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Abstract

A combined study of survey cum field experiment on late 
planted rapeseed (Brassica campestris var toria) at Kaski was 
accomplished during October 2018 to July 2019 in Nepalese 
mid-hills to access the evidences of climate change and the 
effect of climate change adaptation measures on phenol-
ogy, agro-climatic indices and productivity of rapeseed. The 
Mann-Kendell trend analysis of 1990-2018 showed an in-
creasing trend of average temperature by 0.04⁰C year-1, rel-
ative humidity by 0.206% year-1 and decreasing trend of an-
nual precipitation by 29.289 mm year1. A greater number of 
farmers were found to be adopting adjustment in planting 
time, changing of crop cultivars, balanced fertilization and 
conservation agriculture practices like use of crop mulch-
ing as a climate change strategy in the mid-hills of central 
Nepal. To cope these adverse climatic anolamies, climate 
change adaptation measures viz. changing crop varieties, 
conservation agriculture practices, and Farm Yard Manure 
(FYM) were tested through a field experiment with six di-
verse cultivars of rapeseed i.e. Preeti, Unnati, Morang Tori 
2, Pragati, Bikash and Local with three nutrient manage-
ment options i.e. use of Farm Yard Manure @5.0 Mt ha-1, 
N:P:K:S @80:60:40:20 kg ha-1 as balanced fertilization, and 
mulching @6.0 Mt ha-1 under strip-plot design having three 
replications. The highest (799.5) Growing Degree Days 
(GDD) was recorded for Local cultivar under mulched con-
dition, whereas the lowest (652.1) GDD was recorded for 
Morang Tori 2 on applying FYM. The results further exerted 
that highest seed yield (1096.4 kg ha-1) obtained for Morang 
Tori-2 under mulching was significantly superior over Bikash 
under balanced fertilization (635.7 kg ha-1). The significantly 
higher value (6.64) of Heat Use Efficiency (HUE) was found 
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Introduction

Rapeseed crops are the third most important crop after cere-
als and legumes in both area and production in Nepal because 
it occupies about 80% of the total area among oilseed crops 
[1]. The total area under rapeseed in Nepal is 160,352 ha with 
total production of 159,710 Mt and with the least productiv-
ity of 0.996 Mt ha-1 [2]. The productivity of rapeseed is 0.748 
Mt ha-1 ha in Kaski district [3] which is quite low compared to 
the national average of 0.996 Mt ha-1 in Nepal [2]. In mid-hills 
rapeseed is cultivated right after harvesting of rice [4] and same 
pattern is followed in Pokhara as it is cultivated after harvesting 
of rice on November (Caritas Nepal, 2019). Under this circum-
stance, sowing of rapeseed is delayed which effects the growth 
and yield of rapeseed mainly due to decreasing temperature 
during flowering and rising temperature during silique forma-
tion and seed filling stage [5]. Irrespective to the crops and va-
rieties it is reported that the productivity declines primarily due 
to the shortening of vegetative and reproductive phase and it is 
true to the rapeseed too [6]. High temperature stress (>25°C) ei-
ther develops into parthenocarpic fruits or aborted on the stem 
in Brassica family [5].

Climate change has been observed in Nepal in diversified 
topography and vegetation [7,8]. There are several evidences 
on impact of climate changes on major crops grown in Terai, 
mid-hills, mountains and Himalayas of Nepal. It has also been 
addressed that if the issues of climate changes are managed 
timely there will be the possibilities of coping climate change to 
maintain the food security and reduction of poverty [7]. Bartlett 
et al., [9] have anticipated that temperature would increase 
by 0.5 to 2 ⁰C by 2030 and also have predicted wide range of 
change of mean annual precipitation. Agro-climatic indices rely 
on the daily weather data (Hyhoe & Lapen, 2000) and these ag-
roclimatic indices such as Growing Degree Days (GDD) heat use 
efficiency (HUE) and pheno-thermal index have been reported 
to be useful in predicting the growth and yield of crops (Jones et 
al., 2003). Sikdar [10], Rao et al., (1999) & Rao and Singh (2007) 
have reported the influence of temperature on phenology and 
yield of crops. Therefore, these temperature based agro-climat-
ic indices will be pre- requisite to understand phenology and to 
adjust cropping time over spatial and temporal variations [11]. 

