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This study was conducted to evaluate the economic and Tourism effect of
wildlife in the national income. The information collected was from Dinder
National Park and Sengenb as examples, in addition to textbook, references
and previous reports. The results obtained confirmed the richness of Sudan
with natural resources and variety of wildlife, but no visible economic rev-
enue from these resources .The study confirmed that these valuable resources
and neglected and not fully benefited.
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The Impact of Foreign Trade Policies on Export Performance in Su-
dan for the Period 1970-2015

Khalil, Raeid M( Assistant Research Professor, Sudan Academy of Sciences.)
and Elnasikh, Sara. H.( Assistant Research Professor, Sudan Academy of Sciences.)

Abstract

This study aimed at evaluating the effect of the gum Arabic foreign trade policies
specifically that of monopoly, partial liberalization and full liberalization on the export
of gum Arabic in Sudan. The study depended on secondary data obtained from official
government institutions for the period 1970-2015. Descriptive statistical analyses were
done in addition to Kruskal-Wallis and Mann-Whitney non-parametric tests for analy-
sis of variance in order to analyze the export performance of gum Arabic in Sudan for
the periods of monopoly, partial liberalization and full liberalization. Results showed
fluctuations in gum Arabic export in Sudan during the study period with an overall in-
creasing trend. The study also found a significancant positive impact (at 5% level of sig-
nificance) for the full liberalization policy on gum Arabic export quantities compared
to the monopoly and partial liberalization policies. In addition, the study found that the
decrease in exports for the period of partial liberalization policy compared to that of the
monopoly period was of no statistical significance which implies that the adoption of
partial liberalization in gum Arabic trade instead of the monopoly policy did not prove
to lead to an increasing in the exports of gum Arabic in Sudan. Furthermore, results
showed that the increase in gum Arabic exports after full liberalization of its export
trade policies compared to that of both the monopoly and partial liberalization periods
was of a large size. The study recommended establishing strategic reserves for gum Ar-
abic to minimize fluctuations in its supplies to the world market. Furthermore, the study
recommended encouraging the implementation of external trade liberalization policies
in addition to the adoption of other economic policies that would help in increasing
gum Arabic exports. The study also recommended carrying out detailed studies on the
impact of the foreign trade liberalization policy on the gum Arabic export structure in
terms of the contribution of Hashab and Talha in the total exports.

Keywords: Foreign trade, Gum Arab
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This experiment was carried out in the farm of faculty of Agriculture —
Omdurman Islamic University to study the effect of organic and chemical
fertilization on the growth of two types of the sailing plant(Eremochloa
ophiuroidea ) and (Paspalum notataum) . Organic manure (poultry- cows)
has been added at a rate of 480 g/ basin (35)m2 , and chemical fertilizer
(urea) at a rate of 200g /basin (35)m2, using the design of multi- factor
randomized complete sectors in three replications were studied stem length
and stem diameter and length of the ongoing leg. The results showed that
composting organic manure (poultry- cows) compared to chemical ferti-
lizer (urea) had no significant effect on growth specification in the signifi-
cant level of 5% , while the varieties have had a significant effect on the
measurement along in two weeks (fourth and sixth), and the length of on-
going leg was mentally affected by the items in the fourth week, the sixth,
and eighth, also resulted in adding organic manure to further improve in
the physical properties of the soil, reduce soil salinity and lower soil (PH)
by comparing with chemical fertilizer (urea).

Key words: organic fertilizer, chemical fertilizer, sailing plant
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Mobile phone and its impact on the social change of the female community
(A case study of girl students of Omdurman Islamic University-faculty of agriculture)
Dr. Mamoun Ahmed Mohamed Elnur
Department of Agricultural Economic and Rural development, Faculty of agriculture

Omdurman Islamic University

Mobile telephones have lots of Arabic names like Eljawal, Elmehmool, Elkha-
lawi. The recently developed mobile phones are means of wireless communica-
tion that operate through sets of disseminators which are distributed according
to measured distances on the target area. Mobiles helped a lot in all aspects
of development, server time and effect in addition to shortening distances and
reducing costs of transportation. Never the less mobile phone could be very
destructive if miss- used. The study aims to describe the influence of mobile
phones on youth female stratum using the population of female students at the
faculty of agriculture of Omdurman Islamic University. The study assumes that
customer’s uncompleted record information leads to lots of social problems and
complications. Also that the irresponsible and miss-uses of mobile telephones
helped to disseminating bad news and rumors among members of society. It
was found that all members of the sample have smart mobile telephones. The
study recommends that members of society specially the youth be motivated
and encouraged to record their personal information. Also those advisory ses-
sions directed to the youths concerning appropriate and proper use of mobiles
.should be held and guiding pamphlets should be distributed

Key words: Mobile telephones, social change

Corresponding author: Mamoun Ahmed Mohamed . Email: mamo.ahmed@ho-
tmail.com
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The optimum Cropping Pattern of the Northern State, Sudan

tivity obtained by adoption of im-
proved technology (18 sacks/feddan)
is achieved.

The adoption of improved technolo-
gy scenario indicated that the crops to
be grown in Merowe are broad beans,
tomato and onion, while those to be
grown in Dongola are wheat, broad
beans and small areas of fennel crop.
Land, labour and capital were the
main factors constraining agricultural
production in the Northern State.
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duction practices by farmers is not
just a question of transfer of technol-
ogy. An essential prerequisite to this
is securing resources and inputs to
the farmers. The implementation of
newly developed technologies is ex-
pected to affect crop organization due
to their impact on yields as well as
cost of production (AbdEaziz, 1999).
The results of this scenario showed
that the adoption of improved tech-
nology increased the net farm income
in Merowe locality by 52% from
SDG 7578.04 to SDG 11496.93.
Broad beans occupied the largest area
(5.55 feddans) beside the restricted
area of tomato crop. Broad beans oc-
cupied the largest area by adoption
of improved technology since it is a
high value crop and the prices for the
season 2002/03 was twice as that of
wheat crop, and for this reason wheat
crop did not enter the plan. In Don-
gola Locality the net farm income in-
creased by 123% from SDG 3788.59
to SDG 8453.99. The wheat crop oc-
cupied the largest area (6.3 feddans),
broad beans occupied its restricted
area (4.6 feddans) and only 0.4 fed-
dans was occupied by fennel crop.
With adoption of improved technol-
ogy, land, labour and capital are the
constraining factors in Dongola Lo-
cality, while, the constraining factors
in Merowe Locality are the land and

labour. The peak months of labour
utilization are November, December
and March in Merowe Locality and
November, December, January and
April in the model of Dongola Local-
ity.

CONCLUSIONS

The basic solution of the LP model
indicated that comparative and abso-
lute advantages are not made use of,
wheat crop should not be produced
on commercial basis in Merowe and
Dongola Localities. The crops to be
grown in Merowe Locality are broad
beans, tomato and onion, in addition
to wheat crop at level just satisfying
consumption requirements. The crops
to be grown in Dongola Locality are
broad beans, garlic and fennel. As a
result the net farm income increased
by 184% and 116% respectively. Ac-
cording to the results of the basic
model wheat could be produced on
commercial basis in Merowe locality
when its present costs are reduced by
25%, when its price is increased by
20%, when its present productivity
is increased by 25% (i.e15.4 sacks/
feddan) or when tomato price is de-
creased by 25%. While in Dongola
Locality wheat could be produced on
commercial basis when its present
productivity is increased by 30% (i.e
11 sacks/feddan) together with 20%
rise in its price, or when the produc-



The optimum Cropping Pattern of the Northern State, Sudan

The impact of increase in broad beans
productivity by 25%: In Merowe Lo-
cality, the net farm income increased
from SDG 7578.04 toSDG 8425.27
(11% increase). Broad beans occu-
pied the largest area (4.65 feddans),
beside the restricted areas of tomato
and onion crops. In Dongola Local-
ity the net farm income increased
by 27% from SDG 3788.59 to SDG
4822.01. Broad beans occupied its re-
stricted area (4.6 feddans), fennel and
garlic crops occupied 3.32 and 3.37
feddans respectively.

The impact of increase in productiv-
ity of wheat and broad beans together
by 25%: The results of this scenario
increased the net farm income in
Merowe Locality by 12%from SDG
7578.04 to SDG 8494.96. Wheat
crop occupied the largest area (4.65
faddans) beside, the areas restricted
to tomato and onion crops. InDon-
gola Locality the net farm income in-
creased by 27% from SDG 3788.59
to SDG 4829.59. Broad beans occu-
pied 2.86 feddans, while only 0.89
feddans were allocated to wheat crop.
The impact of increase in productiv-
ity of wheat in Dongola Locality by
50%: The answer of this scenario in-
creased the net farm income by 2%
from SDG 3788.59 to SDG 3873.18.
Broad beans occupied its restricted
area (4.6 feddans), fennel occupied

3 feddans, garlic occupied 2.95 fed-
dans and wheat also occupied only
0.74 feddans.

D: The effect of crops productivity
and prices

The impact of increase in productiv-
ity of wheat in Dongola Locality by
25% and in its price together by 20%:
In the results of this scenario the
wheat crop occupied only 0.89 fed-
dans which is satisfied only a part of
the consumption requirements.

The impact of increase I productiv-
ity of wheat in Dongola by 30% and
in its price together by 20%: The re-
sults of this scenario increased the
net farm income by 3% from SDG
3788.59 to SDG 3899.18. It allocated
the largest area (5.46 feddans) to the
wheat crop, while broad beans crop
occupied its restricted area (4.6 fed-
dans) and only 0.95 and 0.28 feddans
were allocated respectively to fennel
and garlic crops.

