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Abstract

Unavailability of irrigation water for early sowing has remained a constant problem in cold arid
deserts of Ladakh. In order to get a solution to this problem, a 2-yr farmers’ participatory
research trial with best bet agronomic management on artificial glacier water harvesting tech-
nology was conducted. The technology involves collecting water from natural glaciers that melt
during late December. The water is diverted toward a shed constructed with stone embank-
ments set up at regular intervals. The area is chosen where there is minimum interference
of solar radiation, generally between two mountain slopes or ridge that is on the leeward
side. The melted water is that melts from the natural glacier impeded by the embankments
and get frozen here. This frozen water starts melting in late March and is used for both pre
sowing and initial crop water requirement. It also ensures early sowing of wheat by creating
additional 45-day window which leads to introduction of long- and medium-duration wheat
varieties to replace decades old locally grown short-duration varieties. The work was initiated
with a benchmark survey of 100 farmers to get an understanding of present irrigation scenario,
crop management practices and date of sowing. Data from 99 farmer participating trial of
wheat conducted after or from bench mark survey clearly indicated that the effect of water
shortage can be seen on yield and yield attributing characters due to unavailability of pre sow-
ing irrigation and water requirement at imperative growth stages and may also lead to terminal
heat stress in wheat crop. Out of total number of irrigations applied, initial two irrigations can
be compensated by artificial glacier water harvesting technique, leading to a revolution in the
agriculture scenario of the tribal population by introduction of long- and medium-duration
wheat varieties in cold arid desert of Ladakh for the very first time. It was observed that
wheat seeding done in first fortnight of April gave better yields in comparison to late seeded
wheat. Moreover, the long-duration varieties (LDVs) or medium-duration varieties (MDVs)
sown under late condition gave better yield in comparison to locally grown short-duration var-
ieties sown at same time. Yield potential of LDVs and MDVs of wheat under late sowing was
found quite low in comparison to early-sown wheat, still when compared with the perform-
ance of locally grown wheat the yields were more even if the local varieties were sown early.
The outcome of this study will help the farmers of tribal, cold arid community in harvesting
better wheat yields by timely sowing of the wheat crop accompanied with better bet agronomic
management practices. Government initiative is further required to ensure better outreach of
complete crop management strategies to the tribal farming community of the region in order
to ensure food security and improve their socioeconomic status.

Introduction

The Himalayan region spans over 4 million km2, which is about 2.9% of the global land area
and approximately 18% of the global mountain area. The Himalayan glaciers sustain around

https://doi.org/10.1017/S1742170517000527 Published online by Cambridge University Press

https://www.cambridge.org/raf
https://doi.org/10.1017/S1742170517000527
mailto:darshahnawaz78@rediffmail.com
mailto:darshahnawaz78@rediffmail.com
mailto:s.r.dar@irri.org
https://doi.org/10.1017/S1742170517000527


150 million people. Additionally, changes in this vast region
impact the lives of over 1.3 billion people living in the basin of
the rivers originating in the Himalayas, and on almost three bil-
lion people when downstream coastal zones are taken into
account (Xu et al., 2007). The Himalayan region includes all of
Nepal, Bhutan and the mountainous parts of Afghanistan,
Bangladesh, China, India, Myanmar and Pakistan and are inter-
woven with nine major river basins. The most recent estimates
show that throughout the Himalayan region, the land cover
include 14% (595,705 km2) forest, 26% (1,105,546 km2) agricul-
ture including areas with a mixture of natural vegetation, 54%
(2,267,600 km2) rangeland and scrubland, 1% (42,550 km2)
water bodies and 5% (212,751 km2) permanent snow cover
(Bajracharya and Shrestha, 2011). Out of the total 26%
Himalayan agricultural land 6% (256,204 km2) is jointly consti-
tuted by India, Nepal, Bhutan and Pakistan. Due to restricted
resources particularly water, agriculture is getting difficult in the
area. From 256,204 km2, 7.5% of the area can achieve better prod-
uctivity by identifying alternate water harvesting techniques and
bridging the gap of water shortage due to climate change. The
study is focused in higher elevations of Himalayas that are facing
similar situation as a result of which farmers are bound to harvest
crops of shorter duration and lower yields. Intensification of agri-
culture is continuing with expansion of crop land in other parts of
the country, whereas tribal marginal farming community of
Ladakh have limited access to agricultural technologies particu-
larly water management strategies that results in productivity
stagnation (Dorjey and Srivastava, 2012). The ability of farmers
to counter such challenges is inadequate as they are poor and
the average size of their holdings is very small. Limited agricul-
tural land in Ladakh remains a constraint moreover irrigation
water (IW) availability makes agriculture all the more difficult.
In order to increase wheat productivity and attain self-sufficiency,
there is a need to identify alternate source of IW (LAHDC-L,
2005). The focus of the research and extension groups is still on
the traditional wheat varieties thinking it to be the prime movers
to increase in grain production but that has never produced tan-
gible gains. Farmers now need to realize the requirement for bet-
ter water management techniques accompanied with early-sown
high-yielding varieties in order to increase wheat productivity
where the yield gains are almost negligible as compared to rest
of the state (Gupta and Kant, 2012). Irrigation based management
strategies can help bridging the yield gaps in wheat to achieve self-
sufficiency of the region, which remains cut off from rest of the
world for almost 4–5 months due to heavy snow fall on Zogila
and Manili path. This area is connected only by roads, thus get-
ting cut off from rest of the country making human life difficult as
there is shortage of the common commodities required for their
basic daily needs.

