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Field experiments were conducted during 2015-16 and 2016-17 to study the effect of
irrigation and N levels on growth and yield of onion (Allium cepa L.) in Himachal Pradesh.
Twelve treatment combinations comprising four irrigation level i.e. 4 cm irrigation at
IW/CPE ratio 1.2 (1,), 1.0 (I,), 0.8 (13), 0.6 (I4) and three N levels i.e. 75 (N;), 100 (N,) and
125 per cent (N3) of recommended dose of N, were replicated thrice in a Randomized
Block Design. Growth parameters viz. Bulb yield, number of leaves, leaf length, equatorial
diameter, polar diameter and TSS were at par under I, and I, levels and superior over |5
and I,. Among N levels, 125% of the recommended dose (N3) was found to be optimum as
it recorded significantly higher growth and yield of onion crop over N, and N; levels. The
combinations of irrigation and N levels viz. 1;N; and I,N; gave significantly higher bulb
yield (467.0 g ha™ and 435.5 q ha'l). The study has led to a conclusion that for
maximizing growth and yield of onion in Himachal Pradesh, 4 cm irrigation at 1.0
IW/CPE ratio and 125 per cent of recommended dose of N (I,N,) could be the best.

Introduction

Onion is an important crop of Himachal
Pradesh, but the productivity of the crop is
quite low owing to lack of assured availability
of irrigation water, sub optimal and
imbalanced use of fertilizer nutrients,
improper management of soil and water
resources and inadequate crop management
practices, weed control and plant protection
measures, etc. Among various factors
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involved, nutrient and moisture supply are
important inputs for realizing higher onion
yield. Irrigation scheduling is a critical
management input to ensure optimum soil
moisture regime for proper growth and
development as well as for optimum yield and
economic benefits. Well managed irrigation
can lead to increased vyields, greater farmer
profit, and significant water savings, reduced
environmental impacts and improved
sustainability of irrigated agriculture (Evett et
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al., 2011; Gill et al., 2011). It has been
documented that effect of irrigation and
nitrogen is negligible if proper irrigation
schedule is not followed. Irrigation
scheduling and nitrogen levels in accordance
with crop sensitivity to irrigation and
nutrients during the growing cycle can hide
the effects of other growth and yield affecting
factors, such as rainfall amount and
distribution pattern. Present study, therefore,
was undertaken to determine optimum
irrigation schedule and nitrogen level to
achieve higher productivity of onion in
Himachal Pradesh.

Materials and Methods

Field experiments were conducted during two
crop years (2015-2016) at the experimental
farm of Department of Soil Science and WM,
Dr YS Parmar University of Horticulture and
Forestry, Solan (HP). The soil (Typic
Eutrochrept) was gravelly loam in texture.
Salient physical and chemical properties of
the experimental soil of 0-15 cm depth were
pH 6.91, organic carbon (%) 0.93, available
N, P and K 245.30, 33.16 and 260.20 kg ha™,
respectively. Moisture retention at FC and
PWP were 24.05 and 7.5 per cent in 0-15 cm
depth, respectively. The experiment was laid
out with 12 treatments replicated thrice in
randomized block design. Recommended
dose (100%) of FYM, N, P, Os and KO is 25
t ha™, 125, 75 and 60 kg ha™, respectively,
and were applied as per the treatments of the
experiment in the form of Urea, single super-
phosphate and murate of potash. Entire dose
of FYM, P and K fertilizers was applied at the
time of field preparation. The N fertilizer was
applied in two split doses, first dose at the
time of transplanting and second dose one
month after transplanting and third dose two
months after transplanting.

