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Abstract: The current study was conducted using the Gray Analysis Method to analyze the effect of
total area under sorghum, number of tractors, number of combine harvesters and thresher, and value
of imported pesticides on total sorghum production in Sudan for the period from 1998-2006. In the
model, the production of sorghum was designated as mother factor, while total area under sorghum,
number of tractors, number of combine harvesters and thresher, and value of imported pesticides, were
designated as sub-factors. The data were averagized. Then the relative differences between mother
factor and sub-factors were calculated using λ = 0.5 as a distinguishing parameter. The correlation
degrees of sub-factors to mother factor were computed and the values were then ranked decently. The
results of the analysis showed that, the number of tractors  exerted the highest impact on sorghum
production (67.5%) followed by number of combine harvesters and threshers (67.4%). The value of
imported pesticides affected the sorghum production by 59.4%, while total area under the crop showed
49.4% as the lowest effect on sorghum production.  
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INTRODUCTION

The gray system analysis was developed in 1980’s and has been applied in various fields such as
agriculture, economics, engineering, sociology, and environment.

Correlation analysis, as a factor distinguishing approach and a factor analyzing tool, is a very typical
method of a system analysis. Primal correlation analysis model calculates correlation coefficients of each point,
and then gets correlation degree of each sub-factor with regard to the mother factor. Later weighted gray
correlation analysis methods are presented in order to characterize the importance of different coefficients.Grey
analysis is useful tool to quantify allocation of different resources in the production operation and then the
decision could be made. 

Sifeng and Yi (2000) mentioned the grey incidence decision and studied the concept of degree of
incidences between the situation effect vectors and optimum effect vector.
Sun (1996) applied the grey method for analyzing the development of agricultural mechanization in china, 

Sorghum, (Sorghum bicolor (L.) Moench), is known under a variety of names: great millet and guinea corn
in West Africa, kafir corn in South Africa, dura in Sudan, mtama in eastern Africa, as milo or milo-maize In
the United States, jowar in India and kaoliang in China (Purseglove, 1972). Sorghum is treated as an annual,
although it is a perennial grass and in the tropics it can be harvested many times. Sorghum is adapted to a
wide range of ecological condition and can be grown under unfavorable condition because it is tolerant to
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adverse conditions such as hot and dry, also in areas of high rainfall, water logging, drought, poor fertility and
salinity soil. 

Martin (1970), suggested that sorghum culture started in  Ethiopia or Sudan, Harlan (1987), illustrated that
sorghum arose across a large areas, where it was likely domesticated a number of times over a period of year.
World sorghum production expanded from 40 million tones at the beginning of the 1960s to 66 million tones
in 1979-81. However, by 1990 it had fallen to 58 million tones, though the area under sorghum declined only
slightly, from 45.6 million to 44.4 million hectares, during the same period. The reduction in production from
1979-81 to 1990 was largely due to a decline in two major sorghum-producing countries, the United States
and China. These two countries accounted for 6.2 million tones or 85 percent of the reduction in the global
production figures. There are several reasons for the declining trend in the production of sorghum, including
unpredictable and erratic distribution of rainfall (most of the sorghum grown is rain-fed), declining soil fertility,
the inefficient production systems employed in individual countries, biotic and a biotic stresses and declining
demand for sorghum. The growth in food demand (2.9 percent) for the period 1980 to 2000 in 90 developing
countries will marginally exceed projected agricultural production growth (2.8 percent). However, the imbalance
will be more pronounced in Africa (demand 3.4 percent, production growth 2.6 percent). In the least-developed
countries, production growth is predicted to lag 25 percent below the growth of demand. In arid, less
developed regions of the world, sorghum is an important food crop especially for subsistence farmers. Millions
of people in semi-arid regions of Africa and Asia use sorghum as the most important staple food, serving as
the main source of energy, and protein, minerals and vitamins (FAO 1995a). Sorghum is considered to be a
“powerhouse of nutrition” (Herbst, 2001) and is a rich source of protein, niacin, iron and vitamin B1 and a
good source of vitamin B2 (Bender and Bender, 2005). Some varieties are rich in antioxidants and all varieties
are gluten-free, offering an alternative for those who suffer from wheat allergies (Herbst, 2001). Sorghum is
used to produce such foods as porridges, breads, couscous, sorghum flour syrup, malted flours for brewing,
cookies, and cakes (FAO, 1995b; USGC, 2008). Sorghum is one of the world's leading cereal crops, providing
food, feed, fiber, fuel, and chemical/biofuels feed-stocks across a range of environments and production systems
(FSD, 2007, USGC, 2008). The remarkable ability to produce a crop under adverse conditions, in particular
with much less water than most other grain crops, makes sorghum an important 'failsafe' source of food, feed,
fiber, and fuel in the global agro ecosystem. Sorghum is especially important in areas such as Northeast Africa
and the US Southern Plains that often receive too little rainfall for most other grains. Sorghum is a biofuel
crop of growing importance, currently the crop used in US for ethanol production. Its lower water demands
and market price than alternatives such as maize, versus their similar per-bushel ethanol yields, suggests that
sorghum will be of growing importance in meeting US biofuels needs. Progress in understanding the genetic
control of perenniality in sorghum makes it promising as a cellulosic biofuels crop, offering compelling
advantages over seed-based production but requiring greater utilization of marginal lands and perennial crops
to be sustainable as a model for tropical grasses.