In cold arid Himalayan deserts of Ladakh, annual precipitation
is very low and entire region relies heavily on water from the melt-
ing of glacier for agricultural production to sustain livelihoods
(Parvaiz, 2010). Late melting of snow packs has made agriculture
difficult in the area due to deprivation of IW. Climate change has
altered the hydrology of Ladakh and the area now experiences
water shortage as some springs are drying up and free running
water is almost disappearing (Central Groundwater Board, 2009;
GRWH, 2011). The change in hydrology of Himalayan glaciers
is quite evident at the time of sowing cereals especially wheat,
since the amount of water melting is unpredictable, uncertainty
increases the risk of crop failure or dependency on short-duration
low-yielding wheat varieties as the crop duration gets restricted.

With the change in climate, this region will become even more
vulnerable to drought. This will most likely have a negative effect
on agriculture in glacier-fed water basins and adaptation techni-
ques needs to be developed for handling water stress in such
conditions.

In Ladakh, cropping period lasts for about 5–6 months
(Pudasaini, 2010); out of these, the first 2 months are really
important, because delay in sowing especially if wheat is
planted, the entire harvest can get damaged as the crop is not
able to attain maturity due to low temperature of cold winter
weather. Scanty irrigation water availability at the time of sowing
thereby increases the risk for late crop maturation (Bagla, 2001).
To deal with water shortage and unpredictable water supply at
high altitude of Ladakh, an alternate water harvesting technique
termed as artificial glacier or icing has been created by Glacier
man Chewang Norphel, that involves the principle of freezing
flowing water on top of a previously frozen surface in a shed
area formed by stone embankments. Artificial glaciers are
large reservoirs that are created upstream of villages, i.e., captur-
ing the naturally melting water of winters that would otherwise
run off and remain unutilized. This stored water is allowed to
freeze during winter, and since it is collected at a lower altitude,
in spring it melts early enough to be used for pre sowing irri-
gation or initial water requirement of the wheat crop.
Therefore, it is favourable for early sowing of wheat which other-
wise gets delayed by more than a month as temperature at higher
elevations of glaciers are still low enough to prevent the glaciers
from melting. Thus, this technology of water harvesting provides
a window of at least 45 days in cropping season to introduce
long- and medium-duration high-yielding wheat varieties to
have prolonged vegetative and reproductive stage giving higher
yields to replace existing traditionally grown short-duration low-
yielding wheat varieties common in this region. Ignorance of
additional irrigation at the time of grain filling with late-sown
short-duration wheat varieties due to water scarcity under high
evapotranspiration rates in the crop growth stage also leads in
yield reduction, but with early sowing, the crop escapes terminal
heat stress condition and fetches higher yields.

The transformation of farmer’s mindset from poor water man-
agement to best water harvesting techniques requires better man-
agement skills to foster its expansion, when supplemented with
the inclusion of agronomic interventions wheat productivity can
be even further enhanced. The study focused on identifying and
implementing alternate IW source to meet pre sowing irrigation
and initial water requirement for introducing long- and medium-
duration wheat varieties. Water management remained as the
major yield enhancing intervention for wheat crop in the farmer
participatory research. Effect of early sowing, i.e., a non-cash
input was also emphasized for mainstreaming with the poor
farmers and increasing their crop productivity. Improvement in
schedule for date of sowing and replacement of local varieties
with high-yielding long-duration varieties under water harvest-
ing by artificial glaciers can correlate strongly with increased
grain yield thus, leading to harness maximum benefits for the
farmers.

