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ABSTRACT : The study examinesthe suitable climatic windowsin the face of climate change
under limited irrigations under sub temperate climate. The field experiment in Randomized
Block Design, comprising of four dates of sowing viz., October 20, November 10, November 30
and December 20, and three genotypesviz., HPW-249, HPW-155 and HPW-42 in silty clay loam,
acidic soil was conducted during Rabi session for two years at CSKHPK YV, Palampur, Himachal
Pradesh. The days taken to complete different phenophases were statistically at par amongst
varieties, whereas DAS to vegetative stage and heading maturity were observed minimum
reflecting lowest DAS for maturity in 20" December sowing. The growth and yield attributes
viz., plant height, number of tiller m2, number of grains tillers! and 1000-grain weight was
highest in variety HPW-249 during both the years. Amongst sowing environments, October
20" sown crop gave significantly highest values of growth and yield during both the years.
Theperiodic LAI recorded similar upto 60 DA Sand thereafter, the highest valueswere recorded
in HPW-249 upto physiological maturity. Amongst sowing environments, 20" October sown
gave highest LAI during entire ontogeny of crop likewiseyield attributes, grainand straw yield
was highest in 20" October sown crops. Amongst variety HPW-249 gave highest grain yield to
thetuneof 43.0in 2011-12 and 45.6 g/hain 2012-13.The economic returns and benefit cost ratio
weredso significantly highest inHPW-249 (Rs. 75568in 2011-12 and 81219in2012-13). Likewise,
grain yield, net returns and B: C ratio were significantly highest in 20" October sown crop
compared to subsequent dates of sowing.
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heat isthe most important cereal crop because
Wit isthe staplefood of the people of world and
thus occupies a central position in forming
agricultural policies and dominates all cropsin acreage
and production. Wheat (TriticumaestivumL.) is world’s

second important cereal crop after rice. Indiais second
largest producer of wheat in the world after Chinawith

about 12 per cent sharein total world wheat production.
Areaunder thiscropinIndiais31.19 million hectarewith
a production of 94.49 million tonnes of production and
3.03 t/haproductivity (Anonymous, 2015). In Himachal
Pradesh, thiscrop ispresently being cultivated on 0.341
million hectare with a production of 680 thousand tones
and productivity of 1.0t/ha* (Anonymous, 2014). Plausible
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climate change and variability have the potential to
significantly affect the production of wheat positively and
negatively depending upon the optimal temperature
prevailinginthoseregions. Theregionswith sub optimal
temperaturewould be benefitted and whereas productivity
would decreased in region having optimal temperatures
already existed. Owingtotheplausiblechangesinclimatic
parametersin recent decades necessitate the assessment
of best sowing environments for wheat according to
changing climatic conditionsunder rainfed conditions. The
best planting windows has proved to the new adaptations
strategy in the face of climate change and such
information are essential for after every decadeto sustain
thehigher productivity. Theagronomicinformation of crop
under varied sowing windows also helpful invalidation
of crop growth simulation model ling. Crop model srunning
in real time can furnish data on irrigation and nitrogen
stress studies and monitor the growth, development and
yield potential of the crop. Therefore, results obtained
from different sowing environments can provide the data
essential for modelling the crop yield under rainfed
conditionsin achieving greater accuracy inthefield and
increased efficiency in the inputs use.

REeseArRcH PrROCEDURE

A field experiment was conducted for two years
during (Rabi season of 2011-12 and 2012-13) at research
farm of Department of Agronomy, CSK HPKV, Palampur
(Himacha Pradesh), geographically, theexperimental site
issituated at 32°6 N latitude and 76°3 E longitude at an
elevation of about 1290.8 m above mean sea level in
North-Western Himalaya. The experiment was laid out
in a Randomized Block Design (RBD) with the
combination of four dates of sowing on October-20,
November-10, November-30 and December-20 and three
varieties, HPW- 249, HPW- 155 and HPW- 42, replicated
threetimes. The soil of experimental areawas silty clay
loam in texture, acidic in reaction, medium in available
nitrogen 316 kg ha', mediumin available phosphorus 16.7
ha, mediumin organic carbon 08 % and high in available
potassium 298 kg ha'. The datawere recorded on number
of tillers m2, spike length (cm), plant height at maturity
(cm), 1000-grain weight (g), grain yield (kg ha') and
analysed statistically using standard procedures. Thecrop
was raised following recommended packages and
practices. The pre-sowing irrigation was applied during
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boththeyearsand limited two irrigationswere appliedin
January and March during both the years.

