassium nitrate on growth and yield of vegetable 
and fruit crops, the present investigation was carried out with and 
without KNO3 to assess the efficacy of HiFoliar nutrient as well as 
KNO3 on fruit growth and yield of ber cv. Seo in semi-arid conditions 
of Central India. 

Materials and methods
The present investigation was carried out in two and half years 

old well maintained ber orchard established at research farm of 
ICAR-Central Agroforestry Research Institute, Jhansi during 2012 
and 2013. Geographically Jhansi is located at 250 27‌‌‌’ N latitude and 
780 35’ E longitude at an altitude of 271 meter above mean sea level 
and having semi-arid and sub-tropical climate with extremes of hot 
in summer. There is a gradual increase in daily temperature from 
April to May. The rainfall of this region is between 750 to 1100 mm, 
maximum mean temperature 32.50 C (480 C in the month of May) 
and minimum mean temperature 17.70 C (1.50 C in the month of 
January). For the study, three doses of HiFoliar nutrient (0.2, 0.3 and 
0.4%) and two concentrations of KNO3 (0.5 and 1.0% prepared every 
time fresh) were tested separately and in combinations along with 
one control wherein only water was sprayed. In total, 12 treatments 
(T1-HiFoliar 0.2%, T2-HiFoliar 0.3%, T3-HiFoliar 0.4%, T4-KNO3 
0.5%,T5-KNO3 1.0%,T6-HiFoliar 0.2%+KNO3 0.5%,T7- HiFoliar 
0.2%+KNO3 1.0%,T8- HiFoliar 0.3%+KNO3 0.5%, T9- HiFoliar 
0.3%+KNO3 1.0%,T10- HiFoliar 0.4%+KNO3 0.5%, T11-HiFoliar 
0.4%+KNO3 1.0% and T12- Control- water spray) were imposed on 
ber plants when the fruits attained the diameter of >15 mm (marble 
stage). The experiment was laid out in CRD with four replications and 
each treatment was having two plants. The plants were sprayed three 
times at the interval of fifteen days starting from December, 2012. 
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Abstract

The present study was carried out in a well established experimental field of Zizyphus 
mauritiana (ber) at ICAR-Central Agroforestry Research Institute, Jhansi during 2012 and 
2013, to assess the efficacy of foliar spray of amino acid based commercial formulate i.e. 
HiFoliar nutrient and potassium nitrate (KNO3) on fruit attributes and yield of ber cv. Seo 
in semi-arid tropics of Central India. The experiment, comprising of twelve treatments 
with four replications was laid out in completely randomized block design. The HiFoliar 
nutrient and potassium nitrate was sprayed three times at the interval of fifteen days starting 
in December and recorded observations on fruit yield and yield attributes. The findings 
revealed that in ber HiFoliar Nutrient is only effective when used with KNO3. In general, 
most of the fruit characters influenced by application of treatment T5 (KNO3 1.0%) and 
T11 (HiFoliar 0.4%+KNO3 1.0%) except pulp/stone ratio and TSS wherein treatment T9 
(HiFoliar 0.3%+ KNO3 1.0%) was most effective. The study concludes that three spray of 
treatment T5 (KNO3 1.0%) at the interval of fifteen days at marble stage of fruits enhances 
growth, fruit quality and yield of ber cv. Seo. 
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The observations were recorded on fruit and yield parameters such 
as fruit weight, fruit volume, fruit size, pulp weight, stone weight, 
pulp/stone ratio, total soluble solids (TSS), number of fruits and fruit 
yield. One-way ANOVA was performed using SPSS software version 
11.5 and the two way ANOVA using SYSTAT software version 11. 
The significance of the results was calculated at 5% level as per the 
procedure given by Gomez and Gomez (2010). 

Results and discussion
Data pertaining to fruit characters such as fruit weight (g), fruit 

volume (cc), fruit size (cm2), pulp weight (g), stone weight (g), pulp/
stone ratio and total soluble solids (0B) are presented in Figure 1A. 
The results are described in different sub-heads of fruit characters as 
below.

Fruit weight, fruit volume and fruit size 

Fruit weight was significantly higher in most of the treatment as 
compared to control (T12), except in T1, T6 and T10. Maximum fruit 
weight was obtained in T5 (21.92 g), followed by T3 (20.82 g), T11 
(19.84 g), T2 (18.99 g), T8 (18.25 g), T7 (18.20 g), T9 (17.89 g) and T4 
(16.96 g). Results revealed that most of the treatments have improved 
fruit weight but the degree of improvement differed with each other. 
Further, among the treatments showing better results over control, T4, 
T7 and T9 were the less effective than the rest of the treatments but 
were at par with each other. Fruit volume was also found statistically 
higher over control almost in all the treatments. Maximum volume 
was obtained in T5 (22.14 cc), followed by T3 (21.42 cc), T11 (20.00 
cc), T2 (19.99 cc), T8 (18.69 cc), T7 (18.35 cc) and T9 (18.28 cc) 
whereas it was recorded minimum in T1 (13.27 cc). As far as fruit 
size is concerned, T5 (10.95 cm2) was found statistically superior over 
other treatments and control (T12). Rest of the treatment did not affect 
fruit size and remained at par with control (T12).

