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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 



jas.ccsenet.

strategy fo
operations

Irrigated a
million he
have to pl
operation 
the same t
planting, s
This show
depend on
threshing. 

 

 

Food and A
with other
factors tha
roles of th
limited dat
the planni
production
modern te
production

Therefore,
reports, try
Plan, in m
integrated 
convert its
2008), one
extension 
generalizin
al, 2016). 

For smallh
and oppor
demand, e
baseline su
smallholde
according 
operations
main prod
feed the gr

org 

or mechanizati
s. 

agriculture in S
ectares, with th
ay a significan
is the land pre
time, in nearly
spraying, fertili

w that farm pow
n the traditiona

 

Figure 1. M

Agriculture Or
r six East Afr
at seem to have
he public and 
ta and informa
ing and develo
n in the Sudan
echnologies, in
n lead to high l

, some official
y to enhance t

medium short t
mechanizatio

s agriculture in
e of the progr
services, unf

ng mechanical
 

holder farmers
rtunities, but r
conomic use r
urvey is about
er farmers in 

to the actual
s more system
ducers of the w
rowing popula

on policy base

Sudan, as the l
he irrigation sy
nt role in expa
eparation, with
y all the new o
izer applicatio
wer in the Sud
al hoe and oth

Mechanization l

rganization [FA
rican countries
e accelerated a
private sector

ation on mecha
opment of agr
n are impeded

n addition, the 
losses.  

l attempts depe
technology int
term, one them
n (Abdelrazig

nto an agri-bus
rams under th
fortunately, co
l harvesting of

s, Mrema, Kien
ealistic consid

rates, efficient 
t to measure th
River Nile S

l smallholder 
matic approach 
world’s food an
ation (Brian &

Journal of A

ed on economi

large scale irri
ystem is the h
anding agricult
h low level of 
other irrigation
on, mechanical
dan irrigated ag
her hand tools 

level of second

AO], 2013) re
s (Burundi, E
agricultural me
rs that can be 
anization in the
ricultural mech
d by various 
unsuitable ap

ending on scat
tervention in ir
matic program

g Fatih, Abdel
siness entity th

he strategy foc
onsidering the
f crops mainly

nzle, and Mpa
deration needs 
machinery and
he level of me

State, to asses
farmer's need
for sustainab

nd they will h
& Josef, 2017), 

Agricultural Sci

128 

cs of use of an

igation scheme
ighest levels o
tural mechaniz
mechanization

n schemes in th
l weeding and 
griculture relie
for farm oper

dary agricultur

eviewed the ag
Ethiopia, Keny
echanization a
known, it wa
e Sudan and th
hanization. Al
challenges, on

pplication and 

tter discuss wo
rrigated sector

m for intervent
latif, & Hassan
hrough Agricul
cuses on enhan
e role of mec
y wheat in irrig

agalile (2018)
to be given t

d equipment su
echanization fo
ss and find ou
ds, therefore, 
ility of produc

have to increas
and the applic

ience

nimate and me

e such as the G
of irrigation in
zation, till that
n for other sec
he other parts 
harvesting are
es to some ext
rations, and to

ral operations i

gricultural mec
ya, Rwanda, T
and those that s
s realized dur

he other six cou
lso, Khalid (2
ne of them is
low level of m

orkshops pape
r, as in the Sud
tion of Techno
n, 2004). The
ltural Revival 
ncing the capa
chanization on
gated and sorg

cited there are
to some key su
upply chains a
or some major
ut the appropr

to give mec
ction, as smal
se production b
cation of mech

V

chanical powe

Gezira, initiate
n the region, th
t time the maj

condary operat
of the Sudan, 

e still largely ca
tent on human 
o tractors in lan

 
in the Gezira, 

chanization situ
Tanzania and U
seem to have h
ring the assess
untries; this m

2013) found th
s absence of m
mechanized op

er and routine 
dan Strategic Q
ology Transfe

e Sudanese gov
Strategy (Gov
acity of techn
nly on one p
ghum in rain fe

e suitable mec
uccess factors

and services. T
r crops in the 
riate type of 

chanization of 
llholder farmer
by up to 100 p
hanical techno

Vol. 11, No. 13;