Materials and methods

Experimental site and soil properties

Total of 99 sites distributed across Ladakh within six blocks and
nine villages were selected. The cropping cycle under general

364 S. R. Dar et al.

https://doi.org/10.1017/S1742170517000527 Published online by Cambridge University Press

https://doi.org/10.1017/S1742170517000527


weather conditions across the sites faces variable temperature
range. The whole Ladakh totally depends on natural glaciers for
water requirement in agriculture as the area does not have access
to any alternate irrigation system other than canal irrigation. IW
from glaciers is available for agricultural purpose in the month of
May. Due to this, agriculture in Ladakh particularly at sowing and
initial crop water requirement stage faces water shortages. As a
result, farmers are forced to choose short-duration low-yielding
varieties because of delayed sowing. Soils in this region are neutral
to slightly alkaline in nature with low to medium organic carbon,
nitrogen, phosphorus and zinc but medium to high in potassium.

Process of building an artificial glacier

The concept of artificial glaciers has been developed by engineer
Chewang Norphel and his team based on ancient practices of har-
vesting snow melt water. The method involves diversion of melt-
ing water in winter into heavily shaded areas where the winter sun
is blocked by a ridge or a mountain slope. Along the mountain
slope, stone embankments are set up at regular intervals to
impede the flow of water. These stone embankments form shallow
pools where the melting water refreezes. During winter, the pools
form thick ice masses as the temperature falls steadily. The walls
of the pool are gradually raised, trapping and freezing the water
above. In spring, the frozen water melts at apt time for the
early sowing of wheat. For higher efficiency of artificial glacier,
water harvesting systems following points were taken in account.
The design for head work of diversion channel was framed in
such a way that it can enter the diversion channel simply by

opening the head regulator gate without blocking the main
stream. The bed grade of the diversion channel was kept steep
enough so that water does not get blocked by freezing. Silt
brought by water velocity settles down in the silting tank and
then clean water was allowed to flow into the distribution cham-
bers. Water started to freeze just when it comes out from the
installed pipes in the distributing chamber. The flow of water
was controlled else higher water velocity could have destroyed
the initially formed ice and sometimes even damage framed struc-
tures. Perforations were made while constructing the structure for
retaining ice so that on melting the water gets an easy passage
without damaging the structure (Fig. 1).

Experimental methodology for study

Before introducing best agronomic interventions in areas we
acquainted ourselves with the back ground by conducting survey
of existing crop management practices followed by farmers. The
survey of 100 randomly selected farmers was conducted before
setting the priorities. Status of benchmark survey and data col-
lected from the fields of these farmers included all information
including problem of initial water availability was highlighted.
The importance of water harvesting from melting of natural
water sources was highlighted as a prime priority and early sowing
of long- and medium-duration high-yielding wheat varieties as
secondary precedence came out as few of the major components
for higher yields (Table 1). Replacement of the traditional var-
ieties with high-yielding varieties throughout the high productiv-
ity zones of India happened 50 yr from now, but in this part of the

Fig. 1. (a) Site identification for construction and community area benefitted by artificial glacier. (b) Stone embankments constructed to build water reservoirs. (c)
Freezing process of water over layerings. (d) Water discharge for early sowing.
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Table 1. Agronomic practices and their effect on wheat followed in region prior to artificial glacier water harvesting technique

Agronomy
Plant

height (cm)
Effective
tillers m−2

Grains
earhead−1

Ear head
length (cm)

Total
biomass
(t ha−1)

Straw yield
(t ha−1)

Grain yield
(t ha−1)

Harvest
index

Grain count scale (%)b

<25 25–35 36–45 >45

Pre sowing irrigation source other than glacier melt, in case of Yes farmers added mulch to their fields after snow fall to retain moisture for early sowing

No (98)a 88.7a 533.5a 23.5a 6.3a 5.3a 3.3a 2.0a 0.37a 29.5b 57.4b 12.1a 1.0a

Yes (2) 89.9b 571.3b 26.6b 7.0b 6.3b 3.7b 2.5b 0.40b 22.6a 51.4a 24.2b 1.8b

Timely initial water requirement after early sowing met by water harvesting, in case of Yes there were no farmers

No (100) 88.8 534.3 23.6 6.4 5.4 3.6 2.0 0.37 29.4 57.3 12.3 1.0

Number of irrigations

4 (57) 86.7a 525.4a 21.3a 5.8a 5.1a 3.2a 1.9a 0.37a 32.5c 58.6c 8.2a 0.7a

5 (32) 90.8b 541.3b 25.7b 6.9b 5.6b 3.4b 2.1b 0.38b 26.8b 56.3b 15.7b 1.2b

6 (11) 93.3c 559.5c 28.9c 7.4c 6.2c 3.9c 2.3c 0.37a 20.5a 53.3a 24.0c 2.2c

Sowing time

1–15 April
(3)

