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ABSTRACT
Among various treatments, combined application of Boron and Zinc @ 15 kg ha-1 each exhibited

better response than alone soil and foliar application either of Zn and B and their combinations. This
treatment also proved better in improving growth, yield and quality than other treatments including
control i.e. recommended dose of NPK alone. The plants supplied with 15 kg ha-1 of B and Zn each @ of
15.kg ha-1 recorded significantly higher knob yield (390.50 q ha-1) followed by 382.17 q ha-1 when B @ 10
kg ha-1 + Zn @ 15 kg ha-1 was applied and 357.77 q ha-1 when B @ 15 kg ha-1 + Zn @ 10 kg ha-1 was
applied. The higher dose of both B and Zn decreased the growth, yield and quality of Knolkhol. These
treatments also exhibited higher values for growth, yield and quality traits. The knob quality in respect
of TSS and ascorbic acid content were also enhanced appreciably in these treatment combinations.
The combined foliar and soil application of zinc @ 100 ppm and 15 kg ha-1 respectively, took more days
(59.66) to marketable maturity. However, soil application of B @ 15 kg ha-1 or combined foliar and soil
application of B @ 100 ppm and 15 kg ha-1, respectively, recorded 57.33 days to marketable maturity.
Economic studies indicated that treatment combination of foliar application of B and Zn @ 100 ppm
each was most profitable with maximum benefit cost ratio of 4.34. However, the treatment which produced
higher yielding treatment (B and Zn @ 15 kg ha-1 each) gave the benefit cost ratio of 1.35. The higher
values for growth, yield and quality attributes were also recorded in the plants which were supplied
with basal application of B and Zn @ 15 kg ha-1 each. Hence, for getting maximum profits one should go
for foliar application of both B and Zn @ 100 ppm each, whereas for harnessing better growth yield and
quality apply B and Zn @ 15 kg ha-1 each in the soil.
Key words: Boron, zinc, growth yield, quality, knolkhol.

INTRODUCTION
Knolkhol (Brassica Oleracea var. gongylodes L.) is

an important cole crop and widely, cultivated in West
Bengal, Jammu and Kashmir, Punjab and Karnataka
(Nath et al., 10). In Kashmir, it is a traditional vegetable
crop and is under cultivation since ancient time. Besides
having anticarcinogemic properties (Thamburaj and
Singh, 18), it is a good source of minerals (Ca, P, K, Se,
Fe, I, Mg) and Vitamins (A and C) (Nath, et al. 10). With
increasing population, the demand of knolkhol has
significantly increased, but the production, productivity
and quality has remained low both in the country as well
as in the state as compared to developed country, mainly
due to poor nutrition and cultural management practices
together with deficiency of some micro and macro-
nutrients in the production layer of soil. Like
macronutrients, micronutrients are also important in

growth and development of crop plant. Among the
macronutrients, Boron (B) and Zinc (Zn) are essentially
required by plants for normal growth, development and
quality of knolkhol plants and knobs. In general, Kashmir
soils are deficient in boron and zinc, which is one of the
major causes of low yield and poor quality of knolkhol.
The increase in cropping intensity and changes in the
soil and fertilizer management practices have altered
the B and Zn status of the soils, hence boron and zinc
fertilization in deficient soils needs careful attention. So
far no any efforts have been made on the effect of boron
and zinc on yield and quality of knolkhol under Kashmir
conditions. In the light of the above background, this
study was taken up to find out the optimum dose and
best combination of B and Zn and their method of
application for obtaining high quality knob yield of
knolkhol cv. ‘Early White Veinna’ under agro-climatise
conditions of Kashmir.
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MATERIALS AND METHODS
A field experiment was conducted at Vegetable

