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The study aimed to identify the impact of using an integrated package of modern
technology on the production of the sugar beet crop, which was reflected on the
productive and economic indicators of the crop, through a sample for sugar beet
producers in Dakahlia Governorate, Where the positive effect of using this
package was shown, and the results of the study showed that the driving factors of
the production for the sugar beet crop are the nitrogen fertilizer, the value of
pesticides, and labor. While the most important of these factors were represented
in the case of using the technological package are the nitrogen fertilizer, the
quantity of nutrients, and the mechanical work. Using dummy variables, the study
showed the impact of the use of mechanical work on the productivity of major
factors affecting crop production in the sample of the technology package, as it
showed that the use of mechanical work led to an increase in the productivity of
the two elements of nitrogen fertilizer and nutrients, and then led to a shift in the
supply function by about 0.357 and 0.036 tons. of sugar beets, respectively.
Through some productive and economic indicators, the study showed the relative
superiority of farmers who use the technology package over their who do not use
the technology package. So The study recommends the importance of expanding
for the contract farming of the sugar beet crop, as well as the need to apply the
technological packages to improve and increase production and then increase the
net yield, which will lead to a decrease in the Egyptian sugar gap.
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© The Author(s) 2023.
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Introduction

Sugar beet crop is one of the most important strategic crops in Egypt, as it is one of the most
important sugar crops, especially under the water challenges which facing the cultivation of the
sugar cane crop. Under different conditions. It is mainly grown for the purpose of producing roots,
which contain 15-20% of sucrose, about 5.5% of dried fodder, in addition to 6.5% of molasses. If
several elements are available in the beet sugar industryThe percentage of sugar increases, which
the most important of them are the efficiency and performing of operations, services and marketing
channels. Especially, the process of transporting the supplied crop to the factory within 48 hours of
the harvesting process. In addition to the need to apply technological packages such as laser
leveling, and drip irrigation, as beet roots go deep to about 30-50% under the soil.

Dakahlia Governorate is the second in terms of the cultivated area of sugar beet crop in Egypt,
which amounts to 96 thousand feddan, representing about 14.1% of the average area in Egypt,
which amounts to 539.76 thousand feddan during the period (2019-2021), The amount of sugar beet
production in the governorate is about 2,122 million tons, representing about 20.2% of the average
beet production in Egypt, which amounts to about 10,513 million tons during the period under
study.

Research problem :

Despite the application of contract farming to the sugar beet crop and the Country efforts to face
the food gap of sugar, However, the gap is still increasing as a result of the inability of the total
production to meet the increasing consumption needs as a result of the continuous increase in the
population. Also, the economic and productivity efficiency of the crop was not clear, in addition to
the difficulties that encountered the producers in the production and supply of the crop, such as
delaying the delivery of production to the factory, which leads to infection with fungi that cause
mold, and a decrease in sugar. Which requires expanding the application of appropriate modern
technological methods to increase the production.

Research Objectives:

The research aims to study the effect of using an integrated package of modern technological
methods in the production of the sugar beet crop, which leads to an increase in the amount of
production and the net return of the farmers, through some sub-objectives:

1- Studying the production functions of the sugar beet crop to identify the most important factors
that affecting the production.

2- Studying the effect of applying the integrated technology package on the production of sugar
beet crop, which is (using improved varieties of seeds with high concentrations of sugar,
mechanical work, which includes laser leveling, mechanized cultivation using secateurs, and
mechanized harvesting).

3- Estimating the optimal size and the maximum size of the profit to access the lost income of the
production stage in the case of users of technology packages and non-users.

Methodolgy:

The study is based on descriptive and quantitative economic analysis through statistical and
econometric methods. The stepwise regression analysis method was also used to estimate the
production functions in the linear and logarithmic forms, To determain which method is best and
whose results are consistent with economic and statistical reasoning, and to identify the main
factors affecting the sugar beet production. Dummy variables were used to show the effect of using
the integrated technology package on sugar beet production.
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The Sample:

Dakahlia Governorate is the second in terms of the cultivated area of sugar beet crop in Egypt,
which amounts to 96 thousand feddan, representing about 96.06 thousand feddan, representing
about 18.55% of the total crop area in Egypt for the season (2021/2022). Centers were chosen in
terms of the area cultivated with the crop. So, the Al-Hafir region and Belgas centers were chosen,
as the area for each of them, respectively, was about 27.6 and 25.87 thousand feddan, which
represents about 28.74% and 26.94% of the total area of sugar beet. in Dakahlia.

