
























































susceptible to boron deficiency. For example,
varieties such as Annapurna-1, Annapurna-2,
Annapurna-3, BL-1022, Triveni and BL-1135 had
very high sterility at Khairanitar (boron-deficient
conditions) in the 1992-93 and 1993-94 seasons,
and very low sterility at Lumle.
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Figure 2. Effect of temperature on the percentage
sterility of three genotypes of wheat in
glasshouse and open field in 1992-93 and
1993-94 at Lumle (1675 m) (after Subedi
et al. 1993 and Subedi and Budhathoki

1995a)
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Figure 3. Effect of sowing time on the percentage
sterility of six wheat genotypes at Lumle
(1675 m) (mean of 1992-93 and 1993-94)
(after: Subedi and Budhathoki 1995b)
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High temperature does not cause grain set failure
in Nepal. Wheat is grown in winter and flowering
is completed before temperatures rise. (Late
planting in the terai part of Nepal could result in
shrivelled grains because of the high temperatures
and dry air during the grainfilling period.) But high
humidity could be a factor causing sterility in
Nepal. During winter, high humidity and fogs
occur frequently in the river basin areas, where
the problem of sterility is high.

Water deficits have been reported by many
workers as a cause of grain set failure in wheat.
Seed set in wheat is very susceptible to water stress
(Evans et al. 1975). Saini and Aspinall (1982)
found that the proportion of apparently normal
florets that produced grains was reduced when
water deficits occurred during and immediately
after meiosis of the generative tissues. A large
proportion of the anthers on water-stressed plants
were small and shrivelled, did not dehisce
normally, and contained pollen that was devoid of
normal cytoplasmic constituents and showed no
staining reaction with triphenyl tetrazolium
chloride (TTC). Water stress also affects boron
uptake, as the rate of transpiration greatly affects
boron transport into leaves and its distribution
between plant parts. Pant and Rerkasem (1994)
also found that irrigation with boron-containing
water enhanced grain set irrespective of genotype.
This problem of water stress can be experienced
in Nepal, particularly under rain-fed and late-sown
conditions.

A pot experiment carried out at Lumle to study
the effects of water stress and flooding showed
that water stress (induced by withholding water)
during the period between flag leaf ligule visible
(FLLV) and anthesis resulted in stunted plants,
burning of lower leaves, the production of
excessive numbers of late tillers, shorter spikes,
and ultimately less grain set and reduced grain size
(Table 3).

Waterlogging as a cause of sterility was reported
by Mishra et al. (1992) in low-lying and poorer-
drained areas of Tarahara Farm in Nepal, whereas
higher and better drained plots showed no problem
atall. Similarly, Subedi et al. (1993) also observed
more sterility in low-lying wet areas and along
irrigation canals. Yang (1992} also observed more
sterility in sites that have lower, damp and badly
drained soils. The pot experiments described above,
however, did not show the effect of waterlogging.
Flooding at various stages of the wheat crop caused



Table 2.

Sterility of different wheat genotypes in cool temperature (Lumle) and boron-deficient (Khairan-

itar) conditions (after Subedi et al. (1993), Subedi and Budhathoki (1995a) and Subedi et al (1995))

Variety Sterility %
Khairenitar (480 m) Lumle (1675 m)

1993 1994 1995 1993 1994 1995
Annapurna-1 96.7 79.8 8.1 21.1 19.2 20.7
Annapurna-2 96.0 83.6 28.0 22.2 234 17.2
Annapurna-3 94.7 58.9 18.1 21.8 19.3 17.2
Lerma-52 51.2 271 209 14.4 25.4 11.1
NL-297 16.2 35.6 29.9 20.7 29.3 19.3
BL-1022 58.5 71.7 185 21.8 239 313
BL-1135 54.6 86.2 31.1 27.7 40.8 -
BL-1249 19.6 326 15.5 17.4 28.1 24.1
RR-21 35.5 38.1 9.9 17.5 357 327
Triveni 577 50.5 26.0 19.4 19.3 359

afavourable effect on many of the variables measured
(Subedi et al. 1995). The mechanism by which
waterlogging causes wheat sterility is not understood,
but it is thought that waterlogging might act by
reducing boron availability.

Mishra et al. (1992) and Subedi et al. (1993)
reported that sterility was observed more in low
nitrogen soils. In a fertility trial on wheat at
Yampaphant, Subedi and Gurung (1995) found that
the use of chemical fertilizer (NPK) significantly
reduced sterility compared with no NPK.

A preliminary study was carried out at Rishing
Patan during the winter season of 1995 to
understand the grain set pattern in partial spikes.
This showed that in normal spikes, the grain set
pattern was similar in the bottom and middle part
of the spike, but that there were fewer grains in
the top part. In the partial spikes, the grain numbers
were also similar in the basal and middle portion
of the spike, but were reduced to almost half in
the upper part (Fig. 4).

A similar study was carried out at Lumle to see
whether the completely gaping glumes observed
after heading set any grains. Ten completely gaped
and transparent spikes were randomly tagged and
the grain set pattern was studied at maturity. This
showed that even the spikes with all glumes gaping
set at least some grains. However, the number of
grains set in the top position of the spike was quite
low (Fig. 5).

In summary, boron deficiency and cool temper-
atures are the two most important factors causing
wheat sterility in Nepal. Factors such as water

stress, waterlogging, alkalinity and low nitrogen
are also associated with boron availability, but
there are still many unanswered questions relating
to the importance of interactions between all the
factors.

