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Abstract

Field experiments were carried out at research farm of Department of Agricultural Meteor-
ology, CCSHAU, Hisar during Rabi seasons of 2016-17 to quantify crop weather relation-
ship and the effect of different planting dates on growth and yield of potato cultivars in a
sub-tropical environment at Hisar. The experimental field was adjacent to Agro-
meteorological observatory at 29° 10' N latitude, 75°46' E longitude and altitude of 215.2
m. The main plots treatments consisted four date of sowing viz. D- 8" Oct., D»-22" Oct.,
Ds- 5™ Nov. and D,- 23 Nov. The sub-plots treatment consisted of three varieties (V-
Kufri Bahar, V,- Kufri Pushkar and V3- Kufri Surya). The forty eight treatment combina-
tions were tested in split plot design with four replications. The results revealed that vari-
ous growth and yield observations were recorded higher in second sown crop (22"
Oct.) as followed by other planting dates. The maximum tuber yield were produced
in D,(20810.45 kg/ha) and it was least in D4 (14525.46 kg/ha). Among the varie-
ties, Kufri Pushkar recorded highest tuber yield (21478.06 kg/ha) followed by Kufri Bahar
(17432.26 kg/ha) and Kufri Surya (15378.11 kg/ha). In crop weather relationship, Tuber
yield and plant height were significantly positively correlated with rainfall (0.80 and 0.92)
and rainy days (0.50 and 0.53). Evening relative humidity was also positively correlated
with LAI (0.59) and tuber yield (0.78) of potato. Vegetables production is considered to be
particularly important in satisfying world food demand. Specific research therefore is
needed in order to evaluate the effects of environmental factors that crop encounters
during its growth period and its production.
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The potato (Solanum tuberosum L.) is the third
most important food crop in the world after rice
and wheat and consumed by more than a billion
people worldwide. Globally potato is cultivated on
19.3 million ha with an annual production of
around 368 million tons (FAOSTAT, 2014). India’s
potato production has exploded since the middle
of the 20" century, increasing by 850% from 1960
to 2000. It is cultivated over an area of approxi-
mately 2124.41 lakh ha with a production of
48604.57 metric ton and productivity 21.51 metric
ton per hectares. In Haryana, potato is cultivated

over an area of approximately 36.29 lakh ha with
a production of 896.95 metric ton and productivity
26.58 metric ton per hectares (India stat, 2018).

Potato is regarded as a high potential food securi-
ty crop because of its ability to provide a potential
yield of high-quality product per unit input with a
shorter crop cycle (mostly <120 days) than major
cereal crops like maize (Hirpa et al., 2010). Potato
tubers give an exceptionally high yield per acre
and are used in a wide variety of table, processed,
livestock feed, and industrial uses (Feustel, 1987;
Talburt, 1987). Potato provides nutritious food in a
diversity of environments. Potato can be an im-
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portant food for the increasing world population,
and has the potential for fulfilling vitamin C and
protein content requirement. Meteorological ele-
ments governing growth, development, production
and quality of potato tubers at a given site are
basically air and soil temperatures, solar radiation,
photoperiod, soil moisture and evapotranspiration.
Potato is best adapted to cool climates such as
tropical region with mean daily temperatures var-
ied from 15 °C to 18 °C. Higher temperatures fa-
vour foliar development and retard tuberization. In
addition, heat stress leads to a higher number of
smaller tubers per plant; lower tuber specific grav-
ity with reduced dry matter content, and usually to
a paler skin color of the tubers (Haverkort, 1990).
Planting time may affect crop growth and yield in
sub-tropical regions, where high temperature and
drought stress are common during late crop de-
velopment and maturation during Rabi season
(Thongam et al. 2017). Earlier planting may ex-
pose the crop to higher temperature at reproduc-
tive stage while late planting may result in low
biomass production and affect tuber development
due to higher temperature conditions at maturity
of Rabi crops including potato. The crop manage-
ment practices, such as changing planting date or
selection of variety modifying plant duration will
affect potential yield. Potato varieties have diver-
gence for morphological, physiological and vyield
potential that allow them to respond differently to
planting environment is another factor that may
affect the growth and yield of potato. Therefore,
this study was planned to investigate the effect of
planting dates and varieties interaction on growth
and yield of potato, and also to quantify crop-
weather relationships in sub-tropical environment
at Hisar.