It is clear from Table No. (1) that the villages Al-Markazia and Al-Sa’ada in Al-Hafir region
were selected, with an area of each of them about 2865 feddan, 1640 feddan, which about 28.73%,
16.45% of the total area of the sugar beet crop in Al-Hafir region for the season (2021/2022). The
villages Al-Stamuni and Al-Rawda were selected from Belqas center, as the area of the sugar beet
crop in each of them reached about 3303 and 2162 feddan, respectively, representing about 33.13%
and 21.69% of the sugar beet crop area in Belqgas center.

A deliberate random sample of 360 farmers, including about 65 farmers, who used the integrated
technology package, was chosen. Whose use mechanical work which includes (laser leveling that
leads to tightening the irrigation process as a result of the regular arrival of water in specific
quantities at the same time. As the accumulation of water, especially in heavy soils, dwarfs plants
and weakens their growth, as well as leads to an increase in germination rates due to the regularity
of water reaching all seeds, as well as mechanized cultivation using a pick or planter, and automated
harvesting) and the use of varieties with high productivity and high concentrations of sugar.

Table 1. Relative importance cultivated area and number of holders of sample Villages
in Dakahlia .

%
1 o,
. Village oHolders Geometric | Sampl
. Village area to Holder Number to
Center Village Mean e
area Sample Number sample .
Size
area number
Al-Hafir Al-Markazia 2865 28.73 1591 28.48 28.65 103
region Al-Sa’ada 1640 16.45 736 13.17 14.75 540
Belqas Al-Stamuni 3303 33.13 2110 37.77 3543 127
center Al-Rawda 2162 21.69 1150 20.58 21.17 76
Total Samlpe area 9970 100 5587 100 100 360

Source: it was estimated and calculated from the Directorate of Agriculture for the new lands in Nubaria, statistics
records, Statistics Department (2021/2022).

Results and discusion:

First: Sugar beet production function for users and non-users of technology

packages:

More than form was used to identify the driving factors of sugar beet production, and it was found
that the double logarithmic is the best form. The production elements were: the quantity of seeds
(X1), the quantity of municipal fertilizer (X>), the nitrogen fertilizers amount (X3), the quantity of
phosphate fertilizer (X4), the amount of potasium fertilizer (Xs), the amount of nutrients (X6), the
cost of pesticides ( X7), the amount of irrigation water (Xsg), labor (Xo), mechanical work (Xio).
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1-production function of the sugar beet crop for non-users of the integrated

technology package:

It is clear from Equation No. (1) in Table No. (2) the results of the production function of the
sugar beet crop for non-users of the technology package using the double logarithmic form. Where
it was found that by increasing the nitrogen fertilizer (X3) by about 1%, sugar beet production
Increase by approx 0.151%, and it was also shown that by increasing the cost of pesticides (X7) by
about 1%, it causes an increase in production by about 0.062%, also it was found that by
increasing labor (Xo) by about 1 %The quantity produced of beets increased by 0.307%. This
indicates that production for these resources takes place in the second stage with decreasing
marginal productivity. And The total elasticity reached about 0.520%, as it is less than one, which
reflects the decrease in the return on capacity. It was shown that R? reached 0.55, that reflects the
influence of the previous factors on production.

