Optimizing sowing windows for wheat in the
sub-temperate climate of the North-Western
Himalayas under limited irrigation

ABSTRACT

A field investigation was carried out at Research farm of Department of Agronomy,
CSKHPKYV, Palampur during the winter season to evaluate the suitability of variable owing
wrndows under I|m|ted |rr|gat|0n regimes with two wheat cultivars. The five sowing windows
15", 30" October, 15", 30" November and 15" December along with two wheat cultivars
i.e., HPW-349 and HPW 155 were investigated under a factorial randomrzed block design
with three replications for each treatment. The timely sown crop on 15" October resulted in
significantly higher values for growth attributes such as plant height, leaf area index, number
of tillers per meter square and vyield attributes such as spike length, number of grains per
spike and test weight. The grain yield consequently was recorded to be the hrghest for the
timely sown crop i.e., 15" October sown crop. The t|mer SOwWn crop sown on 15" October
resulted in 21.6% hrgher grain yield as compared to 15" December sown crop.Furthermore,
delaying the sowing date by one month from 15" October to 15" November the wheat grarn
yield declined by 12%, similarly, delaying the sowing date from 15" November to 15

December resulted in yield reduction by 7%. The highest gross, net returns and benefit cost
ratio were also recorded to be the higher for the timely sown crop i.e., 15" October sown
crop.
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1. INTRODUCTION

Bread wheat (Triticum aestivum L.) is one of the important cereal crops in the world with
wider production and consumption across the globe. Wheat has been cultivated on an area
of 219 million"hectares and 808.4 million tons globally, whereas in India it is cultivated on an
area of 30.4:million: hectares with a production of around 107.7 million tons (FAOSTAT,
2024). “India.produces a vast quantity of wheat grain on global level being second to the
China although have a significant potential in improving the its wheat production potential
under the influence of modern improved agro-practices (Jat et al., 2024). In Himachal
Pradesh, this crop is presently being cultivated on 319.476 thousand hectares with a
production of 609.31 thousand tones and productivity of 1.90 metric tonnes per hectare
(Department of Agriculture, 2022-23).

Changing climatic conditions like increasing temperatures and declining rainfall have been
considered significant reasons for declining wheat productivity especially due to shortened
grain filling period leading to reduced grain size for wheat (Farhad et al., 2023). The study on
climatic trends in HP also revealed decreasing trends of rainfall and on contrary increase in
maximum and minimum temperatures in mountain state Himachal Pradesh affecting crop
yield (Rana et al., 2012). Altering the planting schedules had proved to be a critical practice
to increase resilience of wheat to changing climate (Pathania et al., 2018; Pathania et al.,
2019) in North Western Himalayas conditions. The studies carried out in this region also




indicated that application of rainfall and temperature forecasts proved to be beneficial in
saving irrigation crops (Rana et al., 2013)

Exposing the crop to variable environments with changed sowing window can help in
understanding the phenological as well as biomass production response to differing weather
elements such as temperature, relative humidity, precipitation, sunshine hours etc (Mangani
et al., 2023; Pareek et al., 2023). Besides altering sowing windows, considering potential of
variable wheat cultivars to photosynthesise efficiency and accumulate significant amount of
biomass in times of changing climate can play a vital role in improving wheat productivity
(Sattar et al., 2023). Therefore, considering the need to investigate the influence of variable
sowing windows as well as wheat cultivars on productivity and profitability of wheat under
the conditions of North-Western Himalayas. The objectives of the study were to study the
effect of variable sowing windows and wheat cultivars on wheat growth, productivity, agro-
meteorological indices and profitability of wheat.

