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Abstract

Aim: To assess the performance of winter potato (Solanum tuberosum L.) variety Kufri Megha, under real time based irrigation scheduling, i.e., ratio of
depth of irrigation water to cumulative pan evaporation in mid hills of Meghalaya during winter season of 2016-17.

Methodology: Afield trial with three different irrigation scheduling as main-treatments, viz., IW: CPE-0.75 (1), IW: CPE-1.00 (1,) and IW: CPE- 1.25(1,),
four different dates of planting, viz., 1* November (D,), 11" November (D,), 21% November (D,) and 1% December (D,) was laid out and replicated thrice.
Irrigation was provided with a micro sprinkler irrigation system and was laid out in split plot design.

Results: The plants planted on 11"

November and irrigation scheduled at Water Management

IW: CPE-1.25 recorded higher values ‘
for plant height (cm), number of
branches per plant, leaf area index, dry Irrigation scheduling (IW : CPE)
matter accumulation per plant, net ‘
assimilation ratio, crop growth rate, - —
relative growth rate, tuber yield (t ha™), Sprinkler Irrigation
haulm yield (t ha™), harvest index (%), _ ___1 _ _
water use efficiency and benefit cost ‘v ‘v ly ‘
ratio over other treatments. Growth parameters Physiological parameters Yield parameters ~ Water use
Interpretation: It can be * Plant height * Net assimilation ratio * Tuber yigld efficiency
recommended that by following + Leaf area index . + Crop growth rate * Haulm y!eld

* Dry matter accumulation + Relative growth rate * Harvest index

climatological approach of cumulative
pan evaporation for irrigation
scheduling in potato using micro
sprinkler method of irrigation, the crop
water requirement could be met during
lean period to avoid moisture stress in
plants coupled with planting at the right Higher economic benefit was obtained
climatic conditions. « Net return
+ Growth return
* Benefit - cost ratio

* Number of branches
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Introduction

In the North-Eastern Region of India, especially the hilly
tracts, potato is an important crop and is grown under rainfed
conditions (Sah et al., 2011). It fulfils all the criteria for a healthy
food and offers a great potential for decreasing global food crisis.
Potato is commonly known as the “king of vegetables” owing to its
production in more than 100 countries (Kot et al., 2020). Around
the world, potatoes are highly consumed food (Jagadeesan et al.,
2020). Aimost 10% of India’s total potato area is covered by the
NEH region. As a percentage of the net cropped area in the
country, the area occupied under potato in this region is about four
times of the national average (Kumar et al, 2008). Potato
productivity (8.16 tha™) of this region is very low as the agriculture
production system followed is mostly rainfed, mono-cropped and
subsistence level (Roy Burman et al., 2007). Within the North-
East region, the maximum area and production under potato crop
is in the state of Assam, whereas Tripura has the highest
productivity. The lowest productivity around 4.16 tha™ is observed
in Sikkim (Yadav and Srivastava, 2015). One of the major
constraints of low productivity of potato in Meghalaya may be
attributed to the lack of optimum water availability during the
growing season. The crop grown in the hilly terrains are mostly
rainfed. The total rainfall received is adequate or more than the
crop water requirement, but the rain is not equally distributed,
hence, the crop faces drought or flood like conditions during its
growing period. So, during winter season proper irrigation is
needed to meet the crop water requirement for obtaining higher
crop Yield. Proper irrigation scheduling can arrest crop water
stress, improve yield, and ensure efficient use of energy and
production cost and it is environment friendly. Potato is grown
mostly as a temperate crop during rabi season, but it can also be
grown successfully under sub-tropical areas. It grows best under
short day condition coupled with abundant sunshine and cool
nights. Environmental changes (sunshine, rainfall, temperature,
relative humidity, wind) associated with different sowing dates has
modifying effect on the growth and development of potato.
Planting at appropriate time is very critical for yield optimization as
delay in planting date can lead to a linear decrease in tuber yields.
Owing to favourable temperature conditions, potato is planted
under a wide range of dates in Meghalaya from September to first
week of January. Thus, a specific window of planting of potato is
ascertained to the farmers of this region then it would help to grow
healthy plants and increase potato production. Thus, itis of great
interest to study the effects that various planting dates have on the
crop yield of potato.