MATERIALS AND METHODS

An experiment was conducted in Rabi season of
year 2016-17 research farm, Department of Agri-
cultural Meteorology, CCSHAU Hisar, Haryana.
The field area was adjacent to Agro-
meteorological observatory at 29° 10' N latitude,
75°46' E longitude and altitude of 215.2 m. The
main plots treatments consisted four planting
dates viz. D4- 8" Oct., D»-22" Oct., Ds- 5" Nov.
and D4- 23™ Nov. The sub-plots consisted of three
varieties (V4- Kufri Bahar, V,- Kufri Pushkar and
Vs- Kufri Surya). The size of net and gross plot in
experimental field was 5.0 x 3.6 m? and 6.0 x 4.8
m?. The forty eight treatment combinations were
tested in split plot design with four replications.
Various growth observations were observed as
follows:

Plant height: Plant height was measured at vari-
ous phenophases from emergence to physiologi-
cal maturity on five tagged plants in each plot. The
height was measured from the base of the plant to
the tip of the main stem of randomly tagged plants

and expressed in centimeters (cm) and their mean
values were calculated.

Number of leaves per plant: The number of
leaves per plant was counted at various phe-
nophases from emergence to physiological ma-
turity on five tagged plants in each plot. The num-
bers of leaves per plant were determined by
counting all leaves of randomly tagged plants and
their mean values were calculated.

Leaf area index (LAI): The plant leaves separat-
ed from samples taken for dry matter were used
for determining leaf area from each plot at 15 days
interval after sowing; starting from emergence till
physiological maturity. The green leaf area (cm?)
was recorded using leaf area meter (LI-3000 Area
meter, LI-COR Biosciences, Nebraska, USA). The
leaf area measured with the help of leaf area me-
ter was used to compute the LAI by the following
formula.

Leaf area (cm?)
LAl =

Land area covered by plant (cm?)

...... Eq. 1

Dry matter accumulation: The five randomly
selected plants from destructive sampling were
used to record the dry matter production at differ-
ent phenological stages after planting times to
physiological maturity. The sampled plants were
separated into roots, stems, leaves and reproduc-
tive parts (Stolon and Tuber) and sun dried. Fur-
ther, the samples were oven dried at 65 °C to 70
°C to a constant weight. The dry matter accumula-
tion in different plant parts was converted to gram
per plant.

Yield and yield attributes

Number of tubers per plant: The numbers of
tubers per plant were calculated at harvest by av-
erage values of five plants harvested for biomass
observation in all the treatments.

Tuber weight (g per tuber weight): After digging,
a random sample of tuber weight was taken from
each plot. From these samples, randomly 10 tu-
bers were selected for each plot for weighing with
the help of the weighing (g) machine was taken
with electronic balance.

Tuber yield (kg ha”): After digging, a random
sample of tuber weight was taken from each plot.
From these samples, randomly 10 tubers were
selected for each plot for weighing with the help of
the weighing (g) machine was taken with electron-
ic balance. The tuber yield per plant from net plot
was w1eighed on top pan balance and converted into
kgha.

Haulm yield (kg ha™): The biological yield was
obtained by summing up the weight of total tuber
yield and weight of haulm of each net plot. Then
the values were converted into kg ha™.

Harvest index (HI, %): The harvest index was
calculated by dividing the economic yield (total
tuber yield) with total biological yield per net plot
and then expressed as percent.
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Economic yield per plot
2100
Biological vield per plot (economic vield + foliage weight)

Harvestindex (%) =

...Eq. 2
RESULTS AND DISCUSSION

Weather conditions during Rabi 2016-17: The
weekly mean maximum temperature during Rabi
season 2016-17 (40" to 6" SMW (Standard Mete-
orological Week) i.e. 1% Oct 2016 to 15" April,
2017) varied between 16.9 to 42.9 °C, whereas
the weekly mean minimum temperature of Hisar
region ranged from 3.2 to 24.7 °C. The mean
maximum temperature was slightly above normal
during most of the season with weekly average
deviation of +1.1 °C from normal. The mean mini-
mum temperature during the whole Rabi season
was slightly above normal. The average deviation
for the season was +1.6 °C while the maximum
deviation was 5.7 °C from normal in 40" SMW (1-
7™ Oct. 2016). The weekly maximum temperature

was highest in 16™ SMW (42.9 °C) and lowest in
3 SMW (16.9 °C) during the season, whereas
weekly minimum temperature was highest in 16"
SMW (24.7 °C) and lowest in 2™ SMW (3.2 °C)
during the season (Fig. 1).

The mean weekly morning relative humidity values
were ranged from 45 to 100% and the evening
relative humidity were ranged between 16 and 81
% shown in the Fig 2. For most of season RH
(morning as well as evening) remained higher than
normal and declined to normal values in February
2017. The weekly bright sunshine hours (BSS)
ranged between 2.5 to 10.3 hour/day with season-
al average of 7 hour/day (Fig. 3). The average pan
evaporation (2.9 mm/day) recorded during Rabi
season was below the normal throughout the sea-
son.

