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ABSTRACT. Cotton is one of the strategic 
crops in Egypt. This article investigates 
the impacts of climatic factors and their 
variations on the cotton yield and its 
economic benefits during the period from 
1998 to 2019. We chose the Kafr El-Sheikh 

Governorate, where cotton is one of the 
major planted crops, was chosen for the 
analysis. The climatic factors utilized were 
the maximum, minimum and average 
temperatures; relative humidity; solar 
radiation and wind speed. Precipitation 
was excluded, as Egypt depends mainly on 
irrigation. The climatic factors utilized 
influenced yield during different growth 
stages: wind speed showed an influence 
only on the germination stage, whereas 
temperature had a major impact before and 
at the maturity stages. The latter 
correlation was positive in July and 
negative in August and September. 
Relative humidity and solar radiation 
impacted on yield at different growth 
stages, with an almost positive correlation 
with solar radiation and both a positive 
and a negative correlation with relative 

humidity. For the study of the economic 
indicators of cotton, cotton data were 
taken for the whole Egyptian Governorate 
during the period 2005-2019. The study 
showed a decrease in the net return during 
the period from 2005 to 2015 that reached 
a loss (minus value) of 195 Egyptian 
pounds (LE) in 2015, followed by an 
increase during the period from 2016 to 
2019 due to the increase in farm gate 
prices. 
 

Keywords: cotton crops, weather 
parameters, vegetative stages, economic 
indicators, Egypt. 

 
INTRODUCTION 

 

Global warming is a major 
environmental phenomenon that 
impacts humans, animals and plants. 
The global average land surface 
temperature has increased by 0.78°C 
in the period 2003-2012 compared 
with 1850-1900 and is expected to 
increase by 4.8°C by 2100, according 
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to the fifth assessment report of the 
United Nations Intergovernmental 
Panel on Climate Change (IPCC) 
(IPCC, 2013). Climate change is 
projected to have a significant impact 
on crop production across broad 
regions of the world in the 21st century 
(Wang et al., 2017), where it is expected 

to increase the vulnerability of 
agricultural systems (Rosenzweig et al., 
2014) by increasing temperature, 
causing changes in rainfall patterns 
and increasing the frequency of 
extreme weather events in most parts 
of the world (IPCC, 2014). Climate 
change and climate variability 
influences the total economy of a 
country as well as its individual 
households via different mechanisms. 
In addition to the agricultural 
intensification and increased crop 
productivity from various farming 
systems is accelerating the pressure on 
agricultural resources (Kong et al., 
2015). Rising temperatures and 
changes in rainfall patterns also affect 
the agricultural yields of both rainfed 
and irrigated crops, and therefore 
impacts global and local food markets 
(Nelson et al., 2009, 2010). 

Climate change has different 
impacts on both thermophilic and 
cryophilic crops. Rising air 
temperatures, including the daily 
maximum and minimum temperatures, 
cause changes in crop phenology. 
However, the daily minimum 
temperatures have a higher impact 
than the maximum temperatures, 
where the minimum temperatures have 
risen faster than daily maximum 
temperatures during recent decades 
(Menzel et al. 2001). The impacts of 

climate warming on plant phonologies 
are considered to be of major 
importance in the northern hemisphere, 
where the length of the growing season 
closely depends on temperature 
(Zhang et al. 2004; Chen et al. 2005; 
Linderholm 2006). 

Cotton (Gossypium hirsutum L.) 
plays an important role in social and 
economic development (Amouzou et al., 

2018), where it the most widely grown 
fiber crop globally. Over the last 
several decades, scientists have begun 
to consider the impacts of climate 
change on cotton production (Li et al., 
2019). The different climatic variables 
such as solar radiation, temperature, 
light, wind, rainfall, and dew, in 
addition to the length of the growing 
season, variety, availability of nutrients 

and soil moisture, pests and cultural 
practices affect cotton growth (El-Zik, 
1980). The balance between vegetative 
and reproductive development can be 
influenced by soil fertility, soil 
moisture, cloudy weather, spacing and 
perhaps other factors such as 
temperature and humidity (Guinn, 
1982). Temperature is a key factor for 
the whole growth period of cotton 
because it needs temperatures of 25-
35°C and covers over 150 days 
(Boulakia et al., 2020) or at last 1,450 
days (Lagandre 2005). Decreasing 
every 1°C in mean temperature will 
greatly delay maturity during the whole 