Experimental Farm, Sher-e-Kashmir University of
Agricultural Science & Technology of Kashmir, Shalimar
Campus, Srinagar (J&K) during Rabi 2004-05. The test
crop (Knolkhol cv. Early White Veinna) was planted at a
spacing of 30 x 20 cm. The Physico-chemical
composition of soil (0-15 cm) was: clay 33.60%, silt
41.90% and sand 23.60%, 6.5 pH, electrical conductivity
(EC) 0.30 dsm-1, organic carbon 1.4 percent, available
N 230.00 kg/ha-1, available P2O5 22.00 kg/ha-1, available
K2O 186.50 kg/ha-1, available Boron (B) 0.37 ppm and
available zinc (Zn) 0.149 ppm.. A total of 17 treatment
viz, T1-Control (RFD-15t FYM, 125 kg, 50 kg P2O5 and
60 kg K2O2/ha). T2-foliar spray B @ 100 ppm, T3-sparay
of Zn @ 100 ppm, T4-spray of B and Zinc @ 100ppm
each, T5-soil application of B @ 10kg/ha, T6 application
of B @ 15 kg/ha, T7-application of Zn @ 10 kg/ha, T8-
application of Zn @ 15 kg/ha, T9-application of B and Zn
@ 10 kg/ha each, T10-application of B @ 10kg/ha and
Zn @ 15 kg/ha, T11-application of B @ 15 kg/ha, T12-
application of B and Zn @ 15 kg/ha each, T13- foliar and
soil application of B @ 100 ppm and 10 kg/ha, T14-folial
and soil application of B @ 100 ppm and 15 kg/ha, T15-
foilar and soil application of Zn @ 100 pm and 10 kg/ha,
T16-foliar and soil application of Zn @ 100 ppm and 15kg
/ha, T17-foliar application of B @ 10 kg/ha were taken
into consideration under randomized block design with
three replications. The boron was supplied in the form of
boresx as soil application and boric acid as foliar spray,
while zinc was applied in the form zinc shulphate both
as soil and foliar application. The soil application was
done before transplanting whereas as foliar spray was
done 30 days after transplanting the crop. A basal
recommended dose of 15 t FYM/ha, 125 kg N/ha, 50 kg
P2 O5/ha and 60 kg K2O ha-1 were also applied and the
crop was transplanted on 1st October 2004. Observations
on different growth yield and quality traits are recorded
on ten randomly selected plants from each treatment in
every replication eliminating the border effect and
analysed statistically as per the standard procedures
to test the significance. Total soluble solids content in
fresh knob was determined with help of hand
refractomets, whereas Vitamin C content was estimated
by 2, 6 dichlorophenol indophenols visual titnation
method (AOAC, 2).
RESULTS AND DISCUSSION

The application of boron and zinc either alone or in
combination through soil or foliar or both exhibited non
significant effect on days to marketable maturity. A
minimum of 57.33 days were taken to marketable
maturity with the soil application of B @ 15 kg ha-1 and

both soil and foliar application of B @ 15 kg ha-1 and 100
ppm, respectively (Table 1). This might be due to
counteract effect of N (Mehrotra and Mishra, 7).

Growth expressed in terms of number of leaves plant/
plant, leaf length and area and most of the treatments
showed significant difference for these traits over control
(Table 1). The combined application of boron and zinc
either in soil or foliar or both soil and foliar increased the
values of growth attributes over control. The plant
received both boron and zinc @ 15kgha-1 each, exhibited
maximum number of leaves plant-1 (16.18), leaf length
(18.31 cm) and leaf area (171.60 cm2) which were
significantly superior over other treatments except
treatment combination of 10 kg B +15 kg/ha Zn as soil
application which were found statistically at per with each
other. These results are in line with those of Thakur et.
al (18) and Singh (14) in cauliflower, and Anonymous (1)
in Cabbage. Mishra (9) suggested that boron has
beneficial effect on vegetative parameters of cauliflower
thereby increased the member of leaves with the
increasing dose of boron. According to Devlin (6) and
Tisdale and Nelson (19), enhanced plant growth with
the combined application of B and Zn might be due to
the role of boron in transaction of carbohydrates and
uptake of other elements. Infact individual and combined
application of boron and zinc in both the form increased
the growth parameters over control however, combined
soil and foliar application of any one (either B or Zn)
decreases the values of growth parameters, and indicated
that the increased dose of either boron or zinc or both
significantly decreases the values of most of growth
parameters. This might be due to toxic effect of excessive
application of boron and zinc (Nieuwhoff, 11, Randhawa
and Bhail, 12).