During Rabi season, 2016-17, 60.7 mm rainfall
with 6 rainy days (Maximum 4 rainy days in Jan.)
was recorded at Hisar. Highest rainfall (34.6 mm)

~#—Tmax (°C)-2016-17 ——Tmin (°C)-2016-17 ——Tmax (°C)-Normal Tmin (°C)-Normal

40.0

35.0
G300
&

e
N
h
e

20.0
15.0
& 10,0
5.0
0.0

mperature (

40 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3 4 5 6

SMWs

~8-WS (km/h) 201617 ——BSS (h)- 201617 ——WS (km/h) Normal —+—BSS (h) Normal

10.0
8.0

6.0

WS (km/h)

40 | ¥

20

0.0
40 41 42 8 M4 45

46 47

48 49 50 51 52 1 2 3 4 5 6
SMWs

Fig. 1. Maximum and minimum temperature (°C)
along with normal during Rabi 2016-17.

Fig. 3. Wind speed (WS) and bright sunshine hours
(BSS) along with normal during Rabi 2016-17.
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Fig. 2. Morning and evening relative humidity (%)
along with normal during Rabi 2016-17.

Fig. 4. Rainfall (rain) and pan evaporation (PE)
during Rabi 2016-17.

Table 1. Effect of planting dates on plant height of potato cultivars.

Plant height (cm)

Treatment — ence  Stolonization _ Tuber initiation _ Tuber bulking _Physiological maturity
Main-plot treatment

D, 11.52 21.91 30.14 35.74 41.32
D: 16.03 23.53 35.26 40.23 43.86
Ds 10.45 18.96 28.86 34.00 36.91
Ds 9.33 15.45 26.25 31.73 33.23
CDat5% 1.07 2.60 1.62 4.34 3.40
Sub-plot treatment

K. Bahar 11.76 20.65 30.22 35.96 38.46
K.Pushkar  13.63 21.86 33.20 41.93 43.13
K. Surya 10.14 17.36 26.86 29.96 35.06
CD at 5% 0.34 1.52 0.97 1.84 1.29
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Table 2. Effect of planting dates on number of leaves per plant of potato cultivars.

No of leaves per plant

Treatment

Emergence Stolonization

Tuber initiation  Tuber bulking Physiological maturity

Main-plot treatment

D, 14.7 49.3 106.5 146.3 122.9
D, 17.8 59.5 120.7 163.9 133.1
Ds 11.7 38.8 102.4 133.3 112.3
Dy 8.9 31.2 92.3 113.8 102.3
CD at 5% 1.46 4.78 6.45 18.6 14.8
Sub-plot treatment

K. Bahar 13.4 46.0 109.9 136.9 120.1
K. Pushkar 16.2 53.3 114.8 164.4 129.3
K. Surya 10.2 34.8 91.8 116.6 103.5
CD at 5% 0.91 4.04 3.75 12.3 5.48

Table 3. Effect of planting dates on leaf area index (LAI) of potato cultivars.

LAI

Treatment Emergence Stolonization  Tuber initiation Tuber bulking Physiological maturity
Main-plot treatment

D, 0.43 1.07 2.94 3.43 1.65
D, 0.63 1.43 3.45 3.79 212
D3 0.37 0.99 2.57 3.01 1.45
D4 0.27 0.88 1.85 273 1.13
CD at 5% 0.11 0.20 0.35 0.47 0.42
Sub-plot treatment

K. Bahar 0.45 1.10 2.66 3.36 1.54
K. Pushkar 0.59 1.44 3.40 3.91 212
K. Surya 0.22 0.74 2.04 2.46 1.02
CD at 5% 0.08 0.10 0.22 0.21 0.15

Table 4. Effect of planting dates on dry matter production of potato cultivars.

Dry matter (gm/plant)

Treatment

Emergence Stolonization

Tuber initiation Tuber bulking Physiological maturity

Main-plot treatment

D 1.10 4.25 8.96 12.24 18.10
D, 1.31 4.93 10.02 13.31 20.68
Ds 0.86 3.41 7.90 10.78 15.79
Dy 0.72 2.71 6.46 8.86 12.04
CD at 5% 0.11 0.34 0.71 0.73 1.48
Sub-plot treatment

K. Bahar 0.96 3.99 8.37 11.62 16.72
K. Pushkar 1.29 4.46 9.42 13.13 20.20
K. Surya 0.75 3.04 7.22 9.39 13.03
CD at 5% 0.12 0.35 0.48 0.67 0.57

Table 5. Effect of planting dates on yield and yield attributes of potato cultivars.