growth season (Roussopoulos et al., 
1998), and higher temperatures will 
destroy cotton plant growth (David, 
1971) and inhibit seed germination 
(Arndt, 1945). These will affect the 
phenologies and seed cotton yields. 
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Cotton is one of the most 
important cash crops in Egypt, 
providing feed, fibre and oil. In Egypt, 
cotton seed yield was estimated to 
increase by 17% if the temperature 
increased by 2°C and by 31% with a 
4°C increase (Eid et al., 1997). Cotton 
is also one of the best-known crops 
planted in the studied governorate 
(Kafr El-Sheikh). In this study, the 
linear tendency rate and correlation 
coefficient methods were used to 
analyse the impact of the different 
climatic variables (maximum, minimum 

and mean air temperature; relative 
humidity; solar radiation and wind 
speed), and their relationship to the 
cotton seed yield from 1998 to 2019 in 
Kafr El-Shiekh governorate. Moreover, 
the economic benefits of the cotton 
yield in Egypt during the period from 
2005 to 2019 were considered. 

 
MATERIALS AND METHODS 

 

Study site 
Kafr El-Sheikh is one of Nile Delta 

Region's governorates (30°56′E, 31°06′N 
and 17 m above sea level), which located 
in the north of Egypt, with a total area 
nearly 3466.69 km2 and is divided into 10 
markazs, 11 cities and 69 rural local units. 
According to 2018 estimates, the 
governorate's population reached 3.414 
million people. Kafr El Sheikh is an 
agricultural governorate, with total 
cultivated area of 550 thousand acres and 
is famous for producing rice, sugar beets, 
wheat and cotton. Most of the cultivated 
area (98%) is old land (clay soil). All 
agricultural activity under this 
environment relies on irrigation (The 
Egyptian Cabinet Information and 
Decision Support System (IDSC, 2017). 

 

Weather and crop data 
Weather parameters, including daily 

relative humidity (%), maximum and 
minimum temperatures (°C), solar 
radiation (MJ/d) and wind speed (m2), 
were recorded from 1998 to 2020 (Fig. 1). 
Weather data from March to September, 
which represent the planting and growth 
period of cotton, were used. The growth 
period of cotton is normally from mid-
March to 10 August, but the harvest date 
could be prolonged to September in case 
of a late plating date (mid-April, at the 
latest). Therefore, the weather parameters 
were considered up to September. Weather 
data were collected from the Agriculture 
Research Centre (ARC) and The Central 
Laboratory for Agricultural Climate 
(CLAC) database. The total yield 
(tonnes/acre) of cotton in the Kafr El-
Sheikh governorate was collected from 
1998 to 2019 (Fig. 2) from the Ministry of 
Agriculture and Land Reclamation 
(MALR) from 1998 to 2019. Genotype 
was not taken into consideration. 

The reference crop evapotranspiration 

(ET0) (mm/day) was calculated using the 
methodologies of Penman-Monteith 
(Allen et al., 1998), Valiantzas 1 and 2 
(Valiantzas, 2013), using daily weather 
data for Kafr El-Sheikh from 1998 to 2019 
in the months from March to September, 
with the following equations: 
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where (∆) is the slope of the saturation 
vapor pressure vs. air temperature curve 
(kPa C-1), (Rn) is the net radiation at the 
crop surface (MJ m-2d-1), (G) is the soil 
heat flux density at the soil surface (MJ 
m-2d-1), (Tmax, Tmin and Tmean) are the max, 
min and mean daily air temperature at a 
height to 1.5-2.5 m (°C), (Tdew) is the dew 
temperature, (u2) is the mean daily wind 
speed at a height of 2 m (m s-1), (es) is the 
the saturation vapor pressure (kPa), (ea) is 
the actual vapor pressure (kPa), (es - ea) is 
the saturation vapor pressure deficit (kPa), 
(γ) is the psychrometric constant (kPa°C-
1), Cn = 900oC mm s3Mg-1d-1 for grass-
reference surface, Cd = 0.34 s m-1 and α = 
0.25. The crop evapotranspiration under 
standard conditions (ETc) was estimated 
using the procedures outlined by 
(Allen et al., 1998):  

 
where (Kc) is the single crop coefficient, 
which incorporates crop characteristics 
and the averaged effects of evaporation 
from the soil, also differentiating between 
crop types and growth stages. (Kc) is 
aggregated from the standard values of 
cotton from the FAO (Allen et al., 1998). 
 
