Journal of Agricultural Science; Vol. 11, No. 13; 2019
ISSN 1916-9752 E-ISSN 1916-9760
Published by Canadian Center of Science and Education

Agricultural Mechanization Status for Some Crops in Irrigated Sector
in River Nile State, Sudan
Alaeldin M. E. Awadalla1, Kang Sukwon2, Kwon Taek-Ryoun3 & S. A. Haider4
1

Agricultural Engineering Research Program, Hudeiba Research Station, Agriculture Research Corporation,
Sudan
2

Energy & Environmental Engineering Division, National Institute of Agricultural Sciences, Korea

3

Korea-Africa Food & Agriculture Cooperation Initiative, Korea

4

Socio-economic Research Program, Hudeiba Research Station, Agriculture Research Corporation, Sudan

Correspondence: Alaeldin M. E. Awadalla, Agricultural Engineering Research Program, Hudeiba Research
Station, Agriculture Research Corporation, Sudan. Tel: 249-915-562-907. E-mail: alaeldinelhassan@yahoo.com
Received: April 15, 2019
doi:10.5539/jas.v11n13p127

Accepted: June 14, 2019

Online Published: August 15, 2019

URL: https://doi.org/10.5539/jas.v11n13p127

Abstract
Agricultural mechanization and it is impact on agricultural productivity was studied by many authors in different
areas in the world. Irrigated agriculture in the Sudan, have played a significant role in expanding agricultural
mechanization, and the major mechanized operation is the land preparation, operations such as planting, spraying,
fertilizer application, mechanical weeding and harvesting are still largely carried out manually. A baseline
survey on mechanization status was implemented in River Nile State, focuses on mechanization status for
production of wheat as strategic crop, legumes as food crops, onion and alfalfa as cash crops in smallholder
farms. The analysis of respondents answers show that tillage operation has the high percent (90.5-93.3%) of
mechanical power among other operations for production of the selected crops, where wheat has considerable
percent of using mechanical power in sowing and harvesting operations compare to the three rest crops. For
legumes and alfalfa broadcasting of seeds for sowing and cutting and binding at harvest operations, still manual
activity prevailing, where for onion transplanting are 100% carried out manually.The mechanization level range
between 0.2-0.58, which reflect the less number of tractors to the cultivated areas in the state. Concerning the
mechanization index as the ratio of mechanical power to the total power input in term of MJ/ha for each crop
range from 0.03- 0.07, shows that manual and animal power still exerted to produce such crops.
Keywords: survey, mechanization level, index, crops, irrigated sector, river Nile state
1. Introduction
The status of agricultural mechanization and its impact in increasing the agricultural and labour productivity
were studied by some authors, Adnan et al. (2017) study mechanization index and it is impact on productivity
with socio-economic factors, Olaoye and Adekanye (2014) investigated mechanization index in some settlement
schemes in Nigeria, Patrick and Tapela (2002) concluded from their reviewed of agricultural mechanization in
Botswana, animal draft power is still use with greatest intervention in mechanization by the government,
Krishnasreni and Thongsawatwong (2004) concluded that agricultural mechanization has important role in
improving production during economic crisis faced Thailand. Zeren (1991) express that agricultural
mechanization has not direct effect on increasing farm yield, but it helps to use modern technologies in
agriculture, eases working conditions in farms and spare manpower to other activities in other sectors, but Singh
(2001) for analysis of data from 1950-1997, shows that the yield is positively related to power available in both
time and space, and Chen, Yu, Chang, and Hsu (2008) revealed that mechanization utilization has caused to
agricultural productivity growth during 1990-2003. Power availability in different countries was reviewed by
Giles (1975), demonstrated that productivity was positively correlated with potential unit farm power, and the
impact of tractorization on the productivity of land and economic growth was assessed by National Centre for
Agricultural Mechanization [NCAER] (1981). Khadir and Adu-Hamed (2002) analyzes the factors that affect
adoption rate of mechanization in Jordan, where Jingen and Qishuo (2000) study development speed of farm
mechanization in Jiangsu. Rijk (1989) suggested computer software (MECHMOD) for the formulation of
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strategy foor mechanization policy baseed on economics of use of annimate and mechanical poweer for different field
operationss.
Irrigated aagriculture in Sudan,
S
as the llarge scale irriigation schemee such as the G
Gezira, initiateed in 1925 ove
er 0.9
million heectares, with thhe irrigation syystem is the highest levels oof irrigation inn the region, thhat since the 1940s
have to play a significannt role in expaanding agriculttural mechanizzation, till thatt time the major full mechan
nized
operation is the land preeparation, withh low level of mechanizationn for other seccondary operattions (Figure 1). At
the same ttime, in nearlyy all the new oother irrigationn schemes in thhe other parts of the Sudan, operations such as
planting, sspraying, fertiliizer applicatioon, mechanicall weeding and harvesting aree still largely caarried out man
nually.
This show
w that farm pow
wer in the Suddan irrigated aggriculture reliees to some exttent on human muscle powerr that
depend onn the traditionaal hoe and othher hand tools for farm operrations, and too tractors in lannd preparation
n and
threshing.

