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ABSTRACT
Sugarcane is considered as very important crop and it is a big source for getting sugar and 
bioenergy, and it has a big share in contributing to gross domestic product (GDP) of Pakistan. 
Due to global warming and growing emission of greenhouse gases (GHG), we get results in 
the form of amplified strength and occurrence of thrilling meteorological conditions. One of the 
most thrilling environmental stress is known as temperature stress that bounds growth process 
of sugarcane, its productivity level and absorption. Several organic reactions are intricate in 
plant’s development, and these organic reactions are very delicate to temperature trauma. Now 
a day, under this issue of temperature anxiety is foremost concern for production of sugarcane 
and methodologies for extraordinary harvest of sugarcane are central agriculture objectives. 
Sugarcane adjusts a number of acclimation and prevention appliance counter to diverse 
environmental hassle. Survival of plant under changed strains be determined by capability to 
produce and communicate the signal and organic and functional ups and downs. In future, 
climate change is important consequence for sugarcane production in the world because of 
its comparative low adaptive capability, underprivileged predicting structure and extraordinary 
susceptible to ordinary threats. In this assessment we concisely describe climate change effects 
on sugarcane production in two sugar producing provinces of Pakistan, upcoming dares for 
sugar production under fluctuating climatic situation and suggest strategies for moderation of 
negative influences of climate change. District wise time series data from main provinces of 
Pakistan, Sindh, Punjab and KPK for time period 1980 to 2018 was used for analysis during 
2020. After applying Hausman specification test, Random effect model was used to perform 
analytical work. Overall results of analysis indicate that variations of both climate variables, 
temperature and rainfall, affected production of crop in three main provinces of Pakistan. 
According to the estimated results, the temperature and rainfall both put a significant effect 
on the growth of selected crop in every district of Pakistan. Results revealed that at a specific 
stage, increase or decreased in temperature or rainfall, in relevancy to the specified requirement 
disturbed the growth of crop and ultimately affects the overall production. According to estimated 
results 62, 79, and 87% variations in overall production of sugarcane was observed in Punjab, 
Sindh and KPK, respectively.
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INTRODUCTION
Agriculture is one and only the utmost climate profound 
sectors of an economy. It reacts to temperatures, 
rainfall, soil contamination, etc., which are in a straight 
line connected with climate changes. Increasing 
temperature, irregular circulation of precipitations, 
tidal wave, dearth and additional climatic adversities 
exaggerated human life cycle end to end with socio 
economic sectors of world’s over inhabited areas i.e. 
South Asia (Bandara and Cai, 2014). The valuation of 
eventual economic consequence of climatic changes 