94.4c 585.3d 32.4d 7.4c 7.6d 4.8d 2.8d 0.37b 21.1a 39.3a 34.5d 5.1d

16–30 April
(10)

92.5b 577.6c 28.6c 7.3c 6.6c 4.2c 2.5c 0.37b 24.0b 45.9b 27.8c 2.4c

1–15 May
(39)

88.9a 556.2b 24.5b 6.6b 6.0b 3.8b 2.1b 0.35a 28.0c 57.4c 13.6b 1.0b

After 15 May
(48)

87.5a 504.2a 21.2a 5.9a 4.9a 3.1a 1.8a 0.35a 32.1d 60.7d 6.7a 0.5a

Varieties commonly grown

Kromar (57) 86.6a 525.2b 23.4b 6.3b 5.5b 3.6b 1.9a 0.35a 29.1a 57.3a 12.6b 1.0b

Krokar (36) 93.2b 557.6c 24.4b 6.5b 5.8b 3.7b 2.1b 0.37b 28.7a 56.8a 13.3b 1.2b

Others (7) 84.4a 487.5a 20.6a 5.7a 5.0a 3.1a 1.8a 0.37b 34.8b 59.6b 5.2a 0.4a

Sample
mean (100)

88.8
(±4.49)

534.3
(±37.5)

23.6
(±5.01)

6.4
(±0.97)

5.4
(±1.14)

3.6
(±0.58)

2.0
(±0.47)

0.37
(±0.02)

29.4
(±1.71)

57.3
(±3.1)

12.3
(±2.1)

1.0
(±0.7)

Significance <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

aValue in parenthesis without ± sign is sample size of a component while with that of ± sign is ± S.D.
bGrain count (%) for scales (<25, 25–35, 36–45 and >45) is based on grain count from ear heads found in effective tillers m−2.
Note: Significance levels are from one-way ANOVA (numerical data) and χ2 (% data). Data followed by different lower case letters differ significantly (Duncan multiple range test, significance level = 0.05, within column comparison).
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country, 100% farmers prior to invention of this water harvesting
intervention were growing local wheat varieties like Kromar and
Krokar due to shorter growing season as a result of water crisis
in the month of April and May. Intervention of artificial glacier
water harvesting provided window for the entry of long- and
medium-duration high-yielding varieties. The long-duration var-
ieties HD 2967, HD 2824 and PBW 343, and medium-duration
varieties Baaz, HS 375 and PBW 550 were tested for their exist-
ence in this window in comparison with locally grown short-
duration wheat varieties Krokar and Kromar. Identifying the
most suitable time for advancement of average wheat sowing
from the current average wheat sowing of 8th May was evaluated
to see the effect on the grain yield of wheat. Different sowing dates
from 1st to 15th April, 16th to 30th April and 1st to 15th May
were tested to check variability in the yield and yield attributing
parameters for all varieties and irrigation management practices.
As per survey, 89% farmers apply 4–5 irrigations to wheat crop,
whereas 11% apply six irrigations; therefore, the implications of
lower irrigation frequency under high evapotranspiration was
also evaluated on effective tillers, grains per ear head and suscep-
tibility to yield losses. Pre sowing and first post sown irrigation
were met by artificial glacier in the early-sown condition and by
natural glacier in the late-sown conditions. In this experiment,
5–9 irrigations were applied on the basis of results from 3-yr
trial conducted by mountain agriculture research and extension
center to evaluate best production under high evapotranspiration
rates.

Management practices and observations recorded

These trials conducted in different locations across the hub were
on different scale that involved large number of farmers and aver-
age of 2 yr has been reported in this paper. Farmers’ participatory
approach is the process of collaboration that optimizes greater
technology extension and then adding value to it. It gives an
extraordinary access to modify technologies. It relies on farmers’
experimentation and farmers’ interaction with important market
opinion, backstopping and follow-up research. Even long-term
trials may be monitored to anticipate and deal with any kind of
undesirable consequences that may arise out of recommendations.
Based on the implementation of ACIAR and NATP projects, a
multidisciplinary, multi-institutional and farmer’s participatory
approach can lead to huge consequences for both evolution of
technologies and their accelerated adoption at the same time.
This approach is known to work well in the fields (Malik et al.,
2002). The crop was sown using traditional method, farmers
broadcasted both seed and fertilizer then covered it by using cul-
tivator and plank. The amount of fertilizer used was according to
the state recommendation. Fifty percent of nitrogen and full phos-
phorous and potassium were given as basal dose of the recom-
mended amount at the time of seeding, remaining 50% of
nitrogen was top dressed at first and third irrigation in two
equal splits. For controlling weeds, no herbicide was applied but
were allowed to germinate and uprooted manually after third
and fourth irrigation. It was used as a fodder for the cattles as
the region faces fodder scarcity. Harvesting was done manually.
Plant height of ten plants was measured in cm. The effective tillers
were counted in 1 m2 area. Grains per ear head were counted
from effective tillers present in 1 m2 and ear head length for ten
plants were measured in cm. At harvest grain yield, straw yield
and total biomass were taken from1.5 m × 2 m area at three
spots per trial. Harvest Index was calculated using the formula