To cope the negative effect of climate change for late sown 
crop cultivars, conservation agriculture techniques like use of 
FYM, balanced fertilization and residue mulching are advo-
cated [12,13]. It is reported that residue mulching moderates 
the soil temperature variation that happens in the late planted 
chilled environment [12] which is also a viable option to retain 
soil moisture and nutrients as organic mulch is considered poor 
conductor of heat that moderates soil temperature, maintain 
soil moisture and increases soil fertility [14]. Growing drought 
resistant crop cultivars, use of organic mulching through crop 
residue and balanced fertilization are considered the best op-
tions and suggested as a strategic climate change adaptive 
practices adopted worldwide [13,15]. Similar strategic climate 
change adaptation measures are being practiced in Terai re-

in Pragati, while the lowest (6.499) HUE was recorded 
with Bikash under balanced fertilization. Therefore, it is sug-
gested that use of improved varieties of rapeseed either 
with mulching or balanced fertilization would be the pro-
ductive and profitable climate change adaptation measures 
for rapeseed under delayed planting in Nepalese mid hills.

gions of Nepal [16] and worldwide for varieties of major crops 
[17,18] but not tested in mid-hills of central Nepal. Therefore, 
this survey cum field experimentation on late planted rapeseed 
(Brassica campestris var toria) at Puranchaaur, Kaski, Nepalese 
mid-hills was accomplished to access the evidences of climate 
change and the effect of climate change adaptation measures 
on phenology, agro-climatic indices and productivity of rape-
seed.

Materials and method

A purposive sampling survey with 40 HHs were conducted 
to know the climate change adaptation measures practiced 
by farmers for climate change adaptation in Puranchaur, Kaski 
supplemented with field experimentation and meteorological 
data from October 2018 to July 2019. The daily weather data 
records were collected from the Department of Hydrology and 
Meteorology, Pokhara of last 29 years (1990-2018). These data 
were analyzed using Mann-Kendell test in XLSTAT [19].

𝑆 = � � 𝑠𝑖𝑔𝑛(𝑥𝑗 − 𝑥𝑘�
𝑛

𝑗=𝑘+1

𝑛−1

𝑘−1

Where, 𝑥1, 𝑥2 … … 𝑥𝑛 represents n data points and  rep-
resents data point at j time. 

To assess the agro-climatic indices and crop productivity of 
late planted rapeseed (Brassica campestris var. toria) various cli-
mate change adaptation measures were tested and agro-climat-
ic indices were measured. The daily mean temperature attained 
by the various rapeseed varieties from sowing to physiological 
maturity has been recorded and depicted in Figure 1. In addition 
to this survey, a field experimentation was conducted with six 
cultivars of rapeseed i.e. Preeti, Unnati, Morang Tori-2, Pragati, 
Bikash and Local and three nutrient management options i.e. 
use of Farm Yard Manure @5 Mt ha-1, N:P:K:S @80:60:40:20 Kg 
ha-1, and mulching @6 Mt ha-1 in a strip-plot design having three 
replications. Rapeseed cultivars were grown using package of 
practices (Lal, 2016). The average temperature from one devel-
opment stage to other stage of a particular rapeseed cultivar 
was taken for the further mathematical expressions to calculate 
the agro-climatic indices using the following formula [20,21]. 

1.	 Growing degree days (GDD)= {(Tmax+Tmin)÷2}-Tb

(Tb is the minimum temperature at which seed will germi-
nate and is estimated to be 4.0 degree Celsius for Brassica spe-
cies (Luo et al., 2011)

2.	 Heat use efficiency (HUE)= Biomass yield (kg/ha) ÷ GDD

3.	 Pheno-thermal Index (PTI)= GDD÷ Growth days 
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Figure 1: Average temperature during growth period of differ-
ent varieties of rapeseed.

Note: Source: DHM, Pokhara.
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The various survey and experimental data recorded mainly 
on farmer's performance ranking and crop phenology, growth 
and yield attributes and yield were subjected to statistical anal-
ysis using MS-Excel, and Genstat 18th edition respectively. An 
analysis of variance and LSD mean separations was done from 
the reference of Gomez and Gomez [22]. ANOVA was calculated 
to test the significance of difference for each parameter. Calcu-
lation of the significant critical differences at 5% level of signifi-
cance was made by mean comparisons.