The basal application of B and Zn @ 15 kg ha-1 each
exhibited significant superiority over other treatments,
for gross weight of plant, knob diameter, knob volume,
net weight of knob and knob yield The increase in knob
yield might be due to increase in gross weight of plant,
knob diameter, knob volume and net weight of knob.
Mehratna and Mishra (7) and Chakraborty (5) also
observed positive effect of Boron application in seasoning
cauliflower curd yield. Similarly, zinc also played role in
enhancing curd yield in cauliflower as reported by Balyan
et al. (4), Singh et al. (15), Balyan and Singh (3) and
Singh and Singh (16). This treatment recorded 338.69 g
of gross plant weight 201.35 g net knob weight, 8.36 cm
knob diameter and 294.79 cc knob volumes, whereas
control recorded only 214.60 g gross plant weight, 109.5
g net knob weight, 5.06 cm knob diameter and 221.52
cc knob volume. Data further reveals that application of
boron or zinc alone or in combination at all levels showed
significant superiority for most of the yield attributes over
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control and combined soil and foliar application of either
boron or zinc or both. Further it was observed that the
combined soil and foliar application of either boron or
zinc decreased the gross weight of plant, knol diameter,
net weight of the knob and knob yield. The useful role of
Boron and Zinc in knob yield of Knolkhol has been
reflected in the form of significant increase of characters
viz, gross weight of plant knob diameter, knob volume
and net weight of the knob (Table 1). Both boron and
zinc appeared to be more effective in increasing the
aforesaid yield attributes. The alone and combined
application of these micronutrients in any form increases
the yield parameters of Knolkhol significantly. Enhanced
plant growth with the combined application of boron
might be due to the translocation of carbohydrates and
uptake of other elements as reported by Devlin (6),
Tisdale and Nelson (19), and synergetic effect of B and
Zn. However, the increase dose of either of B or Zn
decreased the values of yield parameters, might be due
to toxic effect of higher dose of B and Zn (Nieuwhoff, 11,
Randhawa and Bhail, 12).

The quality parameters like total soluble solids (TSS)
and Vitamin C content in knolkhol were significantly
influenced with the application of boron and zinc. These
were increased with the application of either of boron or
zinc or their combination in any form but decreased with
the combined soil and foliar application of any one of
this micronutrient (Table 1). The maximum of T.S.S.
(7.19oB) and Vitamin C contents (53.26 mg 100g) were
recorded in the knobs of plants supplied with the basal
dose of boron and Zinc @ 15kg/ha each followed by
treatment combination of 15 kg ha B + 10 kg ha Zn and
10 kg ha B + 15kg ha Zn which recorded 7.16, 6.90o B
T.S.S. and 52.16, 51.71 mg 100-1 g Vitamin C content
respectively. All these three treatments were significantly
superior over control as well as most of other treatments
for both the traits, but statistically at par with each other
for T.S.S. content, whereas highest Vitamin C content
treatment was statistically at par with only the treatment
combination of B @ 10 kg ha +Zn @ 15 kg ha. The
increase in T.S.S. and Vitamin C content by the
application of boron and zinc might be due to synergistic
effect of boron and zinc. Mehrotra et al (8) also recorded
increased Vitamin C content in Cauliflower with the soil
as well as foliar application of boron. Similarly, Sindhu
and Tiwari (13) also recorded high T.S.S. and ascorbic
acid content in onion bulb with the application of boron
and zinc. Further, it was noticed that the combined soil
and foliar application either of boron or zinc decreased
the T.S.S. and Vitamin C content, might be due to toxic
effect of heavy dose of these elements on growth, yield
and quality attributes of the crop (Nierewhop, 1969,
Randhawa and Bhail, 1976).

The cost of cultivation of knolkhol varied from Rs.
33,446 (in control) to Rs. 87120/ha (in soil application of
both B and Zn @ 15 kg /ha each). Owing to the use of
different doses and sources of micronutrients, the cost
of production was the lowest of Rs. 75.15 q-1 of produce
for the plots which sprayed with both the B and Zn @
100 ppm each, the same treatment also fetches
maximum net return (Rs. 151935 ha) with the highest
B: C ratio of 4.34, whereas the gross return was
maximum (Rs. 205042 ha) in the treatment contribution
of soil application of both B and Zn @ 15 kg /ha-1 each,
which is not only highest yielding one treatment but also
recorded higher values for other growth, yield and quality
traits under study. Unfortunately the highest yield and
better quality were recorded in the same treatment but
its B: C ratio is very poor i.e. 1.35. Hence, for getting
maximum benefit, one show spray the knolkhol crop
with B and Zn @ 100 ppm each. While for harnessing
better yield and quality of knolkhol, soil application of B
and Zn @ 15 kg /ha each is suggested under Kashmir
conditions.
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