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ARTICLE DETAILS ABSTRACT

Article History: Rice, the major staple food crop in Nepal, contributes significantly to the livelihood of a majority of people.
The production of main season rice is insufficient for food self-sufficiency, where spring rice can be an
alternative if better cultivars and planting methods can be identified. An on-station trial was conducted at the
Agronomy Farm of Paklihawa Campus, Rupandehi from February to July 2021 to evaluate spring rice
cultivars' growth and yield performance against the planting methods. The trial was set up in a split-plot
design consisting of two crop establishment methods: Direct seeded rice (DSR) and Transplanting rice (TPR)
as the main factor and seven cultivars as sub-factor, each replicated three times. The cultivars include five
released varieties (Hardinath-1, Hardinath-3, Hardinath Hybrid-1, Hardinath Hybrid-3, and Chaite-5) and
two promising varieties (IR-15L-1008, and PR-126). 100% spikelet sterility was observed at the maturity
stage (115~125 DAS) in all the cultivars and planting methods due to high temperature-induced heat stress,
as the average maximum temperature during April was 370 C and the daily maximum temperature
throughout the last week of April was above 370 C, coinciding with the flowering stage. Plant height (94.89
cm), leaf area index (5.02), and panicle weight (1.39 g) at 120 DAS were significantly higher in TPR. Spikelet
fertility was observed at 150 DAS, when yield attributing characters like panicle length (22.05cm), grains per
panicle (130.13), thousand-grain weight (19.79 g), above-ground biomass yield (8.2 tons/ha), and spikelet
fertility (75.6%) were found better in TPR than DAR. Thus, TPR was better than DSR in terms of growth, yield
attributes, and spikelet fertility parameters. IR-15L-1008 had better plant height (94.54cm), panicle weight
(1.39 g), and grains per panicle (130.13); however, it couldn’t fit the cropping system due to its long duration.
Chaite-5 (84.47%) and PR-126 (84.62%) had significantly(p<0.005) higher spikelet fertility at 150 DAS, so
these could be promising cultivars for the spring season. Cultivars exhibited different responses for various
growth and yield attributing parameters due to high-temperature stress. The upcoming research should
focus on the selection of elite heat-tolerant cultivars and adjustment of sowing dates that could escape the
critical period of high temperature during the reproductive phase of spring rice at Western Terai of Nepal.
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1. INTRODUCTION

Rice is the staple food for the majority of the world’s population; provides
20% ofthe global dietary energy supply which is followed by wheat (19%)
and maize (5%) (Food and Nutrition Division, 2004). In Nepal, rice ranks
first in the terms of area cultivated, production, and livelihood of the
people; the total area under rice cultivation is 1.46 million ha producing
5.56 million metric tons with the productivity of 3.81mt/ha (Ajaib, 2014;
MOALD, 2019). In Nepal, Spring rice, also known as Chaite rice, contributes
8%of the total rice supplement, while main season rice contributes 92%.
(MOALD, 2019). Nepal, the country rich in multiple agro-climatic regions,
is enriched in rice genetic resources with more than 1,700 rice landraces
growing from 60 m to 3050 m altitude (Thakur etal.,, 2013). In comparison
to main season rice, spring rice is short duration crop; the spring season
can be best utilized through its cultivation. Generally, the photoperiod-
insensitive varieties of rice are grown in the spring season. Spring rice
gives a higher yield than main season rice: more sunny days, better
fertilizer use efficiency, better control of water, less weed infestation, etc.
Also, spring rice is resistant to many diseases and pests.