Statistical analysis 
1. The Pearson (product-moment) 
correlation coefficient (r) was used to 
measure the linear relationship between 
the cotton seed yield (x) and the other 
variables (y) separately. The correlation 
coefficient was tested at a significance 
level of p < 0.05. The Pearson’s r is 
expressed mathematically by the following 
equation: 

 

 
 

2. Ordinary least squares (OLS) 
regression is a statistical method of 
analysis that estimates the relationship 
between one or more independent 
variables (climate variables) and a 
dependent variable (cotton seed yield); the 
method estimates the relationship by 
minimizing the sum of the squares in the 
difference between the observed and 
predicted values of the dependent variable 
configured as a straight line. The OLS 

helps by selecting the independent 
variables most correlated to the dependent 
one with p < 0.05. 

 
Economic impacts 

The economic impacts on seed 
cotton yield were evaluated during the 
period 2005-2019 for Egypt by using the 
simple regression method. The utilized 
input data as shown in Table 1 is the total 
Egyptian cultivated area (acre), seed 

(Valiantzas 1) 

(Penman-Monteith) 

(Valiantzas 2) 



Assem A. A. MOHAMED, Mona Maze, Mohamed M. M. ABDELAZIZ, Alaa A. KHALIL 
 

 
170 

cotton yield (tonnes/acre), production 
(thousands of tons), farm gate price (LE), 
cost of production (LE), total revenue (LE) 
and net return (LE). The data were 
collected from MALR (2005-2019). 

 
RESULTS 

 

Impact of climate factors on seed 
cotton yield in Kafr El-Sheikh 

The seed cotton yield varied during 

the period from 1998 to 2018 (Fig. 2), 
starting slightly above 0.7 tonnes/acre 
in 1998 and increasing over the years 
to a maximum of 1.26 tonnes/acre in 
2004 (monthly weather data are shown 

in Table 2). There was a subsequent 
decrease in yield to a minimum value 
of slightly less than 0.7 tonnes/acre in 
2015 an another increase in 2016 to 
1.0 ton/acre. 

Following a slight increase to 
1.12 tonnes/acre in 2018, there was 
another decrease in 2019 the level of 
2017 with a value of 1.03 tonnes/acre. 
In general, the total cotton yield was 
slightly negatively correlated 
throughout the period from 1998 to 
2019, with a correlation coefficient (r) 
of -0.18. 

 
Table 1: Cultivated area, yield, total production, farm gate price, cost of production, 

total revenue and net return of cotton in Egypt during the period 2005-2019 

Years 

Cultivated 
area 

(Thousand 
acre) 

Yield 
(ton/acre) 

Total 
production 
(Thousand 

ton) 

Farm 
gate 
price 
(LE) 

Cost of 
produc-

tion 
(LE) 

Total 
revenue 

(LE) 

Net 
return 
(LE) 

2005 656.6 0.980 643.45 733.0 2617 4675.0 2058 
2006 536.4 1.118 599.69 780.0 2965 5654.0 2689 
2007 574.6 1.080 620.54 671.0 3437 4736.0 1299 
2008 312.7 1.018 318.30 806.0 4120 5347.0 1227 
2009 284.4 0.989 281.3 677.0 3998 4401.0 403 
2010 369.1 1.023 377.6 1340.0 4571 8852.0 4281 
2011 520.1 1.220 634.5 1066.0 5193 8408.0 3215 
2012 333.4 0.881 293.7 1169.0 5490 6713.0 1223 
2013 286.7 0.881 252.6 1474.0 5626 8456.0 2830 
2014 369.2 0.834 307.9 1172.0 5916 6406.0 490 
2015 240.9 0.665 160.2 1245.0 5631 5436.0 -195 
2016 131.8 1.090 144.61 2711.0 10736 19069.0 8333 
2017 217.0 1.190 258.23 2874.0 13491 21919.0 8428 
2018 336.0 1.270 426.7 3021.0 14953 24532.0 9579 
2019 239.4 1.174 281.14 3141.0 17010 23505.0 6495 

Average 440.8 1.04 465.5 1157.9 5227.1 7936.2 2709.1 

Source: Compiled and calculated from: Economic Affairs Sector, MALR. 
 