E: The effect of application of tech-
nological packages

Technological packages can be de-
fined as the transfer of technology
and innovation generated by research
scientists aims at improving farm

productivity to maximize farmer’s

returns. It is broadly defined as a
change in the total farm output result-
ing from given set of production in-
puts. The adoption of improved pro-
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results of lowering wheat cost by
50% increased the net farm income
from SDG 3788.59 to SDG 3827.65
(1% increase) and wheat crop entered
the plan at a level just satisfying the
consumption requirements (1.11 fed-
dans).

B: The effect of crops prices

The impact of increase wheat price
by 20%: The results was changed
only the model of Merowe locality.
The net farm income increased from
SDG 7578.04 to SDG 7784.21 (2.7%
increase). Wheat crop occupied the
largest area (4.6 fedans), beside the
restricted areas of tomato onion
crops. Broad beans and fennel were
excluded due to their low productivi-
ties.

The impact of decrease in tomato
price in Merowe locality by 25%:
This run was made for the aversion of
marketing risk with respect to tomato
crop. The supply of tomato product
1s elastic since it is a perishable veg-
etable and hence the expansion in
its production expected to face low
prices. The result of this scenario re-
duced the net farm income by 34%
from SDG 7578.04 to SDG 5026.61.
Wheat occupied the largest area (4.6
feddans, beside the restricted areas of
tomato and onion crops. Broad beans
and fennel crops were also excluded.
The impact of decrease in tomato

price by 25% and increase in wheat
price in Merowe Locality by 20%:
The results of this scenario decreased
the net farm income by 26% from
SDG 7578.04 to SDG 5625.56. It al-
located 4.6 feddans to wheat, beside
the restricted areas of tomato and on-
ion crops.

The impact of decrease in tomato
price by 50% and increase in wheat
price in Merowe Locality together by
20%: The results of this scenario de-
creased the net farm income by 54%
from SDG 7578.04 to SDG 3466.91.
The crop mix was the same as the
previous scenario.

The effect of crops productivity

The impact of increase in wheat pro-
ductivity by 25%:

In the model of Merowe Locality
the net income increased from SDG
7578.04 to SDG 8071.78 (6.5% in-
crease). Wheat crop occupied the
largest area (4.65 feddans) beside the
areas restricted for tomato and onion
crops. In the model of Dongola the
net farm the net farm increased from
SDG 3788.59 to SDG 3796.17 (0.2%
increase). Broad beans occupied its
restricted area (4.6 feddans), Fennel
and garlic occupied 2.93 and 2.86
feddans, respectively and only 0.89
feddans was confined to wheat crop
which is satisfied a part of the con-
sumption requirements.
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Net farm income

From table 1, the net farm income
in the optimum solution of the LP
model of Merowe Locality was SDG
7578.04 which was higher than the
actual achieved by 184%. In Dongola
Locality, the net farm income was
SDG 3788.59 which was higher than
the actual value in the season 2002/03
by 116%.

Sensitivity analysis

In this analysis the basic linear pro-
gramming modes were developed by
changing their parameters to reflect
a range of production option, prices,
productivities and adoption of im-
proved technologies.

A: The effect of the cost of produc-
tion

The impact of lowering the present
cost by 25%: This scenario was de-
veloped to examine the impact of
lowering the present cost of all crops
by 25%. The results increased net
farm in Merowe locality by 18%
from SDG 7578.04 to SDG 8934.34
and no change in the crop mix. In
Dongola Locality the net farm in-
come increased from SDG 3788.59
to SDG 5423.99 (43% increase). The
crop mix was changed and the larg-
est area (6.2 feddans) was allocated
to garlic, broad beans crop occupied
its restricted area (4.6 feddans), while

fennel crop occupied only 0.4 fed-
dans.

The impact of lowering the present
cost by 50%: The results of this sce-
nario have no effect in the crop mix
of Merowe Locality. However, the
net income increased from SDG
7578.04 to SDG 10474.26 (30% in-
crease). In Dongola Locality the net
farm income increased by 78% from
SDG 3788.59 to SDG 6756.24. The
crop mix was slightly changed and
allocated 6.7 feddans to garlic crop
beside the restricted area of the broad
beans crop (4.6 feddans).

The impact of lowering wheat cost
by 25% and 50%: The results of low-
ering wheat cost by 25% increased
the net farm income in the model of
Merowe Locality by 3% from SDG
7578.04 to SDG7824.04. Wheat oc-
cupied the largest area (4.65 feddans)
beside the restricted area of tomato
and onion crops. The results of low-
ering wheat cost by 50% increase
the net farm income in the model of
Merowe Locality from SDG 7578.04
to SDG 8303.13 (9.6% increase) and
also wheat crop occupied the same
largest area. Broad beans and fen-

nel crops did not enter the plan due

to their low productivities. In Don-
gola Locality the net farm income
and the crop mix were not changed
by lowering wheat cost by 25%. The
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Table4. The surplus irrigation water in the basic solutions of the LP models

Month Merowe Dongola
Sept. 40.9

Oct. 38.3 27.6
Novw. 32.98 15.07
Dec. 25.35 11.7
Jan. 27.30 15.02
Feb. 28.20 23
March 40.1 30.92
April 443 -
May 47.8 -
Total 235 123.5

Table5. Marginal value productivities of credit (SDG/unit) in the basic solu-
tions of the LP models

Month Merowe Dongola
Sep. 0.00 -
Oct. 0.00 0.15
Novw. 0.00 0.15
Dec. 0.00 0.15
Jan. 0.00 0.15
Feb. 0.00 0.15
March 0.00 0.00
April 0.00 0.00
May 0.00 0.00
June 0.00 0.00




Table2. Number of man days required in the basic solutions in comparison to

the observed

The optimum Cropping Pattern of the Northern State, Sudan

Merowe Dongola
Month Model Observed Model Observed
Sept. 24 10.3 -
Oct. 59 37.8 61 45
Novw. 59.6 44.2 69 50.5
Dec. 64.4 4448 96 69.8
Jan. 54 33.6 61.2 51.6
Feb. 60 37.3 33 24.7
March 81.6 58.8 62 45
April 36 13.4 76 55.6
May 7.6 3 - -
June 19.4 7.5 - -
Total 465.6 290.5 458.2 342.2
In the basic solutions in comparison to the observed
Merowe
Month Model Ob- Model Observed
served
Sept. 7.8 2.1 - -
Oct. 10.4 2.8 6.7 0.7
Novw. 15.7 8.8 19.22 8.4
Dec. 23.33 18.3 22.6 20
Jan. 21.39 14.7 19.25 16
Feb. 20.49 13.8 11.3 12
March 8.59 3.8 3.33 4.1
April 4.4 1.4 - -
May 0.9 0.4 - -
Total 113 66.1 82.4 61.2
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About 87% of the family labour was
required for the optimum plan of Me-
rowe locality. Family labour are all
required during the months from Sep-
tember to April. In Dongola locality
all family labour was required during
all months of the season (October to
April). The percentage of hired and
nafir labour required for the optimum
plan of Merowe locality was 39%
of the total required labour, while
the required percentage for Dongola
plan was 49.6%. Table 2 shows the
number of man days required for the
optimum plan of the basic models.
The table shows two peaks of labour
utilization in the optimum solution
of Merowe locality, the first one was
during March. The table also shows
two peaks of labour utilization in
the optimum solution and the real
situation of Dongola locality, the first
peak was during November and De-
cember, while the other was during
March and April.

Irrigation water use in the basic mod-
els in comparison to the actual:

From table 1, the total number of ir-
rigations required for the optimum
solution of the restricted model of
Merowe locality was 113 compared
to 66.2 watering actually utilized. In
Dongola locality the number of 82.4
watering was required for the opti-
mum solution compared to 61 wa-

tering actually utilized in the winter
season 2002/03. Table 3 shows the
monthly average number of water-
ing required in the optimum solution,
while the surplus irrigation water per
month is shown in table 4.

Credit use in the basic models

The results showed no problem of
credit in the model of Merowe local-
ity, while it showed a credit problem
during October, November, Decem-
ber, January and February in the
model of Dongola locality. Table 5
shows the marginal value productivi-
ties of credit in the basic models.
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Tablel. Basic solution of the LP models in comparison to the observed

Merowe Dongola
Item Unit Model Actual Model Actual
Cropping pattern
Wheat Fed. 0.69 13 0.00 3.75
Broad beans Fed. 0.96 2.75 4.6 3.65
Fennel Fed. 0.00 0.6 3.32 0.4
Onion Fed. 09 0.35 - -
Garlic Fed. - - 3.38 0.33
Tomato Fed. 2.6 0.7 - -
Resource use
-Total land Fed. 8.15 5.7 113 8.13
-Family labour MD 289 247 .4 231 2227
-%(utilized FL/Total 86.5% 76.4% 100% 96%
FL*100)
-Hired and nafir labour MD 176.6 43.1 2272 120
-%(utilized HL/T Land 39% 15% 49.6% 35%
NL/total utilized
labour*100)
-Total labour MD 465.6 290.5 458.2 3422
-%(utilized TL/TL*100 86% 54% 73.2%
Total number of watering 113 66 824 61
Returns
-Net farm income SDG 809654 319086.4 437284.5 233704.7
(including value of wheat
consumption)
-Net farm income (wheat SDG 757804 266811.4 378859.5 175754.7
consumption requirement
is satisfied)
Ratio of actual income to 352% 46.39%
model
7
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which is lower than the average for
the past twelve years. The wheat crop
entered the plan at a level just satisfy-
ing the consumption requirements.