Treatment No of tubers/plant

Tuber weight (g/tuber)

Tuber yield Haulm yield Harvest index
(kg/ha) (kg/ha) (%)

Main-plot treatment

D, 8.9 122.1 19711.80 39426.99 50.44
D, 9.4 135.8 20810.45 40374.53 51.70
Ds 8.3 105.0 17336.86 37200.51 46.54
Dy 7.9 89.2 14525.46 35001.80 41.28
CD at 5% 0.68 14.25 2220.08 2618.83 1.12
Sub-plot treatment

K. Bahar 8.49 115.07 17432.26 39025.29 44.60
K. Pushkar  10.29 118.13 21478.06 42566.04 50.63
K. Surya 7.09 105.81 15378.11 32411.55 47.23
CD at 5% 0.41 10.02 1237.59 2119.04 0.97

was recorded during the 4™ SMW (22-28 Jan.) of
the season which helped in good Rabi crops pro-
duction are depicted in the Fig. 4. The average
monthly maximum temperature (Tmax) of Rabi

2016-17 season (October to February) were com-
pared with last 30 year normal value and found
that the Tmax slightly above to the normal (1972-
2002) and deviation with the range between -1.0
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Table 6. Correlation coefficient between weather variables and growth and yield parameters of potato.

Weather variable LAI Dry matter  Tuber yield Number of leaves/plant Plant height
Tmax -0.64 -0.35 0.03 -0.62 -0.42

Tmin -0.61 -0.28 0.02 -0.60 -0.39

RHm 0.50 -0.07 0.49 0.35 0.04

RHe 0.59 0.00 0.78 0.43 0.13

WS 0.41 0.66 -0.81 0.57 0.61

SSH -0.26  0.28 -0.80 -0.06 0.21

PE -040 0.29 -0.66 -0.19 0.14

Rainfall 0.49 0.49 0.80 0.47 0.50

RD 0.41 0.52 0.92 0.42 0.53

Significant at P=0.05, Tmax = maximum temperature, Tmin= minimum temperature, RHm= morning relative
humidity, RHe= evening relative humidity, WS= wind speed, BSS= bright sunshine hours and Evap= rate of

evaporation, RD=rainy day

to 2.0 °C but in the month of January and Febru-
ary found near the normal and similarly lower val-
ue observed, which help to prolong the reproduc-
tive phase of Rabi season (Fig. 1). The average
monthly minimum temperature (Tmin) of Rabi
2016-17 season were compared to normal and
found that the Tmin were found above to the nor-
mal in the Rabi season and deviation with the
range between 0.8 to 2.6°C but in the month of
January and February found higher actual Tmin
shown in the Fig 1.

Plant height: Plant height in different dates of
planted crop and varieties showed significant
differences (Table 1). Plant height gradually
increased from the emergence to physiological
maturity. Among the dates, D, recorded highest
plant height (43.8 cm) at physiological maturity as
compare to the other dates and it was lowest in D,
planted crop (33.2 cm) due to low temperature
during January and February which caused stunt-
ed plant growth, whereas, among the varieties,
Kufri Pushkar recorded higher plant height (43.1
cm). The results are conformation of the findings
of Ezekiel and Bhargava (1997) at Central Potato
Research Institute (CPRI), Shimla, Himachal Pra-
desh, who reported that plant height decreased
with delayed planting in Kufri Bahar and Kufri
Badshah when planted on 21 October, 5 Novem-
ber and 20 December, respectively. Modisane
(2007) also concluded that plant height were high-
er in October sown potato crop instead of late
sown in November at Pretoria, South Africa.
Number of leaves per plant: The number of
leaves of potato increased from emergence to
tuber bulking and decreased at physiological ma-
turity due to leaf senescence (Table 2). Planting
dates affected the number of leaves significantly
in potato crop. Maximum numbers (17.8) of leaves
were present in D, planting and minimum (8.9) in
late planting i.e. D4. Among varieties, the maxi-
mum number (164.4) of leaves was in Kufri Push-
kar and minimum (116.6) in Kufri Surya at tuber
bulking stage. Thongam et al (2017) also reported
that number of leaves per plant were more in 10"
October sown crop as compared to other dates in
Maharashtra region. Khan et al. (2011) also ob-

tained similar findings in potato for assessing
growth and development of potato at Wa-
geningen, Netherlands which strongly supports
the results of the present investigation.