Conclusion

Wheat sterility is becoming an important limitation
to wheat production in Nepal by causing severe
yield losses. There are various factors causing
sterility, among which boron deficiency, cool
temperatures from heading to anthesis and water
stress at FLLV stage are foremost. However, the
critical low temperature that causes sterility is not
known, the developmental stage of wheat that is
most sensitive to cool temperature has not been
defined, and the mechanism of cool-temperature-
induced sterility (that is, the reproductive physi-
ology of cold-stressed-wheat) is not understood.

Boron deficiency as a factor causing sterility is
well established, but the availability of boron is
influenced by several other factors, such as
moisture stress, waterlogging, alkalinity and lower
nitrogen in the soil. Further studies are needed to
understand the mechanisms involved. Examination
of the interactions between the factors and ways
by which boron can be made more available is
also required.

It is now evident that genotypes differ consider-
ably in their ability to be fertile under conditions
of low boron. It is not known, however, whether
some genotypes take up more boron than others
or indeed whether genotypes differ in their
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Table 3. Effect of flooding and water stress at different stages on yield components and grain set of wheat at

Lumle, 1995 (After Subedi et al. 1995)

Treatments Plant  Tillers per  Late Spike Sterility 1000 seed
height plant  tillers per  length (%) weight (g)
(cm) plant (cm)
Control (no stress) 78.8 32 045 9.6 14.6 53.4
Water withheld 61-70 DAS* 71.0 3.1 0.40 10.0 194 50.5
Water withheld 71-80 DAS 823 33 0.73 9.9 208 53.1
Water withheld 81-90 DAS 77.8 4.1 1.10 10.3 20.6 4.1
Water withheld 91-100 DAS 73.0 35 0.98 8.6 354 57.0
Water withheld 101-110 DAS 66.3 5.6 3.0 9.9 34.7 44.2
Water withheld 111-120 DAS 79.5 29 0.58 9.1 18.3 39.6
Flooded 61-70 DAS 86.5 27 0.15 9.9 13.7 62.6
Flooded 71-80 DAS 83.8 2.7 0.20 10.1 20.6 60.7
Flooded 81-90 DAS 86.5 3.1 0.33 10.3 177 475
Flooded 91-100 DAS 81.3 32 045 9.9 14.5 47.6
Flooded 101-110 DAS 79.5 37 0.58 104 154 49.1
Flooded 111-120 DAS 79.3 3.1 0.75 9.7 16.4 50.3
Mean 79.3 34 0.74 9.8 202 50.7
SED 1.73 0.30 0.19 0.28 5.76 3.28
P 0.000 0.000 0.000 0.000 0.006 0.000

* DAS = days after sowing
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Figure 4. Grain set pattern of normal and partial
spikes of three genotypes of wheat at

Rishing Patan, 1995
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propensity for setting grains with equivalent boron
uptake. This aspect is an important avenue for
future research.
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Wheat Research in Nepal: Efforts and Achievements

Ravindra N. Devkota*

Abstract
In Nepal, the extensive cultivation of improved wheat varieties started soon after the introduction
of the Mexican semi-dwarf wheat varieties during the mid 1960s. Since the establishment of the
National Wheat Development Programme in 1972, wheat research has been more systematic, strategic
and meaningful. Efforts made in wheat research and major achievements to date are discussed in

brief.

ALTHOUGH wheat has been cultivated in Nepal from
time immemorial, extensive cultivation of
improved varieties is recent. Until the early 1960s,
wheat cultivation was limited to hill areas in the
mid and far western regions. The area sown to tall
traditional varieties and total production were
minimal (Fig. 1). However, soon after the
introduction of the Mexican semi-dwarf wheats
from India during the mid 1960s, several improved
varieties such as Pitic-62, LR-64, Kalyansona and
RR-21 (Sonalika) were released. This marked the
end of the era of traditional wheat varieties in the
country. There began a big jump in both area and
total production of wheat. RR-21 proved out-
standing because of its adaptation to a wide range
of environments and agroecological zones
extending from the terai to mid and high hills. It
was a predominant variety of the 1970s and early
1980s and remains a popular variety in the hills,
despite its susceptibility to major diseases.

Since the inception of the then National Wheat
Development Programme (NWDP) in 1972, wheat
research in Nepal has become more systematic,
strategic and meaningful. It has been further
strengthened with the establishment of a new
autonomous institution called the Nepal Agri-
culture Research Council (NARC) in 1990. In the
process of reorganising the NARC, the former
NWDP has been renamed the National Wheat
Research Programme (NWRP).

* National Wheat Research Program, Bhairahwa, Nepal

Major Efforts in Wheat Research:
Past and Present

Wheat research has focused on three important
areas: crop improvement, agronomy and soil
fertility, and outreach. From the very beginning,
the crop improvement program has had high
priority and remains the main activity of NWRP .

Crop improvement

A review of wheat research in crop improvement
shows that the main focus in the 1970s and early
1980s was on the evaluation and selection of
disease-resistant and high yielding bread wheat
genotypes, mostly introduced from international
institutions like CIMMYT and ICARDA, and from
countries like India and the USA. In addition to
bread wheat, a small program in triticale varietal
improvement was also begun. However, the poor
grain quality and late maturity of triticale
genotypes (Shakya 1979, 1980) discouraged
triticale research.

A hybridisation program, begun soon after the
inception of NWDP, was not very effective, mainly
because of the lack of identified sources of
resistance. However, F, populations introduced
directly from CIMMYT were more useful to the
program. Shuttling the selected progenies between
Bhairahwa (105 m a.s.l.) and Nigale (2500 m)
further provided the opportunity of advancing two
generations a year under two contrasting environ-
ments. BL-1022, a recently released variety, is the
outcome of such a scheme. Screening a large
number of genotypes against major diseases under
natural and artificial conditions and then selecting
the best ones has effectively minimised epidemics.
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