In the results of the LP model for
Dongola locality, broad beans occu-
pied its restricted area (4.6 feddans),
followed by garlic and fennel crops.
The wheat crop did not enter the plan
due to its low productivity and low
prices. The productivity of wheat for
the season 2002/2003 was 8.5 sacks
per feddan in Dongola locality which
was lower than 10.5 sacks per fed-
dan, the average for the past twelve
years. The productivity of fennel crop
in Dongola locality was better than
that of Merowe locality. The average

obtained was 7.6 kantar per feddan
compared to 7.8 kantar per feddan,
the average for the past twelve years.
The garlic crop yield obtained in the
season 2002/2003 was 36.8 kantar
per feddan which was higher than
33.8 kantar per feddan, the average
for the past twelve years.

B: Resource use

Labour use in the basic model in
comparison to the actual use

From table 1, the total labour required
for the optimum plan was 465.6 man
days compared to 290.5 man days ac-
tually utilized. In Dongola locality the
total man days required were461.2
compared to 342.5 man days actually
utilizes.
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Xj>0,j=1ton

Where:

Z = objective function value

Cj = gross margin per feddan of the
jth activity i.e input/output coeffi-
cient.

Xj= the level of the jth farm activity
Aij = the quantity of the ith resource
required to produce one unit of the jth
activity i.e input/output coefficients.
bi =vector of resource availability.
The intended LP- matrix comprises
cultivation activities of winter crops,
sales activities and hiring labour ac-
tivities. The constraints on the matrix
included land, irrigation water, la-
bour, capital, and subsistence require-
ments. The LP matrix was employed
to rest different scenarios (sensitiv-
ity analysis). This was done through
changing the parameters of the basic
run.

RESULTS AND DISCUSION:

The discussion presents and dis-
cusses the results of the basic models
and present, the different scenarios
by changing their parameters. The
information drawn from the LP solu-
tion includes the value of the objec-
tive function, the optimum enterprise
combination, the level of resources
used and their representative margin-
al productivities. The results of the
basic models were validated by com-
paring the results to the real situation

in the state as shown by the results of
the field survey conducted in the year
2003.

A: Cropping pattern

The free cropping models option does
not reflect the existing situation in the
two localities. Some crops are usually
grown to limited areas because of the
need for diversification and aversion
of natural and market related risks.
The maximum areas usually allocat-
ed to these crops are limits used in the
LP models as constraints. In Merowe
locality model the cropping restric-
tion was made for tomato and onion
crops, while in Dongola locality only
the area of broad beans crop was re-
stricted to its maximum area usually
cultivated. The optimum solutions of
the basic cropping models are shown
in table 1.

From table 1, broad beans crop occu-
pied the largest areas as the answer
of the basic cropping LP model of
Merowe locality, beside the areas re-
stricted for tomato and onion crops.
Fennel crop did not enter the plan due
to its low productivity. The produc-
tivity of fennel crop for the season
1990/91-2001/02 ranged between
6 and 10 kantar per feddan, with an
average of 7.8 kantar (Northern State
Ministry of Agriculture, 2002). The
average productivity obtained for the
season 2002/2003 was 5.2 kantar,
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avoidance of risk, or simply, survival
an uncertain environment, and other
leisure and socially related objectives
(Malik, 1994).

For small — scale farmers in develop-
ing countries, more primary objec-
tives often to provide their families
with adequate food. Such farmers
face rural markets that are often in-
complete, exploitative or unreliable
and trading cash crops for food is a
rarely sound strategy for ensuring
survival. Under these circumstances,
it 1s not surprising that farmers first
allocate resources to assure neces-
sary food supplies, and only then are
remaining resources used to generate
cash income. Another important con-
sideration for small-scale farmers is
often a desire to enjoy more leisure.
As incomes rise above subsistence
level and the required drudgery to
eke out a living is reduced (Hazel and
Norton, 1986).

METHODOLOGY:

The study depended mainly on the
primary data, which was collected by
direct interviewing of sampled farm-
ers using a structured questionnaire
conducted in 2003 season. The linear

programming technique was applied

LT0T 13q0320

to the survey data collected. The
technique can serve as an important
management aid to individual farms
or marketing firms. The method also

promises to be useful in aggregative
analysis relating to regional produc-
tion patterns, interregional compe-
tition and many policy problems
(Heady and Candler, 1973). The sim-
plex method is based on the econom-
ic principle of opportunity cost. It is
defined as mathematical procedure
that checks corner points of the pro-
duction possibility boundary so as to
locate the most profitable plan (Dent,
Harrison and Woodford, 1986). It is
defined as a mathematical procedure
(algorithm) use addition, subtraction,
multiplication and division in a par-
ticular sequential way to solve prob-
lems (Beneke and Winterboer, 1973).
Early application of linear program-
ming in farm planning, assumed
profit maximizing behavior Hazel
and Norton, 1986). Linear program-
ming problem has three quantitative
components, an objective, alternative
methods or processes for attaining the
objective and resources or other re-
strictions (Heady and Candler, 1973).
The objective function of the repre-
sentative farm model maximizes net
farm income after satisfying family
requirements of the main food crop
which is wheat. The mathematical
form of the model used is as follows:
Max z =

Subjectto <=bi

And
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INTODUCTION:

Factors of production are the inputs:
land, labour and capital. The quanti-
ties of available resources are lim-
ited. We can’t produce everything
we want in the quantities we desire.
Resources are scarce relative to our
desire, because our resources are ser-
vices. Opportunity costs exist in all
situations where available resources
are not abundant enough to satisfy
all our desire. In all such situations,
we must make hard decisions about
how to allocate our scarce resources
among competing uses. Our ability
to alter the mix of output depends in
part on the capability of factors of
production to move from one indus-
try to another. Two issues arise, first,
can the resource be moved, second,
how are efficient will the resources
be in a new line of production (Schil-
ler, 1991). The opportunity cost is
defined as, the most desirable goods
or services that are forgone in order
to obtain something else. The op-
portunity cost of a product is meas-
ured by the most desirable goods
and services that could have been
produced with same resources. The
shadow price of the activity defined
as a measure of its true profitability
after taking account of both cash re-
turns and opportunity cost (Dent,
Harrison and Woodford, 1986). The

terms shadow price, opportunity cost
and marginal value product are often
used synonymously when referring
to resources. Shadow prices for pro-
duction activities indicate how the
value if the program would change
(how much income would be penal-
ized) if and additional unit of the ac-
tivity was forced into the final plan.
They will be referred to frequently
as income penalties. Shadow price
for the disposable activities, provide
information concerning the produc-
tivity of added resources (relation of
restraints) (Beneke and Winterboer,
1973).

The objectives of traditional farm-
ing have been a source of legacy in
agricultural economics literature.
Three schools of thought emerged:
The first one is represented by the
neoclassical theory, which advocate
a profit maximization aim, the sec-
ond school which is the extreme of
the first one, argues that the fulfill-
ment of the family grain requirement
is the sole objective of peasant farm-
ers, while the third school represents
a middle ground between the other
two theories. That is, peasant farm-
ers have a combination of objectives
which may be listed in the follow-
ing: Securing an adequate and as-
sumed food supply, ensuring a cash
income to meet other material needs,
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Abstract

This study was carried out to (1) formulate an optimum resource allo-
cation cropping system in the Northern State. (i1) identify the constraints
facing the agricultural production in the state. The results of the basic
solution of the linear programming model showed a land use that is very
different from the current land use. The crops to be grown in Merowe lo-
cality are broad beans, tomato and onion, in addition to wheat at level just
satisfies consumption requirements. While those to be grown in Dongola
locality are broad beans, garlic and fennel. As a result the farm income
increased by 184% and 116% in the two localities respectively. Wheat
can be produced on commercial basis in Merowe locality when its pres-
ent costs are reduced by 25%, its present price is increased by 20%, and
when its present productivity is increased by 25%. While in Dongola
locality it can be produced on commercial basis when its present produc-
tivity is increased by 30% together with 20% rise in its price, or when the
productivity obtained in the experimental fields by adoption of improved
technology (18 sacks /feddan) is achieved.
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Significant at 0.05 and 0.01 levels of probability, respectively. N.S.

not significant

Table4. Orthogonal contrasts between six varieties of sunflower evaluated for

yield and yield components at Agadi in season (2009/10).

.No | Comparison Days to Plant Days to Head Empty 100-seed | Grain yield
50% flow- | height maturity | diameter | (%) seeds | (weight(g| ((kg/ha
ering ((cm ((cm
1 Varieties vs
Hybrids ns 2.327 | ns1.859 | **42.483 [ ns0.392 *3.510 ns 0.831 | ns 1.635
2 Hysun 33 vs
Other hybrids | **68.192 | ns 2.222 | **152.693 [ ns 1.271 ns 1.276 | ns1.477 | *3.386
3 Sv 60050 vs
Sv 60046 and
Sv 60036 ns 0.935 | ns0.748 *7.754 ns 1.765 ns1.009 | ns0.185 | **11.672
4 Sv 60050 vs
Sv 60036
*5.992 | ns1.718 | **14.631 | ns2.848 ns 2.046 *3.462 *4.180
5 Rcvh4 vs
Revh17
*%13.014 | ns1.193 | **96.278 ns 0.377 ns 2.357 **8.862 | **8.575
D~
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s

% .No [ Comparison Days to Plant Days to Head Empty 100-seed Grain
S 50% flow- [ height maturity | diameter | (%) seeds | (weight (g | yield (kg/
Q ering ((cm ((cm (ha

1 Varieties vs

Hybrids *%52.920 | *3.989 *%16.662 | ns1.116 | ns2.635 | ns1.371 | ns0.943

2 Hysun 33 vs

Other hybrids | **27.000 | ns 2.975 | **13.435 | ns0.199 | ns 0.278 *6.635 ns 0.481

3 Sv 60050 vs

Sv 60046 and
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Sv 60036 *4.860 ns 0.476 | ns2.918 *4.850 | ns0.791 | ns0.987 | ns0.223

4 | Sv 60050 vs

Sv 60036 **58.320 | **11.690 | **24.993 *6.422 | ns2.307 | ns2.961 | ns0.300
5 Revh4 vs
Recvh17 *4.500 ns 1.635 *4.591 *¥*11.841 *2.307 *5.264 **9.686

(*,**) = significant at the 0.05 and 0.01 probability level respectively. N.S

no significant at the probability level of 0.05.
Table3. Orthogonal contrasts between six varieties of sunflower evaluated for

Means within the column followed by the same letter (s) are not significantly
yield and yield components at Wad Medani in season

different at the probability level of 0.05, and 0.01
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Means within the same column followed by the same letter (s) are not signifi-

cantly different at the probability level of 0.05, and 0.01.