(grain yield/biological yield) × 100. For calculating grains per ear
head, total number of ear heads from effective tillers m2 were
counted and were measured on a scale <25, 25–35, 36–45 and
more than 45 grains per ear head; the total count was converted
to percent in table for discussion because number of effective til-
lers vary across experiment and agronomic management.

Statistical analysis

The study, of course, had some limits of involving large number
of farmers with different management skills despite of our regular
monitoring. The significance (P = 0.05 in case of bench mark
survey or 0.10 in case of farmer participatory research) between
different groups was calculated using the appropriate statistical
tests (e.g., χ2 for % data and ANOVA for numerical data with
post-hoc test) using SPSS (version 16) statistical software.

Results

Bench mark survey

From the survey conducted randomly with 100 farmers in
Ladakh, a pattern of agricultural practices and trends followed
in the region came forward. The problems and reasons for low
yield were also highlighted. It was observed that the major pro-
portion (98%) of the farmers used fresh natural glacier water as
the sole source of irrigation which led to delay in sowing and
dependency on short-duration wheat varieties. Two percent of
farmers added mulch to retain the soil moisture for early sowing;
thereafter all irrigations were met from melting of natural glacier.
From the data, it was observed that fields with added mulch were
more productive in comparison to the one without mulch by
advancing sowing time and meeting initial water requirement of
crop by retaining moisture. This intervention of supplemental
irrigation and mulch led to have more plant height, effective til-
lers, grains per ear head, ear head length, total biomass, straw
yield and grain yield in comparison to the fields where mulch
was not added (Table 1). The data revealed that (87%) of the
farmers delayed sowing due to lack of irrigational facility. The
date of sowing also had significant effect on the yield and yield
attributing characters. Early-sown wheat was found more pro-
ductive in comparison to late-sown wheat. It was very clear
from the survey data that none of the farmers were growing
long- and medium-duration high-yielding varieties. They were
generally growing local varieties out of which majority of them
grew Kromar and Krokar (93%), both with lower yield potential.

Irrigation frequency

The first post seeding irrigation from water harvested reservoirs
was given well on time that otherwise is generally delayed by a
month due to lack of IW availability as there is no alternate source
of water. Moreover, terminal heat stress was also a problem in the
later crop growth stage in delayed sowing due to high evapotrans-
piration rate due to high temperature and strong winds. Due to
water shortage, farmers have a tendency of skipping irrigation
at some crucial crop growth stages. It is evident from the data
that farmers who applied <6 irrigations generally skipped three
irrigations that are applied at crown root initiation (CRI) stage
and at terminal heat stress stage. Similarly, where seven irrigations
were applied, two irrigations were skipped one each at CRI and
terminal heat stress stage, whereas when farmers applied eight
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irrigations, they skipped one irrigation either at CRI or terminal
heat stress stage. Data suggest that farmers who skipped irriga-
tions at these crucial growth stages had higher yield penalty
(Table 2). From the data, it is clear that good irrigated fields espe-
cially at crucial growth stages improved wheat yield in shallow
soils in comparison to that under limited irrigated conditions.
Well managed irrigation from artificial glacier water harvesting
technique increased 2-yr mean percent in plant height by 0.7–
14.2%, effective tillers m−2 by 4.5–20.5%, grains per ear head by
23.7–98.7%, ear head length by 1.6–51.6%, total biomass by
46.3–94.4%, straw yield by 36.1–47.2%, grain yield by 50–
142.9% and Harvest Index by 2.7–32.4% in case of 5–9 given irri-
gations in comparison to an average of 100 previously bench
mark surveyed data with 4–6 irrigations due to non-availability
of initial water requirement by plant and fear of lodging at ter-
minal heat stress. However, under late-sown conditions, the mag-
nitude of increase due to higher irrigation frequency on wheat
yield was more than in the early-sown wheat (long- and medium-
duration varieties) as compared with late-sown wheat (short-
duration varieties). On an average, there was an increase of
42.3% ear heads having more than 35 grains when five irrigations
were applied, 47.8% increase when six irrigations were applied,
61.4% increase when seven irrigations were applied, 71.4%
increase when eight irrigations were applied and 82.4% increase
when nine irrigations were applied. In comparison, this percent-
age remained only 13.4 for the average of 100 previously bench
mark surveyed data where 4–6 irrigations were applied. Farmers
invariably give less irrigations in wheat sown between 1st and
15th April, which leads to a loss in the productivity. Farmers
tend to avoid two to three irrigations in early-sown wheat,
which leads to grain shrinkage and attain early physiological
maturity leading to reduction in grain yield. Such effects are
more serious when terminal heat forces wheat to mature early
particularly with poor root initiation and development, thus def-
icit of IW also affects effective tillers and grains per ear head.
More effective tillers and grains per ear head were recorded
when 8–9 irrigations were given. Data indicated that this is one
strategy that will pay off in term of higher yields.