ResearcH ANALYSISAND REASONING

Thefindings of the present study aswell asrelevant
discussion have been presented under following heads :

Development studies :
Days to complete emergence :

During Rabi season (2011-12) the datareveal ed that
variety HPW-42 took significantly more number of days
(14.0) for compl ete emergence stage followed by HPW-
155 (11.9) and HPW-249 (11.8) (Table 1). Amongst dates
of sowing, 20" December (13.3) sown crop took more
number of daysfor complete emergencefollowed by 30"
November (12.7), 30" November (12.2) and 20" October
(12.0). In second year of field experimentation revealed
that variety HPW-42 took 12.8 days for complete
emergence followed by variety HPW-155 (12.0) and
HPW-249 (11.8). Amongst dates of sowing, 20"
December (12.8) took more number of daysfor complete
emergence stage followed by 10" November (12.4), 20"
October and 30™ November.

Days to vegetative stage :

During first year field experimentation , the data
revealed that variety HPW-249 took significantly more
number of days (56.8) for days to vegetative stage
followed by HPW-155 (55.5) and HPW-42 (54.8) (Table
1), Amongst dates of sowing, 20" October (65.7) took
significantly more number of days to vegetative stage
followed by remaining subsequent dates of sowing. During
Rabi season (2012-13) the data revealed that HPW-42
took significantly more number of (53.7) days for
vegetative stage followed by HPW-249 and HPW-42,
Amongst dates of sowing, 20" October sown crop took
significantly more number of days for vegetative stage
(62.1) followed by 10" November, 30" November and
20" December.

Days to heading :

A perusal of dataduring Rabi season (2011-12 and
2012-13) revealed that variety HPW-249 took more
number of (143.2), (139.8) daysfor heading stagefollowed
by a HPW-42 and HPW-155 (Table 1). Amongst dates
of sowing, 20" October took significantly number of days
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(153.2) and (151.1) for heading stage followed remaining
subsequent dates of sowing.

Days to physiological maturity :

A perusal of data in first year field experiment
revealed that variety HPW-249 took significantly more
number of days(162.3) for physiologica meturity followed
by a HPW-155 and HPW-42 (Table 1). Amongst dates
of sowing, 20" October sown crop took significantly more
number of days(176.3) to physiological maturity followed
by 10" November, 30" November and 20" December
sown crop. The data of second year of field
experimentation revealed that variety HPW-249 took
more number of days (158.8) to physiological maturity
followed by HPW-42 and HPW-155. Amongst dates of
sowing, 20" October sown crop (172.6) took significantly
more number of daysfor physiol ogical maturity followed
by 10" November, 30" November and 20" December
sown crop. Generally early planted wheat experiences
smaller germination phasethan late planting but daystaken
to start anthesis and booting stages notably decreased in
late sown wheat due to elevated heat stress later in the
season (Nahar et al., 2010).

Plant height (cm) :

During Rabi seasons of 2011-12 and 2012-13, the
datareves ed that vari ety HPW-249 produced longer plant
height 105.7 and 103.1 cm, respectively, followed by
HPW-42 and HPW-249. Amongst dates of sowing, 20"
October sown crop recorded significantly taller plant
height 107 and 105 cm, respectively, followed by 10"
November, 30" November and 20" December (Table

2).