(*,**) = significant at the 0.05 and 0.01 probability level respectively. N.S

no significant at the probability level of 0.05.

Table 2 Cont.

Entry % Empty seeds (100-seed weight (g (Seed yield (Kg/ha
Medani Agadi Combined Medani Agadi Combined Medani Agadi Combined
Sv60050 b 5.75 ab5.12 c5.44 3136.00 ab 2102.75 2619.37
18.95 14.17 16.56
Sv60046 b 5.87 b 4.62 c5.25 3531.25 a 2454.25 2992.75
16.55 8.47 12.51
Sv60036 ab 7.25 a6.37 ab 6.81 4135.25 b 1729.00 2932.37
17.62 20.65 19.13
Revh4d ab 7.00 6.62a 6.81ab 3355.25 b 1887.00 2621.12
9.67 15.42 12.55
Revh17 12.32 20.27 16.30 a 8.00 a 6.50 a7.25 3581.25 b 1821.50 2701.37
Hysun33 16.60 13.47 15.00 ab 7.00 ab 6.00 b 6.50 3311.75 a 456.75 2884.25
Mean 15.3 154 15.4 6.8 5.9 6.3 3508.46 1741.88 2791.87
+SE 1.60 1.60 1.60 1.23 0.24 023 113.60 64.60 92.40
(% .CV) 41.88 415 41.71 13.57 16.17 14.78 12.95 12.46 13.24
Sig. level N.S N.S N.S * * *x N.S *x N.S
()
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Entry Days 50% flowering (Plant height (cm Days to maturity (Head diameter (cm
Medani | Agadi | Combined | Medani Agadi | Combined [ Medani | Agadi | Combined Medani | Agadi M_JMQB -

Sv60050 ab 60 b 60 b 60 abc 154 170.5 al62.3 b 80 b 86 c83 15 16.8 c15.9

Sv60046 ab61 b 60 b 60 a 165 153.75 b 160 ab 83 b 85 b 84

a20.8 16.0 b 18.4
Sv60036 a62 a65 a63 a 165 160 al163 a 85 a92 ass 2215 195 A 205
Rcvh4 c52 c53 c52 c134 162.5 c149 c71 c70 d71 b 16.0 17.0 16,52
Revh17 c52 d 46 d 50 bc 139 157.5 c148 c71 c72 d72

b 16.6 16.0 c16.27
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Hysun33 | b58 | ab6l | b59 | ab156 | 17125 | a163 | b80 | b85 | ¢83 | p1ag | 163 | c1555

Mean 58 58 58 152.4 162.6 157.5 78 82 80 17.5 16.9 17.2
+SE 0.42 0.68 0.57 3.18 2.83 3.00 0.87 0.53 0.72 0.66 0.58 0.62
(% .Cv) 2.89 4.71 3.92 8.35 6.97 7.65 4.43 2.60 3.60 15.18 | 13.62 14.45
Sig. level *ok *ok *ok * ok N.S * ok *k ok *ok N.S *k

yield and yield components at two environments Medani and Agadi and their

Table 2. Mean performance and rank of six sunflower varieties evaluated for
combined analysis in season (2009/10).
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and 2792 kg/ha) at both environments
and combined, respectively (Table 2).
Generally, seed yield obtained in this
study is higher when compared with
seed yield reported by other research-
ers, e.g. Idris, (2006), who reported
yield of 1051kg/ha, Obeid (2001)
who reported yield of 1638 kg/ha and
Mohamed Ali (1999) who reported
yield of 1289 kg/ha. Fereres et al.,
(1986) reported seed yield ranging
from 500 to 2500 kg/ha when the
crop was subjected to water deficit,
while under irrigation the yield ex-
ceeded 3000 kg/ha. The yield poten-
tial did not differ from the world av-
erage, i.e., 3000 kg/ha (FAO, 2012).
The orthogonal contrast was not
significantly different for seed yield
(kg/ha) for all comparisons, except
the comparison of Rcvh4 vs Revhl7,
which was significantly different
at Wad Medani (Table 3). While all
comparisons showed significant dif-
ferences, except the comparison of
open-pollinated varieties vs hybrids
at Agadi (Table 4). This could be at-
tributed to environmental differences
between the two locations. Generally,
the performance of open-pollinated
varieties and hybrids was better in
Wad Medani when compared to Aga-
di.

Conclusion and Recommendations:
The study revealed that, there were

highly significant differences for the
most studied agronomic characters
among varieties in each environment
and combined, except for empty
seeds percentage which showed no
significant differences. The hybrids
and open-pollinated varieties per-
formed better at Wad Medani, than
at Agadi, so based on the result of
this study they can be a suitable and
adapted genetic planting material at
the Gezira State; hence more inves-
tigation 1s needed to choose the most
suitable ones. Meanwhile, the hybrid
Sv60036 can be used as growing ma-
terial in Wad Medani as it produced
the highest yield. Whereas, in Agadi
the hybrid Sv60046 can be selected
for commercial production as it pro-
duced the highest yield in that area.
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Coefficient of variation (C.V %) for
this trait recorded the highest value
compared to other traits, this could
be attributed to sampling as well as
genotype X environment interaction
(Obeid, 2001).

Under both environments and their
combined, there were highly signifi-
cant differences among tested varie-
ties for 100 — seed weight, this indi-
cates the large diversity among the
tested varieties for 100-seed weight.
Similar results were also reported by
Gill, et al., (1997) and Obeid (2001).
The 100 seed weight at Wad Med-
ani ranged from 5.75 to 8.00 g, the
open-pollinated variety Revh17 gave
the highest (8.00g) 100-seed weight,
while the hybrid Sv60050 showed the
lowest (5.75 g) 100-seed weight. At
Agadi, this parameter ranged from
4.62 to 6.62 g, the open-pollinated
variety Rcvh4 exhibited the high-
est (6.62g) 100 — seed weight, while
the hybrid Sv60046 showed the low-
est (4.62 g). In combined over the
two environments, 100 seed weight
ranged from 5.25 to 7.25g, and the
open-pollinated variety Revh17 gave
the highest (7.25 g) weight, while the
hybrid Sv60046 showed the lowest
(5.25 g) 100-seed weight. The vari-
eties and hybrids means were (7.0,
6.0 and 6.3 g) at both environments
and combined, respectively (Table

2). Orthogonal contrast showed no
significant differences for 100-seeds
weight (g) for all comparisons, ex-
cept the comparisons of Hysun 33 vs
other hybrids and Rcvh4 vs Revhl7,
which were significantly different at
Wad Medani (Table 3). The same sit-
uation was observed in Agadi, except
comparisons Sv60050 vs Sv60046
and Rcvh4 vs Rcvhl7, which were
significantly different (Table 4).

Under Agadi environment, there were
highly significant differences among
tested varieties, while there were no
significant differences at Wad Med-
ani and when combined over two
environments, for seed yield (Table
2). Seed yield at Wad Medani ranged
from 3136.00 to 4135.25 kg/ha, the
hybrid Sv60036 produced the high-
est (4135.25 kg/ha) seed yield, while
hybrid Sv60050 produced the lowest
(3136.00 kg/ha). Seed yield at Agadi
ranged from 456.75 to 2454.25 kg/
ha, the hybrid Sv60036 produced the
highest (2454.25 kg/ha) seed yield,
while Hysun 33 produced the low-
est (456.75 kg/ha). In combined,
seed yield of varieties and hybrids
ranged from 2619.37 - 2992.75 kg/

ha, the hybrid Sv60046 produced the

highest (2992.75 kg/ha) seed yield,
while Sv60050 produced the lowest
(2619.37 kg/ha). The varieties and
hybrids means were (3509, 1741.88
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est head diameter (21.5 cm), while
Hysun 33 recorded the smallest head
diameter (14.9 cm). Head diameter at
Agadi ranged from 16.0 to 19.5 cm,
the hybrid Sv60036 showed the high-
est (19.5 cm), while hybrid Sv60046
exhibited the lowest (16.0 cm) head
diameter. In combined over two envi-
ronments, the range for head diameter
was from 15.9 to 20.5 cm, the hybrid
Sv60036 showed the largest (20.5
cm), while hybrid Sv60050 exhib-
ited the smallest head diameter (15.9
cm). The varieties and hybrids means
were (17.5,16.9 and 17.2 cm) at both
environments and combined, respec-
tively; (Table 2). Head diameter is an
important factor in determining seed
yield of sunflower. However, the
large- size disk is usually character-
ized by relatively high percentage of
empty seeds (Khana, 1972). At Wad
Medani, the orthogonal contrasts
were significantly different for head
diameter (cm) for all comparisons,
except the comparisons of varieties
vs hybrids and Hysun33 vs other hy-
brids (Table 3). While in Agadi all
comparisons showed no significant
differences, (Table 4). This could be
attributed to environmental differenc-

es between Wad Medani and Agadi.