Soil moisture contents in 0-7.5 and 7.5-15 cm
depths were determined before and 24 hours
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after each irrigation to know the moisture
regimes under different irrigation levels and
the data has been presented for both the years
of study. Plant growth parameters viz. Bulb
yield, number of leaves, leaf length,
equatorial diameter, polar diameter and TSS
were determined at the time of harvesting of
the crop. The bulb yield per hectare was
calculated on the basis of per plot yield.
The numbers of fully opened, grown and
green leaves were recorded and average
numbers of leaves per plant were worked out
from five randomly selected plants. The
length of leaves of five plants was recorded in
centimeter (cm) from bulb neck to tip of leaf
when held vertically and the average length of
leaf was worked out. The equatorial and polar
diameter was measured with the help of
Vernier caliper and was expressed in
centimetre (cm). Total soluble solids content
of fresh bulbs were recorded with the help of
hand refractometer and expressed as °Brix.
The data of each parameter for two crop
seasons (2015-16 and 2016-17) have been
presented.

Results and Discussion

Soil moisture contents before and after
irrigation

Maximum soil moisture contents was
noticed under I, (4 cm irrigation at 1.2
IW/CPE ratio) irrigation level which ranged
from 22.46-27.24 and 22.78-28.45 per cent
with mean values of 25.94 and 26.27 per
cent, which was slightly higher than the
field capacity during both the years (Table
1). Minimum soil moisture contents were
recorded in I, (4 cm irrigation at IW/CPE
ratio 0.6) irrigation level which ranged from
17.79-21.88 and 18.79-22.97 per cent with
mean values of 19.72 and 20.88 per cent,
which was 18.0 and 13.5 per cent lower
than the field capacity during the year 2016
and 2017, respectively. In 7.5-15 cm depth
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after irrigation mean values varied from

17.60-22.80 and 18.10-23.60 per cent
during the year 2016 and 2017,
respectively. Maximum soil moisture

contents were noticed under 1; irrigation
level which ranged from 18.14-24.32 and
19.74-25.12 per cent with mean values of
22.80 and 23.60 per cent, which were near
to field capacity during both the years of
study. Minimum soil moisture contents
were recorded in I, (4 cm irrigation at
IW/CPE ratio 0.6) irrigation level which
ranged from 15.78-19.12 and 16.48-19.72
per cent with mean values of 17.60 and
18.10 per cent, which were 26.8 and 24.7
per cent lower than the field capacity during
the year 2016 and 2017, respectively.
Higher soil moisture contents under I; and I,
irrigation level were due to frequent
irrigations, whereas, comparatively lower
moisture contents under I3 and 4 treatment
were due to longer interval between
successive irrigations. Higher  moisture
contents due to higher frequency of irrigations
did not show any visual stress on various
physiological processes, resulting in better
uptake of nutrients and finally increased plant
growth;  vyields attributes and vyield
(Kuchenbuch et al., 2006; Patel et al., 2008;
Kumari, 2013).

Bulb yield

Irrigation levels exerted significant impact on
bulb yield of onion (Table 2). Significantly
higher (407.8 q ha® and 410.7 q ha) and
lower (327.0 q ha™ and 307.8 q ha®) bulb
yield was recorded wunder Iy and Iq,
respectively as compared to other irrigation
levels, during both the years of study. Among
N levels, maximum bulb yield (406.5 q ha™
and 408.8 kg ha™) and minimum (336.8 q ha™
and 329.0 q ha*) was recorded under N3 and
N; levels, during both the years of study. In
case of interaction (IxN) significantly higher
bulb yield (462.7 g ha™ and 471.3 q ha™*) was
recorded under 1;:N3 and lower (306.0 q ha™
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and 290.7 q ha*) under I4,N; which was found
to be at par with 14N, (316.7 q ha™* and 305.3
q ha™) treatment combination during both the
years. Pooled analysis showed that the effect
of irrigation and N levels was significant and
the trend was almost similar during both the
years of study. Maximum (409.2 q ha™) and
minimum bulb yield (3174 g hal) was
recorded under I, and 14, respectively over
other irrigation levels, whereas maximum
bulb yield (407.7 g ha™*) and minimum bulb
yield (334.3 q ha™) was recorded under N3
and N, respectively as compared to other N
levels. In case of interaction of irrigation and
N levels (IXN) maximum bulb yield (467.0 q
ha™) was recorded under 1.2 IW/CPE ratio
and supplied with 125 per cent N (1;N3) and
minimum (303.7 q ha™) under 0.6 IW/CPE
ratio with 75 per cent N (I14N3).