Quick Response Code

In Nepal, rice is established mainly by two principal methods:
transplanted rice (TPR) and direct-seeded rice (DSR). The conventional
system of rice transplantation involves planting rice seedlings,25-30 days
old grown in the nursery, into the puddled field (Shah et al, 2005).
Transplanting is cost, time, and labor ineffective: transplanting alone costs
about 15% of total rice production cost and also delays transplanting due
to labor shortage. Puddling destroys the soil structure forming hardpan in
the subsoil; leading to the release of methane, anaerobic decomposition of
soil organic matter, and contributing to global warming (Tripathi, 2003;
Gao, 2006). DSR could be a good alternative method to overcome these
shortcomings. The majority of farmers in Western Terai cultivate
monsoon season rice keeping their land fallow during the spring. There
are varieties recommended for the spring season in the Terai region by
Seed Quality Control Centre, however, their performance in the western
part of the Terai region is still a question to extension workers. The trial
would provide an insight into the growth and yield performance of the
prevailing and promising varieties under DSR and TPR planting methods
during the spring season.
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2. MATERIALS AND METHODS

An on-station experiment was conducted to understand the possibility of
spring rice in the Western Terai region of Nepal. The experiment was
carried out at the agronomy farm of Paklihawa Campus situated in
Rupandehi District from February to July 2021. Geographically, the site is
situated at 27.48007°N latitude, 83.44727°E longitude, and 108 meters
above sea level. The physical and chemical properties of soil were
analyzed before sowing of rice and found to be alkaline (8) with low
organic matter (1.57%), low total nitrogen (0.07%), medium phosphorus
(34 kg/ha), and potassium (134 kg/ha). The experimental site received a
total rainfall of 1416.22 mm during the experimentation period. The
average maximum and minimum temperatures during the experimental
period were 32.4 °C and 23.6 °C respectively. The average maximum
temperature during April was 37°C and the daily maximum temperature
throughout the last week of April was above 370 C, coinciding with the
flowering stage.
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Figure 1: The atmospheric temperature during the experimental period

The trial was set up in a split-plot design consisting of two crop
establishment methods (DSR and TPR) as the main factor and seven
cultivars as sub-factor, each replicated three times. The cultivars include
five released varieties: Hardinath-1(H1), Hardinath-3(H3), Hardinath
Hybrid-1(HH1), Hardinath Hybrid-3(HH3), and Chaite-5(C5) and two
promising varieties: IR-15L-1008 and PR-126. The size of the
experimental unit was 3m*2m. Direct seeding was done continuously in
line with 20 cm row spacing and thinning was done 30 days after sowing
(DAS) to maintain plant geometry of 20 cm*15 cm. For the transplanting
method, 30 days old seedlings were transplanted in line maintaining the
same geometry as for DSR. The application rate of organic manure was 20

tons/hectare and chemical fertilizer was 100:60:40kg NPK per hectare.
Hand weeding operation was done at 30 DAS in DSR and 60 DAS in TPR.

Growth observations recorded were plant height, leaf area index, above-
ground dry matter production, and the number of tillers m-2 at 60and 120
DAS.100% spikelet sterility was observed at the maturity stage (115~125
DAS) in all the cultivars and planting methods. However, spikelet fertility
was observed in some plants in all the plots at 150 DAS, as we had left the
plot unharvested for investigating the reason behind the spikelet sterility.
We randomly selected ten panicles from each plot to record yield
attributing parameters like panicle length, number of filled and unfilled
grains per panicle, sterility percentage, and 1000 grain weight. Above-
ground biomass yield was computed from the 1 m2 sample. Recorded data
were subjected to analysis of variance using R analytics software and
mean separation was done by Duncan’s multiple range test.

3. RESULTS AND DISCUSSION

3.1 Effect of Cultivars and Planting Methods on Growth Performance
of Spring Rice

Plant height was significantly influenced due to cultivars at 60 DAS but not
at 120 DAS. The maximum plant height was observed in IR-15L-1008 at
both 60 DAS (30.48 cm) and 120 DAS (94.54 cm) and it was governed by
the genetic makeup of this variety. Plant height was significantly higher in
TPR plots at both 60 DAS (28.33cm) and 120 DAS (94.8cm). The overall
result was found to be similar to the finding of (Poudel et al., 2020). Taller
plants in TPR were due to a deeper rooting system as seedlings were
firmly planted into the puddled soil and availability of sufficient space and
nutrients for growth (Kumar & Jnanesha, 2017) and lesser weed
population (Singh et al,, 2005).