on manufacturers, customers, and other agriculture 
associated mediators needs a comprehensive 
estimation of economic influences by means of inputs 
from a changed climate and crop models (Chohan, 
2019). Sugarcane is treated as C4 crop. It has its place 
to family gramineae. It is a towering perpetual grass 
by means of culms, steadily distributed or gathered 
in foot rest of 5 inches to 10 inches or more. The 
branch is 1inchs to 2 inches in thickness and might 
be 10 feet to15 feet or more in tallness under humid 
climatic surroundings. Sugarcane is a steamy plant 
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that typically needs 8 months to 14 months to reach 
its maturity stage (Srivastava, 2012). Temperature 
should be high sufficient to permit fast development for 
8 months to 12 months or more in a year (Linnenluecke 
et al., 2018). It is mostly cultivate in humid and 
subtropical parts and an important source for sugar 
production and biofuels in world (Hussain et al., 2018). 
Sugarcane is one of the world’s most important food 
producing crops, round about 75% of sugar which is 
produced in world for human feeding is formed over 
and done with sugarcane (Majid and Afghan, 2007). 
For Pakistan, sugarcane is cash crop and subsidize 
nearly 0.6% share in entire GDP of country. It is yearly 
crop and can be cultivated two times in a year Khan et 
al., 2005; Koondhar et al. 2016; Siddiqui et al., 2012.
In Pakistan, sugarcane is cultivated in three regions, 
tropical zone of Sindh, sub-tropical region of Punjab, 
and moderate Peshawar valley. Sugarcane is 
perpetual crop being cultivated on 20 million hectors 
in subtropical and tropical region and its yearly 
approximately harvest is 1325 million tons stubbles for 
sugar, energy, compounds and rum (Ali et al., 2013). 
Peshawar is reflected to be one of the most vital 
sugarcane cultivating territory of Pakistan. This valley 
is regarded as thrilling weather Majeed et al., 2016). 
Summer spell is categorized by extraordinary moisture, 
which in the occurrence of high temperature grow into 
humid situation and hence friendly atmosphere for 
production of sugarcane (Saddiq et al., 2014). 
Sugarcane harvesting be made up two time of year. 
Production time of sugarcane is approximately nine 
months. But, 30% harvesting of crop is in Sep. to Dec. 
with its whole period of 14 months (Azam and Khan, 
2010). The mill owners have a preference to this crop 
due to its high superiority of sugarcane production 
as parallel to 9 months crop but farmers enduring 9 
months crop so that the land can be prepared for wheat 
crop, if not they have to sacrifice wheat production 
(Koondhar et al., 2016). In the same way, worldwide 
two techniques are applicable for harvesting e.g. first 
of all, by germination and secondly, by seeding. Our 
agriculturalists are using first technique as the second 
process generally takes two years to develop (Majeed 
et al., 2016). Upsurge in lower temperature most 
probably decreases the manifestation and harshness 
of frosts and prolongs the developing period of crop 
for the duration of winter months (Ali et al., 2015). 
However, the plant population of sugarcane cuts with 
extraordinary temperature and influences as damaging 
on developing and emergence of sugarcane (Ahmad 
and Yunxian, 2020). On other gage, if temperature 
rises above 32°C, it outcome into inferior sucrose level, 
higher stalk fiber, amplified number of bulges, dumpy 
internodes (Israr et al., 2016). High temperature in 

the course of night time typically increase number of 
flowering, this increase in case of sugarcane come to 
an end the growth of internodes and leaves which in 
long run decline sucrose and cane harvest (Babar et 
al., 2011).
Water stress can be triggered if increase in temperature 
happens due to deviations in climatic circumstances 
(Ali and Erenstein, 2017). The said circumstances 
increase the volume of day-to-day evaporation. To 
discourse overhead water hassle, more numerous 
irrigation arrangement will be compulsory to encounter 
the demand of dehydration being done by crop (Ahmad 
and Yunxian, 2020). This step, known as repeated 
irrigation, on contradictory, consequences into excess 
of irrigation which generate water taking down and 
salinity problem and in the end drop sugarcane harvest 
(Tahir et al., 2014).
Maturing of sugarcane is also exaggerated by 
temperature (Abbas et al., 2016). For the period of 
winter, for natural ripening, low temperature is much 
indispensable (Farooq and Gheewala, 2020). Higher 
temperature diminishes the superiority of sugarcane as 
it approaches to mature almost immediately earlier than 
finishing its time period (Qureshi and Afghan, 2005). 
Environmental pressure declines crop production 
and growth of crop, deficiency of water is one of the 
foremost environmental trauma which distresses crop’s 
yield (Arain et al., 2017). Sugarcane is awfully subtle 
to water scarcity (Chohan, 2019). This shortage can 
cause 60% lessening in productivity of crop. That is why 
under water scarcity circumstances, biotechnological 
tactics are implemented to reduce the effect of draught 
(Zhao and Li, 2015). Under water scarce atmosphere, 
indeed, crop first  embraces many forbearing schemes 
i.e. deviations in life cycle, variation of development, set 
of scales distribution of resources and development of 
pressure awareness to produce acceptance for water 
stress alteration of appropriate development (Asif, 
2013). In addition, molecular breeding and additional 
biotechnology methods are used which became helpful 
gears to improve crop’ output under water insufficiency 
circumstances (Rehman et al., 2015).
In fiscal year 2017-2018, sugarcane crop note down 
a sufficient production of 81.102 MT with a substantial 
rise of 7.4% with respect to previous year (Elahi et al., 
2020). The production of sugarcane have its portion 
of 3.6% to the agriculture worth and 0.7% to the GDP 
of country (Haq et al., 2016). But this growth when 
observed in the per hector harvest, the total production 
fraction is reduced a little because the cultivated part of 
sugarcane was also increased by 7.8%. For preserving 
sugarcane production, organized approaches and 
governmental organizations are making their part as 
this crop has a substantial position to country, being a 
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high value cash crop connected to economy(Farooq 
et al., 2020). After textile sugar making industry from 
sugarcane is known as country’s second largest agro-
industry (Khan et al., 2018).
The main objectives of this work were determine the 
main constraints of climate (temperature, precipitation) 
in production of sugarcane. It will deliver base line 
analysis for supplementary study to be carried out both 
at macro or micro level.