Number of leaves

Data in Table 3 showed significant effect for
N levels while, non-significant for irrigation
levels and interaction effect (IXN) and the
trend was almost similar during both the years
(except in second year for irrigation level).
During the year 2016-17, under irrigation
levels, maximum number of leaves were
recorded with I, (12.3) and minimum (11.7)
under I4 level, which were statistically at par
with Iz and I, (11.8 and 11.9). Under N levels,
significantly higher number of leaves (10.3
and 12.5) were recorded with N3 and lower
(8.7 and 11.0) with Nj level, during both the
years of study. Pooled analysis of the data
showed that the effect of N was significant
and higher number of leaves (11.4) was found
under N3 and lower (9.9) was under N level.
The effect of irrigation and interaction (IxN)
was non-significant.

Leaf length
Irrigation and N levels exerted significant

effect on leaf length and the trend was almost
similar during both the years (Table 4). Under
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irrigation levels maximum (39.29 and 42.62
cm) and minimum (29.93 and 32.60 cm) leaf
length was recorded under 1; and g,
respectively as compared to other irrigation
levels, during both the years of study. Among
N levels, significantly higher (37.32 and
39.43 cm) and lower (33.67 and 35.88 cm)
leaf length was recorded under N3 and Nj
levels during both the years of study. In case
of interaction (IxN), maximum leaf length
(41.33 and 45.27 cm) was recorded under
I:N3 during both the years, which was
statistically at par with 1,N3 (40.33 cm) during
the year 2015-16, whereas minimum (29.00
and 31.87 cm) under I14N; during both the
years, which was found to be at par with 13N,
(30.20 cm) in 2015-16 and 14N, (32.67 cm)
and I4;N3 (33.27 cm) in 2016-17. Pooled
analysis showed that the effect of irrigation
and N levels was significant. Under irrigation
levels, significantly higher (40.96 cm) leaf
length was recorded with I, and lower (31.27
cm) with 1, level. Among N levels,
differences were significant and maximum
leaf length (37.21 cm) was recorded with 125
per cent N level (N3) and minimum (30.43
cm) with 75 per cent N level (N;). The
interaction effect (IxN) was significant and
maximum leaf length (43.30 cm) was
recorded with I;N3 and minimum (30.43 cm)
under I4N; treatment combination which was
at par with 14N (31.43 cm).

Equatorial diameter

Effect of irrigation and N levels during both
the years was significant (Table 5). Under
irrigation levels significantly higher (4.28 and
464 cm) and lower (3.74 and 3.77 cm)
equatorial diameter was recorded under I, and
l4, respectively over other irrigation levels,
during both the years of study. Among N
levels, maximum (4.17 and 4.53 cm) and
minimum (3.80 and 3.93 cm) equatorial
diameter was recorded under N3 and N; levels
during both the years of study. In case of
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interaction (IXxN) maximum (4.52 and 4.98
cm) equatorial diameter was recorded under
I1N3 during both the years, which was
statistically at par with 1,N3 (4.89 cm) during
the year 2016-17, whereas minimum (3.57
and 3.63 cm) under I4;N; during both the
years, which was found to be at par with 14N,
(3.81 cm), I4N3 (3.86 cm) and I3N; (3.74 cm)
in 2016-17. Pooled analysis showed that the
effect of irrigation and N levels was
significant. Under irrigation levels,
significantly higher (4.46¢cm) and lower (3.75
cm) equatorial diameter was recorded with 1y
and 1, levels, respectively. Among N levels,
differences were significant and maximum
equatorial diameter (4.35 cm) was recorded
with 125 per cent N level (N3) over N, (4.14
cm) and minimum (3.86 cm) with 75 per cent
N level (N;). The interaction effect (IxN) was
significant and maximum equatorial diameter
(4.75 cm) was recorded with I;N3 and
minimum (3.86 cm) under I4N; treatment
combination.