Materials and Methods

An agronomical field experiment was executed during
winter 2016-17 at the farms of the College of Postgraduate
Studies, Barapani (CAU, Imphal), to study the yielding capacity of
potato variety Kufri Megha under three different irrigation
scheduling IW:CPE-0.75(11), IW:CPE-1.00(12), IW:CPE-1.25(13)

with four different dates of planting 1% November (D1), 11"
November (D2), 21*November (D3) and 1% December (D4).

The experimental site is situated at 25°40" N latitude
and 91°18' E longitude at an altitude of 950 m above mean sea
level. The texture of soil is sandy clay loam type with 1.36 mg m®
bulk density. The pH soil was acidic in nature with pH 4.4, rich in
organic carbon (1.60%), K,0 (275 kg ha’) and medium in
available nitrogen (229.97 kg ha") and P,0, (14.35 kg ha”). The
potato variety used has a good yield potential with a medium
duration (100-120 days). Recommended doses of fertilizers viz.,
N, P and K = 100: 80: 60 kg ha" along with farm yard manure @
15 t ha" was applied two weeks before sowing of potato. Full
doses of P,0, and K,O were applied along with 50% of N at the
time of sowing. The remaining 50% of nitrogen was applied as top
dressing at tuber initiation stage. Urea, single super phosphate
and murate of potash were applied. Based on soil water depletion,
scheduling irrigation water was applied with 0.5 hp electric pump
set by volumetric basis and the total quantum of water applied
was worked out. Data obtained from various studies during
investigation were statistically analysed by analysis of variance
for split plot design. The difference between treatment means was
tested for their statistical significance with appropriate critical
difference (CD) value at 5% level of probability.

Results and Discussion

The plant growth attributes viz., plant height and dry
matter accumulation; leaf area index and number of branches per
plantrecorded at 15 days interval are presented in Table 1.

Plant height was found to have an increasing trend with
the advancement of crop growth and maximum value was
attained at harvest stage. Among different irrigation treatments,
significant result was found in plant height at 45 and 60 DAS,
where irrigation at IW: CPE: 1.25 recorded maximum plant height.
Previous studies have reported that at different stages of growth
limited soil water availability decreases plant growth (Yuan et al.,
2003). Plant height showed significance difference with different
dates of planting, at different crop growth stages viz., 45 and 60
DAS because cells are extremely active and efficient during early
growth period. However, after 75, 90 and 105 DAS plant height
difference was found non-significant. It occurred due to starting of
senescence period in potato crop, where further increase in plant
height comes to a plateau.

Among different irrigation schedules, the highest dry
matter accumulation per plant recorded significant result from 60
upto 105 DAS. Dry matter accumulation per plant was higher in
case of irrigation scheduled at IW: CPE-1.25 (46.84 g) due to
optimum availability of soil moisture and no period of water stress
conditions (Apotikar et al., 2016). Higher leaf area index
registered under 11" November planted crop was highly
responsible for increase in dry matter production because higher
leaf area development gave large photosynthesis potential sites.
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Table 1: Effect of irrigation scheduling and date of sowing on plant growth attributes (plant height and dry matter accumulation)

Parameters Plant height (cm)

Dry matter accumulation (g per plant)

30DAS 45DAS 60DAS 75DAS 90DAS

105DAS 30DAS 45DAS 60DAS 75DAS 90DAS 105DAS

Main-plot irrigation scheduling (1)