Pulp weight, stone weight, pulp/stone ratio and total 
soluble solids (TSS)

All the treatments, except T1, T6 and T10 produced significantly 
higher pulp weight than control (T12). Treatment T5 (20.35g) was most 
effective but was at par with T2 (17.56 g), T3 (19.62 g), T8 (17.14 g) and 
T11 (18.46 g). The treatments T4 (15.74 g), T7 (16.93 g) and T9 (16.87 
g), though statistically better than control but were less effective than 
T5, T2, T3, T8 and T11. Minimum pulp weight was recorded in T1 (11.63 
g). Variation in stone weight was non-significant in all the treatments 
and found at par with control. However, T5 recorded maximum stone 
weight (1.52 g) among all the treatments. The minimum stone weight 
was obtained in T9 (1.01 g). The findings are in support of the results 
of Hegazi et al.9 who sprayed 4% and 2% KNO3 in olive and did not 
find significant differences in seed weight. In pulp/stone ratio, T9 was 
found statistically superior among all the treatments. In this treatment, 
pulp/stone ratio was 16.86. The other treatments which showed 
superiority over control were T3 (16.47), T4 (13.74), T5 (13.50), T7 
(13.37), T8 (15.71) and T11 (13.76) but found at par with T9 (16.86). 
The minimum pulp/stone ratio (9.22) was recorded in T12 (control). 
TSS was also found more (15.29 0B) in T9, followed by T3 (14.93 0B) 
and both the treatments were statistically superior over control (T12) 
and other treatments. Minimum TSS (11.81 0B) was observed in T6.

The results revealed that except pulp/stone ratio and total soluble 
solids, wherein treatment T9 recorded best result, remaining characters 
produced maximum value in treatment T5. The beneficial effect of 
potassium on growth, yield and fruit quality may be attributed to 
their vital role in stimulating cell division and cell elongation as well 
as the biosynthesis and trans-location of organic foods enhancing 

growth and fruiting of trees.10 These results are in agreement with 
those obtained by Elsabagh11 who reported increase in fruit weight, 
fruit size and pulp weight in date palm by spraying KNO3 and 
K2SO4 (1&2%) and H3BO3 (2000ppm), and advocated that it could 
be due to improving cell size or cell number by nutrient elements. 
The obtained results are in conformation with the results of Hegazi 
et al.9 They had reported that two spray of potassium nitrate at 4% 
concentration enhanced nutritional status of trees and improved the 
vegetative growth, reduced fruit drops and increased productivity, 
fruit quality and oil content. Yasin et al.12 pointed out that application 
of zinc and potassium was effective in improving the yield, quality 
parameters and reduced fruit drop of citrus fruits. Inglese et al.13 found 
that foliar application of KNO3, during the second and the third phase 
of olive growth improved the fresh weight and the flesh to pit ratio. 
Ben-Mimoum et al.14 reported that potassium fertilization improved 
yield and quality as well as fruit weight and flesh to pit ratio of olive. 
Sarrwy et al.15 concluded that foliar spray with potassium nitrate at 
3% increased fruiting and fruit quality as well as fruit oil contents in 
olive.

Fruit numbers (fruit retention) and yield

Data on fruits number and fruit yield (kg/plant) is depicted in 
Figure 1, which revealed that treatments had no significant effect on 
number of fruits per plant. Based on absolute value, the maximum 
number of fruits (226.63) was recorded treatment T2, followed by T11 
(219). Fruit yield per plant was significantly increased by the T2, T5 
and T11 as compared to T12 (control), being maximum value (4.338 
kg/plant) in T11 and minimum in T6 (1.760kg/plant). Maximum yield 
in T11 may be attributed to retention of fruits after spray (no further 
dropping of fruits). The results also revealed that HiFoliar nutrient 
is more effective when sprayed with KNO3 as compared to spray 
alone. This could be due to a synergistic effect by both HiFoliar and 
KNO3. The findings are in conformity with the results of Elsabagh11 
and Yasin et al.12 advocated that application of potassium improved 
yield and quality parameters, and reduced fruit drop in citrus whereas 
Elsabagh11 reported higher percentage of retained fruits due to KNO3 
and K2SO4 (1 and 2%) and H3BO3 (2000 ppm) application. Increase in 
the percentage of retained fruits due to potassium may be attributed to 
enhanced many metabolic processes such as carbohydrate,16 increase 
in nutrient uptake and sugar translocation as advocated by Hegazi 
et al.9 The present results are also in agreement with the results of 
Shahin17 and Khayyat et al.18 in date palm and of Stino et al.19 in 
mango. 