2. MATERIAL AND METHODS

Site and soil

The field investigation was conducted during the winter season..of at Research farm of
Department of Agronomy, CSKHPKYV, Palampur. The experimental field was at an average
above mean sea level of 1290.8 m with agro-climatic conditions defined as sub-temperate
and sub-humid with high rainfall, severe low temperatures during winters and moderate
temperatures during mild summers. Dunng the crop season the weekly maximum and
minimum temperature varied from 10 to 34°C and 0.5 to 25.5°C and total seasonal rainfall of
370.8 mm. The highest average weekly rainfall (78.6 mm) was recorded during the 4th
meteorological week whereas in case of evapotranspiration the correspondmg highest (50.5
mm) and lowest values (9.3 mm) were recorded during 16" and 4" meteorological week
The maximum average weekly relative humidity (89%) was recorded during the 3

meteorological week whereas the lowest relative humidity (48%) was recorded in the 19"

meteorological week. The soil at the experimental field was silty clay loam in texture, with
acidic soil reaction (pH = 5.7), medium centent of available nitrogen (316 kg/ha), phosphorus
(16.7 kg/ha) and organic carbon:(0.8%) whereas available potassium (298 kg/ha) was high
in the field soil.

Experimental detail

The field investigation ‘was carried out in a randomized block de5|gn with factonal
arrangement The treatments consisted of five wheat sowing windows (15 October, 30"

October, 15" November, 30" November and 15" December) and 2 wheat cultivars (HPW-
349 and HPW-155). which-were replicated thnce The gross plot size for each treatment was
16.8 m” whereas the net plot size was 13 m?. The field was prepared using 1-2 ploughings
followed by levelling-and breaking of clods. The seed rate was 100 kg/ha whereas the row
spacing was, kept at 22 cm. The primary nutrients i.e., nitrogen, phosphorus and potassium
were applied at the rate of 120, 60 and 30 kg/ha. The half of the nitrogen, full dose of
phosphorus and potassium were applied as basal dose whereas rest of the nitrogen was
applied at crown root initiation stage as top dressing. Hand weeding was practiced along
with Isoproturon application at the rate of 1.25 kg/ha to keep weed population below
threshold levels. The harvesting was carried out manually using sickles. The crop was
threshed to separate the grains from straw.

3. RESULTS AND DISCUSSION

Phenological studies

Crop phenological development serves as a critical biological indicator of climate change
and the effects of rising temperatures. Studying crop phenology is essential for
understanding how crops respond and adapt to changing climate conditions. In the present



field investigation, the micro-environment imposed with alteration of sowing dates,
significantly impacted the days to complete the crop emergence, crown root |n|t|at|on
tillering, ear emergence and physiological maturity. The wheat crop sown on 15" October
attained the emergence (10 days) and crown root initiation (28 days) in the shortest span
whereas the following late sown crops on 15" (12, 30 days, respectively), 30" November
(12, 30 days, respectively) and 15" December (14, 32 days, respectively) took comparatively
greater days to attain emergence and crown root initiation (Table 1). Contrary to this, moving
ahead for the tillering (68 days), ear emergence (131 days) and physiological maturity (167
days), 15" October sown crop took greater number of days whereas the crop sown on 15"

(62, 125 and 156 days, respectively), 30" November (61, 122 and 148 days, respectively)
and 15" December (58, 119 and 138 days, respectively) completed the tilleting, ear
emergence and physiological maturity in a comparatively shorter period of time. Wheat
cultivars however, did not differed significantly in terms of days required tosattain different
phenological stages such as emergence, crown root initiation, tillering, ear emergence and
physiological maturity. The results observe din the present investigation were consistent with
the findings revealed by Sattar and his co-workers in 2023 wherein they reported that
delaying the sowing of wheat crop resulted in extended period of vegetative phases whereas
shortened period of reproductive stages. Such a response was recorded due to lower
temperature in the winter season for the late sown crop;whereas, exposure to higher
temperatures during reproductive phases and therefore resulting shortened reproductive
stages (Sattar et al., 2023).