Leaf Area Index (LAI) was significantly influenced by planting methods at
both 60 and 120 DAS. Higher LAI was observed in DSR at 60 DAS (1.282),
whereas in TPR at 120 DAS (5.016). Transplanting shock is the reason
behind lower LAI in TPR plots at 60 DAS as reported in_(Dingkuhn et al.,
2000), later at 120 DAS, it was observed higher in TPR plots due to lower
plant population that reduced competition between plants and favored the
growth of leaves. Cultivars had a non-significant effect on LAI at 60 DAS,
while at 120 DAS, HH-1(6.277) had a significantly higher LAL

The number of tillers m2 was observed to be significantly higher in DSR
plots at both 60 DAS (159.52) and 120 DAS (262.38) due to continuous
sowing of seeds and higher plant population although thinning were done
(Yadav et al.,, 2011). Among the cultivars, the highest number of tillers m-2
was observed in PR-126 (137.66) at 60 DAS and in HH-3 (311.33) at 120
DAS.

Table 1: Effect of Planting Methods and Cultivars on Plant Height, Leaf Area Index, and Number of Tillers/m2 at Different Crop Growth Stages
Treatments Plant Height Plant Height LAI at 60 LAl at 120 Tiller m2 at Tillers m2 at
(cm) at 60 DAS (cm) at 120 DAS DAS DAS 60 DAS 120 DAS
Planting Method
TPR 28.33a 94.89a 0.89> 5.022 85.95b 204.76>
DSR 25.390 86.10° 1.282 4.64b> 159.522 262.382
SEM (%) 2.72 6.94 27.05 0.032 27.05 13.74
LSD 2.19* 3.49" 0.382" 0.23" 69.05 49.22
Cultivars
Hardinath-1 27.97abe 91.57a 0.84432 3.64> 93.00° 223.00°
Hardinath-3 24.90bc 88.40a 1.32a 4.864b 133.832 202.00>
Hardinath Hybrid-1 25.65bc 91.24a 0.902 6.274 112.83% 223.00°
Hardinath Hybrid-3 28.13ab 88.30a 1.182 4.552b 133.50a 311.33=
Chaite-5 24.10¢ 91.78 1.012 3.99> 118.332b 218.83b
[R-15L-1008 30.482 94.54a 1.34 5.24ab 130.00% 156.33b
PR-126 26.80abe 87.58a 0.982 5.25a 137.662 200.50>
SEM (%) 10.67 4391 0.22 3.58 10.15 35.5
LSD 3.89" 7.89 0.56 2.26 37.96 71.05™
CV (%) 6.14 7.32 43.15 39.21 25.95 15.87
Grand Mean 26.86 90.48 1.08 4.83 122.73 233.57

In a column figures having the common letter(s) do not differ significantly as per LSD; DAS= Days after sowing; SEM= Standard error of mean * Significant
at 0.05 level of significance; ** Significant at 0.01 level of significance; *** Significance at 0.001 level of significance
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3.2 Effect of Cultivars and Planting Methods on Yield Attributing
Characters of Spring Rice at 120 DAS

100% spikelet sterility was observed at the maturity stage (115~125 DAS)
in all the cultivars and planting methods. However, we weighted panicles
and found them to be significantly different among the cultivars and
planting methods. The highest panicle weight was recorded in TPR (1.39
g) and IR-15L-1008 (1.46 g). High temperature-induced heat stress was
the reason for spikelet sterility in spring rice. The average maximum
temperature during April was 370 C and the daily maximum temperature
throughout the last week of April was above 370 C, coinciding with the
flowering stage.