LT0T 139030

Under both environments and their
combined, there were no significant
differences among tested varieties

for percentage of empty seeds. Per-
centage of empty seeds/head at Wad
Medani ranged from 9.67 to 18.95%,
the hybrid Sv60050 showed the high-
est (18.95%) percentage of empty
seeds/head, while Rcvh4 exhibited
the lowest (9.67%) percentage of this
character. Percentage of empty seeds
at Agadi ranged between 8.47 and
20.65%, the hybrid Sv60036 showed
the highest (20.65%) percentage of
empty seeds/head, while Sv60046
showed the lowest value (8.47%).
In combined over the two environ-
ments, the percentage of empty seeds
range from 12.55 to 19.13%, the
hybrid Sv60036 exhibited the high-
est percentage of empty seeds/head
(19.13%), while hybrid Sv60046
exhibited the lowest (12.51 %) per-
centage of empty seeds/head. The
open-pollinated varieties and hybrids
means were (15, 16 and 15%) at both
environments and combined, respec-
tively; (Table 2). The orthogonal con-
trasts were not significantly different
for empty seeds percentage for all
comparisons, except comparison of
the varieties RCVH4 vs RCVHI17,
which showed significant differences
at Wad Medani (Table 3). The same
situation was observed in Agadi, for
all comparisons, except the compari-
son of varieties vs hybrids, which it
was significantly different (Table 4).



(.Evaluation of the Performance of some sunflower (Helianthus annuus L

est (153.8 cm). In combined, plant
height ranged from (148.4 - 163.4
cm), both SV60036 and Hysun 33
were the tallest (163.0cm), while
Rcvh17 was the shortest (148.4 cm).
The open-pollinated varieties and hy-
brids means were 153.0, 163.0 and
158.0 cm at both environments and
combined, respectively. The orthog-
onal contrast showed no significant
differences for plant height for all the
comparisons, except comparisons of
open-pollinated varieties vs hybrids
and the hybrid Sv60050 vs hybrid
Sv60046 which were significantly
different at Wad Medani (Table3).
Meanwhile, all comparisons showed
no significant differences at Agadi
(Table 4). This could be attributed
to environmental differences mainly
climates between the two environme
nts.

Under both environments and their
combined, there were highly signifi-
cant differences among tested varie-
ties for days to maturity, this indicated
that there 1s a wide genetic variability
among the tested varieties for time
to maturity. Days to maturity at Wad
Medani ranged from (71 - 85 days),
the earliest genotypes were Rcvh4
and Rcvhl17, which took about (71
days), while the latest genotype was
Sv60036 (85 days). Days to maturity
at Agadi, ranged from (70 - 92 days),

the earliest variety was Rcvh4 which
took 70 days, while the latest variety
was sv60036 (92 days). In combined
over two environments the number of
days to maturity ranged from (71 - 88
days), the earliest variety was Rcvh4
and it took 71 days. On the other hand,
the latest (88 days) was the hybrid
Sv60036. The varieties and hybrids
means were (68, 69 and 68 days) at
both environments and combined re-
spectively, (Table 2). The orthogonal
contrasts between varieties and hy-
brids were significantly different for
days to maturity for all comparisons,
except the comparison between the
hybrids Sv60050 and Sv60046 vs
Sv60036, which showed no signifi-
cant difference at Wad Medani (Table
3). The same situation was observed
at Agadi, where all comparisons were
significantly different (Table4). This
indicated that there is a wide genetic
diversity among the tested genotypes
for time to maturity.

Under Wad Medani and when com-
bined over two environments, there
were highly significant differences
among the tested varieties while they
showed no significant differences at
Agadi, for head diameter. This indi-
cates that there is a wide genetic vari-
ability. Head diameter at Wad Med-
ani ranged from 14.9 - 21.5 cm, the
hybrid Sv60036 recorded the larg-
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Results and Discussion

Result of analysis of variance indi-
cated highly significant differences
(P <0.01) for all agronomic charac-
ters among genotypes in each envi-
ronment and combined, except emp-
ty seeds percentage, which showed
no significant differences (Table 2),
and the orthogonal contrasts between
varieties and hybrids were shown in
table 3 and 4.

Under both environments and their
combined, there were highly sig-
nificant differences among tested
varieties for days to 50% flower-
ing, this indicates that there is di-
versity among the tested varieties
for time to flowering, and similar
results have been reported by Tarig
et al. 1992) and Obeid (2001). Days
to 50% flowering ranged from (52 -
62) days at Wad Medani, the earliest
variety was Rcvh4 and Revhl7 (52
days), while Sv60036 was the latest
(62 days). Days to 50% flowering at
Agadi, ranged from (46 - 65) days,
with variety Rcvh17 being the earli-
est (46 days) while hybrid Sv60036
was the latest (65days). In combined
over two environments the number of
days to 50% flowering ranged from
50 - 63 days, Revh17 was the earliest
(50 days), while the hybrid Sv60036
was the latest (63 days) one. The va-
rieties and hybrids means were (58,

58, and 58) at both environments and
combined respectively, (Table 2). The
orthogonal contrasts between varie-
ties and hybrids showed significant
differences for days to 50% flowering
for all comparisons at Wad Medani
(Table 3). The same situation was ob-
served in Agadi for all comparisons,
except the comparisons of open-
pollinated varieties vs hybrids and
comparisons of the hybrids Sv60050
and Sv60046 vs Sv60036 (Table 4).
This indicates that diversity among
the tested varieties for time to flow-
ering is valuable and can be used in
improving the crop.

Under Wad Medani environment and
when combined over two environ-
ments, there were highly significant
differences among the tested varieties
for plant height it was not significant-
ly different at Agadi. This indicates
that there is a wide genetic variabil-
ity for this parameter, similar results
have been reported by Tarig et al.,
(1992), Patil et al., (1996) and Obeid
(2001). Plant height at Wad Medani
ranged from (134.0 - 165.0 cm), the
hybrids Sv60046 and Sv60036 were
the tallest (165.0cm), while the vari-
ety Rcvh4 was the shortest (134.0cm)
one. Plant height at Agadi, ranged
from (153.8 -171.3 cm), the hybrid
Hysun 33 was the tallest (171.3 cm),
while hybrid sv60046 was the short-
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Agadi. Each variety was grown in 6
rows, each was 5.0 m long, with spac-
ing of 0.80 m between rows and 0.20
m between holes within rows. After
three weeks from sowing, plants were
thinned to two seedlings per hill.
Weeds were controlled by hand when
needed. Irrigation was supplemented
at 14 days’ interval when necessary
in Wad Medani location only. The to-
tal rainfall at Wad Medani in season
2009/10 was 253.83 mm: 30 mm in
June, 104.8 mm in July, 89.1 mm in
August, 29.7 mm in September, 0.23
mm in October and 0.10 mm in No-
vember. The total rainfall at Agadi in
season 2009/10 was 425.70 mm: 70.9
mm in June, 103.8 mm in July, 153.8
mm in August, and 97.2 mm in Sep-
tember and zero mm in October and
November. Days to 50% flowering,
plant height (cm), days to maturity,
disk diameter (cm), percentage of
empty seeds, 100-seed weight (g) and
seed yield (kg/ha) are the main traits
measured in this study. In all experi-
ments, measurements were made
in the central rows of each plot dis-

carding one row or more at each side
and all data were then based on 4.00
m of rows length except for days to
50% flowering and days to maturity,
which were estimated on the entire
row. Harvesting and threshing was
performed by hand.
Analysis of variance was used for
each location separately and the re-
sults of the two locations were com-
bined using the statistical package
(MSTAT-C) to test — significant dif-
ferences among varieties. Orthogo-
nal comparisons were constructed
among the seven characters as shown
in (Table 1) based on the following
combinations
1 - Hybrids vs open-pollinated varie-
ties.
Sv600 50 vs Sv600 46 and Sv60036
Hysun 33 vs other hybrids

4 - Sv600 46 vs Sv600 36

5- Varieties vs each other.
Table 1. Coefficients of the orthogo-
nal contrasts between different hy-
brids and open-pollinated varieties of
sunflower.

Sv60050 | Sv60046 | Sv60036 | HY 33 RCVH4 | RCVH17
Hybrids vs varieties 1 -2 -2
Check 33 vs hybrids |1 1 1 -3 0
Sv60050 vs Sv60046 -1 -1 0 0 0
and Sv60036
Sv60046 vs Sv60036 -1 0 0 0
Rcvh4 vs Revh17 0 0 0 0 1 -1
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had Scheme and Sennar State (Abd
El Rahman et al., 2004). It is now
grown on large scale in Damazin area
mainly by the private sector.

One of the main problems of sun-
flower is the lack of suitable geno-
types and proper breeding techniques
to improve the crop. In Sudan, seeds
are introduced and they are very ex-
pensive. For this reason, most of the
farmers cannot afford buying hybrid
seeds, so they tend to use open—polli-
nated cultivars and F2 hybrids which
are characterized by high percentage
of empty seeds.

Therefore, the objective of this study
was to evaluate the performance of
some sunflower varieties for yield
and yield components, under two dif-
ferent environmental conditions of
Sudan.