The reference crop 

evapotranspiration (ETo) depends 
mainly on the weather variables, where 
crop evapotranspiration under standard 
conditions (ETc) depends on both the 
weather variables and the crop type. 

The lowest values of ETo and ETc 
(Fig. 3) were represented by the 
Penman-Monteith equation, with a 
range from 0.13 to 6.11, which 
displayed an annual average of 3.2-
3.8 mm/day, and a range from 0.06 to 
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5.86, which displayed an annual 
average of 2.3-3 mm/day, for ETo and 
ETc, respectively. Whilst Valiantzas 
equations 1 and 2 showed higher 
values that ranged between 1.79 and 
0.74, with an annual average of 5.7-
6.6 mm/day, and between 0.57 and 
9.78, with an annual average of 4.8-
5.6 mm/day, respectively for ETo. For 
the ETc values, the Valiantzas 1 
equation displayed a range from 0.82 
to 9.87, with an annual average of 4.2-
5.0 mm/day and the Valiantzas 2 from 
0.26 to 9.59, with an annual average of 
3.6-4.4 mm/day. According to the 
Penman-Monteith equation, the 
variation of the ETo and ETc through 
the studied years showed the highest 
values in the years 2000, 2001, 2008 
and 2012 for, with an annual average 
of 3.6-3.9 mm/day for ETo and 2.7-
3.0 mm/day for ETc. The Valiantzas 1 
equation gave annual averages of 6.3-
6.6 mm/day for ETo and 4.5-5.0 mm/day 

for ETc, while the Valiantzas 2 
equation showed the highest values of 
ETo and ETc in the years 2003, 2008 
and 2016 with annual averages of 5.3-
5.6 and 3.9-4.4 mm/day, respectively. 
However, the lowest values of ETo and 
ETc  were displayed in 2015 and 2020, 
with annual averages of 3.2-3.5 and 
2.2-2.7 mm/day, respectively, 
according to the Penman-Monteith 
equation, 5.8-6.2 and 4.3-4.8 mm/day, 
respectively, according to Valiantzas 1 
and 4.7-5.1 and 3.7-4.2 mm/day, 
respectively, according to Valiantzas 2. 

The correlation coefficient (r) 
between each weather parameter at 
each month of the cotton growing 
season and the cotton seed yield 

during the period 1998-2019 is 
represented in Fig. 4. The relative 
humidity showed a slight positive 
correlation with the seed cotton yield, 
with r ranging from 0.1 to 0.3, except 
for June, which showed no correlation 
between the relative humidity and seed 
cotton yield, and for July, which 
showed a relatively higher negative 
correlation between the relative 
humidity and seed cotton yield, with r 
equal to -0.4. The maximum and 
minimum temperatures represented no 
correlation to a very slightly negative 
correlation with the seed cotton yield 
in the months from March to June. In 
July, there was a positive correlation 
between maximum and minimum 
temperatures and seed cotton yield, 
with (r) values of 0.4 and 0.2, 
respectively. The harvest months 
August and September showed a weak 
to strong negative correlation, with (r) 
values of -0.7 and -0.2 for maximum 
temperature and -0.2 and -0.5 for 
minimum temperature, respectively. 
Solar radiation displayed only a 
positive correlation with the cotton 
seed yield, with a higher (r) value in 
May of 0.4; the exception was April, 
which showed a slightly positive and 
negative correlations, with (r) values 
that ranged between -0.2 to +0.2, 
except for the planting month (March), 
when the wind speed was more 
negatively correlated with the seed 
cotton yield, with an r value of -0.4. 
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Figure 1. Climate variables during the study period at Kafr El-Sheikh: (a) Maximum 

temperature (°C); (b) Minimum temperature (°C); (c) Mean temperature (°C); (d) 
Relative humidity (%); (e) Wind speed (m/s) and (f) Solar radiation (MJ/m2) 

 

 
Figure 2. The seed cotton yield (tonnes/acre) a) value 

and b) its correlation during the period 1998-2019. 
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Table 2: Average monthly weather data in the planting season of 2004, 

which shows the highest yield of 1.26 tonnes/acre. 