Tiller count :

During both the years, results showed that variety
HPW-249 produced significantly higher number of tillers
(297in 2011-12 and 302 in 2012-13) followed by HPW-
155 and HPW-42. Amongst dates of sowing, 20" October
produced significantly higher number of tillers (301 during
2011-12 and 312 during 2012-13) followed by 10™
November, 30" November and 20" December (Table
2). This might be due to the early sowing and early
emergence of crop and also because of optimum
temperature during the different pheno-phases. Decline
in number of tillers meter? with successive delay in
sowing was also reported by Prabhakar et al. (2007)
and Kumar (2011) under similar agro climatic conditions.
The sowing dates and varieties did not show interaction
effects during both years.

Number of grainstiller:

The data reveal ed that variety HPW-249 produced
more number of grainstiller! tothetuneof 48.5and 49.1
during crop seasonsof 2011-12 and 2012-13, respectively
as compared to varieties HPW-155 and HPW 42.
Amongst dates of sowing, 20" October sown crop
produced significantly more number of grainstiller? to
the tune of 48.2 during 2011-12 and 49.4 during second
year followed by 10" November, 30" November and 20"
December sown crop during both the years (Table 2).

Leaf area index :
The data on leaf area index (LAI) for wheat was

Tablel: Effect of varieties and dates of sowing on number of daystaken to different phenological stage during 2011-12 and 2012-13

Days to complete emergence Days to vegetative stage Days to heading stage Days to physiological maturity
2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

Variety
HPW-155 11.9 12.0 55.5 51.8 137.2 133.8 159.9 156.8
HPW-249 11.8 118 56.8 53.7 143.2 139.8 162.3 158.8
HPW-42 13.2 12.8 54.8 52.3 137.8 1384 159.3 157.2
C.D. (P=0.05) NS NS NS NS NS NS NS NS
Dates of sowing
20-Oct 12.2 121 65.7 62.1 153.2 1511 176.3 172.6
10-Nov 12.2 124 59.5 55.2 143.7 140.1 169.6 165.4
30-Nov 12.7 11.6 52.3 49.2 136.4 132.3 156.3 153.6
20-Dec 13.3 12.8 45.4 44.3 1245 125.8 139.4 138.2
C.D. (P=0.05) NS NS 42 3.9 83 7.1 13.1 14.1

NS=Non-significant
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recorded at 12 daysinterval after sowing crop and have
been presented in (Table 4).

A perusal of data for both the years under study
indicated that leaf area index (LAI) did not vary
significantly within varietiesviz,, HPW-249, HPW-42 and
HPW-155 from 12 DASto 60 DA S except during second
year at 60 DAS. However, the highest LAl values were
recorded in HPW-249 foll owed by HPW-155 and HPW-
42 during both the years. The LAI values at 12 DAS
varied between 0.141 and 0.144 and progressively
increased slowly i.e. 0.605 to 0.642 upto 72 DAS,
thereafter fast growth in leaves were observed which
reflected inincreased LAl after 84 DAS. The maximum
LAI wasobserved at 120to 132 DASin all thevarieties.
The LAI started decreasing after 132 DAS in all the
varieties. The maximum value of LAl was observed to
thetuneof 3.11and 2.90 at 120 and 132 DAS, respectively,
in variety HPW-249 followed by HPW-155 and HPW-
42. Similar trends were observed from 12 DAS to 132
DAS. On 144 DAS, the significantly highest LAl was
observed in HPW-249 in both the years of field
experimentation which was followed by HPW-155 and
HPW-42. Amongst the sowing windows from 20"
October to 20" December, LAl values showed significant
differencesfrom 12 DASto 144 DAS. Thesignificantly
lowest LAl was observed in 20" December sown crop
and highest values was observed when sown on 20"
October in all the periodic observations of LAI from 12
DAS to 144 DAS except 96 DAS. The maximum LAl
was observed during 120 to 132 DAS and there after it
decreased progressively upto 72 DAS. The LAI observed
increasing with higher rateafter 72 DAS. Thesignificantly

highest LAl values were observed to the tune of 3.21
and 3.30 during 2011-12 at 120 and 132 DA Sduring 2012-
13 in 20" October sown crops. The LAl was not
significantly varied between 20" October to 10"
November, 10" November to 30" November sown crops
but significantly lowest values were recorded in 20"
December sown crop. At 156 DASrevealed that variety
HPW-249 produced higher |eaf areaindex both theyears
1.27in2011-12 and 1.24in 2012-13 followed by aHPW-
155 and HPW-42. Amongst dates of sowing, 20" October
sown crop produced LAI to thetune of 1.31 during 2011-
12 and 1.37 in 2012-13 followed by 10" November, 30"
November and 20" December in both the years.