M
llevel of seconddary agriculturral operations iin the Gezira, Sudan
Figure 1. Mechanization
Agriculture Orrganization [FA
AO], 2013) reeviewed the aggricultural mecchanization situuation in the Sudan
S
Food and A
with otherr six East Afrrican countriess (Burundi, E
Ethiopia, Kenyya, Rwanda, T
Tanzania and U
Uganda), to assess
a
factors thaat seem to havee accelerated aagricultural meechanization aand those that sseem to have hhindered it, and the
roles of thhe public and private sectorrs that can be known, it was realized durring the assesssment there is very
limited datta and informaation on mechaanization in thee Sudan and thhe other six couuntries; this m
must be constraining
the planniing and develoopment of agrricultural mechhanization. Allso, Khalid (22013) found thhat the agriculltural
productionn in the Sudann are impededd by various challenges, onne of them iss absence of m
mechanization
n and
modern teechnologies, inn addition, the unsuitable appplication and low level of m
mechanized opperations for crops
c
productionn lead to high losses.
l
Therefore,, some officiall attempts depeending on scattter discuss woorkshops papeer and routine annual agriculltural
reports, tryy to enhance technology
t
inttervention in irrrigated sectorr, as in the Suddan Strategic Q
Quarter-Centennial
Plan, in m
medium short term,
t
one them
matic program
m for interventtion of Technoology Transfeer and Extension is
integrated mechanization (Abdelrazigg Fatih, Abdellatif, & Hassann, 2004). Thee Sudanese govvernment wan
nts to
convert itss agriculture innto an agri-bussiness entity thhrough Agriculltural Revival Strategy (Govvernment of Su
udan,
2008), onee of the progrrams under thhe strategy foccuses on enhanncing the capaacity of technnology transferr and
extension services, unffortunately, coonsidering thee role of mecchanization onnly on one pprogram that is of
generalizinng mechanicall harvesting off crops mainlyy wheat in irriggated and sorgghum in rain fe
fed sectors (Igb
bal et
al, 2016).
For smallhholder farmerss, Mrema, Kiennzle, and Mpaagalile (2018) cited there aree suitable mecchanization op
ptions
and opporrtunities, but realistic considderation needs to be given tto some key suuccess factorss, namely, effe
ective
demand, economic use rates,
r
efficient machinery andd equipment suupply chains aand services. The objective of this
baseline suurvey is aboutt to measure thhe level of meechanization foor some majorr crops in the irrigated secto
or for
smallholdeer farmers in River Nile S
State, to assesss and find ouut the approprriate type of the mechanization
according to the actuall smallholder farmer's needds, therefore, to give mecchanization off smallholder farm
operationss more system
matic approach for sustainability of producction, as smalllholder farmerrs consider are the
main prodducers of the world’s
w
food annd they will hhave to increasse production bby up to 100 ppercent by 2050 to
feed the grrowing populaation (Brian & Josef, 2017), and the appliccation of mechhanical technoology and incre
eased
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power to aagriculture, as a means to ennhance the prooductivity of hhuman labour uup to 500 timees in comparison to
agriculturee without mechhanization (Maazoyer, 2001).
2. Materiaals and Methoods
River Nilee State, whichh is the surveyy study site (Figure 2), has area about 122.1 thousand square Kilome
etres,
with arablee estimated lannd about 1 3822 000 hectares, the estimation of populatioon according too the growth ra
ate of
the last cennsus in 2008 about
a
1 472 2557 persons in 22017, with aveerage populatioon density is aabout 12 people per
km2. The agricultural farming
f
system
m in the statee is irrigated by pumping ffrom Nile andd Atbera rivers or
under-grouund water; theere are three grrowing seasonns, winter, sum
mmer and fall. A preliminaryy data related to the
areas and nnumbers of farrmers were coollected for a nnumber of scheemes distributeed along and fa
far the two ban
nks of
the Nile annd Atbara riverrs, in the five sselected localitties (state distrricts) out of seeven as shown in Table 1.

Figure 2. R
River Nile Statee map
Table 1. Schemes areas and
a estimated number of farrmers in selecteed localities inn River Nile Sttate
Localityy

S
Scheme
No.