Month RH (%) 
Max 

Temperature 
(°C) 

Min 
Temperature 

(°C) 

Mean 
Temperature 

(°C) 

Wind 
Speed 
(m/s) 

Solar 
Radiation 

(Mj/m2) 
March 62.68 23.10 12.30 16.86 4.10 21.39 
April 55.43 25.65 14.32 19.45 4.72 24.47 
May 53.01 29.01 17.41 22.64 4.68 24.98 
June 55.78 32.06 20.07 25.64 4.50 29.73 
July 55.05 34.70 22.90 28.23 4.44 29.60 
August 57.43 33.55 23.20 27.71 4.30 27.19 

 
 

 
Figure 3. Calculation of the daily a) reference crop evapotranspiration (Eto) and b) 
crop evapotranspiration under standard conditions (Etc) using the methodologies 

Penman Monteith (Allen, et al., 1998), Valiantzas 1 and Valiantzas 2 (Valiantzas, 2013) 
for the period 1998-2020. 

 
The ordinary least squares (OLS) 

regression model is represented in 
Table 3 with cotton seed yield as the 
dependent variable and the weather 
parameters for each month as the 
independent variables. The relative 
humidity showed a high correlation/ 
significant p-values (p < 0.05) according 

to the OLS regression model in the 
months of March, April, July and 
September, while the maximum 
temperature displayed significant 
p-values in April, July and August. 
The minimum temperature represented 
similar behaviour to the maximum 
temperature, where significant p-
values were exhibited in May, July and 

August. The wind speed variable 
showed significant p-values only at the 
beginning of March, whilst the solar 
radiation exhibited significant p-values 
with cotton seed yield during most of 
the season in April, May, June, August 
and September. 
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Table 3: OLS regression model results between cotton seed yield 
and the weather parameters for each month with p < 0.05. 

Dep. Variable: Yield R-squared: 0.990 

Model: OLS Adj. R-squared: 0.950 
Method: Least Squares F-statistic: 24.40 
No. Observations: 22 Prob (F-statistic): 0.00351 
Df Residuals: 4 Log-Likelihood: 61.110 
Df Model: 17 AIC: -86.22 
Covariance Type: Non-robust BIC: -66.58 
 

 
Coefficient std err t P>|t| [0.025 0.975] 

Intercept 42.8079 4.929 8.684 0.001 29.122 56.494 
RH_mar 0.0213 0.005 4.430 0.011 0.008 0.035 
WS10M_mar -0.2975 0.041 -7.317 0.002 -0.410 -0.185 
RH_apr -0.0887 0.013 -6.864 0.002 -0.125 -0.053 
T_MAX_apr -0.2592 0.026 -9.877 0.001 -0.332 -0.186 
SLR_apr 0.1497 0.030 5.016 0.007 0.067 0.233 
T_MIN_May 0.1935 0.033 5.903 0.004 0.103 0.285 
SLR_May 0.0467 0.014 3.378 0.028 0.008 0.085 
SLR_jun 0.0836 0.029 2.867 0.046 0.003 0.165 
RH_jul -0.2609 0.042 -6.278 0.003 -0.376 -0.146 
T_MAX_jul -0.4126 0.080 -5.161 0.007 -0.635 -0.191 
T_MIN_jul 0.3443 0.054 6.369 0.003 0.194 0.494 
RH_aug 0.0704 0.014 4.947 0.008 0.031 0.110 
T_MAX_aug -0.1511 0.046 -3.260 0.031 -0.280 -0.022 
T_MIN_aug -0.2256 0.062 -3.624 0.022 -0.398 -0.053 
SLR_aug -0.4262 0.076 -5.612 0.005 -0.637 -0.215 
RH_sep -0.0738 0.013 -5.509 0.005 -0.111 -0.037 
SLR_sep 0.0987 0.016 6.218 0.003 0.055 0.143 