The maximum leaf area index was observed in
variety HPW-249 in both the years. Amongst dates of
sowings, 20" October sown crop recorded significantly
higher leaf area index. By virtue of optimum climatic
conditions, October 20 sown crop plants attained more
plant height and dry matter accumul ationin wheat during
both the years. These results are in conformity with the
results reported by Sharma and Kumar (2005) under
similar agro-climatic conditions. Leaf areaindex at harvest
decreased due to increas- ed leaf aging and senescence,
shading and competition between plantsfor light and other
resources, especially, when wheat encounters high
temperatures. Decrease in plant height and leaf-area
index (LAI) in December sowings was due to reduction
in duration of vegetative growth stage. This reduction
might be dueto lower temperature prevailed during earlier
vegetative growth stage and high temperature hastened
the leaf senescence and crop maturity inlate sown crop.
These results are in line with those reported by Ram et

Table 2 : Effect of sowing datesand varietieson growth yield attributes and yield of wheat during 2011-12 and 2012-13

Plant height Number of tille'sm?  Number of grains 1000 grain weight Grainyield Straw yield
(cm) tiller® () (g ha?) (g ha?)
2011-12 2012-13 2011-12  2012-13  2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13

Variety

HPW-155 97.1 98.2 280.3 283.3 47.1 47.2 442 454 38.7 41.3 55.4 61.9
HPW-249 105.7 103.1 296.8 302.2 485 49.1 46.3 47.3 41.3 44.2 59.1 65.8
HPW-42 99.4 100.1 263.2 268.2 451 451 431 434 37.6 39.8 52.2 59.1
C.D. (P=0.05) NS NS 12.8 16.2 NS NS NS NS 22 18 29 31
Dates of sowing

20 Oct 107.5 105.2 301.2 311.9 48.2 494 47.1 484 43.0 45.6 61.5 68.4
10 Nov 102.9 103.8 296.1 298.1 47.3 475 46.1 47.3 415 44.4 59.3 66.0
30 Nov 99.9 98.6 276.2 281.3 452 46.1 433 431 37.8 404 54.1 60.6
20 Dec 96.5 94.2 247.1 251.3 433 453 41.9 426 345 36.6 47.9 54.1
C.D. (P=0.05) 5.2 6.3 134 17.2 21 32 2.7 2.9 25 21 34 36

NS=Non-significant
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al. (2012).

1000-grain weight (g) :

A perusal of the datarevealed that varieties did not
differ statistically with each other in respect of 1000-
grain weight during both the years. However, HPW-249
produced higher grain weight (46.3gin 2011-12 and 47.3
gin2012-13) followed by HPW-155 and HPW-42 during
both the years. The 1000-grain weight varied significantly
in sowing environments. The crop sown on 20" October
produced significantly highest grain weight to the tune of
47.1 gduring 2011-12 and 48.4 g during 2012-13 fol lowed
by 10" November 30" November and 20" December
sown crop during both the years. This might be due to
the early sowing and early vegetative growth and heading
of crop and also because of optimum temperature during
thedifferent phases(Table 2). Declinein number of grains
spike* with successivedelay in sowing was a so reported
by Singh and Kumar (2005). Similar findings were aso
reported by Singh et al. (2013). Mukherjee (2012)
revealed from the study that the reductionin 1,000-grain
weight due to delay in sowing was mainly attributed to
reduction in growth and shrivelled grains because of
forced maturity which occurred due to sudden
temperature rise and westerly wind prevailed during
milking and grain filling stage. Kaur et al. (2015)
indicated heat stress during February under Punjab
conditionsasamajor biotic congraint resulted inmaximum
reduction in number of graing/ear and 1000 grain weight.