MATERIALS AND METHODS  
This study was based on secondary data. For 
methodical work time series data for time period 1980-
2018 at districts level was used during 2020. Data was 
collected from two main sources;

•	 Economic survey of Pakistan 2018-2019 
(Sugarcane production)

•	 Pakistan metrological Department (Temperature, 
rainfall)

Explanation of variables
Equation of this study was as bellow; 

Crops = f (FPT, FPT2, SPT, SPT2, TPT, TPT2, FourPT, 
FourPT2, FPR, FPR2, SPR, SPR2, TPR, TPR2, FourPR, 
FourPR2,

Crops = αo+ α1 (FPT) + α2 (FPT2) + α3 (SPT) + α4 (SPT2) 
+ α5(TPT) + α 6(TPT2) + α7 (FourPT) + α8 (FourPT2) + 
α9(FPR) + α10 (FPR2) + α11 (SPR) + α 12(SPR2) + α 

13(TPR) + α 14(TPR2) +α15 (FourPR) + α16 (FourPR2) +µt

αo   =  intercept.
α’s = coefficient of slop of the model.

Abbreviations of variables were labeled as per Table 1 
given below:

For harvesting of autumn crop sowing time was 1st 

week of month Sept to mid-November, whereas, 
seeding starts from mid-February to end of March 
for spring crop. In the same way, reaping time of 
sugarcane in April/May and November/December 
correspondingly (Ullah et al., 2018). For the period of 
the development sugarcane passes through following 
phases of production;

• Tillering period
• Outstanding growth period
• Development and ripening period

Sowing seeds and incubation were two techniques 
which were used for cultivation of sugarcane. Farmers 
generally chosen second technique as first process 
takes two years. With the discussion of Sugarcane 
Research Institute, Faisalabad (SRIF) we distributed 
production into four phases. Time taken by sugarcane 
crop on every single phase is as follow;

• For germination period  = 45 days
• Tillering period = 90days
• For vegetation = 90 days and finally last                               

                            phase of production consists on,
• Maturity = 60 to 75 days

Temperature plays vital role throughout growth 
process of sugarcane. At different phases, temperature 
deviations were as under (Ali et al., 2017).
During the entire period for getting good production of 
sugarcane total 22 times irrigation compulsory. The ideal 
rainfall for this crop was 1250 mm to 2500 mm. During 
growing period, a slight increased in temperature in 
range of 8oC-34°C not only rises carbon dioxide (CO2) 
concentration but also expand its development during 
winter. On the other hand, stumpy temperature confines 
the process of photosynthesis and leaf development 
rate of crop (Tahir et al., 2013). If comprehended in a 
constricted range, we can say if temperature stick it 
out-lower than 15°C due to change in climate in low 
temperature zones during its initial stages, it bounds 
the cultivation of sugarcane but temperature upsurge 
on the other hand, improve sugarcane harvest (Khan et 
al., 2018). Collected data from sources were analyzed 
statistically by using Handman test.