Date of sowing

The advancement in date of wheat sowings was also part of the ini-
tiative taken up to raise yield in the cold deserts of Ladakh. It is well
known that substantial increases can be realized in wheat yields if it
is sown on time and plant stands is good. Data presented in Table 3
show responses of wheat to different dates of sowing. From the
data, it reflects that there is linear decline in yield when sowing is
done after optimum date. Data on the adoption pattern of early
sowings shows that farmers in the study area are supporting pyram-
idal shift in sowing dates due to availability of well-managed irriga-
tion facility. Prior to such managements, as per bench mark survey
only 13.0% sowing in the studied area were completed in the month
of April, and by intervention of artificial glacier water harvesting
technique, 76.8% sowing was made possible in the month of
April. Early sowing led to increase yield of wheat almost twofold
due to creation of a window to incorporate high-yielding long-
and medium-duration varieties and these emerged as vital approach
to achieve the change required to attain more productivity. Data
related to date of sowing revealed that wheat sown between 1st
and 15th April had percent increase of 11.0% in plant height,
12.7% in effective tillers m−2, 74.1% in grains per ear head, 25.0%
in ear head length, 87.0% increase in total biomass, 52.8% increaseTa
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in straw yield, 130.0% in grain yield and 24.3% in Harvest Index;
whereas for sowing in between 16th and 30th April, there was a
percentage increase of 6.4% plant height, 10.8% effective tillers
m−2, 51.3% grains per ear head, 17.2% in ear head length, 64.8%
increase in total biomass, 38.9% increase straw yield, 95.0% in
grain yield and 18.9% in Harvest Index; and for sowing between
1st and 15th May, there was a percent increase of 3.4% in plant
height, 7.2% in effective tillers m−2, 15.7% grains per ear head,
10.9% in ear head length, 25.9% increase in total biomass, 16.7%
increase straw yield, 35% in grain yield and 5.4% in Harvest
Index as compared to average of bench mark survey data.
However, under late-sown conditions, the magnitude of increase
on wheat yield was less in short-duration low-yielding varieties in
comparison to the early-sown long- and medium-duration wheat
varieties. The wheat yield in early-sown wheat varieties showed a
marked effect on visually observing the grains per ear head. On
an average, 68.8% ear heads had more than 35 grains per ear
head when sown in between 1st and 15th April, 50.8% ear heads
had more than 35 grains per ear head when sown in between
16th and 30th April and 40.4% heads had more than 35 grains
per ear head when sown in between 1st and 15th May; whereas,
only 13.4% ear heads had more than 35 grains per ear head
recorded in the 100 previously bench mark surveyed data.

Varieties

The percentage of farmers who adopted high-yielding long- and
medium-duration varieties (HD 2967, HD 2824, PBW 343, Baaz,
HS 375 and PBW 550) increased to 63.6 at the time of execution
of farmer participatory research trial in comparison to the locally
grown short-duration wheat varieties (Table 4). The average yield
levels of these six varieties were higher in comparison to the locally
grown wheat varieties. The data indicate that these high-yielding
varieties can totally abolish farmer’s misconception of the crop
reaching physiological maturity and terminal heat stress with
change in temperatures and high wind speed. The results were
similar when the sowings were done even in late April. Although
the grain yield of these six promising varieties under late sowings
were reported to be far below their yield potential in comparison
to them in early-sown condition, still their yield was quite higher
when compared to the local Kromar and Krokar varieties. On
observing the data of long-duration high-yielding wheat varieties
in comparison to the short-duration low-yielding varieties, the per-
cent increase in plant height was seen between 6.3 and 10.6%,
effective tillers m−2 12.1 and 18.2%, grains per ear head 50 and
90.7%, ear head length 18.7 and 45.3%, total biomass 64.8 and
90.7%, straw yield 33.3 and 47.2%, grain yield 95 and 150% and
Harvest Index 18.9 and 29.7% were observed in HS 375, Baaz,
PBW 550, PBW 343, HD 2824 and HD 2967 to that of average
of locally grown Kromar and Krokar varieties prior to artificial gla-
cier water harvesting techniques as mentioned in Table 1. On the
average, 60–80% of ear heads had more than 35 grains per ear
head in high-yielding wheat varieties HS 375, Baaz, PBW 550,
PBW 343, HD 2824 and HD 2967; whereas in locally grown
Kromar and Krokar varieties, it was seen to be 13.4%.