Table 1. Effect of varieties and date of sowing on‘number of days taken to different
phenologicalstages

Treatments Days to Days to Days to Days to ear Physiological
Emergence CRI titltering emergence maturity

Varieties

HPW-349 11 30 64 126 156

HPW-155 12 29 63 125 154

LSD (P=0.05) NS NS NS NS NS

Sowing window

15" October 10 28 68 131 167

30" October 11 28 68 128 165

15" November 12 30 62 125 156

30" November 12 30 61 122 148

15" December 14 32 58 119 138

LSD (P=0.05) 14 1.5 3.6 2.8 4.7

Effect of varieties.and date of sowing on growth and yield attributes on wheat crop
Growth attributes

Plant height.is a vital growth attribute of cereal crops especially wheat. In the present field
investigation, wheat cultivars did not respond significantly different in terms of plant height,
however a significant response was recorded in terms of plant height for the crop with
variable dates of sowing. The crop sown in the month of October whether 15" (114.8 cm) or
30" October (114.2 cmz resulted in significantly hrgher taller plants whereas crop sown late
on 15" (104.9 cm), 30" November (99.5 cm) and 15" December (94 cm) have plants with
shortened height (Table 2). Leaf area index was recorded to be responding differently for the
crop sown at varying dates of sowing however the wheat cultivars did not show any
significant response |n terms of leaf area index. The highest leaf area index was recorded for
the crop sown on 15" October (3.24), parallelly crop sown on 30" October (3.17) resulted |n
the srmrlar leaf area index for the wheat crop (Table 2). The crop sown late such as on 15"
(2.99), 30" November (2.81) and 15" December (2.92) resulted in considerably lower leaf
area index for the wheat crop. Number of tillers per meter square was observed to be



significantly responding to the variable dates of sowing with crop sown on 15" (294) and 30"
October (291) resulted in the highest humber of trllers per meter square for the wheat crop
Contrary to this, crop sown late on dates such as 15" (280), 30" (270) November and 15"
(259) December resulted in substantially lower number of tillers per meter square for the
wheat crop. However, the wheat cultivars did not respond in different manner in terms of
number of tillers per meter square. Reduction in values of growth attributes such as plant
height, leaf area index and number tillers per meter square in the present investigation for
delayed sowing conditions can be attributed to exposure of crop to lower temperature during
winter season which may have slowed down the metabolic activities leading to curtailed
growth. However, timely sown crop may have attained the optimum growth before getting
exposed to peak winter season (Jha et al.,, 2023; Sattar et al., 2023). The findings in the
present field study reported on reduction in number of tillers per meter square: eorroborate
with the findings reported by Poudel and his co-workers in his field study reported in 2020.
Yield attributes

The variable dates of sowing produced significant effects over wheat sprke length. Sp|ke
length was recorded to be significantly higher for the sowing dates of 15" (10.5 cm) and 30"
October (10.5 cm) However, late sown wheat crop sown on 15" (9.7 cm), 30™ November
(9.3 cm) and 15" December (9.0 cm) responded with considerable. reduction in spike length
(Table 2). Wheat cultivars again did not produce any significant effects over spike length of
wheat. Number of grains per spike were found to be srgnrfrcantly mfluenced under the
impact of variable dates of sowing. The timely sown crop on 15" (55) and 30™ October (52)
resulted in consrderably higher number of grains per plant whereas delay in sowing date i.e.,
15" (47), 30™ November (44) and 15" December (42) resulted in considerably loss in terms
of number of grains per plant. The wheat cultivars, however; did not produce any significant
effect over number of grains per plant. The“test weight of wheat crop was significantly
mfluenced under the impact of variable dates of sowing. The timely sown crop especially on
15" October (48.48 @) resulted in S|gn|frcantly higher tests weight for the crop whereas
further delay in sowing date such as 15" (45.48 0), 30™ November (43.72 g) and 15"
December (41.6 g) resulted in reduction in test weight of the crop (Table 2).

In the present investigation, optimized ‘growth under the favourable temperature regime for
the timely sown crop might have improved the formation of yield attributes a better rate,
However, contrary to this, reduced growth for the crop sown late might have ultimately
resulted in poor formation of yield charactering attributes. Significantly higher values for
yield attributes such as sprke length, number of grains per spike and test weight for the
timely sown crop i.e;, 15™ Qctober can further be attributed to exposure of crop to optimum
temperature during period of flowering as well as grain formation and filling whereas in case
of late sown crop or delayed sowing of the crop might have exposed to higher temperatures
leading to heat stress and ultimately reduced values for yield attributing characters (Jha et
al., 2023). Furthermore, for delayed sowing with increasing temperature during reproductive
stages there have been grain shrinkage due to production ROS (reactive oxygen species) as
well as grain abortion (Sattar et al., 2023). Jha and his co-workers and Sattar and his co-
workersin different studies based on variable dates of sowing for wheat crop observed
similar impact over yield attributes (Jha et al., 2023; Sattar et al., 2023).