Polar diameter

Irrigation and N levels exerted significant
effect on polar diameter and the trend was
almost similar in both the years (Table 6).
Under irrigation levels, significantly higher
(4.39 and 4.65 cm) and lower (3.80 and 3.82
cm) polar diameter was recorded under I; and
l4, respectively over irrigation levels, during
both the years of study. Among N levels,
significantly higher (4.23 and 4.56 cm) polar
diameter was recorded under Nz and
minimum (3.89 and 3.95 c¢cm) was recorded
under Nj, during both the years of study. The
effect of interaction (IxN) was significant and
the trend was almost similar for both the
years. Maximum polar diameter (4.61 and
4.98 cm) was recorded under 1.2 IW/CPE
ratio with 125 per cent N (I;N3), and
minimum (3.63 and 3.63 cm) under
0.6IW/CPE with 75 per cent N (14N;) during
both the years of study. Pooled analysis for
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this trait showed that the effect of irrigation
and N levels was significant (Table 6). Under
irrigation levels, significantly higher (4.52
cm) polar diameter was recorded with I and
minimum (3.81 cm) with I, level. Under N
levels, differences were significant and
maximum polar diameter (4.40 cm) was
recorded with N3 and minimum (3.92 cm)
with Nj level. The interaction effect (IxN)
was significant and maximum polar diameter
(4.79 cm) was recorded with 1.2 IW/CPE
ratio and supplied with 125 per cent N (11N3)
and minimum (3.63 cm) under 0.6 IW/CPE
ratio with 75 per cent N (I4N,).

The highest number of leaves, leaf length,
bulb size and yield at irrigation levels I; and I,
might be due to optimum soil moisture
regimes (Table 1) throughout the growing
period which might have facilitated greater
nutrient uptake and proper soil physical
environment to help the plants to put forth
better vegetative growth, leading to higher
bulb growth and yield. The present results are
in accordance with the earlier findings of
Lorenz and Maynard (1980), Adentuji (1990)
and Lingaiah et al., (2005) and Bungard et al.,
(1999) in onion. They reported that the water
is an essential component of photosynthesis
and plays a key role in transpiration, stomatal
opening and growth and expansion of leaves.
In the present findings also, better
performance of all the components as a result
of optimum soil moisture provided by
appropriate quantity of water at desired
interval might have resulted in steady active
plant growth and maximum possible yield.
Rathore and Singh (2009) also emphasized
the importance of irrigation at appropriate
time as plant tissue contains more than 95 per
cent of water which should be maintained for
keeping the plant photosynthetically active
resulting in proper growth and development
and ultimately yield. Higher vyield and
biological yield attributes (bulb size and
number of leaves) of onion in N3 might be
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due to complete solubility, mobilization and
availability of N at regular interval in required
quantity due to split application. Similar
results were also reported by Sharma et al.,
(2009) in onion, Gulsum et al., (2010) in
lettuce, Goudra and Rokhade (2001) in
cabbage, Alam et al., (2010) in carrot, Singh
et al.,, (2010) in potato and Tolga et al.,
(2010) in broccoli. Favourable effects of N on
yield of tomato and eggplant have also been
reported by Hegde and Srinivas (1989), Pal et
al., (2002) and Rahman et al., (2007). The
reasons suggested for such a response was
that optimum N application increased growth
parameters, which in return synthesized more
plant metabolites thereby increased crop
yield.

The interaction effect of irrigation and N
levels on yield and biological yield attributes
of onion was found to be significant (Table 2-
6). These increased with higher frequency of
irrigation and increasing N levels. The
response of yield to high amounts of water
and N application could be attributed to the
favorable effect on the availability of
nutrients to the plant roots, which improves
the growth of the crop. Significant increase in
yield due to higher N application might also
be due to increased photosynthesis as N is a
major constituent of chlorophyll molecule
which  plays an important role in
photosynthesis.  Increased  photosynthesis
results in accumulation of carbohydrates in
the bulb and ultimately enhanced the plant
growth and hence the yield [Neerja et al.,
(1999) in onion and Kemal (2014) in shallot].
These results further get support from the
findings of Sanchez (2000) in lettuce, Goudra
and Rokhade (2001) in cabbage, Rahman
(2007) in tomato and Bozkurt et al., (2011) in
cauliflower. Better expression of growth and
yield under higher quantum of irrigation and
N were also reported by Singh et al., (2010)
in potato because of complimentary effect of
nutrient availabilities to the plants.
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Total soluble solids

