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boron was studied for two consecutive years at an experimental farm, ICAR
Research Complex for NEH Region, Jharnapani, Nagaland. The different
concentrations of ZnSO4 (0.5, 1.0, and 1.5 %) and borax (0.25, 0.5, and 0.75 %)
were sprayed at pea, and marble stages of the fruit growth and water spray served as

control. Result indicated an increase of 2.5 % in final fruit set, 7.08 % in fruit
Key words. zinc sulphate, borax, retention, 2.95 % in number of fruits/tree, 8.01 % in yield, 3.9 % in fruit weight,
1.4 % in fruitlength and 1.27 % in fruit breadth with the application of 0.5% borax

T5) over control. Similarly, pulp content was higher by 0.84 % with lower stone
( y, pulp gher by

Amrapali mango, foliar application

content of 2.49 % in 0.5 % borax (T5) as compare to control. Regarding quality
parameters, application of ZnSO4 (1.0 %) indicated an increase of 0.71 % TSS, 2.02

% in total sugars and 5.47 % in TSS: acid ratio with 4.44 % lower acidity.

1. Introduction

Mango (Mangiferaindical..), an important fruit, is regarded
as the National Fruit of India due to its wide adaptability,
delicious taste, and high nutritional value. It is rich in
minerals, fibre, and vitamin A and C. The peel is rich in
dietary fiber and antioxidant pigments (Rocha et al, 2007;
Ajila and Prasada, 2008). In India, mango occupies an area of
2.2 million hectares, producing 21.8 million tonnes with 9.7
t/ha productivity (Anon., 2018). In Nagaland, mango is
cultivated in 640.0 ha with a total production of 4240.0
tonnes and productivity of 6.6 t’ha (Anon., 2018). The
productivity of mango in Nagaland is low when compared to
average national productivity. Nutrition deficiencies, poor
nutrient management, various stresses, etc., affect the yield
and quality of mango in Nagaland, of which micronutrients
are crucial factors for low productivity, especially Zn and B.
The Northeast India’s soil is acidic in nature and deficit in
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zinc (Zn), boron (B), and Molybdenum (Mo) due to high
rainfall, light texture, and high amount of iron (Fe) and
aluminium (Al) oxides, etc. (Singh, 2007). Ao and Sharma
(2020) reportedin their experiment that available B in the soil
of Nagaland is 0.52 mg kg-1. The Nagaland farmers follow
traditional farming practices and do not apply any fertilizers
and micronutrients such as Zn and B. Boron play a vital role
in reproductive cell growth and development, flower
initiation, and translocation of sugars (Masrooref al, 2016).
Zinc is another essential element involved metabolic process,
growth process, and synthesis of amino acids (Hegde and
Venkatesh, 2007). Deficiency of these vital elements leads to
low fruit set, abnormal fruit drop, fruit cracking, and poor
quality and ultimately affects the yield.

Heavy fruitdrop is a significant factor contributing to low
fruityield in mango orchards, and sometimes less than 0.1%
of fruit reach maturity (Chadha, 2003). Physico-chemical
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properties such as pulp content, total soluble solids, TSS: acid
ratio, total sugars, acidity are major contributing factors for
consumer acceptability of mango. Poor micronutrient
management is the primary factor for low productivity in
Nagaland. Application of Zn and B improved the fruit set,
yield, and quality in mango. Maximum fruit retention,
number of fruits per plant, yield per tree, and most Amrapali
mango fruit quality traits were observed with foliar
application of 0.5% borax (Bhowmick et al, 2012).
Similarly, Singh and Dhillon (1987) reported that
applying boric acid (500-5000ppm) improves the fruit
retention and most desirable physico-chemical quality of
mango. Daulata ef al (1981) and Bhowmick ef al (2012)
reported improvement in fruit quality of mango by applying
zinc sulfate. However, information on the effect of
micronutrients on mango in Northeast India is still lacking.
Keeping this in view, we attempted to study the impact of
micronutrients (Zn and B) on the yield and quality of mango
cv. Amrapali grown under the low hills of Nagaland, India.

2. Materials and Methods
The study was conducted at an experimental farm,
ICAR Research Complex for NEH Region, Jharnapani,

Nagaland (25°45'24" N and 93°50'26" E; and an altitude of
265 m MSL) for two consecutive years (2015 and 2016) on
five-year-old mango cv. Amrapali (a hybrid of Dashehari x
Neelum) planted at 3 x 3 m spacing. The experimental site
received an average of 164.32 cm rainfall annually, and the
mean maximum and minimum air temperature varied from

26.50 °C t0 34.00 °C and 11.10 °C to 24.80 °C respectively,
during the study period (Source: Automatic weather station of
the centre). The experiment was laid out in a Randomized
block design with three replications. The different
concentrations of ZnSO4 (0.5, 1.0, and 1.5 %) and borax
(0.25, 0.5, and 0.75 %) were sprayed at pea, and marble
stages of the fruit growth and water spray served as control.