Grainyield (q ha?) :
The data presented revealed that variety HPW-249
gavesignificantly highest grainyield (41.3 g hatin 2011-

12 and44.2 g ha' in 2012-13) as compared to HPW-155
and HPW-42 during both the years. Amongst dates of
sowing, 20" October sown crop significantly out yiel ded
the subsequent dates of sowing (43.0 g hatduring 2011-
12 and 45.6 g haduring 2012-13) during both the years
(Table 2). The highest grain yield on 20" October sown
crop is due to higher 1000-grain weight, number grains
per tiller and LAI which reflected in higher grain yield.
Yield variations amongst various sowing datesis due to
the variability of temperature change as shifting sowing
timein 1 week of November offer opportunity for yield
improvement by late sown crop adversely affected by
exceptional high temperaturefor March and April, which
coincided with thermo-sensitive grain-filling stage of
whest and |ed to forced crop maturity. Similar observations
were also made by Pradhan et al. (2014). Talukder et
al. (2014) also reported heat stress can cause wheat yield
reduction upto 25% and the effect varies with the
varieties. Early heading wheat genotypeswith slower rate
of leaf senescence after heat exposure and longer post-
heading duration could be more tolerant to heat stress.
Pandey et al. (2014) revealed form study conducted
under north Bihar conditions that crop sown on 25
November sown crop recorded significantly higher grain
yield (35.7 g/ha) than earlier as well aslater sown crop
and al so observed significant variation among thevarieties

Sraw yield (g ha?) :

A perusal of data indicated significantly highest
straw yield in variety HPW-249 to the tune of (59.1 q ha
1in 2011-12 and 65.8 q ha'in 2012-13) fol lowed by HPW-
155 and HPW-42 during both the years. The sowing
environments significantly influenced the straw yields

Table 3 : Effect of sowing datesand varietieson grossreturns, (Rs. ha?), net returns (Rs. ha®) and B: C ratio of wheat during 2011-12 and 2012-

13

Gross returns (Rs. ha?) Net returns (Rs. ha) B:C ratio

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
Variety
HPW-155 70828 76426 42330 46888 14 15
HPW-249 75568 81219 47070 51681 16 1.7
HPW-42 67383 72943 38885 43405 13 14
C.D. (P=0.05) 3807 3849 3807 3849 0.133 0.130
Dates of sowing
20 Oct 78708 84394 50210 54855 17 18
10 Nov 75842 81496 47344 51958 16 17
30 Nov 69197 14777 40699 45239 14 15
20 Dec 61291 66783 32793 37245 1.1 1.2
C.D. (P=0.05) 4396 4445 4396 4445 0.154 0.150
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during both the years. The early sown crop on 20%"
October gave significantly highest straw yield of 61.5q
ha*during 2011-12and 68.4 g ha' during 2012-13followed
by 10" November, 30" November and 20" December
sown crops (Table 2). The higher yields in early sown
crop on October might be due to the reason that October
20 sown crop received optimum environmental conditions
for crop growth and get moretimefor attaining different
pheno-phases. Similar findings were aso reported by
Sharma and Kumar (2005) under similar agro climatic
conditions of Palampur.

Gross returns :

The data revealed that significantly highest gross
returnswere obtained in variety HPW-249 to the tune of
Rs. 75568 during 2011-12 and Rs. 81219 during 2012-13
as compared to HPW-155 (Rs.70828 in 2011-12 and Rs.

76426in 2012-13) and HPW-42 (Rs. 67383 during 2011-
12 and Rs. 72943 in 2012-13). Amongst sowing dates,
20" October sown crop gave significantly highest gross
returnsof Rs. 78708 during 2011-12 and Rs. 84394 during
2012-13followed by 10" November, 30" November and
20" December during both the years (Table 3).