Rice plants are most sensitive to high temperatures during the flowering
stage (Satake and Yoshida 1978). The high temperature at this stage
significantly decreases spikelet fertility in rice or can even lead to no
harvest (Satake and Yoshida 1978; Fu et al. 2012). A maximum of 35 °C
fertility decreases under high temperatures because of anther dehiscence
inhibition and a reduction of pollen activity like pollen sterility, failed
germination on the stigma (Jagadish et al., 2010, 2014; Sunoj et al.,, 2017),
and cessation of pollen tube elongation in the pistil (Karapanos et al.,
2010; Snider et al, 2011). Additionally, high temperatures inhibit grain
filling during the early stages of ripening (Wei et al., 2002).

3.3 Effect of Cultivars and Planting Methods on Yield Attributing
Characters of Spring Rice at 150 DAS

Spikelet fertility was observed in some plants (late tillers) in all the plots
at 150 DAS, as we had left the plot unharvested for investigating the reason
behind the spikelet sterility. We randomly selected ten panicles from each
plot to record yield attributing parameters like panicle length, number of
filled and unfilled grains per panicle, sterility percentage, and 1000 grain
weight.

Panicle length was significantly affected by both planting methods and
cultivars. The longest panicle was observed in TPR plots (22.05 cm), which
was similar to as observed in (Kumbhar et al.,, 2016). Among the cultivars,
HH-1(23.3 cm) has the longest panicle. Planting methods had no
significant effect on the number of grains per panicle, whereas IR-15L-
1008 (185) had the significantly highest number of grains per panicle
among the cultivars due to its varietal characters. Thousand-grain weight
was significantly affected by cultivars, but not by planting methods. The
highest 1000 grain weight was obtained in H-3 (24.10) while the lowest in
IR-15L-1008 (13.20) due to the varietal characters.

There was no significant difference among planting methods on spikelet
sterility percentage at 150 DAS, even though it was higher in DSR
(30.13%) in comparison to TPR (24.41%). Cultivars had a significant
difference in spikelet sterility percent at 150 DAS, the highest was
recorded in H-1(47.01%) and the lowest in C-5 (15.53%) and PR-126
(15.38%) being statistically at par. Biomass yield at 150 DAS was
significantly higher in TPR (8.22 t/ha) between planting methods,
however, it was statistically at par among the cultivars.

Table 2: Influence of Planting Methods and Cultivars on Panicle Length, Number of Grains/Panicle, 1000 Grain Weight, Grain Yield, Biomass Yield,
Panicle Weight, and Spikelet Sterility.
Treatments Panicle Length Grains per 1000 Grain Spikelet Biomass Panicle Weight
(cm) Panicle Weight (g) Sterility (%) Yield (t/ha) (g) at 120 DAS
Transplanting Method
TPR 22.052 130.132 19.792 2441 8.222 1.392
DSR 20.69» 118.502 19.472 30.132 7.06P 1.076b
SEM (%) 0.48 14.19 1.01 159.02 0.45 0.00906
LSD (p=0.05) 0.92° 50.03 1.33 16.74 1.97° 0.13™
Cultivars
Hardinath-1 19.95¢ 96.65¢ 20.00¢ 47.01a 6.772 1.001e
Hardinath-3 20.58b¢ 97.98¢ 24109 20.94b 8.52= 1.185¢
Hardinath Hybrid-1 23.302 110.79¢ 22.12b 31.402 7.512 1.17644
Hardinath Hybrid-3 20.25¢ 110.13¢ 22.37b 21.43p 7.692 1.1664
Chaite-5 21.42bc 139.51b 16.254 15.53b 8.642 1.298bc
IR-15L-1008 22.022b 185.002 13.20¢ 39.192 7.644 1.4652
PR-126 22.062 130.16 19.40¢ 15.38b 6.722 1.341e
SEM (%) 1.577 19.78 0.376 204.71 0.33 0.0107
LSD (p=0.05) 1.49" 16.75 0.73" 17.04" 2.1 0.124™
CV (%) 3.25 11.31 3.12 46.26 8.81 8.40
Grand Mean 21.37 124.32 19.63 27.27 7.64 1.233

In a column figures having the common letter(s) do not differ significantly as per LSD; DAS/T= Days after sowing/transplanting; SEM= Standard error of
mean * Significant at 0.05 level of significance; ** Significant at 0.01 level of significance; *** Significance at 0.001 level of significance.