er for different 

ed in 1925 ove
hat since the 1
or full mechan
tions (Figure 1
operations su

arried out man
muscle power
nd preparation

Sudan 

uation in the S
Uganda), to a
hindered it, an
sment there is 

must be constra
hat the agricul
mechanization
perations for c

annual agricul
Quarter-Cente

er and Extensi
vernment wan

vernment of Su
nology transfer
program that 
fed sectors (Igb

chanization op
s, namely, effe
he objective o
irrigated secto
the mechaniz

f smallholder 
rs consider ar
percent by 20

ology and incre

2019 

field 

er 0.9 
940s 

nized 
). At 
ch as 

nually. 
r that 
n and 

Sudan 
assess 
d the 
very 

ining 
ltural 

n and 
crops 

ltural 
nnial 
on is 

nts to 
udan, 
r and 
is of 
bal et 

ptions 
ective 
f this 

or for 
ation 
farm 
e the 
50 to 
eased 



jas.ccsenet.

power to a
agriculture

2. Materia
River Nile
with arable
the last cen
km2. The 
under-grou
areas and n
the Nile an

 

 

Table 1. S

Locality

Matama 

Shendi 

Ed-Dam

Berber 

AbHame

 

The surve
operations
fertilizatio
onion and 
stations, e
departmen
survey wil
scheme. T
team.  

All the dat
software a

org 

agriculture, as 
e without mech

als and Metho
e State, which
e estimated lan
nsus in 2008 a
agricultural f

und water; the
numbers of far
nd Atbara river

chemes areas a

y S

5

5

mer 7

4

ed 6

ey implemente
s and plantin
on, two stage c

alfalfa as cas
extension and
nts, face to fac
ll undertake u

The primary da

ta collected for
and Excel prog

a means to en
hanization (Ma

ods 

h is the survey
nd about 1 382
about 1 472 25
farming system
ere are three gr
rmers were co
rs, in the five s

and estimated 

Scheme No. 

5 

5 

7 

4 

6 

ed in the five
g, crop prote

crops harvestin
sh crops produ
d technology 
ce interviews 

using a random
ata collection 

r each operatio
gram, to calcul

Journal of A

nhance the pro
azoyer, 2001).

y study site (F
2 000 hectares
57 persons in 2
m in the state
rowing season

ollected for a n
selected localit

Figure 2. R

number of far

Total Cul

7985 746

12 088 687

45 958 33 7

13 230 643

26 240 993

e selected loc
ection includi
ng and direct h
uction. The me

transfer cent
with individu

m sample of re
and the quest

on for the sele
late percent res

Agricultural Sci

129 

oductivity of h
 

igure 2), has 
, the estimatio
2017, with ave
e is irrigated 
ns, winter, sum
number of sche
ties (state distr

River Nile State

rmers in selecte

Area (ha) 

ltivated As %

60 90.7

74 61.1

734 81.1

36 51.4

30 57.9

calities, will b
ing mechanic
harvesting, for
ethod of collec
ters, schemes 
ual farmers to
espondents de
tionnaire fillin

cted crops in t
spondents of u

ience

human labour u

area about 12
n of populatio

erage populatio
by pumping f

mmer and fall. 
emes distribute
ricts) out of se

e map 

ed localities in

% from total 

be focus on m
al weeding a
 wheat as strat
cting data, inc

headquarters
o fill the struc
epending on th
ng data will be

the five localit
using animate 

V

up to 500 time

2.1 thousand 
on according to
on density is a
from Nile and
A preliminary
ed along and fa
even as shown 

n River Nile St

No. of farmer 

3978 

5684 

10 250 

10 650 

4790 

mechanization
and chemical 
tegic and legu

clude primary 
s, state minis
ctured design 
he important o
e carried out b

ties, were analy
and mechanica

Vol. 11, No. 13;

es in comparis

square Kilome
o the growth ra
about 12 peopl
d Atbera rive

y data related t
far the two ban
in Table 1. 

tate 

Range ha/farm

0.7-18.5 

0.2-2.3 

0.8-6.2 

0.3-2.5 

0.9-10 

n status for ti
application, 

umes as food c
data from rese

stry of agricu
questionnaire.

of the crop in 
by the researc

ysis using SPS
al source of po

2019 

on to 

etres, 
ate of 
e per 
rs or 
o the 

nks of 

mer

illage 
crop 
rops, 
earch 
ulture 
 The 
each 
her’s 

SS 21 
ower. 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 13; 2019 

130 

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                       (1) 