Crop vield

The dates of sowmg considerably influenced the grain yield of wheat crop. The timely sown
crop sown on 15" October resulted in 21.6% higher grain yield as compared to 15
December sown crop i.e., as the sowing date was delayed from 15" October to 15"
December the grain yield declrned from 40.1 to 33 q/ha (Table 2). Furthermore, delaying the
sowing date by one month from 15" October to 15" November the wheat gram yield
declined by 12%, similarly, delaying the sowing date from 15" November to 15" December
resulted in yield reduction by 7%. The cultivars however did not produce significantly
different grain yield for the wheat crop. Straw yield was S|gn|f|cantly influenced under the
impact of various sowing dates. The timely sown crop of 15" October produced 11.7%



higher straw yield compared to 15 December sown crop i.e., 15" October sown crop
produced 64 g/ha straw whereas 15" December sown crop produced 57 3 g/ha straw yleld
Similarly, delaymg crop sowing by one month from 15" October to 15" November and 15"

November to 15" December resulted in 5% loss in straw yield. The cultivars did not respond
significantly in terms of straw yield of wheat crop.

The lower yield levels in the present filed investigation for the delayed sowing conditions can
be attributed to reduced growth as well as reduction in the sink size. Sink size in the present
study can be attributed to lower test weight, spike length and number of grains per spike.
Furthermore, due to shortened reproductive period i.e., ear emergence and physiological
maturity for the wheat crop may result in shrinkage of sink size and ultimately reduces the
wheat yield (Poudel et al., 2021). The findings of the present field investigation were found to
be consistent with the study results reported by Dubey and his coworkers in 2019:in terms of
reduction in wheat yield due to exposure of crop to elevate temperatures. However, timely
sown crop provides the crop an opportunity to accumulate optimum -amount of
photosynthates for better sink size and ultimately the economic yield (Dar Eajaz et al., 2018).
Poudel and his coworkers reported grain yield reduction to even an.extent of 47% with
exposure of crop to heat stress especially for late sown crop (Poudel et al.; 2021). Reduction
in grain yield of wheat with exposure of crop to heat stress was also reported by Poudel and
his co-workers in 2020. Also, lower aerosol values, higher net radiant energy during the
COVID-19 pandemic lockdown period improved the crop productivity as represented by the
higher NDVI during the lockdown period in in agricultural, ecosystems in the Himalayan
foothills (Pokhariyalet al., 2021)

Parallel to grain yield, straw yield was reduced considerably in the present study owing to
reduced values for growth attributes such as plant height,:leaf area index and number of
tillers per meter square. Sattar and his co-workers.in 2020 reported similar impact over
wheat straw yield for delayed sowing of wheat crop with exposure to elevate temperatures.
The results of the present study corroborate with findings reported by Sattar and Srivastava
in 2021 over wheat straw yield with late sown wheat crop.

Table 2. Effect of varieties and date of sowing on growth and yield attributes on wheat
crop

Treatment Plant LAl No. of Spike No. of 1000- Grain Straw

height tillers/  length grains grain  yield vyield
(cm) m? (cm) weight (g/ha) (g/ha)
Varieties
V1 (HPW- 106.4 3.06 280 9.9 48 4565 36.25 61.21
349)
V2 (HPW- 104.6 2.99 278 9.7 47 4498 35.83 60.09
155)
LSD (P=0.05) NS NS NS NS NS NS NS NS
Sowing
window
15" October 1148 3.24 294 10.5 55 48.48 40.14 64.00
30" October 1142 3.17 291 10.5 52 47.32 38.38 63.04
15" 1049 2.99 280 9.7 47 4548 35.32 60.62