4. CONCLUSION

Spring rice is a new intervention for the western terai of Nepal. An on-
station experiment was conducted to study its growth and yield
performance; however, 100% spikelet sterility was observed at the
maturity stage (115~125 DAS) in all the cultivars and planting methods
due to high temperature-induced heat stress, coinciding with the
flowering stage. Plant height, leaf area index, and panicle weight at 120
DAS were significantly higher in TPR. Spikelet fertility was observed at
150 DAS, when yield attributing characters like panicle length, grains per
panicle, thousand-grain weight, above-ground biomass yield, and spikelet
fertility were found better in TPR than DSR. Thus TPR was found to be
better than DSR in terms of growth, yield attributes, and spikelet fertility
parameters. IR-15L-1008 had better plant height, leaf area index, panicle
weight, and grains per panicle; however, it couldn’t fit the cropping system
due to its long duration. Chaite-5 and PR-126 had significantly higher
spikelet fertility at 150 DAS. Cultivars exhibited different responses for
various growth and yield attributing parameters so, we couldn’t come to a
concrete conclusion about the suitable cultivars for the spring season.

Hence, the upcoming research should focus on the selection of elite heat-
tolerant cultivars and adjustment of sowing dates that could escape the
critical period of high temperature during the reproductive phase of
spring rice at Western Terai of Nepal.

ACKNOWLEDGMENT

The authors express sincere gratitude towards Paklihawa Campus,
Institute of Agriculture and Animal Science (IAAS), National Rice Research
Program (NRRP), National Wheat Research Program (NWRP), and
International Rice Research Institute (IRRI) for their support and
cooperation.

REFERENCES

Ajaib, S., 2014. Comparative advantage of direct sown paddy against
conventional puddled transplanted rice. Indian Agricultural
Research Institute (IARI).

Cite The Article: S. Shrestha, J. Shrestha, M. KC,, K. Paudel, B. Dahal, ]. Mahat, S.M. Ghimire, P. Ghimire (2022). Performance of Spring Rice Cultivars Against

Planting Methods in Western Terai, Nepal. Tropical Agroecosystems, 3(1): 23-26.




Tropical Agroecosystems (TAEC) 3(1) (2022) 23-26

Dingkuhn, M., Schnier, H. F., Datta, S. K. De, Dorffling, K., Javellana, C., &
Pamplona, R. (2000). Nitrogen Fertilization of Direct-Seeded
Flooded vs. Transplanted Rice: II. Interactions among Canopy
Properties. 1292(1990), 1284-1292.

FAO Food and Nutrition Division, 2004

Fu, F,, Zhang, C, Yang, Y, Xiong, ], Yang, X., Zhang, X,, Jin, Q., & Tao, L.
(2015). Male parent plays more important role in heat tolerance in
three-line hybrid rice. Rice Science, 22, 116-122.

Gao XP, Zou CQ, Fan XY, Zhang FS, Hoffland E (2006) From flooded to
aerobic conditions in rice cultivation: consequences for zinc uptake.
Plant Soil 280: 41-47. DOI: 10.1007/s11104-004-7652-0

Jagadish, S. V. K, Craufurd, P., Shi, W., & Oane, R., (2014). A phenotypic
marker for quantifying heat stress impact during microsporogenesis
in rice (Oryza sativa L.). Hedhly 2011, 48-55.