Total power of existing tractors (TPET) = Average power of one tractor × No. of working tractors   (2) 

Total real power of tractors (TRPT) = TPET × CV (Assume CV = 0.75)                 (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)     (4) 

Mechanical energy input (MJ/ha) = Work rate (h/ha) × Average fuel use (ℓ/h) × Fuel specific value (MJ/ℓ)  (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 
Localities Average Respondents Percent (%) 

Method Wheat Legumes Method Onion Alfalfa

Plowing 

Tractor/3bottom disk plow 91.6 88.2 Tractor/3bottom disk plow 93.3 90.5 

Animal drawn plow 4.4 6.7 Animal drawn plow 4.5 3.1 

Tractor/heavy disk harrow 4 3.5 Tractor/heavy disk harrow 2.2 6.4 

Tractor plow + animal plow 1.7 

Harrowing 

Not practice 28.5 Not practice 37.3 

Animal plow 9.7 11.6 Animal plow 5.3 7.3 

Tractor/light disk harrow 61.4 88.4 Tractor/light disk harrow 94.7 55.1 

Walking tractor 0.6 Walking tractor 0.3 

Leveling 

Animal Leveler 7.3 6.2 Animal Leveler 5.3 5 

Tractor Leveler 75 82.5 Tractor Leveler 80.9 85 

Wasoog1 0.3 2.6 Wasoog 1.7 1.7 

Tractor laser leveler 6.5 2.6 Tractor laser leveler 0.6 2 

Tractor Leveler + wasoog 0.3 3.5 Tractor Leveler + wasoog 2.4 0.9 

Tractor Leveler + Animal Leveler 10.7 2.6 Animal Leveler + wasoog 9.1 5.4 

Make Ridge 

On flat 4.1 On flat 52.4 

Manual 2.7 5.7 Manual 8.6 5.8 

Animal Ridger 12.5 23.4 Animal Ridger 9.6 6.2 

Tractor Ridger 80.4 70.9 Tractor Ridger 81.8 35.6 

Walking tractor 0.3 

Sowing 

Manual broadcasting 89.1 86.3 Manual broadcasting 98.6 

Tractor broadcaster 5.7 0.9 Broadcast behind animal plow 1.4 

Seed drill 1.4 Manual transplanting 100 

Broadcast behind animal plow 3.9 10.3  

Row planter 0.4  

Dibbling 2.2  

Weeds Control 

Manual 13.3 20.1 Manual 17.1 

Knapsack sprayer 62.2 62.7 Knapsack sprayer 61.8 

knapsack sprayer + manual 19.3 15.9 knapsack sprayer + manual 20.9 

Not practice 5.3 Tractor boom sprayer 0.2 

Hand held motorized cutter 0.9  

Tractor boom sprayer 0.5  

Urea applic. 
manual 99.7 Manual 99.7 100 

Tractor broadcaster 0.3 Not applied 0.3 

Harvesting 

Manual cutting 78.1 100 Manual digging/cutting 97.4 99.4 

Manual binding and/or collect 78.1 100 Digging by animal plow 1.2 

Manual threshing 6.2 12.8 Tractor digger 1.4 

Animal threshing 0.4 0.9 Tractor mower 0.6 

Stationary thresher 71.6 86.3  

Combine harvester2 10      

Combine harvester3 11.8      

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 Matama Shendi Damer Berber Ahamed Mean 

Aver. area cultivated in ha (last 3 yrs) 31 837 23 444 20 030 10 907 5 815  

No. of tractor of 75 hp 98 91 104 92 84 

No. of tractor of 100 hp 1 1 40 15 5 

TPET 7 450 6 925 11 800 8 400 6 800 

TRPT 5 588 5 194 8 850 6 300 5 100 

Mechanization Level 0.2 0.22 0.44 0.58 0.88 0.46 
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Table 3. Estimated mechanization index for some crops in the state 

Crop/Locality 
Energy (MJ/ha) 

Mechanization Index 
Human Animal Mechanical 

Wheat 26 516.3 74 587.2 7813.3 0.07 

Legumes 34 273.5 74 587.2 5755.3 0.05 

Onion 57 973.6 66 658.7 3779.7 0.03 

Alfalfa 47 958.8 74 587.2 3772.9 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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