Results and discussion

Trend analysis of different climatic parameters (1990-2018)

Trends in the observed climate data for the base line period 
(1990-2018) over the period of 29 years were analyzed using 
the Mann Kendall (MK) test for understanding the significance 
in the trends for mean annual temperature, precipitation and 
relative humidity (Figure 2-4). The result showed that there 
existed a significant increasing trend of temperature in central 
mid-hills (Figure 2). Similarly, the highest precipitation (3000 
mm year-1) was recorded in the year 2018 over the period of 
analysis (Figure 3). The district wise trend values of annual pre-
cipitation showed decreasing trend significantly in Kaski [23]. 
There was an increase of mean relative humidity by 0.206 % 
per year as per the trend line as indicated in Figure 4 over the 
period of analysis. The lowest relative humidity was recorded 
in 1994 (57%), 1999 (58%), 2010 (60%) and 2016 (63%) which 
indicates the driest years over the period of analysis.

y = 0.0429x - 64.607
R² = 0.4984
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Figure 2: Trend analysis of mean annual temperature of 
Pokhara.

Note: Source: DHM, Pokhara.

Figure 3: Trend of Average annual rainfall.

Note: Source: DHM, Pokhara.

Figure 4: Trend of mean relative humidity.

Note: Source: DHM, Pokhara.

On farm adaptation practices in rapeseed crops

A number of practices that has been used in recent years to 
adapt to climate changes have been reported during farmer's 
group discussion and household survey (Table 1). These were: 
adjustment in planting time, change in crop varieties, conser-
vation agriculture practices (mulching), and high input use of 
fertilizers, water management and traditional way of using farm 
yard manures in their farms. This analysis showed a significant 
higher number of farmers were using farm yard manure. In ad-
dition, a greater number of farmers were adopting adjustment 
in planting time, changing of crop cultivars and conservation ag-
riculture practices like use of mulching. These are widely used 
practices in agriculture among the farmers in many parts of the 
world [24-26].

Table 1: On farm adaptation practices in rapeseed crop (n=40).

Adaptation Practices Yes No P value

Adjustment in planting time 32 18 0.047

Change in crop cultivars 29 21 0.25

Water management 12 38 0.00

Conservation agriculture practices (Mulching) 28 22 0.39

High input of chemical fertilizers 20 30 0.15

Traditional ways of using FYM 35 15 0.00

Note: Household survey, 2019.

Phenology of rapeseed cultivars

Thermal units were used for describing the temperature 
responses to growth and different pheno-phases as the life 
cycle of rapeseed crop. The occurrence of different phenologi-
cal stages was found to be affected due to different nutrient 
management options (Table 2). The phenological phases such 
as emergence (P1) first flower appearance (P2), 50% flowering 
(P3), 100% flowering (P4), seed filling stage (P5) and physiologi-
cal maturity (P6) found to be decreased appreciably with other 
nutrient management options other than mulching. Delay in 
first flower appearance was observed in Preeti, Local and Unna-
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ti cultivars. The flowering appearance of both cultivars i.e. Local 
and Unnati was on same date when they were managed under 
different nutrient management options. This stage was earlier 
by 7-9 days in Bikash, Morang Tori-2 and Unnati as compared 
to other varieties under FYM application and balanced fertiliza-
tion. The number of days required to attain different thermal 
environments might be due to their genetic characters. Increase 
in soil temperature and moisture content stimulate root growth 
which leads to greater plant growth under mulched treatment 
[27]. The longest period taken for maturity was recorded under 
sesame straw and the lowest was recorded in no mulch con-
dition. Mulch material had an influence on reducing environ-
mental stress such as water stress by conserving moisture that 
serves for plant to facilitate growth and development [28]. 

Growing degree days and pheno-thermal index at physi-
ological maturity stages 

Amongst the interaction of nutrient management and culti-
vars, the highest Growing Degree Day (GDD) requirement was 
observed in Local (788.5°C) under mulched condition, whereas 
the lowest values of GDD for Morang Tori- 2 (652.1°C) on apply-
ing FYM. The higher value of GDD was recorded for Local culti-
var at physiological maturity stage (Table 3). For all the cultivars 
and nutrient management options, the development stages 
showed the increasing trend of heat units. GDD was compara-
tively higher for mulching than other nutrient management op-
tions which is in accordance with Zhang et al. [29] who reported 
that mulching increases the accumulated GDD in low tempera-
ture areas and allow the crop to mature sooner than the crop 
under un-mulched condition. Application of FYM decreased the 
calendar days to phenology of rapeseed as compared to normal 
mulching due to fluctuated unfavorable temperature.

Table 2: Phenology of rapeseed cultivars under different nutrient management options in Puranchaur, Kaski.