R2: ratio of ‘explained’ variance to the ‘total’ variance of the dependent variable ‘Yield’. 
The coefficient of determination indicating goodness-of-fit of the regression. 
Adjusted R2: slightly modified version of R2, designed to penalize for the excess 
number of regressors which do not add to the explanatory power of the regression. 
Log-likelihood is calculated under the assumption that errors follow normal distribution. 
Std err: standard errors of each coefficient estimate. 
t: t-statistic for testing whether any of the coefficients might be equal to zero. 
Large values indicate that the null hypothesis can be rejected and that 
the corresponding coefficient is not zero. 
P-value: expresses the results of the hypothesis test as a significance level. 
P-values smaller than 0.05 are taken as evidence that the population coefficient is 
nonzero. 
RH: Relative humidity (%), T_MAX: Maximum temperature (°C), T_MIN: Minimum 
temperature (°C), SLR: Solar radiation (MJ/m2) and WS10M: Wind speed (m/s) for mar: 
March, apr: April, May: May, jun: June, jul: July, aug: August and sep: September. 

 

Economic and production 
indicators of cotton in Egypt 

The Egyptian cultivated area of 
cotton during the period 2005-2019 

decreased from a maximum 
656.6 thousand acre in 2005 to the 
minimum 131.8 thousand acres in 
2016 (Table 1), while it was increased 
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again from 2017 to 2019, with a total 
average of 440.8 thousand acres. The 
cultivated area of cotton had decreased 
at annual statistical significant rate of 
approximately (-) 500 acre during the 
study period with a coefficient of 
determination reached 0.69 (equation 1 
in Table 4). However, the yield of 
cotton in Egypt was matched with the 
behaviour of seed cotton yield in Kafr 
El-Sheikh (Figure 2), where the 
highest values were represented in the 
years 2011 and 2018, with values 1.22 
and 1.27 tonnes respectively, and the 
minimum value was 0.66 tonnes in 

2015. The total production of cotton in 
Egypt showed a slightly different 
behaviour than the yield, where the 
highest values were represented in the 
years 2005, 2006, 2007 and 2011, with 
values of 643.4, 599.7, 620.5 and 
634.5 thousand, and the minimum 
value was 160.2 thousand tonnes in 
2015. The total production of cotton 
had decreased at a statistically 
significant annual rate during the study 
period, with a coefficient of 
determination that reached 0.62 
(equation 3 in Table 4). 

 

Table 4:  Linear trend equations for cotton cultivated area, yield, 
total production, farm gate price, cost of production, total revenue 

and net return in Egypt during the period 2005-2019 

Item Equation R2 F T no 

Cultivated area Ŷi = 711.10 - 499 X1i 0.69 37.08 -6.09 1 
Yield* Ŷi = 1.082 - 0.004 X2i 0.029 0.50 -0.70 2 
Total production Ŷi = 771.29 - 30.58 X3i 0.624 28.18 -5.31 3 
Farm gate price Ŷi = -119.98 + 127.78 X4i 0.75 50.49 7.11 4 
Cost of production Ŷi = -581.59 + 580.87 X5i 0.74 47.68 6.91 5 
Total revenue Ŷi = -1104.49 + 904.07 X6i 0.61 26.49 5.15 6 
Net return Ŷi = -522.9 + 323.2 X7i 0.39 10.63 3.26 7 
* Nonsignificant 
Where 
Ŷi = the estimated value for the dependent variable in the year i. 
Xi = the time variable in the year i. 
i = 1, 2, 3……15 
R2 = the determination coefficient. 
F = the F-statistic, the results of a statistical test in which the test statistic is based on 
the F-distribution under the null hypothesis. 
T = the t-statistic, result of a test on individual regression coefficients 
Source: Calculated using the data taken from Table 1 

 

Table 1 illustrates that the 
evolution of farm gate prices during 
the study period reached a minimum of 
LE 671 in 2007, while the maximum 
was LE 3141 in 2019. Equation 4 in 
Table 4 shows that the farm gate prices 
of cotton had increased at a 
statistically significant annual rate 

during the period 2005-2019, and the 
coefficient of determination reached 
0.75. Therefore, the total cost of cotton 
production during the period 2005-
2019 increased from a minimum of LE 
2617 in 2005 to a maximum of LE 
17010 in 2019, which represents a 
greater than 6-fold increase over the 
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base year (Table 1). Equation 5 in 
Table 4 explains that the total cost of 
cotton production increased at a 
statistically significant annual rate, 
which reached LE 580.8 during the 
study period, and the coefficient of 
determination reached 0.74. The total 
minimum revenue was LE 4401 in 
2009, while the maximum showed a 
much higher value of LE 24532 in 
2018. This explained the positive 
regression behaviour and regression 
coefficient of 0.61 in Equation 6 in 
Table 3. Finally, the net return on 
cotton fluctuated during the period 
2005-2015, followed by an increase 
until 2019 due to increasing farm gate 
prices (Table 1). The net return 
showed a negative value of 195 LE in 
2015, and the maximum was LE 9579 
in 2018. As shown in Equation 7 in 
Table 4, the net return of cotton had 
increased at a statistically significant 
annual rate of approximately LE 323 
during the study period. 