Materials and Methods:

The experiment was conducted at
two different environments (loca-
tions), during the season (2009). The
first environment was the Faculty of
Agricultural Sciences Experimental
Farm at Nishesheiba, Wad Medani.
Nishesheiba area lies at latitude 14°
24¢N and longitude 33° 29¢E (Cen-
tral of Sudan). The climate is hot and
arid in summer and rain fall is mainly
during July, August and September.
The soil is deep cracking clay, which
belongs to the central clay plain of

Sudan. It is alkaline in reaction, with
pH ranging from 7.8 to 8.5. Organic
matter and total nitrogen are very low
in this soil being 0.22% and 0.034%,
respectively, and generally the nutri-
ents status is good. The second en-
vironment was the Arab Authority
for Agricultural Investment and De-
velopment (AAAID) Experimental
Farm at Agadi, Damazin, Blue Nile
State (Southern Sudan). Agadi area is
located at 30 km west of Damazin,
Blue Nile State, at latitude 11° 59¢N
and longitude 33° 26¢E. The climate
is tropical, semi-arid with pronounced
wet period during the summer. Total
annual rainfall ranges from 700 to
800 mm during July to October. Tem-
perature is generally high. The soil is
part of the “central clay plain” of the
Sudan. Organic matter and nitrogen
are low and pH is 8.2. The varieties
used consisted of four hybrids: SV
60050, SV 60046 and SV 60036, (in-
troduced from France), and Hysun
33 as check and two open pollinated
varieties; RCVH -4 and RCVH17,
which were developed locally at the
Rain- Fed Crops Research Center
University of Gezira Wad Medani,
Sudan. The experiment was arranged
in a randomized complete block de-
sign (RCBD) with four replicates.
Sowing dates were August 25, 2009
in Wad Medani and July 13, 2009 in
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Introduction:

Sunflower (Helianthus annuus L.) is
a member of the Asteracaea family
(Groove and summer, 2005). It is one
of the few crop species that originated
in North America (Janet et al, 2010
and Putnam et al., 1990). Sunflower
is a highly cross-pollinated crop. It
is one of the most important indus-
trial crops in the world after soybean
and rapeseed because of its edible
vegetable oil, (Putt, 1997; Fernan-
dez — Martinez et al., 2004; Hu et al.,
2010 and FAS.USDA, 2008). Helian-
thus annuus L. is a diploid plant with
2n = 34 chromosomes (Fick, 1989).
Sunflower oil is widespread because
of its high quality and is one of the
five basic nutrients for human food
(Demirer et al., 2004). The main ob-
jective in many researches is to evalu-
ate the agronomic properties for com-
mercial sunflower cultivars (Killi and
Altunday, 2005; Sadghi et al., 2008;
and Karaaslan et al., 2010). Based on
morphological, physiological and bi-
ochemical data, many methods were
used to estimate the genetic diversity
of sunflower genotypes (Dong et al.,
2007). Sunflower has a high poten-
tial for seed yield and oil accumula-
tion in the seed. According to FAO
(2013), it is successfully grown over
a widely scattered geographical area
and considered as a crop adapted to

a wide range of environmental con-
ditions (Carter, 1978 and Ekin et
al.2005). Seeds contain 24-49% oil
and the cake contains 25-35% protein
(Henen, 2011). The oil accounts for
80% of the value of the crop, and it is
generally considered premium oil be-
cause of its light color and high level
of unsaturated fatty acids. Sunflow-
er meal 1s a good diet for livestock,
poultry and cage birds. The protein
percentage of sunflower meal ranges
from 28% - 42%. Sunflower can also
be used as fodder and silage crop, and
the cake that remains after oil extrac-
tion can be used for animal feeding.
Several industrial applications have
been explored. It has been used in
certain paints, varnishes and plastics
because of its semidrying properties
without color modification.

Sunflower was first introduced in Su-
dan in 1932 for testing yield potential
under irrigation at Gezira Research
Station (Khidir, 2007). Sunflower is
produced under irrigation and rain-
fed conditions in the Sudan. Al-
though its trials were started as early
as 1970th in the mechanized crop
production schemes, its commercial

production began in the 1987/ 1988

growing season in the rain-fed sec-
tor in Gedarif and Blue Nile States,
and in 1992/1993 growing season for
the irrigated sector especially in Ra-
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Abstract

Sunflower is one of the important oil crops which are produced under irrigated
and rain fed areas in Sudan. The study was carried out to evaluate the perfor-
mance of some sunflower varieties for yield and yield components at two dif-
ferent environments of Sudan, during the season (2009/10); one environment
was the Faculty of Agricultural Sciences Experimental Farm at Nishesheiba,
Wad Medani, and the second environment was the Arab Authority for Agricul-
tural Investment and Development Experimental Farm at Agadi, near Damazin,
in Blue Nile State. The tested varieties consisted of four hybrids: SV 60050, SV
60046, SV 60036, which introduced from France and Hysun 33 as check, and
two open pollinated varieties RCVH —4 and RCVH17, which were developed
locally. The experiment was arranged in a randomized complete block design
(RCBD) with four replicates. The measured traits were days to 50% flowering,
plant height (cm), days to maturity, head diameter (cm), percentage of empty
seeds, 100-seed weight (g) and seed yield (kg/ha). Data was subjected to anal-
ysis of variance and orthogonal comparisons. Analysis of variance indicated
highly significant differences (P < 0.01) for all agronomic characters among
varieties in each environment and combined, except for empty seeds percent-
age which showed no significant differences. On the average, number of days
to 50% flowering ranged between (50 -63 days), plant height (148.4 - 163.4
cm), number of days to maturity (71 - 88 days), head diameter (15.9 - 20.5) per-
centage of empty seeds (12.51 - 19.13%), 100 seed weight (5.25 - 7.25g ) and
seed yield (2619.37 - 2992.75 kg/ha). The hybrids and open-pollinated varieties
performed better at Wad Medani, than at Agadi, so they can be a suitable and
adapted genetic planting material at the Gezira State; hence more investigation
is needed to choose the most suitable ones. Meanwhile, the hybrid Sv60036 can
be used as growing material in Wad Medani as it produced the highest yield,
whereas, in Agadi the hybrid Sv60046 can be selected for commercial produc-
tion as it produced the highest yield in that area.

Keywords: Performance, sunflower, varieties, yield
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household size, small fragmented
lands, low education and very weak
agricultural extension linkage. The
effort of the University for establish-
ing the Outreach Centre was to serve
as remedial measures for the rural
communities in terms of agricultural
extension access on one hand, and
on the other hand, bring good un-
derstanding with the host communi-
ties. Following the near-collapse of
the supply-driven public agricultural
extension system at different periods
in Nigeria, the University Extension
initiative appears to be the panacea
in ‘helping the farmers to help them-
selves’. However, the Outreach Cen-
tre has to cultivate effective partner-
ships and collaborations with other
agencies to bring about the expected
successes and provide opportunities
for stakeholders to appreciate the
university’s contribution to extension
services and rural development.

Consequently, to continue to be rel-
evant, effective and efficient, the
Outreach Extension Centre and ex-
tension personnel should be well
acquainted with the problems of the
farmers and rural dwellers. The suc-
cess is by indentifying and simplify-
ing the key problem areas and then
dealing with it with full support from
the University and other partners. In
this circumstance, local experience of

successes and failures will enable the
extension administrators to continue
to identify the most critical problems
which may have varying degrees of
importance at different levels.
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more efficient delivery of agricultural
extension as well as other rural devel-
opment services to smallholder farm-
ers are now widely appreciated. From
agricultural extension point of view, it
will be much easier for change agent
to deal with nucleated settlements
either in the provision of improved
technologies or communication since
the development effort envisaged is
through social groups which are usu-
ally cohesive and easier to work with.
From the simple principles of small
group dynamics, farmers tend to
learn more quickly in small group sit-
uations where there is more face-to-
face contact and therefore less room
for misunderstandings; and decisions
can be reached more quickly than in
larger group situations. When small
group membership is homogeneous -
1.e., when members share some com-
mon bond, like location proximity, a
similar income activity, or they come
from the same socio-economic back-
ground - then there is also less po-
tential for inter-member conflict and
consequently more solidarity.
Accessible Advice

Oloruntoba (2013) reported that Af-
rica has lagged behind in harness-
ing the Information Communication
Technology (ICT) potential for exten-
sion services and rural development.
Hence, the use of ICT in agricultural

extension services has become neces-
sary because of low ratio of extension
officers to farmers. The Centre will
develop methods of using ICT’s such
as multimedia, video to reinforce ex-
tension services and improve farm-
ing. Information will be provided
to farmers and extension officers in
local languages through a dedicated
website. The quality of information
will be presented in a readily acces-
sible means to farmers and actors
to improve agricultural production.
Again, the use of cell phones to net-
work with farmers, input suppliers
and extension advisors will be en-
couraged to keep the farmers up-to-
date on improved agro-technologies.
Advocacy and Sensitisation
Relevant contacts are being made
with several Non-Governmental Or-
ganisations and farmer-led initiatives
to continuous advocacy and sensiti-
sation visits to the villages in com-
pany of the District Head of Dutse;
encourage them on the need to coop-
erate with the institution which will
pave way for them to enjoy immense
benefits from this relationship
Conclusion

The situation analysis of the rural
communities around the Federal
University Dutse in the Northwest
Nigeria depicted that of peasantry
with very low annual income, large
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B Estimated HH
HH Sample size

M Av. HH size

characteristics of the communities is an essential requirement in planning
and implementing useful and sustainable socio-economic empowerment pro-

grammes for improving the liveli-
hoods of the communities.. It should
be noted that the degree of partici-
pation in any intervention generally
depends on the needs, opportunities,
level of motivation of both individual
and community, which is an essen-
tial condition for making agriculture
and rural development intervention
sustainable, while the lack of their
involvement may lead to apathy and
generate dissidence, neglect and
abandonment of intervention.

To this end, a baseline surveys that
provided useful in-situ information
on the socio-economic and demo-
graphic characteristics of the house-
holds was concluded in 2015 in the
model villages using appropriate
methodologies that will generate

adequate information and stimulate

\O
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households’ participation in the plan-
ning process. The outcome from the
survey would hopefully lead to de-
signing specific project interventions

that would ameliorate the condition
of the communities.