Effect of irrigation and N levels on TSS was
significant. Under irrigation levels
significantly higher (12.27 and 12.36 °B) TSS
was observed in I during both the years,
which was found to be at par with I, (12.22
°B) in the year 2015-16, and lower (11.56 and

10.13 °B) TSS was observed under 1 during
both the years, which was found to be at par
with 13 (11.71 °B) during the year 2015-16. In
case of interaction (IxN) highest TSS (12.80
and 12.81 °B) was recorded under 1;N3, which
was at par with 1,Nzand 13N, (12.67 and 12.65
°B) during 2015-16 and I,N3 and I1N; (12.67
°B and12.33 °B) during 2016-17 (Table 7).

Table.1 Effect of irrigation levels on soil moisture contents (0-7.5 cm and 7.5-15 cm depths)
during the year 2016 and 2017

Treatments Moisture contents (%,w/w)
0-7.5 cm depth 7.5-15 cm depth
Before After Before After
irrigation irrigation irrigation Irrigation
I; Range 2016 10.92-16.44 22.46-27.24 11.44-17.62 18.14-24.32
2017 11.77-16.69 22.78-28.45 12.52-17.92 19.74-25.12
Mean 2016 14.96 25.94 16.22 22.80
2017 15.10 26.27 16.46 23.60
I, Range 2016 10.22-14.08 21.12-26.84 11.14-15.96 18.14-23.94
2017 = 10.52-14.12 21.26-27.14 11.84-15.76 18.66-24.24
Mean 2016 13.12 24.14 14.20 21.86
2017 13.24 24.58 14.16 22.26
I; Range 2016  10.02-13.12 20.88-24.24 10.08-13.34 17.16-21.16
2017 10.16-13.18 20.18-24.44 10.84-13.74 17.46-21.96
Mean 2016 11.04 22.48 12.36 18.86
2017 11.12 22.84 12.64 19.18
I, Range 2016 9.84-11.22 17.79-21.88 9.96-12.54 15.78-19.12
2017 9.64-11.04 18.79-22.97 10.06-12.87 16.48-19.72
Mean 2016 10.48 19.72 11.24 17.60
2017 10.34 20.88 11.46 18.10
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Table.2 Effect of irrigation and N levels on bulb yield (q ha™)

Treatments 2015-16 2016-17 Pooled

BN

h w0 | w07 a7 | dre| 7| 60| 4713 | 407 | 23| 83| 0| 092

|
| w7 00| 3| wer| 500 03| 3| 36| 223 | Mer| 63| 21
|

EuE ) |
Mewn | wmee | 326 4065 54| 290 | %05 | 4098 | 61 | 3343 | 3553 | 40T | 3666

| w2 ] | | ns[ | | | 7] ]

IxN 17.7 23.3 12.4

I1: (1.2 IW/CPE ratio), I2: (1.0 IW/CPE ratio), 13: (0.8 IW/CPE ratio), 14: (0.6 IW/CPE ratio)
Ni: 75 % of recommended dose of N, N2: Recommended dose of N, N3: 125 % of recommended dose of N

Table.3 Effect of irrigation and N levels on number of leaves

Treatments 2015-16 2016-17 Pooled

| | |

IXN NS NS NS

l1: (1.2 IW/CPE ratio), I2: (1.0 IW/CPE ratio), I3: (0.8 IW/CPE ratio), l4: (0.6 IW/CPE ratio)
N1: 75 % of recommended dose of N, N,: Recommended dose of N, N3: 125 % of recommended dose of N

Table.4 Effect of irrigation and N levels on leaf length (cm)