Matama
Shendi
mer
Ed-Dam
Berber
AbHameed

5
5
7
4
6

Total
7985
12 088
45 958
13 230
26 240

Area (ha)
Culltivated As % from total
74660
90.7
68774
61.1
33 7734
81.1
64336
51.4
99330
57.9

No. of farmer

Range ha/farm
mer

3978
5684
10 250
10 650
4790

0.7-18.5
0.2-2.3
0.8-6.2
0.3-2.5
0.9-10

mechanizationn status for tiillage
The surveey implementeed in the fivee selected loccalities, will bbe focus on m
operationss and planting, crop proteection includiing mechanical weeding aand chemical application, crop
fertilizatioon, two stage crops
c
harvestinng and direct hharvesting, for wheat as strattegic and leguumes as food crops,
onion and alfalfa as cassh crops produuction. The meethod of colleccting data, incclude primary data from rese
earch
stations, eextension andd technology transfer centters, schemes headquarterss, state minisstry of agricu
ulture
departmennts, face to facce interviews with individuual farmers too fill the strucctured design questionnaire. The
survey willl undertake using
u
a random
m sample of reespondents deepending on thhe important oof the crop in each
scheme. T
The primary daata collection and the questtionnaire fillinng data will bee carried out bby the researcher’s
team.
SS 21
All the datta collected forr each operatioon for the selected crops in tthe five localitties, were analyysis using SPS
software aand Excel proggram, to calcullate percent resspondents of uusing animate and mechanicaal source of po
ower.
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To estimate level of mechanization with reference to the total number of tractors available in each locality, using
the formula suggested by Sharabiani and Ranjbar (2008) as below:
Mechanization level = Total real power/Cultivated area
Total power of existing tractors (TPET) = Average power of one tractor × No. of working tractors
Total real power of tractors (TRPT) = TPET × CV (Assume CV = 0.75)

(1)
(2)
(3)

For each operation to estimate energy input in term of MJ/ha, based on work rate in term of h/ha of use animate
or/and mechanical energy, considering that human muscle power equivalent of 74.6 watt was appropriate (S.
Singh & G. Singh, 1992), ox draft power was 450 watt (Tim, 2007), and 47.78 MJ/ℓ as energy equivalent value
for diesel fuel (Cervinka, 1980), for each source power by using the following formulas:
Animate energy input (MJ⁄ha) = No. of animate × Work rate (h/ha) × Animate power factor (w)
Mechanical energy input (MJ/ha) = Work rate (h/ha) × Average fuel use (ℓ/h) × Fuel specific value (MJ/ℓ)

(4)
(5)

And to determine mechanization index by using the Equation 6 (Singh 2006; Raheleh, Alireza, & Seyyed 2012):
MI = EM/(EM + EA + EH)

(6)

Where, MI = mechanization index, EM = energy use by mechanical, EA = energy use by animal and EH =
energy use by human.
3. Results and Discussion
The analysis of respondents answers show that the mechanical plowing for tillage using tractor with 3bottom
disk plow has the range of 88.2-93.3% of mechanized operation among other operations for production of the
selected crops, where wheat has considerable percent about 7.1% and 21.8% of using mechanical power in
sowing and direct harvesting operations respectively, compare to the three rest crops (Table 1). For legumes
(faba bean, common bean and chickpea) and alfalfa for collectively manual methods of sowing still prevailing
with respondents percent 98.8%, and 100% respectively, where for onion transplanting, digging are 100% and
97.4% respectively carried out manually (Table 1).
Based on the total number of tractors from technology transfer centers; private companies and farmers owner in
each locality the mechanization level range between 0.2-0.58 with average for the selected localities about 0.46
as shown in Table 2, this reflect the less number of tractors to the cultivated areas in the state. Follow inversely
the procedure to calculate the mechanization level, assume to double the obtained average level of
mechanization for the state, the number of tractors to be added accounted to about 884 tractors with nominal
power of 75 hp, which is prevailing and appropriate for the farm size in the state.
Concerning the mechanization index as the ratio of mechanical power to the total power input in term of MJ/ha it
is about 0.07 for wheat and 0.03 for onion and alfalfa (Table 3), shows that manual and animal power still
exerted to produce such crops.
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Table 1. Average respondent’s percent for prevailing methods of farm operations in River Nile State
Operation

Plowing

Harrowing

Leveling

Make Ridge

Sowing

Weeds Control

Urea applic.