Net returns :

Likewise, for gross returns the data revealed that
significantly highest net returns were accrued in variety
HPW-249 as compared to HPW-155 and HPW-42 during
both the years. Amongst sowing dates, October 20 sown
crop gave significantly highest net returnsto the tune of
Rs. 50210 during 2011-12 and Rs. 54855 during 2012-13
followed by 10" November, 30" November and 20"
December (Table 3).

Table4 : Effect of sowing datesand varietieson leaf area index during 2011-12 and 2012-13

12DAS 24 DAS 36 DAS 48 DAS 60 DAS 72 DAS 84 DAS
2011- 2012- 2011- 2012- 2011- 2012- 2011- 2012- 2011- 2012- 2011- 2012- 2011- 2012-
12 13 12 13 12 13 12 13 12 13 12 13 12 13
Variety
HPW-155 0144 0136 0152 0253 0253 0283 0460 0369 0488 0485 0.642 0662 0949 1.080
HPW-249 0144 0136 0156 025 0299 0283 0474 0383 049% 0508 0677 0687 1160 1.210
HPW-42 0141 0130 0150 0253 0247 0276 0431 0364 0481 0468 0.605 0.623 0.893 0.943
C.D. (P=0.05) NS NS NS NS NS NS NS NS NS 0028 0031 0.036 0.038 0.051
Dates of sowing
20 Oct 0155 0148 0158 0284 0268 0294 0531 0390 0506 0514 0674 0672 1180 1.310
10 Nov 0152 0144 0156 0260 0253 0280 0467 0380 0494 0489 0.693 069% 1035 1.100
30 Nov 0142 0125 0152 0240 0252 0260 0416 0359 0492 0479 0632 0654 0934 0977
20 Dec 0123 0119 0144 0231 0294 0241 0406 0359 0463 0466 0567 0608 0.852 0.921
CD.(P=005 0013 0015 0012 0021 0024 0033 0026 0023 0032 003 0.039 0044 0049 0.064
Table 4 contd...
96 DAS 108 DAS 120 DAS 132 DAS 144 DAS 156 DAS

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
Variety
HPW-155 1.80 184 224 2.39 3.05 2.81 2.84 2.88 171 176 1.27 124
HPW-249 181 184 234 244 311 2.89 2.90 2.96 1.80 1.90 1.27 124
HPW-42 1.76 1.82 224 231 3.03 2.79 2.81 2.83 1.66 157 1.25 1.22
C.D. (P=0.05) NS NS NS NS NS NS NS NS 0.11 0.13
Dates of sowing
20-Oct 1.84 1.87 2.46 251 321 3.00 3.30 3.35 2.28 217 131 1.37
10-Nov 1.82 1.85 2.26 212 3.10 291 3.14 3.25 210 222 1.30 1.28
30-Nov 1.78 184 223 234 3.02 2.81 2.84 2.98 1.99 1.87 1.23 1.25
20-Dec 1.70 1.78 2.01 222 293 2.60 2.01 1.98 1.06 112

(Before
harvest)

C.D. (P=0.05) NS NS 0.13 0.14 0.16 0.12 0.18 0.23 0.21 0.26

NS=Non-significant
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Benefit cost ratio :

The datarevealed that significantly highest benefit
cost ratio in variety HPW-249 (Rs. 1.6 during 2011-12)
and (Rs. 1.7 during 2012-13) as compared to HPW-155
and HPW-42. Amongst sowing dates, October 20 sown
crop showed significantly highest benefit cost ratio of
Rs. 1.7 in 2011-12 and Rs. 1.8 in 2012-13 followed by
10" November, 30" November and 20" December (Table
3).

Thedataon grossreturns, net returnsand B: Cratio
revealed gradual reduction dueto the delayed planting of
crop from October 20 in both years. The highest gross
returns, net returns and benefit cost ratio of Rs. 75568,
47070and 1.6, respectively inthefirst year and Rs. 81219,
51681 and 1.7, respectively during second year were
obtained from 20" October sown crop. Kumar (2011)
also worked out the economics of the wheat crop under
varying sowing environments and concluded higher net
returnsin early sown crop during October compared to
December sown crop.
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