Implementation Strategy

Small Group Approach

The Outreach Extension Centre
would adopt the Small Farmer Groups
(SFGs) approach to deliver agricul-
tural extension services and rural
development to smallholder farmers
in the communities as an effective
institutional device for lowering the
delivery costs of these services, for
reducing the expenses smallholder
farmers incur in gaining access to
those same services, and to markets,
and for promoting small farmer self-
development. Small farmer groups
(SFGs), are also seen as a useful or-
ganisational mechanism for mobi-
lising smallholder farmer collective
self-help actions aimed at improving
their own economic and social situa-
tions and that of the communities in
model villages. Indeed, the benefits
of using small group approaches for
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and a weak link to extension system.
Therefore, most smallholder farmers
are usually affected by prices, subsi-
dies and markets, but the input and
output markets, which are not fully
formed, remain localised to some
extent. Smallholder farmers in the
communities are highly vulnerable
to inadequate agricultural extension
access which is a major challenge to
agricultural productivity. The term

smallholder farmer is synonymous
with small-scale farmers, resource-
poor farmers, peasant farmers, food-
deficit farmers, household food
security farmers, land-reform ben-
eficiaries and emerging farmers (Ma-
chethe et al., 2004). The main crite-
ria often used to classify farmers as
smallholders by various analysts also
include: land size, purpose of produc-
tion (subsistence or commercial), and

Community Estimated Estimated HH Sample Av.HH  Overall
Population HH size size HH Size

Bulori 2300 163 68 8.0

Gurungu 1400 530 53 2.6

Hausawa 3500 635 54 5.5

Kargo 3500 317 120 11.0 7.6

Maja 1000 117 29 8.5

Sharifai 1500 154 33 9.7

Total 12,200 1,916 357 -

income level.

Fig 2: Average Household Size by
Community

Source: Field Survey Oloruntoba et
al. (2015)

Strategies for Agricultural Extension
Access

The strategies for agricultural exten-
sion access in the communities are
linked to the mission, objectives and
activities. The realisation of any ini-
tiative is attributable to three comple-
mentary sets of factors including:

A high concentration of talents and
team building;

Abundance of resources;

Supportive regulatory framework.
The dynamic interaction among these
three factors is the distinguishing
characteristic of high ranking suc-
cessful initiatives. Consequently, the
Centre will avail itself with the pool
of intellectuals available within and
outside the University such as local
and international NGOs to partner in
making extension delivery accessible
to the communities. To this end, the
pre-intervention and implementation
strategies are as follows:
Pre-Intervention Strategy

The understanding of the peculiar
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Table 1: Estimated Population and
average Household size in Model
Villages
Source: Field Survey Oloruntoba et
al. (2015)

The educational level was generally
low with low school enrolment rate
with only one primary school. Gen-
erally, smallholder’ is characterised
by highly fragmented small farm size
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Fig. 2: Spatial Map of Outreach Communities at The Federal University Dutse Campus
(Source: Field Survey Oloruntoba et al., (2015)
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lages around the University campus.

Situation Analysis

There is little available information
and data about the socio-economic
and demographic imperatives of
households in the model villages. But
the baseline survey by Oloruntoba et
al. (2015) revealed that the six mod-
el communities bordering the Uni-
versity are: Maja, Bulori, Gurungu,
Hausawa, Kargo and Kawayi which
were contiguous villages to each
other and located on 2811 hectares of
land (Fig. 2). Typically, a village is
a common type of settlement which
consists of many farmers’ dwellings
either with their farms or some dis-
tances away from the village. Hence,
these rural village communities are
made up mainly of nucleated with
few dispersed settlement patterns,
homesteads, barns, schools and
mosques frequently visited by the
inhabitants. Local mini-markets are
usually found at the village square
with main markets located in near-
by major towns; the boundary of the
community though might not be very
distinct from another but has been
spatially mapped. The inhabitants
are mainly Hausas with few Fulanis
and other ethno-linguistic groupings.
The primary occupation is mainly
subsistence farming with little or no

access to agricultural extension. The
predominant cropping system is in-
tensive cultivation of rain-fed mixed
cropping. Arable crops commonly
cultivated include millet, maize,
sorghum and beans. The soil types
ranged from aeolian sandy soil to
iron rich laterite.

Table 1 presents the estimated pop-
ulation, average household size in
model villages. Estimates based on
Oloruntoba et al., (2015) suggested
that the communities have about
12,200 people with 1916 households
as presented in the Table 1 and Fig.
2. Findings also show that the six
communities are male-headed with
overall mean household size of 8
persons. Kargo has andthe highest
of 11 and Gurungu the lowest of 3
persons per household. The survey
further revealed that the annual mean
and median of household incomes in
the communities were N185, 533.3
(US$942) and N134, 083.3 (US$681)
respectively depicting poverty.

|
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text of the Extension Outreach, focus
would be on the extension informa-
tion needs of the underserved or inad-
equately served target communities
around the university.

Mission Statement

To create an enabling environment
that would strengthen the structural
base of local communities through
action-research, extension, capacity
building, quality learning and adop-
tion of proven technologies.

Overall objective

To ensure that communities in ‘mod-
el villages’ are linked with potential
partners to access agricultural exten-
sion information and skills for the im-
provement of their farms and homes.

The specific objectives are to:

build capacity and ensure technology
transfer to farmers, local communi-
ties, change agents and students;

link communities with potential part-
ners and development agencies to
become efficient and effective in
availing themselves of their services;
mobilise and develop communities
toward self-reliance;

make the university responsive to
the needs and aspirations of the host
communities.

The acquisition of large expanse
of land for infrastructural develop-
ment in educationally-disadvantaged
agrarian communities was laudable
and hoped to confer enormous ben-
efits to the catchment areas. The neg-
ative consequence however was the
displacement of the original owners
of the land which was not only im-
mediately disruptive but could be
fraught with heavy long-term risks.
Cultural heritages and important
landmarks have disappeared, sensi-
tive habitats destroyed and rare bio-
logical resources irretrievably lost as
a result of implementation of the pro-
jects considered to be highly benefi-
cial to mankind. With respect to neg-
ative social impacts of such projects;
there are instances where displaced
people have been reported to become
more impoverished in their new set-
tlements than they were before dis-
placement. Cases also abound where
people become more economically
vulnerable and socially disintegrated.
Although, the displaced communities
appears to have settled down since
2012, their loss of farmland, water
points, schools and clinic tend to in-
crease the level of poverty of the af-
fected persons; especially women
and children folk. To the rescue, the
land owners were adequately com-
pensated and resettled as model vil-
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outreach. For instance, Some at-
tempts have been made with success
with the Isoya Rural Development
Project of the Obafemi Awolowo
University lle-Ife, Badeku Project
by the University of Ibadan, Exten-
sion Village Model at the Federal
University of Agriculture, Abeokuta,
Maigari Project of the Ahmadu Bello
University Zaria and lately in the last
quarter of 2014, Federal University
Dutse established the Agricultural
Extension Outreach Centre.

The outreach by definition is any
programme of activities initiated
and designed to meet the informa-
tion needs of an un-served or inad-
equately served target group (Young,
1983). Oloruntoba and Adegbite
(2006) posited that, university out-
reach is an educational and an action-
research-based information source
enabling farmer to make decisions
that improves quality of lives. It is
therefore the art and science of un-
derstanding and responding to the
needs and wants of groups of people.
It is often built around a commitment
to information flow across segments
or niches.

The establishment of the Outreach
Centre at the Federal University Dut-
se was consequent upon the need to
extend practical knowledge acquired

from research to the host communi-
ties. This would promote partnership
and development by bringing the
‘town and gown’ together through
action-research and extension out-
reach. The benefit of transferring and
disseminating improved technolo-
gies to the communities is expected
to empower them to take control of
their own affairs, foster inclusive-
ness, build capacity and increase
the efficiency with which resources
are used for the benefit of the target
communities. It would also create a
congenial atmosphere between the
university and the host communities
through various intervention projects
to be embarked upon in due course.
From the out-set, the Centre was de-
signed as an innovative and emerging
institution to cater for the extension
information needs and wants of farm-
ers, farmers’ groups and communities
around the University in Dutse. The
outreach is an effort by the Centre to
connect its ideas or practices to the
efforts of other organisations, group
or specific audiences. The outreach
was built around a commitment to
information flow across diverse tar-

get beneficiaries from those engaged

in farming, to those displaced from
their farmland, and would inform the
type of extension information needs
and advice to be given. In the con-
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Public Extension System in Nigeria
The Nigerian Government has been
adopted and implemented differ-
ent types of extension approaches to
boost agricultural production across
the country. As the historical account
of the country’s agricultural exten-
sion approach portray, it has evolved
over the years and was initiated in the
nineteenth century by the early mis-
sionaries which focussed on the pro-
duction of export crops. The method
was known as the Commodity Exten-
sion Approach.

Various approaches have evolved
since the independence in 1960.
These include extension under the
Ministry of Agriculture Approach
which was tied to bureaucratic prin-
ciples of the government ministry.
The Farm Settlement/Farm Institute
Leavers’ Extension of 1959 to 1965
designed to reduce rural-urban drift
but was purely top-down strategy. In
1972, the National Accelerated Food
Production Programme was launched
which employed participatory tech-
nology development but with mini-
mal involvement of farmers in farm
trials known as ‘mini-kits’. In 1976,

the Operation Feed the Nation was
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introduced as a strategy to mobilise
the general public to participate in
food production through supply of
input without articulated extension

system. The River Basin Develop-
ment Authority was established in
1977. Then the Green Revolution in
1979 premised on the Green Revolu-
tion success story in Asia but the ap-
proach did not have a focussed and
was unsustainable.