November




30" 99.5 2.81 270 9.3 44 43.72 33.37 58.25
November

15" 94 2.92 259 9.0 42 41.6 33.01 57.32
December

LSD (P=0.05) 5.0 0.2 10.8 0.8 3.5 2.5 1.4 3.7

Crop profitability

Gross returns were not significantly influenced with different wheat cultivars. However,
sowing of the crop at different dates have resulted in significant effects over gross returns for
wheat cultivation. Crop sown on 15" October generated 21.6% greater gross returns i.e.,

crop sown on 15" December was responsible for 53640 INR gross returns whereas crop
sown on 15™ October resulted in 65222 INR gross returns (Table 3). The highest gross
returns for the timely sown crop can be attributed to substantially higher grain yield recorded
for the treatment.

Wheat cultivars were not able to exert any significant influence over net returns from wheat
cultivation, however, sowing of the crop at different dates resulted in significant |mpact over
the net returns generated from the wheat cultivation. The crop.sown. on the 15" October
resulted in S|gn|f|cant higher net returns for wheat cult|vat|on i.e., 40.7% higher than the crop
sown on 15" December. As the Crop sown on 15" October was able to generate 40012 INR
net returns whereas crop sown on 15" December was only able to.generate net returns of
28430 INR. The net returns for the timely sown crop<on 15" October can be attributed to
significantly higher grain yield as well as considerably higher gross returns for the respective
treatment.

Benefit cost ratio was not significantly influenced under the impact of different wheat
cultivars. Variable dates of sowing resulted'in significant influence over benefit cost ratio.
Sowing of the crop at 15" October (1.59) resulted:in significantly higher beneflt cost ratio
whereas the lowest benefit cist ratio.was recorded for the crop sown on 15" December
(1.13) (Table 3). Significant higher benefit-cost ratio for the 15" October sown crop can be
attributed to considerably higher gross returns for the corresponding crop.

Table 3. Effect of varieties and date of sowing on growth and yield attributes on wheat

f/r;)r?eties Gross return Net return B:C ratio
V1 (HPW-349) 58914 33704 1.34

V2 (HPW-155) 58228 33018 1.31
LSD (P=0.05) NS NS NS

Sowing window

15" October 65222 40012 1.59
30™ October 62367 37157 1.47
15™ November 57402 32192 1.28
30™ November 54223 29013 1.15

15™ December 53640 28430 1.13




LSD (P=0.05) 3827 3827 0.15

4. CONCLUSION

In the present investigation crop growth, yield attributes, yield and profitability were not
significantly influenced by wheat cultivars whereas a significant influence of sowing dates
was observed. The present investigation has concluded sowing of wheat crop in the month
of October whether 15" (1** fortnight) or 30" October (2nd fortnight) is optlmum for
conS|derany higher grain y|eId of wheat. Delay|ng sowing by each monthi.e., 15" October to
15" November and from 15" November to 15" December reduced the grain yield by 12 and
7%, respectively. Similarly, substantially higher growth and yield charactering attributes such
as plant height, leaf index, number of tillers per meter square and spike Iength number of
grains per spike, test weight were recorded for the timely sown crop i.e., 15" October sown
crop. Consequently, the highest gross, net returns and benefit cost ratio was.recorded for
the 15" October sown crop.

ETHICAL APPROVAL (WHEREEVER APPLICABLE)

The present investigation did not involve any studies on human or animal
participants.

REFERENCES

Dar Eajaz A, Brar AS and Yousuf A. 2018. Growing degree days and heat use efficiency of wheat as influenced by
thermal and moisture regimes. Journal of Agrometeorology 20 (2): 168-170. doi: 10.54386/jam.v20i2.535.

Department of Agriculture. 2022-23. Statement showing crop-wise area, production and productivity of principal crops in
Himachal Pradesh. Himachal Pradesh: https://agriculture.hp.gov.in/fen/production-2/

Dubey R, Pathak H, Singh S, Chakraborty B, Thakur AK and Fagodia RK. 2019. Impact of Sowing Dates on Terminal
Heat Tolerance of Different Wheat (Triticum aestivum L.) Cultivars. National Academy Science Letters 42: 445-449. doi:
10.1007/s40009-019-0786-7.