RESULTS AND DISCUSSION
During entire period of reaping climate plays very 
significant role. For the time being, 12 months to 24 
months sugarcane stands in fields, as a result, it aspects 
all conceivable restrictions of weather i.e. rainfall 
configurations, deviations in temperature, daylight, 
level of moisture  in soil etc. These said constraints 
have key importance on development of sugarcane, 

Table 1. Explanation of independent variables
S. No. Label Explanation

1 FPT 1st phase temperature.
2 FPT2 Square term of 1st phase temperature
3 SPT 2nd phase temperature 
4 SPT2 Square term of 2nd phase temperature
5 TPT 3rd phase temperature 
6 TPT2 Square term of 3rd phase temperature
7 FourPT 4th phase temperature
8 FourPT2 Square term of 4th phase temperature
9 FPR 1st phase rainfall

10 FPR2 Square term of 1st phase rainfall
11 SPR 2nd phase rainfall
12 SPR2 Square term of 2nd phase rainfall
13 TPR 3rd phase rainfall 
14 TSR2 Square term of 3rd phase rainfall. 
15 FourPR 4th phase rainfall
16 FourPR2 Square term of 4th phase rainfall

Note: Crop (sugarcane) was dependent variable
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making of sugar, its superiority and sweetness of 
juice etc. Getting virtuous development of plant and 
achieving extraordinary yield of crop, specific climate 
circumstances, suitable constraint are obligatory. Any 
confrontational variation in environmental through 
four phases of production may disturb quality and 
production of crop (Srivastava and Rai, 2012). 
Probability value of Hausman test was 0.7350 that is 
insignificant indicated that random effect model was 
better choice for present analysis Table 2.

Rainfall coefficient indicated significant negative 
association of rainfall with production of sugarcane 
(Table 3). At 1st first phase 1mm increase in rainfall 
caused -0.012404 metric tons decrease in production 
in Punjab (Khan et al., 2005). Probability value of 1st 
phase rainfall was 0.0348 indicated that at 1st phase 
rainfall had significant impact on production mean 
after certain point rainfall influence on production was 
positive. 

At 2nd phase 1mm increase in rainfall caused 
-0.022196 metric tons decrease in sugarcane 
production. Probability value of 2nd phase rainfall was 
0.0260 indicated that rainfall has significant impact 
on sugarcane. 3rd phase shows 1mm increase in 
rainfall caused -0.01008 metric tons fall in production. 
Probability value was 0.0776 indicated that it had 
significant influence on production of sugarcane. At 
4th phase 1mm increase in rainfall caused -0.051481 
metric tons decline in production. Probability value 
was 0.0374 specify that there was significant effect on 
sugarcane production at 4th phase. The 1st, 2nd and 3rd 
phase rainfall square terms probability values showed 
insignificant effect on production specified that there 

is linear relationship exists between production and 
rainfall. The 4th phase rainfall square term probability 
indicated significant effect and nonlinear relationship 
exists between sugarcane production and rainfall.
Findings showed increase in temperature in early three 
phases of production process highly insignificant. If 
during 1st phase average temperature increases 
up to 28oC it had positive effect on production but if 
temperature increases 28oC up to 32oC it showed 
negative effect and in the end damaging for crop. 
Coefficient value of 4th phase temperature is -6.188738 
specify that 1oC increase in temperature causes 
-6.188738 metric tons decrease in production. This 
indicated that temperature had significant impact on 
production of sugarcane. 

Sindh sugarcane analysis
In Pakistan, Sindh province was considered as 
2ndlarger producer of sugarcane. The data analyzed 
through Hausman test was as given in Table 4.