Leaf area index (LAI): The LAl increased gradu-
ally up to tuber bulking stage and decreased
thereafter due to decrease in leaf number be-
cause of leaf senescence (Table 3). Among plant-
ing dates, maximum LAI (3.8) was attained in 22"
October as compared to other dates and this was
poor in 3 and 4™ planting dates by low tempera-
ture during peak vegetative growth. The lowest
LAI (2.7) was recorded under late planting i.e. Dy
because of the low temperature during January
and February which caused burning of plant
leaves in Dy4. In present study, among varieties,
Kufri Pushkar has shown higher value (3.9) of LAl
as compared to Kufri Bahar (3.4) and Kufri Surya
(2.5).

Dry matter production: Dry matter accumula-
tions in different treatments were presented in the
table 4. Dry matter accumulation increased linear-
ly from the emergence to physiological maturity.
Among planting dates, highest dry matter was
produced in D, as compared to the other dates.
The highest dry matter (20.68 g/plant) was record-
ed in D, planting and lowest (12.04 g/plant) was in
D4 at physiological maturity. This was due to poor
growth due to lower temperature which leads to
burning of leaves in late sown crop. Among varie-
ties, Kufri Pushkar recorded highest dry matter
accumulation (20.20 g/plant) as compared to other
varieties. Thongam et al (2017) also reported that
dry matter accumulation were more in 10" Octo-
ber sown crop followed by other dates and it was
least in December in Maharashtra region.

Yield and yield attributes: The yield and yield
attributes of potato cultivars influenced by planting
dates during 2016-17 are presented in table 5.
Planting dates and varieties influenced the yield
and vyield attributes (number of tubers per plant,
tuber weight, and tuber and haulm yield and har-
vest index) significantly at 5 % level of signifi-
cance. The delayed planting (D; and D4) had poor
yield attributes along with the tuber yield and the
differences were significant. Among planting date,
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higher number of tubers per plant (9.4) was rec-
orded in D, planting whereas in case of varieties,
higher number of tubers per plant (10.3) recorded
in Kufri Pushkar. Tuber weight, tuber yield, haulm
yield and harvest index were higher (135.8 g/
tuber, 20810.45 kg/ha, 40374.53 kg/ha and 51.70
%, respectively) in D, planting as compared to
other dates. This was due to comparatively unfa-
vorable weather conditions during peak vegetative
stage of D; and D,. Thongam et al (2017) also
reported that numbers of tubers per plant, tuber
weight, tuber yield of potato were more in 10"
October planting dates as compared to other
dates in Maharashtra region. Similar findings of
tuber yield were also reported by Perumal (1981)
in potato crop. Among varieties, tuber weight, tu-
ber yield, haulm yield and harvest index were sig-
nificantly higher in Kufri Pushkar (118.13 g,
21478.06 kg/ha and 42566.04 kg/ha, respectively)
as compared to Kufri Bahar and Kufri Surya.
Correlation studies in potato: LAl of potato crop
was significantly negatively correlated with maxi-
mum and minimum temperature. LAl (0.59) was
positively correlated with evening relative humidity
(Table 6). The accumulation of dry matter (0.66
and 0.52) showed positive correlation with wind
speed and rainy days. The well distributed rain
favoured the dry matter accumulation. Tuber yield
(0.78, 0.80 and 0.92) was significantly positively
correlated with evening relative humidity, rainfall
and rainy days whereas it was negatively correlat-
ed with wind speed (-0.81), sunshine hours (-0.80)
and evaporation (-0.66). The vegetative growth do
not prefer higher temperatures as the number of
leaves per plant (-0.62 and -0.60) were significant-
ly negatively correlated with maximum and mini-
mum temperatures whereas significant positive
correlation with wind speed (0.57). The plant
height was significantly positively correlated with
wind speed (0.61), rainfall (0.50) and rainy days
(0.53).

Conclusion

It may be concluded that, the planting dates signif-
icantly influenced the different growth and yield
attributes of potato. The highest tuber yield
(20810.45 kg/ha) was obtained in 3™ Week of
October (22" October) in 2016-17 due to more
plant height; more number of leaves per plant

which leads to more biomass accumulation. How-
ever in 2016-17, heavy rainfall at the time of tuber
bulking stage leads to reduction in tuber vyield.
Among the varieties, tuber yield was significantly
higher in Kufri Pushkar (21478.06 kg/ha) as com-
pared to Kufri Bahar (17432.26 kg/ha) and Kufri
Surya (15378.11 kg/ha). Plant height (0.61), num-
ber of leaves per plant (0.57) and dry matter
(0.66) were significantly positively correlated
whereas tuber yield (-0.81) was significantly nega-
tive correlated with wind speed. Evening relative
humidity was also positively correlated with LAl
(0.59) and tuber yield (0.78) of potato.
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