 
DISCUSSION 

 

Rainfall was not considered here 
as one of the climatic factors that 
impacts the yield because of the 
precipitation scarcity in the region and 
the full dependence on irrigation. The 
reference crop evapotranspiration 
(ETo) and crop evapotranspiration 
under standard conditions (ETc) were 
calculated to show the variation in 
water requirements during the studied 
period to sustain the best yield, where 
the (ETo) value varied depending on 
the climatic factors. (ETo) and (ETc) 
displayed the same behaviour with all 
three algorithms used for calculation 

(Fig. 3). Three (ETo) equations were 
utilized, Penman-Monteith, Valiantzas 
1 and Valiantzas 2, which were 
classified by Djaman et al. (2015) as 
the best equations for calculating the 
(ETo). The Penman-Monteith equation 
gave the lowest (ETo) and (ETc) 
values, while Valiantzas 1 gave higher 
values, and Valiantzas 2 gave the 
highest values. The behaviour of (ETo) 
and (ETc) were highly positively 
correlated with the trends in maximum 
and minimum temperatures (Fig. 1), 
where the highest annual average 
(ETo) and (ETc) values in 2000, 2001, 
2008 and 2012 coincided with the 
highest annual average maximum and 
mean temperatures, given that higher 
temperatures lead to faster water 
evaporation. As well, the lowest 
annual average (ETo) and (ETc) values 
in 2011, 2015 and 2020 were 
coincident with the lowest annual 
average maximum and mean 
temperatures. Nevertheless, the years 
2017 and 2019 faced high maximum 
and minimum temperatures but not a 
very high (ETo) and (ETc) values as in 
2008 and 2012 because of the low 
solar radiation values from 2014 to 
2020. 

Relative humidity showed a 
positive correlation (Fig. 4) with yield 
during the growth months starting 
from March to September, but in July, 
relative humidity was correlated 
negatively with yield. The correlation 
of relative humidity (RH) with yield 
during the plant growth months 
explained that higher relative humidity 
has a greater effect on yield than lower 
humidity. This result agrees with 
Barbour & Farquhar (2000), who 
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reported that plants grown at lower RH 
had higher transpiration rates, lower 
leaf temperatures and lower stomatal 
conductance, and plant biomass was 
reduced at lower RH. Sawan (2018) 
confirmed the positive relationship 
between RH and yield, explaining that 
a modest decrease in humidity would 
cause a significant reduction in boll 
number. Sawan (2018) also noted that 
RH is one of the most effective and 
consistent climatic factors affecting 
boll production, which explains the 
significance of RH in the OLS 
regression model (Table 3) in the 
months of March, April, July and 
September (p < 0.05). 

The wind speed showed a high 
negative correlation with yield only in 
March (Fig. 4), which was also the 
only month that existed in the OLS 
regression model table (Table 3). 
March represented the emergence and 
the beginning of the first square 
phonological stages, where the plant at 
the beginning of its growth is 
vulnerable to high wind speed. Solar 
radiation showed a slight positive 
correlation with yield, except in April, 
which corresponded the first square 
growth stage, displaying a negative 
correlation with yield. In May, which 
corresponded the flowering growth 
stage, solar radiation exhibited a high 
correlation with yield. 