Jagadish, S. V. K,, Muthurajan, R, Oane, R., Wheeler, T. R, Heuer, S,
Bennett, J., & Craufurd, P. Q. (2010). Physiological and proteomic
approaches to address heat tolerance during anthesis in rice (Oryza
sativa L.). 61(1), 143-156. https://doi.org/10.1093/jxb/erp289

Karapanos, . C., Akoumianakis, K. A., Olympios, C. M., & Passam, H. C.
(2010). Tomato pollen respiration in relation to in vitro germination
and pollen tube growth under favourable and stress-inducing
temperatures. 219-224. https://doi.org/10.1007/s00497-009-
0132-1

Kumhar, B. L., Chavan, V. G. Rajemahadik, V. A, Kanade, V. M,
Dhopavkar, R.V, &Tilekar, R. N. (2016). EFFECT OF DIFFERENT RICE
ESTABLISHMENT METHODS ON GROWTH, YIELD AND DIFFERENT
VARIETIES DURING KHARIF SEASON. Department of Agronomy,
College of Agriculture, Dapoli. Dr. Balasaheb Sawant Konkan Krishi
Vidyapeeth, Dapoli - 415 712, Distt. Ratnagiri. International Journal
of Plant, Animal and Environment Sciences, 6(2), 127-132.

MOALD. 2019. Statistical information on Nepalese agriculture.
Government of Nepal, Ministry of Agricultural development.
Agribusiness promotion ans statistics division. Singha Durbar,
Kathmandu Nepal.

Poudel, K, Timilsina, R.H., Bhattarai, A, 2020. EFFECT OF CROP

ESTABLISHMENT METHODS ON YIELD OF SPRING RICE AT
KHAIRAHANI, CHITWAN, NEPAL, Big data in Agriculture, 3(1)

Sah, G. Bhurer, K, Upadhyay, Ansari, N, Caudhary, D., Karna, P,
Adhikari, S., Erenstein, 0., & Justice, S. (2007). On-Farm Performance
Evaluation of Aerobic Rice Ecologies And Its Impact. Anonymous,
350-356.

Satake, T., & yoshida, S. (1978). High temperature induced sterility in
Indica rice at flowering. Japanese Journal of Crop Science, 47, 6-17.

Singh, S, Singh, G., Singh, V., Singh, A. (2005). Effect of establishment
methods and weed management practices on weeds and rice-wheat
cropping system, Indian Journals of weed.

Snider, J. L., Oosterhuis, D. M., Loka, D. A.,, & Kawakami, E. M. (2011).
High temperature limits in vivo pollen tube growth rates by altering
diurnal carbohydrate balance in field-grown Gossypium hirsutum
pistils. Journal of Plant Physiology, 168(11), 1168-1175.
https://doi.org/10.1016/j.jplph.2010.12.011

Sunoj, V. S.]., Somayanda, I. M., Chiluwal, A., Perumal, R, & Prasad, P. V.
V. (2017). Resilience of Pollen and Post-Flowering Response in
Diverse Sorghum Genotypes Exposed to Heat Stress under Field
Conditions. April. https://doi.org/10.2135/cropsci2016.08.0706

Thakur, A. kumar, Mohanty, R. K,, Patil, D. U,, & Kumar, A. (2013).
Impact of water management on yield and water productivity with
system of rice intensification (SRI) and conventional transplanting
system in rice. Rice and Water Environment, 413-424.
https://doi.org/10.1007/s10333-013-0397-8

Tripathi, R.P., Gaur, M.K,, Rawat, M.S., (2003). Puddling effects on soil
physical properties and rice performance under shallow water table
conditions of tarai. Indian Journals.com.

Wei, M., Wang, G. M., Chen, G. H., Zhu, Z. Z., & Yang, Z. ]. (2002). Effect of
high temperature at the full flowering stage on seed setting
percentage of two-line hybrid rice Liangyoupeijiu. Hybrid Rice,
17(1),51-53.

Yadav, S, Gill,G.,, Humphreys, E., Kukal, S., Walia,U., (2011). Effect of
water management on dry seeded and puddled transplanted rice.
Field Crops Research, Volume 120, Issue 1

u
E————

Cite The Article: S. Shrestha, J. Shrestha, M. KC,, K. Paudel, B. Dahal, ]. Mahat, S.M. Ghimire, P. Ghimire (2022). Performance of Spring Rice Cultivars Against

Planting Methods in Western Terai, Nepal. Tropical Agroecosystems, 3(1): 23-26.