Discussions

Bench mark survey

Few facts were also highlighted from the traditional followed prac-
tices, i.e., early sowing of wheat definitely helped in enhancing theTa
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grain yield and extra irrigations applied was also positively corre-
lated in terms of production. It was also found that mulch helped
in retaining soil moisture to do early sowing, thus boosting up the
yield and yield attributing characters. Thus, an important finding
was that for a long time this area has been ignored to get quality
genotypes on the basis of climatic variability to ensure better pro-
duction, productivity and livelihood of resource-poor small or
marginal farmers.

Irrigation frequency

On evaluating the weather data during experiment execution
years, it is evident that due to low temperature at upper elevations,
the glacier does not melt during early growth stage of wheat, tem-
perature increases at the end of May to mid-August in crop cul-
tivated areas and unavailability of IW required was more
detrimental to wheat productivity. Due to skipping these irriga-
tions either at early growth stages or at milking/dough stage to
escape terminal heat wheat crops are even more vulnerable to
lower yields. Farmers in Ladakh generally skipped irrigations in
crop required at crucial growth stages. Initiatives were taken to
persuade farmers to apply at least two more irrigations one at
crown root initiation and second at terminal heat stage in the
timely planted wheat is advisable to make farming economically
viable, but still there is a lot of reluctance from them as they
fear that these additional irrigations may cause either immaturity
or lodging. Even if the farmers irrigate the crop at crown root ini-
tiation stage in early-sown wheat, a significant improvement in
the growth and development can be seen, but still this does not
help much if the farmer escapes irrigation at the stage that can
lead to low yields due to terminal heat under high evapotranspir-
ation rate. This is where the last irrigation can be assured and can
help in moderating the soil temperature and maintaining the food
supply at the source and sink end to the grain. The number of irri-
gations has direct implications on the wheat performance as it is
essential for physiological and metabolic functions and facilitates
the uptake of nutrients. Hobbs et al. (1998) found that sustainable
increases in wheat system productivity depend on availability of
adequate IW at the time of crop growing season. In many studies,
it has been reported that yield losses are associated with water
stress at different physiological stages. Sharma et al. (1990) tested
combinations of three irrigation regimes based on the ratios of IW
to cumulative pan evaporation of 1.2 (I1), 0.9 (I2) and 0.6 (I3) on
the yield of wheat in northwestern India and found that grain
yield increased with increase in frequency of irrigation. Pandey
et al. (2001) found that water deficiency at any growth stage
due to high temperature and high ET demand had adverse effects
on wheat growth, especially if the stress period is from flowering
to grain-filling stages, thus leading to reduced grain yield, kernel
numbers and straw yield. The adverse effects of this stress can be
partially mitigated by an adequate supply of IW.

Sowing dates

Non-cash input, i.e., early sowing can help in increasing wheat
yields to a marked extent. Data reported in benchmark survey
and field trials show that date of sowing alone can help in improv-
ing the yield levels across the region. Since late sowing has
remained a problem, farmers depend on short-duration varieties
like Krokar and Kromar which are potentially low yielder. The
use of these two varieties is common and wide spread because
of shorter growth cycle. In contrast to the belief that theseTa
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varieties are evolved for late-sown conditions, it was found that
the long- and medium-duration varieties are equal or better in
performance even under late-sown conditions. The high-yield
potential of these long-duration varieties gives higher yield even
when sown in April end. Early sowings of wheat remain a con-
straint in the drastic environment due to unavailability of IW
required in the early growth stages of the crop. Thus, under
best water management techniques, advancement in sowing
time can be a good strategy to have best possible crop growth
phases and escape terminal heat stress challenges for yield
enhancement. Another important outcome emerging out of this
trial is that there is no need to spend both time and money on
breeding wheat cultivars for late-sown conditions. It is beneficial
that the breeders invest their time on developing timely sown
wheat cultivars and further push the yield potential of these cul-
tivars and tailor them to respond to better agronomic interven-
tions and tolerance to terminal heat stress. When these long-
and medium-duration high-yielding varieties are planted in the
late-sown conditions, they generally out yield the short-duration
cultivars recommended for late-sown conditions. On visually
observing these early-sown wheat crops, farmers found it more
appealing based on the performance during the development
phase with more grains per ear head and more effective tillers
m−2. In similar findings, Tripathi et al. (2005) estimated that
delay by every single day of wheat planting past the optimal
date of sowing results in yield loss of 26.8 kgha−1 day−1. Malik
et al. (2007) reported that in order to make the system more pro-
ductive, a shift in sowing time will be required. Early sowings have
led to major gains in the yield of wheat (Erenstein et al., 2007).
From research done in the western indo gangetic plain (WIGP),
it has been already established that early wheat sowings are neces-
sary for increasing the wheat productivity (Harrington et al., 1993;
Malik et al., 2007; Jat et al., 2013). Ali et al. (2010) reported that
early sowing of wheat was more beneficial than the late sowings
in arid areas where the growth duration for wheat crops is short
and stressed at the end of the growing season. Moreover, late sow-
ing triggered the usage of short-duration varieties with lower
inputs, and management practices, so long-duration variety can
be a great substitute to enhance productivity in early sowings pro-
vided water harvesting techniques can be practiced to have enough
IW available.