IW:CPE-0.75 (l,) 8.48 9.86 1340 2328 2761 2824 353 4.37 5.99 1550 2748  29.27
IW:CPE-1.00 (,) 8.63 175 1558 2430 2888 2951 3.82 4.87 6.78 20.35 3545 38.18
IW:CPE-1.25(1,) 8.17 1475 1832 2557 2999 3061 3.86 5.25 8.14 2441 4216 4684
SE.(m)x 0.43 0.60 0.61 0.061 0.75 0.87 0.11 0.22 0.26 0.60 1.50 1.60
C.D.(p=0.05) NS 237 2.39 NS NS NS NS NS 1.00 235 5.87 6.23
Sub-plot date of planting (D)
1*November (D) 8.58 1256 1647 2547 2947 3014  3.88 5.20 7.61 2281 3961 4277
11" November (D,) 8.60 1364 1818 2647 3036 3202 3.93 5.47 8.57 27.38  47.07 5211
21*November (D,) 8.48 1194 1462 2360 2815 2832 3.85 4.66 6.16 1723 3091  33.03
1%December (D,) 8.06 1033 1378 2199 2732 2732 3.28 3.99 5.54 1293 2253 2447
SE.(m)x 0.61 0.53 1.07 1.92 3.46 343 0.19 0.20 0.21 1.00 1.20 1.39
C.D(p=0.05) NS 1.13 1.25 NS NS NS NS 0.59 0.63 295 3.55 412
Parameters Leafareaindex Number of branch
30DAS 45DAS 60DAS 75DAS 90DAS 105DAS 30DAS 45DAS 60DAS 75DAS 90DAS 105DAS
Main-plot irrigation scheduling (1)
IW:CPE-0.75 (1,) 0.09 0.61 1.00 1.52 1.90 1.98 1.17 1.49 1.57 1.55 1.83 1.83
IW:CPE-1.00 (1,) 0.12 0.69 1.17 1.73 21 2.15 1.25 1.48 1.71 1.90 1.95 1.95
IW:CPE-1.25(1,) 0.13 0.79 1.47 2.03 245 245 1.28 1.71 1.93 1.97 212 213
SE.(m)£ 0.01 0.03 0.05 0.09 0.05 0.06 0.04 0.05 0.05 0.07 0.06 0.6
C.D.(p=0.05) NS 0.11 0.18 0.34 0.19 0.22 NS 0.18 0.18 0.27 NS NS
Sub-plot date of planting (D)
1*November (D,) 0.18 0.85 1.26 1.81 2.16 2.16 1.09 1.56 1.74 1.82 2.04 2.04
11"November (D,) 0.12 0.98 1.45 2.03 249 2.65 1.36 1.73 2.01 2.16 2.20 220
21*November (D,) 0.1 0.55 1.12 1.62 2.02 2.02 1.31 1.57 1.66 1.62 1.84 1.84
1*December (D,) 0.1 0.41 1.02 1.58 1.95 1.95 1.18 1.39 1.52 1.62 1.78 1.78
SE(m)x 0.01 0.03 0.10 0.05 0.16 0.17 0.05 0.07 0.06 0.09 0.07 0.08
C.D(p=0.05) NS 0.09 0.30 NS NS 0.52 0.13 0.21 0.18 0.27 0.22 0.23

Leaf area index increased very noticeably upto 75 DAS,
between 75 to 105 DAS, the difference was very nominal. Lahlou
et al. (2003) reported the influence of water stress on aerial parts
of potato. The decrease in the size of leaf s the first morphological
manifestation of water stress (Jefferies and MacKerron, 1987).
The reduction in leaf size leads to lesser light interception,
ultimately leading to reduced dry matter accumulation in tubers
(Deblonde et al., 1999). Among different dates of planting, leaf
area index was significantly affected and decreased with delay in
sowing. At 45 and 60 DAS, when significant results were
observed, the plants attained a maximum leaf area index values
of around 1.45, followed by 1.26, 1.12 and 1.02 for second, first,
third and fourth dates of sowing, respectively.

Aclose-knit relation existed between the luxuriant growth
of plant parts and amount of available water. Irrigation scheduled
at regular IW: CPE-1.25 (l,) provided water to plants more

frequently than IW: CPE-1.00 (1I,) and IW: CPE-0.75 (1,) which
increased plant growth resulting in tall plants with more numbers
of branches. Similar kind of results were also reported by Yuan et
al. (2003). Tubers planted on 11" November yielded more number
of branches per plant compared to other treatments. This positive
growth is attributed to favourable climatic conditions received
during growth period.

The net assimilation rate, crop growth rate and relative
growth rate are presented in Table 2. Net assimilation rate
revealed a declining trend as the age of crop advanced in both the
case of irrigation scheduling and date of planting. In irrigation
scheduling, treatments all observations had non-significant
results, except during 60-75 DAS. IW: CPE- 1.25 was at par with
IW: CPE- 1.00 but both recorded significantly higher NAR over
IW: CPE- 0.75. The planting date performance was non-
significant throughout the growing period, but during 60-75 DAS,
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D, had significantly highest net assimilation rate over treatments
D,and D, however, it was statistically at par with D,. At the end of
the growth period, net assimilation rate became low due to
increase in temperature, falling off of leaves and low level of
photosynthesis Fonseka etal. (1996).