Table No. (2) The production function of Sugar Banger using the logarithmic form for the
study sample

Statement | Eq. The equation R*| F
without the
use of 1 [Ln Y=0.885+0.151Ln X3+ 0.062 Ln X7+0.151 Ln Xo 0.55|14.7
technology 2.8)**  (3.4)** (2.4)*
packages
Technology 2 |ILnY=2.6+0.117 Ln X5 + 0.072Ln X4+0.08 1Ln X7+ 0.186Ln Xio | 0. 79| 20.3
package users (4)** (4.8)** 2.2) (3.7)**
using dummy| 3 |[LnY=2.2+0.082Ln X3+ 0.122Ln X¢t+0.271 LnXi0ot+ 0.334 D 0.93] 551
variables 374" (3.2)" (11.8)** (3.5)**
Where:

Yi =. The volume of sugar beet production is estimated at one ton
Xil = the estimated seeds by seedlings Xi2 = the quantity of municipal fertilizer
Xi3 = the number of nitrate for Fadden(the number of units)
Xi4 == the number of phosfat per Fadden(the number of active units)
Xi5 = = the number of possum per Fadden(the number of active units. ~ Xi6 = the quantity of nutrients (m3 ).
Xi7 =the value of the pesticide (L.E). Xi8 = the quantity of irrigation water (m3 ).
Xi9 = the quantity of labor ( man /.day/work).
Xil0 = the quantity of mechanical work by hours(hour/Fadden
Xi= 1, 2, 3, number of farmers in the area.
**: refer to Significant at the level of 0.01 * significant at the level of 0.05
Source: Computed from the sample forms of the study in Dakahlia Governorate (2022 ) .
2- production function of The sugar beet for the technology package users
The results of equation No. (2) in Table No. (2) shows the impact of using the integrated
technology package on the production of the crop. Where it is clear that by increasing the
element of nitrogenous fertilizer (X3) by 1%, the production of sugar beet raises by about
0.117%, and it is also clear that by increasing the phosphate fertilizer (X4) by about 1%, it causes

a raises in production by about 0.076%. The results shows that by increasing Nutrients (X¢) by
about 1% led to an increase in beet production by about 0.081%, and it was found that by
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increasing the mechanical component (Xi0) by about 1%, it leads to an increase in sugar beet
production by about 0.186%. This indicates that the production for these resources takes place in
the second stage with decreasing marginal productivity, and the total elasticity reached about
0.460%, as it is less than one, which reflects the diminishing return on capacity. The coefficient
of determination was 0.79, that means the effect of the previous factors on production.

3- Estimating the production function using dummy variables

It is clear from Equation No. (3) in Table No. (2) the estimation of the production function of the
sugar beet crop using the dummy variables method, to identify the effect of the integrated
technological package on the production, and the statistical significance of the dummy variables of
the used technology package (D1) was confirmed, which means the positive effect of it on sugar
beet production. Where it was found that by increasing the nitrogen fertilizer by about 1%, it leads
to an increase in production by about 0.0821%, and it was also found that by increasing the
fertilizers or nutrients by about 1%, it leads to an increase in production by about 0.122%, and when
the number of mechanical work increases by about 1%, the quantity produced increases by about
0.271%, and it was shown that R2 was about 0.93, which means the impact of the previous factors
on production. The positive significance of the dummy variable was confirmed, which means that
users of the technology package in the beet crop have an increasing effect on acreagethe
productivity in the study sample, which means that it is preferable for the producer to improve and
increase the productivity by using the technology package.

Second: Shiffting of the production function for suger Beet using dummy variables:

To determain the difference source using dummy variables, The model used can be explained as
follows.

Yt=a+b; X+b>D+b3 X; Dj

Where:

Y= dependent variable.

X; = the independent variable (the factor that has a significant effect on production)

D = a dummy variable which take (zero) for not using the technologies and (one) for the user of the
technology.