Treatments 2015-16 2016-17 Pooled

| | |
| | |

wen | we | 0| wa | mw | i) wma | e ws| e 2| o2

l1: (1.2 IW/CPE ratio), I2: (1.0 IW/CPE ratio), I3: (0.8 IW/CPE ratio), l4: (0.6 IW/CPE ratio)
N1: 75 % of recommended dose of N, N2: Recommended dose of N, N3: 125 % of recommended dose of N
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Table.5 Effect of irrigation and N levels on bulb equatorial diameter (cm)

Treatments 2015-16 2016-17 Pooled

| |

L 40 4% 45| 47 | 430 43| 4%8 | 464 | 417 | 44 | 415 | 4k

ECRECY |

3 ser 4o | as |34 4o | 43 | 40 |ar5 | 4@ | 423 | 400
| |

|
Wean | 380|404 | 41| 400 | 393 | 428 | 453 | 473 | 3% | 414 | 4% | 412
I I I |

11: (1.2 IW/CPE ratio), I2: (1.0 IW/CPE ratio), 13: (0.8 IW/CPE ratio), 14: (0.6 IW/CPE ratio)
Ni: 75 % of recommended dose of N, N2: Recommended dose of N, N3: 125 % of recommended dose of N

Table.6 Effect of irrigation and N levels on bulb polar diameter (cm)

Treatments 2015-16 2016-17 Pooled

L 417 4% 46| 43| 433 | 463 4% | 465 425 451 470 450
e 0| 410 | 4xs 00| 575 | 405 30| 405] oor| 40| 420 ] 4]
e[ 00 413 4z a0 s | 43| 50| 4] vir| 4] 40| &1
--m------m-—

I1: (1.2 IW/CPE ratio), I2: (1.0 IW/CPE ratio), 13: (0.8 IW/CPE ratio), 14: (0.6 IW/CPE ratio)
Ni: 75 % of recommended dose of N, N2: Recommended dose of N, N3: 125 % of recommended dose of N

Table.7 Effect of irrigation and N levels on TSS (*Brix)

Treatments 2015-16 2016-17 Pooled

| | |
1| 0e7| 1200|1247 | D71 1089 | 1127 | 1180 | 1120 | 1060 | 1163 | 1213 | 116
| | |

Men | 103 1213 1265 | 1198 | 1082 | 1123 | 1203 | 113 | 1084 | 168 | 123 | L6z
| | |
[ Jom | | Jom| | | [om |

l1: (1.2 IW/CPE ratio), I2: (1.0 IW/CPE ratio), I3: (0.8 IW/CPE ratio), l4: (0.6 IW/CPE ratio)
Ni: 75 % of recommended dose of N, N2: Recommended dose of N, N3: 125 % of recommended dose of N
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Lowest (10.47 and 9.60 °B) TSS was recorded
under I4N; during both the years, which was
at par with I3N; (10.67 °B) during 2015-16
and 14Nz (9.93 °B) during 2016-17. Pooled
analysis showed that the effect of irrigation
and N levels was significant. Under irrigation
levels, significantly higher TSS (12.31 °B)
was recorded with I, and lower (10.84 °B)
with 14 level. Under N levels, differences were
significant and highest TSS (12.34 °B) was
recorded with 125 per cent N level (N3) over
N, (11.68 °B) and minimum (10.84 °B) with
75 per cent N level (N;). The interaction
effect (IXN) was also statistically significant
and higher TSS (12.80 °B) was recorded with
irrigation at 1.2 IW/CPE ratio and supplied
with 125 per cent N (I;N3) which was at par
with ;N3 (12.67 °B) and minimum TSS
(10.03 °B) under 0.6 IW/CPE ratio with 75
per cent N (I3N3).

Change in TSS with irrigation may probably
be due to fulfillment of crop water demand
and better utilization of nutrient under
optimum moisture availability. The results are
in consonance with the findings of Chopade et
al., (1998) and Fatideh and Asil (2012) in
onion.

The study has led to a conclusion that for
maximizing growth and yield of onion in
Himachal Pradesh, 4 cm irrigation at 1.0
IW/CPE ratio and 125 per cent of
recommended dose N (I2N3) could be the
best.
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