The crop growth rate of potato showed an increasing
trend from 30-45 DAS upto 75-90 DAS, after which the values of
CGR went low in both the cases of irrigation scheduling and
planting date treatments. In different irrigation scheduling, crop
growth rate was found significantly higher in I, over |, and I,
during 45-60, 60-75 and 75-90 DAS. During 75-90 DAS, the
CGR recorded low values because of falling of old leaves
(Borego et al, 2000). The planting date performance had
significant effect on CGR at all the crop growth stages due to
suitability of climatic conditions for growth and development
during D, date of planting in the regions, along with D,, which also
performed at parwith D,.

Relative growth rate increased at a regular trend and
reached a maximum value during 60-75 DAS and gradually
recorded a decreasing trend as the crop advanced to its maturity
stage. Relative growth rate showed non-significant results with
irrigations treatments during the crop period, however, the growth
was increased up to 60-75 DAS in case of both irrigation
scheduling and planting date treatments. The decrease in relative
growth rate may be attributed to decrease in net assimilation rate
and possibly due to aging effects. Rao and Mitra (1988) reported a
decrease in plant relative growth rate due to decrease in its net
assimilation rate. In sub plot treatments, during 60-75 DAS
significantly highest relative growth rate was observed from D,,
over D, and D, but was at par with D, due to prevalence of suitable
environmental conditions. Similar results were also reported by
Begumetal. (2015).

Table 2: Effect of irrigation scheduling and date of sowing on plant growth rate

M. Gogoi et al.: Effect of irrigation scheduling and planting date on potato

The haulm yield, tuber yield, harvest index and water use
efficiency are presented in Table 3.

In main-plot treatment, haulm yield recorded significantly
highinboth1,(5.31tha")and |, (4.61tha)over ,(3.38 tha) was
due to luxuriant growth of crop (stems and leaves) no water stress
condition in |, followed by I, and unlike I,. Similar observations
were also validated by Amanulla et al. (2010). Even with moderate
water deficit, it recorded a reduced above-ground biomass (lerna
and Mauromicale, 2006). However, tubers planted at different
date of planting showed non-significant results on haulm yield.

Both the irrigation scheduling treatments, 1, and I, had
significantly higher tuber yield over |, because of less depletion of
available soil moisture from the plant root zone. In order to
produce high yield and high tuber quality, high water availability is
required with minimal soil moisture content variation (Alva et al.,
2012; Tyagi et al., 2013). In planting date treatments D, and D,
showed significant higher yield of tuber over D,. This happened
because of high leaf area duration and leaf area index at early
crop growth stages. This early establishment in the growth
increases the photosynthetic capacity and the amount of
photosynthates produced in the crop, ultimately leading to higher
tuber yield production Patel et al. (2010). As plants were exposed
to lower climatic temperature range in early period along with a
short photo period, it resulted in an increase in yield loss with
delayin planting.

Harvestindex is used to assess the proficiency of division
of dry matter by a plant harvest index in both irrigation scheduling
and date of planting was found to have non-significant results due
to late un-seasonal rainfall encouraged the vegetative growth in
all treatments at later stage of plant growth. Van Loon (1981) also
suggested similar observations of vigorous top growth when

Parameters Net assimilation rate (gm*d") Crop growth rate (gm*d") Relative growth rate (mg g™ d")
30-45 45-60 60-75 75-90 90-105 30-45 45-60 60-75 75-90 90-105 30-45 45-60 60-75 75-90 90-105
DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAs
Main-plot irrigation scheduling (1)
I, 08 092 217 201 026 056 108 634 798 118 6.07 885 2681 1632 175
l, 087 09 271 28 041 070 127 905 1007 176 698 929 30.84 1599 246
l, 100 109 277 239 054 093 192 1085 11.83 311 858 1285 31.09 16.36 274
S.E.(m)+ 017 046 007 023 01 010 013 041 080 030 103 106 109 096 043
C.D.(p=0.05) NS NS 026 NS NS NS 052 162 NS 116 NS NS NS NS NS
Sub-plot date of planting (D)
D, 094 101 297 248 047 083 161 1013 1119 209 842 1116 3147 1598 220
D, 097 1.04 327 269 057 103 206 1254 1313 328 919 13.04 3358 1594 278
D, 084 092 231 229 029 054 100 738 912 141 547 803 29.03 1699 206
D, 088 098 165 165 028 048 103 492 640 129 576 909 2424 1598 224
S.E.(m)+ 020 022 025 037 014 015 016 070 125 046 148 124 188 196 0.68
C.D(p=0.05) NS NS 0.75 NS NS 044 048 209 371 138 NS 369 559 NS NS

® Journal of Environmental Biology, November 2020 ¢



M. Gogoi et al.: Effect of irrigation scheduling and planting date on potato 1609

plants are re-watered after a period of high temperature and
drought.