The observations on initial fruit set, final fruit set,
fruit retention (%), fruit weight (g), number of fruits tree”,
fruit yield (kg tree™), total yield (tha™), TSS (Brix), titratable
acidity (%) and total sugars (%) were recorded. The fruit
retention was recorded by tagging ten uniform and healthy
panicles per tree from all directions at the fruit set stage. The
total number of fruits on tagged panicles of each tree was
counted at the pinhead stage and then at the harvest stage.
The fruit retention at harvest was calculated and expressed as
a percentage.

Fruit retention percentage =

Number of fruits retained
x100

Number of fruits set at initial stage

At the commercial harvest stage, the weight of each fruit was
recorded and multiplied by the average number of fruits
counted to record the yield. The TSS was recorded by using a
hand refractometer and expressed as °Brix. The percent
acidity and total sugars contents were estimated using the
A.O.A.C. (1984) method and Ranganna (1986). Data
collected on fruitretention, yield, and quality attributes were
statistically analyzed as per the methods suggested by Panse
and Sukhatme (1967) using MS Excel 2010.

3. Result and Discussion
3.1. Fruit retention and yield:

The data analysis revealed that no significant
changes between the two years were observed in the initial
fruit set and final fruit set. A slight increase in fruit retention
(%) was observed in the second year over the first year, and
the difference was not significant. The no. of fruits and yield
per tree significantly increased over the first year, which may
be due to tree growth and better micronutrient availability.
The pooled data in table 1 indicated that the initial fruit set
was higher in control than the rest of the treatments, while the
final fruit set was highest in the application of 0.5 % borax
(TS) which was 2.5 times higher over control. The fruit
retention, number of fruits/tree, and yield was higher by 7.08
%, 2.95 % and 8.01 % respectively in the application of 0.5
% borax (T5) over control. The reduction in fruit drop by
boron application might be due to the role of boronin causing
increased production ofauxin in fruit petiole or inhibition of
ethylene production (Malik and Singh, 2006 and Bibi et al,
2019). This result confirmed the finding of Rajput ef al.
(1976), who reported the lowest (98.36%) fruit drop
percentage with boric acid (0.8%) over control (99.13%) in
mango and Tripathi ef al. (2018) in aonla (fruit drop, 68.08
%) with borax @ 0.6%. Foliar spray of boron increases fruit
set and yields in several fruit trees species, such as almond,
prune, olive, and sour cherry (Slavko et al, 2001). This
increment of output might be due to the beneficial roles of
boron in the pollination process (Lee and Kim 1991) through
increased pollen grains germination and pollen tube
elongation, which consequently leads to higher fruit set and
yield (Abd- Allah, 2006). These results are in harmony with
Bhowmick ef al (2012) and Singh et al (2013).

3.2. Fruit physical characters:

Pooled data in Table 2 showed an increase 0f 3.9 %
in fruit weight, 1.4 % in fruit length and 1.27 % in fruit
breadth with 0.5% borax (T5) over control (T7). Similarly,
pulp content was better by 0.84% with minimum stone
content of 2.49 % with 0.5% borax (T5) as compare to
control. On the other hand, peel content was lower by 2.13 %
in 0.75 %borax (T6) in comparison with control which was

however, statistically at par with 0.5 % borax. These findings
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are consistent with those of Bhowmick etal (2012). Further,
Bhatia er al. (2001) reported that the application of 1.0%
boric acid resulted in the maximum fruit weight of guava.
The increase in fruit weight with the sprays of borax might be
due to the involvement of boron in hormonal metabolism,
increase in cell division and expansion of cell wall as well as
stimulate the fast mobilization of water and sugar in the fruit,
resulting in an increase in dry matter buildup within the fruit
(Bhatt et al, 2012).

3.3. Quality attributes:

All the fruit quality parameters such as TSS,
titratable acidity, total sugars, and TSS: acid ratio were found
significantly affected by zinc and boron application (Table 3).
Application of ZnSO4 (1.0 %) indicated an increase of 0.71%
in TSS, 2.02% in total sugars and 5.47% in TSS: acid ratio
against control which was statistically at par with values
obtained in 0.5 % borax ((T5). Similarly, acidity was lower
by 4.44% in treatment with ZnSO4 (1.0 %) as compare to
control. This increase in total soluble solids, total sugars, and
TSS: acid ratio with the lowest acidity by foliar application of
zinc sulphate might be because zinc plays an important role
in photosynthesis which leads to the accumulation of
carbohydrates and also regulated the activity of enzymes that
metabolized the carbohydrates into simple sugars. These
findings corroborated those of Bhowmick and Banik (2011)

in mango and Kumar efa/ (2018) in aonla.