Harvesting

Method
Tractor/3bottom disk plow
Animal drawn plow
Tractor/heavy disk harrow
Tractor plow + animal plow
Not practice
Animal plow
Tractor/light disk harrow
Walking tractor
Animal Leveler
Tractor Leveler
Wasoog1
Tractor laser leveler
Tractor Leveler + wasoog
Tractor Leveler + Animal Leveler
On flat
Manual
Animal Ridger
Tractor Ridger
Walking tractor
Manual broadcasting
Tractor broadcaster
Seed drill
Broadcast behind animal plow
Row planter
Dibbling
Manual
Knapsack sprayer
knapsack sprayer + manual
Not practice
Hand held motorized cutter
Tractor boom sprayer
manual
Tractor broadcaster
Manual cutting
Manual binding and/or collect
Manual threshing
Animal threshing
Stationary thresher
Combine harvester2
Combine harvester3

Localities Average Respondents Percent (%)
Wheat Legumes
Method
91.6
88.2
Tractor/3bottom disk plow
4.4
6.7
Animal drawn plow
4
3.5
Tractor/heavy disk harrow
1.7
28.5
Not practice
9.7
11.6
Animal plow
61.4
88.4
Tractor/light disk harrow
0.6
Walking tractor
7.3
6.2
Animal Leveler
75
82.5
Tractor Leveler
0.3
2.6
Wasoog
6.5
2.6
Tractor laser leveler
0.3
3.5
Tractor Leveler + wasoog
10.7
2.6
Animal Leveler + wasoog
4.1
On flat
2.7
5.7
Manual
12.5
23.4
Animal Ridger
80.4
70.9
Tractor Ridger
0.3
89.1
86.3
Manual broadcasting
5.7
0.9
Broadcast behind animal plow
1.4
Manual transplanting
3.9
10.3
0.4
2.2
13.3
20.1
Manual
62.2
62.7
Knapsack sprayer
19.3
15.9
knapsack sprayer + manual
5.3
Tractor boom sprayer
0.9
0.5
99.7
Manual
0.3
Not applied
78.1
100
Manual digging/cutting
78.1
100
Digging by animal plow
6.2
12.8
Tractor digger
0.4
0.9
Tractor mower
71.6
86.3
10
11.8

Onion
93.3
4.5
2.2

5.3
94.7
5.3
80.9
1.7
0.6
2.4
9.1
8.6
9.6
81.8

Alfalfa
90.5
3.1
6.4
37.3
7.3
55.1
0.3
5
85
1.7
2
0.9
5.4
52.4
5.8
6.2
35.6
98.6
1.4

100

17.1
61.8
20.9
0.2

99.7
0.3
97.4
1.2
1.4

100
99.4

0.6

Note. 1 = traditional wooden leveler; 2 = packing in sacks; 3 = unload yield on plastic sheet on soil.
Table 2. Estimated mechanization level for each locality in River Nile State in the Sudan
Item
Aver. area cultivated in ha (last 3 yrs)
No. of tractor of 75 hp
No. of tractor of 100 hp
TPET
TRPT
Mechanization Level

Matama
31 837
98
1
7 450
5 588
0.2

Shendi
23 444
91
1
6 925
5 194
0.22
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Damer
20 030
104
40
11 800
8 850
0.44

Berber
10 907
92
15
8 400
6 300
0.58

Ahamed
5 815
84
5
6 800
5 100
0.88

Mean

0.46
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Table 3. Estimated mechanization index for some crops in the state
Crop/Locality
Wheat
Legumes
Onion
Alfalfa

Energy (MJ/ha)
Human
26 516.3
34 273.5
57 973.6
47 958.8

Animal
74 587.2
74 587.2
66 658.7
74 587.2

Mechanical
7813.3
5755.3
3779.7
3772.9

Mechanization Index
0.07
0.05
0.03
0.03

4. Conclusion
The Sudan have different farming sectors, it will to planning from a baseline surveys; studies result and collected
information to assess the actual type and level of engineering technology for each sector, and as mechanization is
a key factor for agricultural development and farmers’ well-being, not only had it helped improving labor
productivity many times in comparison to agriculture without mechanical power, mechanization provides also
the power to ensure that agricultural operations for the soil and the plants are done precisely in time and with the
highest efficiency.
The River Nile State, has a considerable arable land with low population; small size farm holding and different
crops grown, which is the challenge to mechanization in the state, by wisdom it become an unrational and hardly
to depend on human muscle in farm operations for stable and sustainable agricultural production in the state.
This results of the baseline survey about status of agricultural mechanization, show that the agriculture in the
state still faced with the low level of mechanization, and confined only in tractorization for land preparation and
stationery threshers. As the irrigated agricultural sector is essential in the Sudan for sustainable development, but
agricultural productivity is largely stagnant. Which refer this to a lack and or unupdated data and information to
measure the level of mechanization, for a farm, scheme, state or the whole country for suitable type of
interventions. This study with the past experiences has good lessons to learn for the future development, with
strengthen the weak points and enhance the positive ones.
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