From this equation, non-technology users equation can be derived as follows:

Y X =at+b; X

technology users can also be derived as follows:

Yx,= (atby) + (bi+b3) X or Yxi=a+B X

The effect of using the technological package on shiffting of the sugar beet crop production
function:
It seems from the equations of table No. (3) the effect of using the technological package used in

the production of the sugar beet crop using the method of dummy variables, as it shows the
significant effect of the mechanical work element that was used in leveling the land with laser, As
well as the use of mechanized farming using stratum, and mechanized harvesting on the
productivity of production factors. and It is clear how the production function for the elements of
the technology package shifts. Where multiple regression was used, which the dependent factor is
the amount produced of sugar beet per ton (Y), and the independent factors are the amount of the
productive elements involved during production, which was confirmed by statistical significance
(X). Then the dummy variable (D) is entered and expressed in the function with the value (zero) for
non-users of technology and the value (one) for users and expressed in the function by the variable
(D1) and then the variable (X) is multiplied by the dummy variable (D1) to get (D1X). According to
the significance of the elements, the significance of the mechanical work was confirmed. Equation
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No. (1) in Table No. (3) shows that the use of mechanical work led to an increase in the
productivity of the nitrogen fertilizer, which led to a shift of the supply function by about 0.357 tons
of sugar beets. As it is clear from Equation No. (2) in Table No. (3) that the mechanized work led to
an increase in the productivity of the nutrient which led an increase in the supply function of sugar
beet by about 0.036 tons.

Table No. (3) the effect of using the technology of laser leveling, Nitrogenous fertilizer and
nutrients on shifting the production function for suger beet crop in the sample.

Element | Technology The equation R2 F effect
Nitrogenousfe| laser leveling Y =18 +(.255 X3 +5.1D; +0.102 D; X3 0.95 518 0.357
rtilizer Mechanized ( 26)** (49)**- ( 084)

farming

Y =18+ 0.255 X,
Automated

harvest Y =23.1+0357X; M
Number of| laser levelingl Y"=149+0.033X¢+9.4 D;+0. 003 D1Xs 0.94| 426/ 0.036
t . t 3k Kk -
nutrients | hanised (4.3) (10.1) (0.87)
tarmi
arming Y = 14.9+0.033Xe
Automated
harvest Y" =25.340.036Xs o)

Source: Computed from the sample forms of the study in Dakahlia Governorate (2022 ) .

Third: Cost function for sugar beet producers in the study sample:

The most important derivatives of the cost function can be obtained from the following equations:
TC=a+b; X +by X?

a
AC= +bi+b X
X

MC=b1+2b:X

Whereas TC= Total cost of onions per pound / feddan
X = Feddan yield kg / feddan
AC= average costs per pound / feddan

MC= Marginal costs per pound / feddan

1-Estimating the production cost function for non-users of the technology package in sugar
beet production

By studying the relationship between the production costs of non-users of technology packages
for sugar beet and the quantity produced of the crop in tons, the quadratic and cubic methods were
used to choose the best method from the economic and statistical point. Where the equation No. (1)
in Table No. (4) shows Correlation between production volume and total costs per ton of sugar beet
production, which showed that there is a statistically direct Correlation between the total costs and
the production of the crop, The value R? was 0.59, which indicate that approx. 59% of Changes in
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total cost are driven by changes in output. The average cost and the marginal cost functions were
derived, and the optimal production was determined, which is the lowest cost, and was estimated at
21.2 tons/feddan. While The average crop per feddan was about 20 tons/feddan. The results
showed that about 120 farmers have achieved this size. The maximum size of the profit was also
determined, as it was about 25.85 tons/feddan, and this size was not achieved by any producer. This
indicates that Farmers still have opportunities to increase production and maximize their profits
through vertical expansion and use of modern technological methods. The average price of a ton of
sugar beet was about 990 pounds/ton.

Table No. (4) Cost Functions of sugar beet for non-users and users of technology packages in
the sample

Equation R? F

TCi=134702-5942X ; +7.73 X ;2 0.57 26.2
(2.68)%* (.8)** (3.10)**

AC =594.8+7.73 X +3470.2X"!
MC=-594.2+ 15.47X

TCi=184539.4-12625.7X; +246.8 X ;2 0.47 16.7
(2.68)%* (2.8)**  (3.10)**

AC=-12625.7.7 +246.8 X + 184539.4X"!
MC =-12625.7+ 493X

Where:

Tc i= Total cost of Bangor production
Xi; = the quantity of Bangor production estimated per ton.
AC= average costs per pound / Feddan
MC= Marginal costs per pound / Feddan
i=1, 2, 3, number of farmers in the area.
** :Significant at the level of 0.01. * significant at the level of 0.05.