Water use efficiency recorded non-significant results for
main as well as sub-plot treatment. However, I, registered higher
WUE (51.77 kg ha” mm™) over , (50.35kg ha" mm”) and |,(48.18
kg ha” mm"). The results revealed that irrigation given at less
depletion of available soil moisture showed an increase in the
yield of tubers, water use efficiency and saved water. Bisht et al.
(2012) also reported similar results. D, recorded highest WUE
over D,, D, and D,. Reduction in water use efficiency under late
sown conditions has also been reported in mustard (Awasthi et
al., 2007; Patel et al., 2008). Optimum planting date facilitated
drought escape in plants by matching the crop growth cycle to the
amount and pattern of rainfall which ultimately minimized the
chances of exposure of the crop to water deficit at drought
susceptible stages. Hence, increasing the yield and water use
efficiency of early-sown crops.

Gross revenue values decreased from optimum irrigation
to least irrigated treatments. Significant result was found on gross
return, net return and BC ratio in irrigation scheduling treatments,
where both |, and |, were significantly higher over |, (Table 4). The
maximum gross return, net return and benefit cost ratio recorded
were X 2,04,872,% 1,13,346 and 2.24, respectively, in |,. Similar
such results were also reported by Sadawarti et al. (2013) and
Srivastava et al. (2016). In case of gross return, net return and
benifit cost ratio in planting date treatments showed significant
result of D, over D,and D,, but was statistically at par with D,. The
highest net return, gross return and benefit cost ratio in case of I,
followed by |, was because of the highest yield in the treatments,
similarly, highest returnin D, followed by D, had same reasons.

Based on the data, it may be concluded that irrigation
scheduled at IW: CPE ratio of 1.25 (I,) with micro sprinkler
irrigation system is an advanced and suitable irrigation system as

Table 3 : Effect of irrigation scheduling and date of sowing on plantyield, yield attributes and water use efficiency

Parameters Haulmyield (tha") Tuberyield (tha") Harvestindex (%) Field water use efficiency
(kgha'mm”)

Main-plot irrigation scheduling (1)

IW:CPE-0.75 (l,) 3.38 10.91 7512 50.35

IW:CPE-1.00 (l,) 4.61 13.38 75.57 48.18

IW:CPE-1.25(1,) 5.31 17.07 76.66 51.77

SE.(m)+ 0.13 0.55 2.30 1.93

C.D.(p=0.05) 0.51 217 NS NS

Sub-plot date of planting (D)

1*November (D,) 4.58 14.19 75.96 50.37

11" November (D,) 4.74 15.30 76.16 56.09

21 November (D,) 4.37 13.45 75.88 49.71

1*December (D,) 4.05 12.21 75.13 44.23

SE.(m)+ 0.22 0.57 2.62 2.10

C.D(p=0.05) NS 1.69 NS 6.23

Table 4 : Effect of irrigation scheduling and date of sowing on benefitand cost ratio of potato cultivation

Treatments Economic analysis

Grossreturn (3) Net return (%) Benefit : Cost ratio
Main-plot irrigation scheduling (1)
IW:CPE-0.75 (l,) 1,30,924 40,398 1.45
IW:CPE-1.00 (l,) 1,60,582 69,556 1.76
IW:CPE-1.25(1,) 2,04,872 1,13,346 2.24
SE.(m)+ 6,037 6,037 0.07
C.D.(p=0.05) 23,696 23,696 0.26
Sub-plot date of planting (D)
1*November (D,) 1,70,327 79,300 1.87
11" November (D,) 1,83,659 92,632 2.02
21 November (D,) 1,61,344 70,318 1.77
1"December (D,) 1,46,508 55,482 1.61
SE.(m)+ 6,803 6,803 0.07
C.D(p=0.05) 20,210 20,210 0.22
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it produced highest tuber yield (17.07 t ha™), helped in saving a
good amount of water and increase the water use efficiency. The
analysis also demonstrated that among different dates of
planting, 11" November (D,), recorded to be suitable planting date
for potato cultivation in hilly regions of Meghalaya during rabi
season with a B:C ratio of 2.24. Thus, it can be concluded that 1,0,
i.e., irrigating potato at IW: CPE ratio of 1.25 and planting on 11"
November gave the highest yields with a good economic return in
hilly regions of Meghalaya.
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