4. Conclusion:

From the above observation, it may be concluded
that foliar application of borax at 0.5% is effective for
improving fruits' retention, yield, and physical parameters.
Biochemical parameters, on the other hand, were enhanced
with foliar application of ZnSO4 at 1.0%. Therefore,
combined borax at 0.5% and ZnSO4 at 1.0% may be
recommended to improve the yield and quality of mango cv.
Amrapali at lower hills of Nagaland.
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Table 1: Effect of zinc and boron on fruit retention and yieldof mango cv. Amrapalli

Initial fruit-set (no/panicle)

Final fruitset (no/panicle)

% of fiuits retained atharvest

No. of fruits/tree at harvest

Yield (tonnes/ha)

Treatments
[Tyear [ 27" year | Mean | 17 year | 27 year | Mean | I year 2 Mean |17 year [ 27 year | Mean | 17 year | 27 year | Mean
year

T1:ZnSO4 0.5% 23.07 20.93 21.90 1.58 1.49 1.53 6.85 7.12 6.99 33.50 48.60 41.05 10.31 14.59 12.45
T2:ZnSO4 1% 26.29 22.71 24.35 1.63 1.54 1.58 6.2 6.78 6.49 32.00 45.80 38.90 8.82 11.65 10.23
T3:ZnS04 1.5% 31.24 26.19 28.65 1.69 1.6 1.65 5.41 6.11 5.76 29.50 41.70 35.60 8.02 10.37 9.19
T4:Borax 0.25% 25.00 22.92 23.86 1.81 1.76 1.78 7.24 7.68 7.46 32.80 47.10 39.95 11.28 14.06 12.67
TS:Borax 0.5% 23.43 22.82 23.13 1.87 1.83 1.85 7.98 8.02 8.00 35.20 50.00 42.60 12.36 16.50 14.43
T6:Borax 0.75% 32.16 27.86 29.80 1.73 1.68 1.7 5.38 6.03 5.71 30.60 42.90 36.75 7.86 10.51 9.19
T7: Control 33.19 29.88 31.59 1.51 1.44 1.48 4.55 4.82 4.69 27.40 38.40 32.90 6.86 9.16 8.01
SEm =+ 0.44 0.38 0.43 0.006 0.005 0.005 0.06 0.06 0.05 0.04 0.05 0.44 0.33 0.35 0.23
CD (p=0.05) 1.08 0.95 1.01 0.05 0.05 0.04 0.21 0.22 0.20 1.30 1.32 1.31 1.22 1.28 1.24
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Table 2: Effect of zinc and boron on fruit physical characters of mango cv. Amrapalli

Treatments Weight (g) | Length(cm) | Breadth(cm) Pulp (%) Peel (%) Stone (%)

T1:ZnSO4 0.5%

303.99 8.70 5.95 70.58 14.50 14.92
T2:ZnSO4 1%

264.99 8.40 5.70 69.75 13.48 16.77
T3:ZnS04 1.5%

260.19 8.45 5.95 70.80 14.00 15.20
T4:Borax 0.25%

321.21 9.20 6.00 71.58 13.00 15.42
T5:Borax 0.5%

340.57 9.35 6.20 73.88 12.15 13.97
T6:Borax 0.75%

251.01 8.55 5.55 73.54 11.98 14.48
T7: Control

244.52 8.20 5.50 68.00 14.54 17.46
SEm +

3.61 0.06 0.05 0.06 0.05 0.05
CD(p=0.05)

11.13 0.21 0.16 1.50 1.38 1.42

Table 3: Effect of zinc and boron on biochemical composition of mango cv. Amrapalli
Treatments Total soluble solids Titratable acidity | Total sugars (%) | TSS: acid ratio
(°Brix) (%)

T1:ZnSO4 0.5% 18.75 0.24 14.25 78.13
T2:ZnSO4 1% 19.52 0.18 16.62 108.44
T3:ZnS04 1.5% 18.55 0.25 14.45 74.20
T4:Borax 0.25% 18.80 0.22 15.52 85.45
T5:Borax 0.5% 19.25 0.20 15.95 96.25
T6:Borax 0.75% 19.00 0.22 15.00 86.36
T7: Control 18.22 0.26 13.82 70.08
SEm + 0.06 0.004 0.05 2.08
CD(p=0.05) 0.19 0.05 1.20 6.41
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