Source: Computed from the sample forms of the study in Dakahlia Govemorate (2022 ) .

Estimating the production costs function for the users technology package in the study
sample.

It is clear from the second equation in Table No. (4) that there is a direct statistically relationship
between the total costs and the production of sugar beet, and also it was shown that the value of R?
0.47, which reflect that about 47% of Changes in total cost are caused by changes in output.. The
average cost, and the marginal cost function were derived, and the optimal production volume was
determined, Also the lowest costs was estimated at about 27.35 tons/feddan. While the average
production per feddan for the users of the technology package was about 28 tons/feddan. It was
clear from the results that fifty-three farmers have achieved this size. The maximum size of the
profit was also determined, as it was estimated at about 27.62 tons/feddan, and it was found that
about thirty-five farmers of the number of producers had reached this size, and it was also found
that some of them had exceeded this size, which mean that there is an opportunity for some of
farmers to increase their production to maximize their profits.

Productivity and economic indicators of the sugar beet crop in the study sample:

It was possible to estimate some productive and economic indicators for users and non-users of
the integrated technology package, which were:
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1- Productivity per feddan :

It is clear from Table (5) that the average actual production of sugar beet crop for traditional
farmers who do not use the technology package was about 20 tons/feddan, while the average
productivity per feddan for farmers using the technology package was about 28 tons/feddan.

2- total revenue:

It is clear from Table (5) that first: for Non-technology package users, the actual total
revenue amounted to about 19404 pounds, while for farmers who achieve the optimal volume
of production, which lower costs , it amounted to about 20988 pounds. As for farmers using the
integrated technology package, the average actual total revenue amounted to about 27,497
pounds. Secondly, for farmers who achieved the equal civil volume of costs, the total revenue
amounted to about 27,027 pounds, and the total revenue for producers who achieved the
maximum profit amounted to about 27,770 pounds.

3- Average cost of the produced unit:

The results of a sample study for non-users of the technology package of sugar beet
production showed that the total costs were estimated at 18104 pounds per farm, and that the
average cost per ton was about 923.7 pounds/ton, The optimal size of production which
minimize the costs was 21.2 tons, at an average total cost of 853.9 pounds, and the average cost
of unit in the case of a profit volume was achieved about 365.5 pounds/ tons. It was also found
that the average cost of ton amounted to about 683 pounds, while the total costs were estimated
at 18766.3 pounds.

Table No. (4) The volume of production and the lost profit of the sugar beet producers to
use technological packages and not users in the study sample in Dakahlia Governorate

Non-technology Users technology Users
Statement | Actyal Optimal Great . Actual Optimal Great .
production | production production production | production production
of profit of profit
52‘:1‘)1“““’“ 20 212 49.5 28 274 28.05
Farm price 990 990 990 990 990 990
(pound/ton)
total
revenu 19404 20988 49005 27497 27027 27770
(pound)
cT(f‘set (g’(ffl:l g 18104 18404 18404 18731 18731 18731
e costol | 5237 853.9 365.5 669 683 667.8
Lhe retun 1300 2884 30901 8766 8296 9039
Lost profit - 1584 29601 470- 2722

Source: Computed from the sample forms of the study in Dakahlia Governorate (2022) .

4-Lost profit:
By studying the costs of the sample, the lost income can be estimated, which is the difference
between the total revenue of optimal production (which minimize costs) or the production which
maxmaize profit and total return at the volume of actual production. Where it is clear that the
level of the actual return of the non -technology users amounted to about 1300 pounds. As for
the non -users of technology and the civilized investigators of the costs, the lost profit reached
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about 1584 pounds, while it reached about 29,601 pounds for not achieving the maximum
production.

As for the users of the technological package, the level of the actual return reached about 8766
pounds, while the results show that technology users achieved the minimum cost of costs had the
opportunity to increase the profit by about 470 pounds, which is the value of the lost profit, and
for technology users who managed to achieve the size of production which maxmaize the profit
They have no lost.