2. Methodology:
2.1. Data Collection:

The secondary data in table 1, were collected from the FAOSTAT DATA BASE sight. The means were
calculated and shown in Table 2. 

2.2. Hypothesis:
It is assumed that the sorghum production in Sudan depends on total area under crop, number of tractors,

number of combine harvesters and threshers, and value of imported pesticides. Consequently, the following
hypothesis was considered:

X0 = mother factor.
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Where

X0 = total production of sorghum.

X1 = total area under crop.

X2 = number of tractors.

X3 = number of combine harvesters and threshers.

X4 = value of imported pesticides.

2.3. Gray Analysis Model:
i- Observed data of mother factor and sub-factors at n points could be shown as follows
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Where Xi and Xij are mother factor and sub-factors respectively.

II. Data Averagizing:
The data were symbolized and averagized as follows
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The series can be denoted in form of sets
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Where 

X0 = mother factor.
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III. Determination of the Coefficients ª1, ª2, ª3 and doi (k):

Assume that  and M = {1,2,......,m}, and N = {1,2,......, n} then

  (3) (0) (0)
1 0min min ( ) ( )ii M k N

X k X k
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IV. Calculation of Relative Differences:
The relative difference of Xi sub-factor and mother factor X0 at k-th point can be calculated as follows

  (6)1 2

3 2
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Where

doi (k) = relative differences at different points. 

λ = distinguishing coefficient taken between 0 – 1.

V. Computation of the Correlation Degree:
In order to work out the comprehensive correlation degrees, considering the importance of different

observed points according to globally observed points. If the weight coefficients vector for n points is given
by:

W = (w1,w1,.........wn)
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RESULTS AND DISCUSSION

Data in Table 1 were analyzed using the gray model mentioned above and the results were demonstrated
in the Sets 1, 2, 3, and Table 3.

Sets 1:
Averagized data at six points applying equation 1
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Sets 2:
Values of ª3  at six points applying equation 5.
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Depending on Sets 2, and equation 3, and equation 4, the values of coefficients were as follows

ª1 = 0.015

ª2 = 0.873

doi = was calculated using equation 6, and λ = 0.5 as distinguishing coefficient.

Sets 3:
Values of doi at different points.
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Using equation 8, the values of γoi were as follows
From the Table 3 the following inequality can be written

Table 1: Total sorghum production and production inputs.
Production and inputsYears Years

---------------------------------------------------------------------------------------------------------------------------------------
1998 1999 2000 2001 2002 2003 2004 2005 2006

Sorghum production, 4254 2347 2488 4394 2825 5188 2704 4275 5203
(1000 tons)
Total area, (ha) 6314000 4529600 4195000 3742240 5003000 7081000 3819000 64460006 759000
Number of tractors 11000 11039 11856 12500 13100 13680 16639 18100 18500
Number of combine 1570 1590 1590 1590 1590 1600 1605 1640 1650
 harvesters and threshers
Value of imported 3435 7277 11541 6141 7805 8217 15844 11490 17610
pesticides, $
Source: FAOSTAT Agric. Production Data (2009).

Table 2: Means of the production and inputs.
Factors Total Means
X0 33678000 3742000
X1 32850240 3650026.7
X2 126414 14046
X3 14427 1603
X4 89360.1 9928.9

Table 3: Values of γoi

γoi Average Percent (%)
γ01 0.494 49.4
γ02 0.675 67.5
γ03 0.674 67.4
γ04 0.594 59.4

02 03 04 01     

From the inequality it can be concluded that the effect of number of tractors > effect of number of
harvesters > effect of value of imported pesticides > effect of area under crop.
The number of tractors recorded 67.5% as the highest effect on sorghum production followed by number of
combine harvesters and threshers (67.4%). The value of imported pesticides affected the sorghum production
by 59.4%, while total area under the crop showed 49.4% as the lowest effect on sorghum production. It can
be concluded that to increase the sorghum production it is not just important to increase the area under the
crop the most important factor is the level of mechanization and plant protection.

Conclusions:
The grey analysis is a recent method used to investigate the emphasis of different inputs on output

especially in case of small size data. In the present study the grey analysis showed that the most important
input affect the sorghum production was the number of tractors, harvesters, pesticides, and area respectively.
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