Rainfall is a restrictive concern for agriculture sector. 
Due to change in dimensions and longitudinal 
variations in rain’s configurations the agriculture sector 
in countries who dependent supplementary on rain 
fostered harvests are facing a hostile deterioration in 
total production including production of sugarcane. Due 
to rising temperatures process of dehydration rises not 
only from top soil but also from surface of plant (Soothar, 
2017). Sugarcane is characteristically irrigated and to 
some point rain fed crop, unpredictability of climate has 
notable influence not only on production of sugarcane 
but it also disturb national economy (Afghan and Jamil, 
2014).
Rainfall is considerably affected by thrilling events 
(Muelbert et al., 2019). Sugarcane farming wants hot 
or subtropical environment, with lowest amount of 600 
mm yearly rainfall. Environment of Pakistan is mainly 
subtropical arid to semi-arid (Qureshi and Afghan, 
2005). Sugarcane in Pakistan is cultivated in three 
natural areas i.e. (1) north western, (2) central and 
(3) southern sectors. Climatic situations of Southern 
Sindh are more suitable consuming hot and semi-
humid environment. Effect of rain fall on sugarcane 
production in Sindh was given in Table 5 that revealed 
that relationship between rainfall and production.
For production of sugarcane, appropriate amount of 
rain and moisture is obligatory, dry weather decreases 
production and juice of sugarcane. Areas having 40 
to70 rainfall annually are considered most appropriate 

Table 2. Hausman specification test
Summary chi-square chi-square d.f Prob.
Random Periods 5.952068 16 0.7350

Table 3. Dependent variable: Sugarcane production (Metric 
tons)

Variables Coefficients Variables coefficients
FSR   -0.012404** FST 0.408358
FSR2 2.49E-05 FST2 -0.015734
SSR -0.022196** SST 2.207394
SSR2 2.57E-05 SST2 -0.036367
TSR -0.01008* TST 3.923627
TSR2 1.20E-05 TST2 -0.065804
FOURSR -0.051481** FOURST -6.1887338*
FOURSR2 0.000786* FOURST2 0.139789***

C -18.07933
R2 0.62045 F-statistics 28.125480
Adjusted 
R2 0.6045 Prob.

(F-statistics) 0.0000

Significance level denoted as, 1%***, 5%** and 10%* respectively.

Table 4. Hausman specification test
Summary chi-square chi-square d.f Prob.
Random Periods 1.324153 16 0.8634
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zones for production of sugarcane but at harvesting 
time dry weather situation is essential so that juice of 
sugarcane may become dense (Shakoor et al., 2011).
During process of cane development temperature 
plays key role. It is unswervingly associated with 
growth of plant (Gawander, 2007). Environment 
generally supports productivity of crop all over the year. 
But thrilling weather situations   of rainfall is dangerous 
feature for production of sugarcane inadequacy in 
Pakistan. Coefficient value of 1st phase temperature 
was 3.133678 indicated 1oC rise in temperature causes 
3.133678 metric tons increase in sugarcane production 
Table 5. Coefficient value of 2ndphase temperature 
was 9.454284 indicated 1oC increase in temperature 
causes 9.454284 metric tons increase in production.

Co-efficient value of 4thphase was 5.482336 showed 
1oC upsurge in average temperature triggered5.482336 
metric tons increase in production.
 
R2 showed 79.77% deviation in sugarcane production 
due to changing climate. 

KPK sugarcane analysis
KPK is known as one of the most important 
sugarcane growing province of Pakistan. This region 
is categorized by stirring weather trials. This province 
deliberated extraordinary level of moisture in summer 
season, this region very advantageous for cultivation 
of sugarcane (Pervaiz et al., 2013). Environmental 
doubt is main reason of decline in level of productivity 
and development of plant and on other hand dearth is 
main abiotic trauma which disturb crop’s productivity. 
Sugarcane is very subtle to water discrepancy and 
is witnessed that due to water shortage production 
of sugarcane reduced up to 60%. Relation between 
rainfall and sugarcane production clearly described 
in Table 6 and 7 in relation to different phases. For 
analysis we prefer to use random effect model.