FAOSTAT. 2024. Food and Agriculture Organization. Rome, Italy. https://www.fao.org/faostat/en/#data

Farhad M, Kumar U, Tomar V, Bhati PK, Krishnan JN, Kishowar-E-Mustarin, Barek V, Brestic M and Hossain A. 2023.
Heat stress in wheat: a global challenge to feed billions in the current era of the changing climate. Frontiers in Sustainable
Food Systems 7. 1203721.



Jat SL, Jat ML, Parihar CM, Jat HS, Singh AK, Bijarniya D and Kumar M. 2024. On-farm evidence on breaking yield
barriers through optimizing wheat cropping system in Indo Gangetic Plain. European Journal of Agronomy 159. 127256.

Jha RK, Sattar A, Singh AK, Kundu MS, Tiwari RK, Singh AK et al. 2023. Managing climatic risks in rice—~wheat cropping
system for enhanced productivity in middle Gangetic plains of India. Frontiers in Sustainable Food Systems 7. 1259528.

Mangani R, Gunn KM and Creux NM. 2023. Projecting the effect of climate change on planting date and cultivar choice
for South African dryland maize production. Agricultural and Forest Meteorology 341. 109695.

Pareek B, Rana RS, Rana N, Manuja S, Kumar N and Pareek NK. 2023. Wheat productivity and profitability under
different sowing window and irrigation scheduling based on weather model and spatial data in north Western
Himalayas. Journal of Soil and Water Conservation 22(2): 186-192.

Pathania R, Prasad R, Rana RS and Mishra SK. 2019. Heat unit requirement and yield of wheat (Triticum aestivum L.)
varieties under different growing environment in mid hill conditions .ofi, Himachal Pradesh. Journal of
Agrometeorology 21(3): 282-287.

Pathania R, Prasad R, Rana RS, Mishra S and Sharma S. 2018. Growth and'yield of wheat as influenced by dates of
sowing and varieties in north western Himalayas. Journal of Pharmacognosy and Phytochemistry 7(6): 517-520.

Pokhariyal S, Patel NR,Rana RS and Chauhan P. 2021. Environmental Impact of Lockdown Amid COVID-19 Over
Agricultural Sites in Himalayan Foothills. Journal of the Indian Society of Remote Sensing 49: 1651-1659.
https://doi.org/10.1007/s12524-021-01343-4

Poudel MR, Ghimire S, Pandey MP, Dhakal KH, Thapa DB and Paudel HK. 2020. Evaluation of wheat genotypes under
irrigated, heat stress and drought conditions. Journal.of Biology and Today's World 9(1): 1-3.

Poudel PB, Poudel MR and Puri RR. 2021. Evaluation of heat stress tolerance in spring wheat (Triticum aestivum L.)
genotypes using stress tolerance indices in'western region of Nepal. Journal of Agriculture and Food Research 5. 100179.
doi: 10.1016/ j.jafr.2021.100179.

Rana RS, Bhagat RM, Singh MM, Kalia 'V, Singh S and Prasad R. 2012. Trends in Climate variability over Himachal
Pradesh. Journal of Agrometeorology 14(1): 35-40.

Rana RS, Sood R and-Shekhar 3. 2013.Validation of medium range weather forecasts in sub-temperate and sub-humid
climate of western Himalayas. Indian Journal of Agricultural Sciences 83(12): 1357-1363.
Sattar A and Srivastava:RC:. 2021. Modelling climate smart rice-wheat production system in the middle Gangetic Plains of

India. Theoretical and Applied Climatology 144: 77-91. doi: 10.1007/s00704-020-03497-6.

Sattar A, Nanda G, Singh G, Jha RK and Bal SK. 2023. Responses of phenology, yield attributes, and yield of wheat
varieties under different sowing times in Indo-Gangetic Plains. Frontiers in Plant Science 14. 1224334.