Varieties

Data clearly indicate that the grain yield of wheat is strongly
related to the genetic potential of any variety. It also indicated
that late seeding of long-duration varieties with high-yield poten-
tial can drastically be lowered if sown late due to terminal heat
stress compared with the short-duration varieties, which reaches
to physiological maturity well on time, but on comparing their
yields, the long-duration varieties always have an edge. It is advis-
able to encourage farmers to adopt early-sown long- or medium-
duration varieties whose yield potential is more as compared with
the short-duration varieties practiced in the region. In the trial
conducted, special emphasis was given on high-yielding medium-
duration (Baaz, PBW 550 and HS 375) and high-yielding long-
duration (HD 2967, HD 2824 and PBW 343) varieties which
can fit in a system where early sowings are targeted to achieve
high-yield levels. Generally, the short-duration varieties are
grown in order to escape water stress in the region that is particu-
larly seen at sowing and initial water requirement of the growth
stage. Pingali (1999) found that more than 90% of the farmers

adopted semi-dwarf wheat by 1997. Since late sowing has
remained a problem with farmers, they gradually shifted to short-
duration varieties, have low yield potential. Kumar et al. (2013)
reported that cultivar is a crucial factor to determine yield levels;
cultivars are mainly selected for higher yields, greater tolerance to
adverse or stress conditions and shorter maturity as every crop
cultivar has its own requirements for particular environmental
conditions for maximum growth, which could be facilitated by
correct sowing date.

Conclusions

The main aim of this study was to evaluate the productivity
potential of wheat by replacing low-yielding short-duration var-
ieties by high-yielding medium- and long-duration varieties and
harnessing of two additional irrigations from artificial glacier
water harvesting technology, thus sowing wheat early in compari-
son to the traditional method. The early-sown wheat during the
development phase and on harvest was found to have more grains
per ear head and higher effective tiller per unit area. It was also
observed that the farmers who adopted early sowing generally
chose high-yielding varieties used better agronomic practices,
i.e., relatively more inputs including timely weed management,
applied more fertilizer as well as irrigation. There was also a
change in the mindset in contrast to the earlier belief that short-
duration varieties were evolved for late-sown conditions; it was
established that the long-duration varieties even under late-sown
condition are equal or better in performance. The high-yield
potential of the long-duration wheat varieties is better even
when these varieties are sown at April end. It was also observed
that the number of irrigations has direct implications on the per-
formance of wheat crop as it facilitates the crop to have prolonged
vegetative and reproductive stage, thus improving the physio-
logical and metabolic functions and facilitates the uptake of nutri-
ents. It was seen that the farmers who skipped last two irrigations
showed more instances of grain shrinkage, fewer grains per ear
head and effective tillers, thus incurring heavy yield penalty in
comparison to the farmers who gave the supplemental irrigation
that prevented the crop under high-temperature stress at the time
of grain filling. On the other hand, artificial glacier water harvest-
ing technique made it convenient to facilitate pre sowing irriga-
tion and initial crop water requirement of early sown wheat,
thus ensuring enough water availability to beat terminal heat
stress by increasing the number of irrigation up to nine that
emerged as the major driving force for championing the change.
Integration of all these agronomic practice can gain a foothold in
the cold arid climatic condition with a definite and sustainable
yield gain. The technology is new to the farmers, and the result
of the trials is so satisfying that this change will definitely be
accepted to achieve higher production and profits. The process
of adoption of the new interventions like varietal replacement
and early sowing under artificial glacier water harvesting can be
achieved through improved knowledge and awareness generation.
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