Cultivar Fertilizer P1 P2 P3 P4 P5 P6

Preeti Mulching@5Mt/ha 5 46 58 72 90.0h 114.7hi

N:P:K:S@80:60:40:20 Kg ha-1 6 46 59 74 90.33h 114.0gh

FYM@6Mt ha-1 6 51 61 75 95.67i 119.0j

Local Mulching@5Mt/ha 7 46 59 74 91.67i 116.0i

N:P:K:S@80:60:40:20 Kg ha-1 7 44 58 72 89.33h 112.7g

FYM@6Mt ha-1 8 42 56 70 95.67j 119.0f

Unnati Mulching@5Mt/ha 6 46 55 71 98.67k 109.0f

N:P:K:S@80:60:40:20 Kg ha-1 7 46 53 67 85.67f 106.7e

FYM@6Mt ha-1 8 44 52 68 87.67g 106.3e

Bikash Mulching@5Mt/ha 5 39 54 67 81.0c 102.0c

N:P:K:S@80:60:40:20 Kg ha-1 6 38 54 68 82.0cd 105.0d

FYM@6Mt ha-1 6 36 52 67 82.67de 102.0c

Morang Tori-2 Mulching@5Mt/ha 6 30 39 51 83.33e 108.0f

N:P:K:S@80:60:40:20 Kg ha-1 7 32 41 50 82.0cd 105.0d

FYM@6Mt ha-1 7 33 42 48 81.33c 102.0c

Pragati N:P:K:S@80:60:40:20 Kg ha-1 6 40 49 62 78.33b 96.0b

FYM@6Mt ha-1 8 39 47 60 76.33a 96.3b

LSD
(0.05)
CV (%)

N:P:K:S@80:60:40:20 Kg ha-1

7
NS

14.7

37
NS
8.6

44
NS
5.0

58
NS
5.3

75.67a

1.09**

0.8

93.0a

1.29*

0.8

Note: P1 “Emergence”; P2 “First flower appearance”; P3 “50% flower appearance”; P4 “100% flower appearance”; P5 “Seed 
filling” and P6 “Physiological maturity”
Significant at 1% level of significance “**”; Significance at 5% level of significance “*”
Means in a column followed by same letter (s) are not significantly different
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Table 3: Calendar days and agro-climatic indices of various rapeseed cultivars grown under different 
nutrient management options in Puranchaur, Kaski.

Cultivars Nutrient management Calendar days GDD PTI

Preeti Mulching@5Mt/ha 111.7g 775.5hi 1.334cde

N:P:K:S@80:60:40:20 Kg ha-1 114.0gh 747.0g 1.276cde

FYM@6Mt ha-1 112.0g 744.5g 1.166abc

Local Mulching@5Mt/ha 113.0i 788.5i 1.218bcd

N:P:K:S@80:60:40:20 Kg ha-1 112.7g 737.2g 1.129abc

FYM@6Mt ha-1 119.0f 767.2h 1.161abc

Unnati Mulching@5Mt/ha 106.0e 700.5f 1.460ef

N:P:K:S@80:60:40:20 Kg ha-1 109.7e 707.5f 0.938a

FYM@6Mt ha-1 102.3f 778.5hi 1.401def

Bikash Mulching@5Mt/ha 106.0d 673.6c 1.460ef

N:P:K:S@80:60:40:20 Kg ha-1 105.0d 677.8cd 0.938a

FYM@6Mt ha-1 102.0c 666.7c 1.401def

Morang Tori -2 Mulching@5Mt/ha 102.0c 657.2abcd 1.630fg

N:P:K:S@80:60:40:20 Kg ha-1 105.0d 653.6abcd 1.284cde

FYM@6Mt ha-1 108.0f 652.1abc 1.235bcde

Pragati Mulching@5Mt/ha 96.0b 664.0d 1.755g

N:P:K:S@80:60:40:20 Kg ha-1 96.3b 659.5abcd 1.477ef

FYM@6Mt ha-1 93.0b 659.4abcd 1.359cde

LSD 1.296* 9.366** 0.136**

CV(%) 0.8 0.8 5.6

Note: Significant at 1% level of significance “**”
 Means in a column followed by same letter (s) are not significantly different.