Temperature is a major factor 
controlling rates of plant growth and 
yield. Burke et al. (1987) reported that 
the optimum temperature range for 
cotton growth is 23.5-32°C, with an 
optimum temperature of 28°C, while 
Schrader et al. (2004) stated that high 

temperatures had negative impacts on 
plants by inhibiting photosynthesis. 
The maximum and minimum 
temperatures represented no 
correlation to a very slight (positive 
and negative) correlation with yield 
from March to June (Fig. 4), where 
heat waves were rare and the 
maximum temperature did not 
declined to 12°C. Studies have shown 
that a low temperature (<12°C) in the 
early stage of cotton growth leads to 
delayed growth and development 
(Hodges et al., 1993; Pettigrew, 2008; 
Snider et al., 2010), whereas in the 
latter growth stages in August and 
September, the maximum and 
minimum temperatures displayed a 
high negative correlation with yield in 
agreement with Hodges et al. (1993), 
who found that cotton fruit retention 
decreased rapidly as the time of 
exposure to 40°C increased; Sawan 
(2018), who noted that the 
combination of high maximum 
temperatures (up to 44°C) may have 
an adverse effect on flower and boll 
formation; and Snider et al. (2010), 
who stated that a high temperature 
(>35°C) in the middle stage of growth 
can have a detrimental effect on the 
fertilization rate, cotton boll volume, 
and the quantity of cottonseed buds 
that fall off (Hodges et al., 1993; 
Pettigrew, 2008). Nevertheless, the 
maximum temperatures in July with a 
range of 30.1-42.9°C, which included 
5 days with >40°C temperatures and 
minimum temperatures in the range of 
20.4-26.7°C, showed a positive 
correlation with the yield. 
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The rising global temperature, a 
result of climate change, could lead to 
shortening of the developmental stage 
of cotton and affect crop yields 
because shortening of the plant 
growing season leads to the absorption 
of less radiation and reduction of 
biomass and yield (Chmielewski et al. 
2004). But Eid et al. (1997) stated that 
the cotton seed yield would increase 
by 17% if the temperature increased by 
2°C and by 31% with a 4°C increase. 

The net return value depends on 
the amount of the increase in total 
revenue compared to the increase in 
production cost. The net return 
behaviour was similar to the total seed 
cotton yield in Egypt (Table 1) and 
even to the seed cotton yield in the 
Kafr El-Sheikh governorate (Figure 2), 
with a high value in 2018 and low 
value (negative) in 2015. The 
significant increase in the values of 
farm gate price, cost of production, 
total revenue and net return starting 
from 2016 to 2019 compared with the 
preceding period, was due to the 
significant increase in the dollar value 
compared to the Egyptian pound. 
Despite of the increase of the dollar 
value compared to the Egyptian pound, 
the net return at the period from 2016-
2019 also represented higher values 
due to its positive correlation with the 
yield and, therefore, with farm gate 
prices 

 
CONCLUSIONS 

 

Cotton seed yield has fluctuated 
between increasing and decreasing 
during the period 1998 - 2019 in Kafr 
El-Sheikh, with an overall slight 

decrease in the rate of -0.18. The 
relationship between climatic variables 
and cotton yield indices was 
investigated in this study. Pearson’s 
correlation was used to analyse the 
correlation between each climatic 
variable and the cotton seed yield. The 
correlations were positive or negative 
and were mostly insignificant during 
the different growth stages. The most 
significantly correlated climatic 
variables were the maximum and 
minimum temperatures, which were 
highly negatively correlated with the 
yield at the maturity stages in August 
and September, but positively in July. 
However, the maximum and minimum 
temperatures showed low to no 
correlation at the early growth stages, 
where the temperatures did not fall 
beyond the minimum required 
temperature for cotton growth. The 
relative humidity was also an 
important climatic variable that 
displayed a slight to moderate 
correlation with yield at almost all the 
growth stages, where higher relative 
humidity most affects growth. Wind 
speed is only impactful at the 
beginning of plant growth. The 
significant correlation between wind 
speed and yield was displayed 
negatively in March (emergence and 
the beginning of the first square). 
Finally, the correlation between solar 
radiation and cotton seed yield 
fluctuated between positive and 
negative, slightly to relatively strong 
correlated during the growth stages. 
The climatic variable precipitation was 
not taken into consideration, as cotton 
depends mainly on irrigation. 
However, the (ETo) and (ETc) 
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calculated with the different utilized 
algorithms were highly correlated 
mainly with the maximum and mean 
temperatures. For the economic 
impacts on cotton yield in Egypt, the 
net return showed a decrease during 
the period 2005-2015, followed by an 
increase in the period 2016-2019 due 
to the increase in farm gate prices. 
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