Characters association

Correlation matrix was worked out for assessing association of 
yield and yield attributes among them. Fruit weight had significant 
positive correlation with fruit volume (r= 0.998, p>0.01), fruit length 
(r= 0.817, p>0.01), fruit breadth (r= 0.819, p>0.01), fruit size (r= 
0.836, p>0.01), pulp weight (r= 0.998, p>0.01), pulp-stone ratio (r= 
0.670, p>0.01) and fruit yield (r= 0.573, p>0.01). Similarly, most 
of yield attributing characters (except stone weight) had significant 
positive correlations among themselves (Table 1). Fruit yield had 
significant positive correlation with fruit weight (r=0.573, p>0.01), 
fruit volume (r=0.597, p>0.01), fruit length (r=0.540, p>0.01), fruit 
breadth (r=0.510,p>0.01), fruit size (r=0.535,p>0.01), pulp weight 
(r=0.574, p>0.01), pulp-stone ratio (r=0.388,p>0.01) and fruit 
numbers (r=0.914,p>0.01). Stone weight did not show significant 
positive correlation with any of the characters (attributes) but had 
significantly negative correlation with TSS (r=-0.323, p>0.01) and 
pulp/stone ratio (r=-0.611,p>0.01). These findings are in conformity 
with the results of Abbasi et al. 20 They observed highly significant 
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positive correlations between yield and yield traits of okra by using 
Super-dawn, Agri-power and Unigrow-C (all foliar fertilizer products 
like HiFoliar). Kumar et al.7 also reported highly significant positive 
correlations between yield and other fruit characters by using HiFoliar 
nutrient and potassium nitrate in Zizyphus. The obtained benefits could 

be due to their multi-nutrient contents, which upon absorption by the 
leaf tissues improved the growth traits and resultantly increased yield. 
This notion is further supported by the highly significant positive 
correlations observed between different parameters studied. 

Table 1 Correlation matrix of fruit characters and yield attributes of ber (cv Seo) as influenced by spray of HiFoliar Nutrient and Potassium Nitrate (KNO3) 
in Central India

Fruit 
weight

Fruit 
volume

Fruit 
length

Fruit 
breadth

Fruit 
size

Stone 
weight

Pulp 
weight

Pulp/
stone 
ratio

Total 
soluble 
solids

Fruit 
numbers

Fruit 
yield

Fruit weight 1

Fruit volume .988** 1

Fruit length .817** .820** 1

Fruit breadth .819** .824** .874** 1

Fruit size .836** .842** .962** .971** 1

Stone weight .142 .173 .198 .158 .188 1

Pulp weight .998** .984** .811** .815** .831** .090 1

Pulp/stone ratio .670** .637** .478** .518** .504** -.611** .710** 1

Total soluble solids .317* .283 .234 .191 .212 -.323* .335* .491** 1

Fruit numbers .223 .256 .265 .233 .250 -.068 .226 .184 .101 1

Fruit yield .573** .597** .540** .510** .535** .039 .574** .388** .181 .914** 1

**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)

Figure 1 Efficacy of HiFoliar nutrient and potassium nitrate (KNO3) spray 
on fruit characters (A) and fruit numbers and yield of ber (cv Seo) in Central 
India (B). T1- HiFoliar 0.2%, T2- HiFoliar 0.3%, T3- HiFoliar 0.4%, T4- KNO3 0.5%, 
T5- KNO3 1.0%, T6- HiFoliar 0.2% +KNO3 0.5%, T7-HiFoliar 0.2%+KNO3 1.0%, 
T8 HiFoliar 0.3% +KNO3 0.5%, T9- HiFoliar 0.3%+KNO3 1.0%, T10- HiFoliar 
0.4%+KNO3 0.5%, T11- HiFoliar 0.4%+KNO3 1.0% and T12- Control.

Conclusion
The findings of the present investigation, apart from scientific 

value, have field implications for increasing yield and quality of ber 
fruits. The HiFoliar nutrient works only when it is used in combination 
with KNO3 (T11) whereas application of 1.0% solution of KNO3 (T5) 
only appear more effective as it produced comparable results with 
T11 in respect to most of the fruit characters. Thus, considering extra 
expenditure involved in treatment T11 by spraying HiFoliar nutrient 
in combination with KNO3, three spray of 1.0% solution of KNO3 
(T5) alone at the interval of 15 days from the marble stage of fruit 
is recommended for better fruit quality and yield of ber (Zizyphus 
mauritiana Lamk.) Cv. Seo in semi-arid region of Central India. 
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