Heat use efficiency and yield of rapeseed varieties under 
different nutrient management options

The highest grain yield (1096.4 kg ha-1) was obtained in Mo-
rang Tori-2 at mulched condition which was statistically at par 
with Pragati (1067.9 kg ha-1) and Preeti (1034.3 kg ha-1) and 
significantly superior over the Bikash under balanced fertiliza-
tion treatment (635.7 kg ha-1). The significantly higher values 
for heat use efficiency were found in Pragati (6.640), while the 
lowest was recorded with Bikash cultivar under balanced fer-
tilization (Table 4). Higher value of HUE could be due to the 
higher value of rapeseed yield. As temperature was optimum 
throughout the growing period, it utilized heat more efficiently 
and increased biological activity that confirms higher yield. Op-
timum temperature and short calendar days received by Pragati 
cultivar resulted higher rapeseed yield via optimum metabolic 
activity thereby higher HUE which is in accordance with Gupta 
et al., [30]. Eruola et al. [31] suggested that mulching reduces 

the amount of radiant flux reaching the soil surface and mini-
mizes heat by evaporations. Mulching significantly improves 
soil temperature, emergence and development. It decreases 
maximum soil temperature and conserves moisture which 
helps in increase of yield [31]. Mulching has significant effect on 
seed yield of rapeseed cultivars. Sarangi et al. (2010) had a sig-
nificant effect on yield of rapeseed cultivars and reported 35.4% 
increase in yield due to mulching over non-mulched control 
condition. Rautaray [32] reported significant result indicating 
about 16% increase in mustard yield due to rice straw mulching 
over without mulch treatments. The legume straw mulch pro-
vided about 1297 kg ha-1 mustard yield and paddy straw mulch 
recorded 1357 kg ha-1, which were significantly higher over no 
mulch (1154 kg ha-1) treatments. The increase in grain yield of 
mustard was due to more dry matter production and increases 
in most yield attributing characters of the crop [33]. The values 
of HUE showed varied trends at different nutrient management 
options for each.
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Cultivars Nutrient management
HUE (kg/ °C 

day)
Grain yield 

(kg ha-1)

Preeti Mulching@5Mt/ha 6.609bcd 1034.3ij

N:P:K:S@80:60:40:20 Kg ha-1 6.533abc 953 fghi

FYM@6Mt ha-1 6.530abc 868.3cdefg

Local Mulching@5Mt/ha 6.626cd 960.6ghi

N:P:K:S@80:60:40:20 Kg ha-1 6.595abcd 832.2cd

FYM@6Mt ha-1 6.594abcd 891.2defgh

Unnati Mulching@5Mt/ha 6.515ab 920.4defgh

N:P:K:S@80:60:40:20 Kg ha-1 6.526abc 790.3bc

FYM@6Mt ha-1 6.530abc 722.8ab

Bikash Mulching@5Mt/ha 6.517ab 883.1hi

N:P:K:S@80:60:40:20 Kg ha-1 6.499a 635.7a

FYM@6Mt ha-1 6.601abcd 934.4fgh

Morang Tori -2 Mulching@5Mt/ha 6.572abcd 1096.4j

N:P:K:S@80:60:40:20 Kg ha-1 6.536abcd 875.7defg

FYM@6Mt ha-1 6.521abc 861.8cdef

Pragati Mulching@5Mt/ha 6.640d 1067.9j

N:P:K:S@80:60:40:20 Kg ha-1 6.595abcd 928.8efgh

FYM@6Mt ha-1 6.594abcd 842.9cde

LSD 0.058** 95.25**

CV (%) 0.5 5.1

Table 4: Heat use efficiency and yield of rapeseed cultivars un-
der different nutrient management options at Puranchaur, Kaski.

Note: Significant at 1% level of significance “**”
Means in a column followed by same letter (s) are not significantly 
different.

Conclusions

There are evidences of increments in mean monthly average 
and annual temperature from 1990-2018 at Puranchaur, Kaski, 
mid-hills of Central Nepal. The rapeseed growing farmers were 
aware on the effects of climate change and their adaptation 
strategies such as change of crop cultivars, traditional way of us-
ing FYM and conservation agriculture practices such as mulching 
as most of the farmers are adopting these practices in growing 
mustard. All cultivars and nutrient management options exhib-
ited the earlier development phases/ stages with the increasing 
trend of heat units. Agro-climatic indices like GDD was compar-
atively higher for mulching than other nutrient management 
options. Pragati and Morang Tori-2 cultivars showed greater 
stability to Heat Use Efficiency (HUE) than other cultivars. Ap-
plication of FYM decreased the calendar days to physiological 
maturity of rapeseed as compared to normal mulching. How-
ever, additional work is needed further to evaluate the impacts 
of the potential changes in agro-climatic indices and crop yields 
for themed-hill agro-eco-region of central Nepal. 
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