In order to encounter with water shortage, sugarcane 
providing an important incentive to grow bio-
technological strategies (Loarie et al., 2011). In 
situations of deficiency, plant made a lot of variations 
in its system to contest with insufficiency, such as 
inflection of plant’s growth, unconventionality in life 
cycle of plant, expansion of pressure consciousness 
for rapid expression of stress receipt and constancy 
in allocation of resources for stress dissimilarities and 
growth. In situations of water deficiency molecular 
breeding and bio-technological techniques are 
beneficial tools to increase productivity of crop (Xi et 
al., 2013). 
In future additional deficiencies and slight changes in 
rainfall configurations are predicted (Medeiros, et al., 
2013). Variations in rainfall on larger scale put effect 
of sucrose production and frequent drought spells 
negatively affect production of sugarcane because 
sugarcane wants additional water as linked to other 
crops. Water hassle prepared several fluctuations in 
plant’s internal systems. In order to accomplish water 
shortage farmers uses non-natural irrigation means. At 
time of harvesting of crop minimum rainfall is valuable 
for plant’s development and put positive impact on 
overall production. Excess rainfall also diminishes the 
worth of cane by inadequate dry off spell (Hussain et 
al., 2015).
Coefficient value of 1st phase temperature was 
0.444265 indicated 1oC increase in temperature 
causes 0.444265 metric tons increase in sugarcane 
production in KPK. Coefficient value of temperature 
at phase 3rd was 2.360559 specified 1oC rise in 
temperature caused 2.360559 metric tons increase in 
production. Coefficient value of 4th phase temperature 
was -0.031938 indicated insignificant relationship 

Table 5. Dependent variable: Sugarcane production
              (Metric tons)

Variables Coefficients Variables coefficients
FSR -0.01147 FST 3.133678*
FSR2 0.000228 FST2 -0.05596
SSR -0.01597 SST 9.454284***
SSR2 0.000304 SST2 -0.16085*
TSR -0.01045 TST 0.362218
TSR2 0.000187* TST2 0.000106
FOURSR 0.098682 FOURST 5.482336**
FOURSR2 -0.0014 FOURST2 -0.10266*

C -258.284
R2 0.797711 F-statistics 21.68882

Adjusted R2 0.760931 Prob.
(F-statistics) 0.0000

Significance level symbolized as, 1%***, 5%** and 10%* respectively

Table 6. Hausman specification test
Summary chi-square chi-square d.f Prob.
Random Periods 21.96505 16 0.1443

Table 7. Dependent variable: Sugarcane production
              (Metric tons)

Variables Coefficients Variables coefficients
FSR -0.001401 FST 0.444265*
FSR2 1.87E-06 FST2 -0.012447*
SSR -0.000535 SST 0.12478
SSR2 -1.28E-05 SST2 -0.001511
TSR 0.011861 TST 2.360559**
TSR2 -7.06E-05 TST2 -0.03625
FOURSR 0.001653 FOURST 0.808209
FOURSR2 -9.97E-06 FOURST2 -0.031938**

C -42.05446
R2 0.87531 F-statistics 43.87439

Adjusted R2 0.85536 Prob.
(F-statistics) 0.0000

Significance levels denoted as, 1%***, 5%** and 10%* correspondingly
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between sugarcane production and temperature at 
4thstage of production of sugarcane in KPK.

CONCLUSION
Environmental susceptibilities were most important 
restraints for evolution, expansion and efficiency 
of sugarcane plant. Sugarcane efficiency beneath 
varying climatic situations have been studied in current 
study, however, a comprehensive understanding 
of sugarcane production under altering climatic 
circumstances remain indefinable. In a nutshell, 
climatic changes would have an opposing effect on 
sugarcane production of Pakistan in coming years. 
In order to defend production of sugarcane, it should 
have a strong agricultural policy that must have an 
important role in influencing its capability to get used to 
effectively to climate change.
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