The results of the study showed to the producers, it became clear that it is 20 tons per feddan at
an average actual cost per ton 923.7 pounds/ton, and the actual cable costs were estimated at
18104 pounds for the farm, thus the real profit is 1300 pounds.
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Summry

The sugar beet crop is one of the most important strategic crops, as it is one of the most
important sugar crops, especially under the water challenges facing the cultivation of sugar
beet. The problem of the study is the lack of the economic and production efficiency of the
crop, in addition to the difficulties facing the producer in applying modern technological
packages that work to Increasing production and achieving a net remunerative return on the
product. The research aims to study the impact of using an integrated package of modern
technological in producing sugar beet. the research relied on the descriptive and quantitative
economic analysis, StepwiseRegression Analysis was used to estimate production functions.
Dummy variables were also used to demonstrate the impact of using the integrated
technological package. To conduct the study sample, Dakahlia Governorate was chosen, as it
occupies second place in terms of the cultivated area. Also, the Al-Hafeer region and the
Belgas Center were chosen, as the area of the crop in each of them is about 27.6 and 25.87
thousand feddan respectively, in terms of the cultivated area were also chosen. which
represents about 28.74% and 26.94% of the total area of sugar beets in Dakahlia Governorate.
The central village, Al-Saada, in the Al-Hafeer area were also chosen, and the villages of Al-
Stamuni and Al-Rawda were chosen from the Belqas Center. using the double logarithmic form
to estimate the production function for the sugar beet for non-users of the technology package,
The results showed that the driving factors of sugar beet production are nitrogen fertilizer (X3),
pesticide value (X7), and labor (X9). It was found that increasing each of them by about 1%
leads to an increase in sugar beet production by about 0.151%, 0.062%, and 0.307%,
respectively, while it was found that the most important factor affecting sugar beet crop
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production for users of the technology package is the nitrogen fertilizer component (X3).
Phosphate fertilizer (X4), nutrients (X6), and mechanical work (X10), thus It is clear that by
increasing each of them by 1% the production increase by about 0.117%, 0.076%, 0.081%, and
0.186%, respectively. Using Dummy variables to identify the impact of the integrated
technological package on the production it was found that by increasing nitrogen fertilizer,
nutrients, and the number of mechanized working hours by about 1% leads to an increase in
production by about 0.108%, 0.122%, and 0.271%, respectively. By measuring the effect of
applying the technological package on the shifting of the supply function of the sugar beet, it
was found that the use of mechanized work led to an increase in the productivity of the
nitrogen fertilizer component and thus led to a shift of the supply function of about 0.357 tons
of sugar beet. It also led to an increase in nutrient productivity and thus an increase in the
supply function 0.036 tons. By estimating the cost function for non-users of the technology
package, it was found that the optimum size of production which minimize the costs is about
21.2 tons/feddan. Where the average production was about 20 tons/feddan, while the size of
production which maxmize the profit was about 25.85 tons/feddan. As for the users of the
technology package, it was found that the optimum production size which minimize costs was
about 27.35 tons/feddan. The average production per feddan was about 28 tons/feddan, and the
maximum profit size was about 27.62 tons/feddan. By Studying some productive and economic
indicators shows that these indicators are superior in the case of using the technology package.
The study concluded with a set of recommendations, the most important of which are:

1- Expanding the production of sugar beets to enable them to be grown on newly reclaimed
lands.

2- The study showed the necessity of using modern technological packages (laser straightening,
using modern varieties with a High concentrations of sugar, chemical fertilization, adding
nutrients, and using mechanized work) by the farmers to increase their net revenue .

3- Expanding the application of contract farming in sugar beet crops between the farmers and
the government, which helps farmers provide the necessary financing to use modern
technology.

4- There must be trust between the producer and the crop manufacturing companies, and work
on cooperative agricultural assembly with the presence of agricultural guides specialized in
sugar beet cultivation to increase the cultivated area using modern technological packages.

5- Working on consolidating spaces to eliminate the small areas that makes it difficult to use
large machines.
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