The Pilot (Enclave) Agricultural De-
velopment Projects started in 1975
and later metamorphosised to the
State-wide Agricultural Develop-
ment Programme in 1989 which ba-
sically emphasised the Training and
Visit (T&V) approach propounded
by Benor and Baxter (as cited by
Omotayo et al. 2001) and promoted
in Nigeria and other countries by the
World Bank. This approach operated
a separate organisational structure
with tripartite funding from the Fed-
eral Government, State Governments
and the World Bank. There were
many criticisms levied against this
strategy (Ogunfiditimi and Ewuola,
1995).

The Unified Agricultural Extension
System was introduced as an amend-
ment of the ADP model. In this ar-
rangement, one Village Extension
Agent (VEA) is expected to teach
farmers improved farm practices in
all areas including crops, agro-forest-
ry, animal production, fisheries and
processing using the T & V system.
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X
=
=

A
Medium Agric. Extension Access

B
High, High Agric. Extension Access

Cc

Weak (Low) Agric. Extension Access

Farmers Agricultural Extension Access Capacity

D
Very Weak Agric. Extension Access

Low

Agricultural Extension Access Capacity

Fig.1: A typology of Agricultural Extension Access Transformation Path
Source: Authors (2016)

However, the approach has been vari-
ously criticised due partly to its non-
sustainable nature. This government-
funded extension programmes have
been found not to be participatory,
but top-down as farmers had no room
to participate in extension policy. In-
formation flow has been largely top-
down to the end users. Hence, the link
between extension and research put-
ting farmer at the centre of technol-
ogy generation has been overlooked.
This was partly due to the dearth of
agricultural extension workers re-
sponsible for dissemination of agri-
cultural information to farmers and
probably because information was

not well aligned to sustainable farm-
ing practices.

University Agricultural Extension in
Nigeria

The Universities have come to the
rescue because Agricultural exten-
sion in the country has been and still
remains largely public sector-driven.
Recently, universities have embarked
on extending access to agricultural
information to communities through

Extension Outreach strategy. Basi- [J§

cally Universities were established to
provide leadership, advance learning
through teaching and research. Serve
as beacon to the society in terms of
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Fig 1 presents an agricultural exten-
sion access transformation path. It il-
lustrates the direction of the strength-
ening of agricultural extension access
by smallholder farmers. Accessibil-
ity connotes the ability of farmer or
group of farmers to obtain agricultur-
al information needed for agricultural
production in a relevant and timely
manner. If farmers received appropri-
ate agricultural extension services,
this could lead to improved agricul-
tural information and accessibility,
farmers could then transformed as
follows:

Box D =VWA; Box C = WA; Box B
= MA; and Box A= HHA

If a farmer remains with Very Weak
Agricultural Extension Access (Box
D), meaning the lack of improved ag-
ricultural technology / accessibility.
If a farmer is found at Medium Ag-
ricultural Extension Access Capacity
(Box B), it will follow the strategy
of enhancing the use of improved
agricultural technology/accessibility
to transform to High, High Agricul-
tural Extension Capacity (Box A).
The current status of the farmers in
University Model villages reflects a
Very Weak Agric Extension requir-
ing the intervention of the Univer-
sity Outreach Centre to transform it
to Medium or High Agric Extension

Access Capacity. Rola et al., (2001)
reported that a critical challenge for
extension lies with conveying the
major advances in agricultural tech-
nologies and markets to farmers effi-
ciently, in timely manner that ensures
proper utilisation by the farmers

According to Berhanu et al., (2006),
extension is a service of information,
knowledge and skill development to
enhance adoption of improved agri-
cultural technologies and facilitation
of linkages with other institutional
support services (input supply, output
marketing and credit). Birner et al.,
(2006) reported that agricultural ad-
visory services in developing coun-
tries today have assumed a much
more holistic and facilitator’s role,
and the field staff of an agricultural
advisory service is not just a conduit
of information, but an advisor, fa-
cilitator, and knowledge broker. The
characteristics of a good information
source are relevance, timeliness, ac-
curacy, cost effectiveness, reliability,
exhaustiveness and aggregation level
(Statrasts, 2004).
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spectively (NSSO, 2005).

In Fiji, radio and television account-
ed for more than 80 percent coverage
of agricultural information and could
be used to broadcast quality pro-
grammes to impact agricultural pop-
ulace. Again, in central Punjab, India
more than 56 percent farmers listened
to radio and watched agricultural pro-
gramme on television (Abbas et al.,
2003). According to Onemolease
(2002), sources of agricultural infor-
mation through friends and relatives
have profound effect on level of ac-
cess to information needs by farmers.
However, the relatively low patron-
age of media channels may be attrib-
uted to poor coverage, poor reading
habits and weak purchasing power of
farmers (Ayankogbe et al., 2003).

According to FAO (2002), rural
women and girls usually have less
access than men to information and
new technologies. Without equal ac-
cess to agricultural information, they
are at a disadvantage in making in-
formed choices about what to pro-
duce and when to sell their product.
However, in spite of research and ex-
tension services efforts, Adereti et al.,
(2000) stated that there are improved
packages on agricultural production
that are not being adequately used by

farmers.

Agricultural Extension Access Trans-
formation Path

Agricultural extension access refers
to quality, quantity and timely ag-
ricultural information available to
farmers through agricultural exten-
sion. Access to adequate agricultural
extension services is very essential to
increased agricultural productivity of
farmers. Deribe (2007) and Ebrahim
(2006) indicated that access to exten-
sion services has significant influence
on adoption of agricultural technolo-
gies. Therefore, the frequency of ex-
tension contact has important role in
the access to and utilisation of agri-
cultural technologies. Samuel (2001)
posited that agricultural information
for decision-making must be acquired
and used in order to make an informed
decision. Agricultural extension is
simply information communication
in agriculture. Farmers have different
information needs during each stage
of agricultural production process
ranging from weather forecasts, pest
and diseases attacks, inputs (seeds
and fertilizers), improved cultivation
practices and prices. Broadly speak-
ing, agricultural extension is the de-
livery of information inputs to farm-
ers (Anderson and Feder, 2007).
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markets and trade, organising farm-
ers and producer groups, and working
with farmers toward sustainability

Olowu and Oyedokun (2000) re-
ported that several channels such as
extension agents, individuals, farm-
er-to-farmer contact, print media
(newspapers, magazines, newsletters,
leaflets, pamphlets, and posters) and
electronic media (radio, television,
film, slides and film strips) have been
widely used to disseminate infor-
mation to farmers. Agricultural ex-
tension agents provided HIV/AIDS
information for only 37.9% of the
farmers. This is low in view of the
redefined role of extension agents.
In addition to the dissemination of
proven farm technologies, extension
agents are expected to disseminate
HIV/AIDS awareness information to
farmers (Egbule and Njoku, 2001).

According to Anyanwu et al. (2002)
educational attainment predisposes
one to using different sources of in-
formation, emphasis being more on
professional rather than inter per-
sonal sources of information. In other
words, the more educated an indi-
vidual, the more exposed the person
becomes to sources of information.
Rees et al. (2000) reported that most
Kenyan farmers considered their

most pressing information require-
ment which was not being adequate-
ly addressed as technical details of
farming from the agricultural exten-
sion. Farmers need to be informed
and educated about improved agri-
cultural practices to enable them in-
crease their productivity and income.

Kuponiyi (2000) opined that radio
and television are important sources
of agricultural information in Nige-
ria. Girard (2001) observes that radio
undoubtedly remains the most impor-
tant medium in Africa since low lev-
els of literacy, distribution problems
of newspapers and the cost of televi-
sion leaves it the most accessible me-
dium.

Ajayi (2003) reported that radio was
the most popular among farmers in
Southwest Nigeria. The popular use
of radio by farmers is probably due
to the fact that many farmers can af-
ford to purchase a transistor radio as
it is cheap, more accessible and easy
to maintain than other mass media.
Radio has a high capacity of creating
awareness for new technologies and
stimulating people to get involved.
In India, it has been documented that
radio and television accounted for 13
percent and 9.3 percent sources of
information accessed by farmers re-
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Problem Statement

Most farmers in rural Northwest Ni-
geria appeared to have low or little
access to agricultural extension as a
source on modern agro-technologies
despite the presence of the State-
wide Agricultural Development Pro-
gramme whose primary responsi-
bility was to disseminate improved
innovation to farmers. The paucity
of funds, inadequacy of extension
agents require to make contacts with
farmers which need to reach a large
and complex farming community,
inappropriate and poor quality infor-
mation sharing among farmers are
some of the reasons for non-perfor-
mance. In other words, the content of
the information provided by agricul-
tural extension and the information
farmers actually need appeared not
to be aligned. Cursory observation
revealed that farmers in the Federal
University Dutse Agricultural Exten-
sion Outreach Centre model villages
in particular have no access to scien-
tific and technological information
that could help improve their capaci-
ty and ultimately agricultural produc-
tivity as reflected on the continuous
reduction in agricultural production
in the area. The paper examines the
agricultural extension access of farm-
ers and attempt to find answers to the
following research questions:

Do smallholder farmers have access
to agricultural extension as and when
required?

What strategy has emerged to counter
the emerging challenges/constraints
militating against smallholder’s farm-
ers’ access to agricultural extension?

Literature Review

Farmers require a diverse range of
agricultural information to support
their farm enterprises. Agricultural
information is knowledge that farm-
ers seek from extension services,
fellow farmers, family and relatives
and from media. van den Ban (1998)
posited that farmers require informa-
tion related to most appropriate tech-
nological options and management
of technologies. Dulle (2000) report-
ed that agricultural research results
constitute an important knowledge
base that should be made available
to farmers for increased food produc-
tion. Vuuren (2007) found that much
of the knowledge generated by sci-
entific research ended up on shelves
and it is inaccessible to the farmers.
Swanson (2008) noted that trans-
fer of technology still has relevance

since agric extension is now seen as

playing a wider role by developing
human and social capital, enhancing
skills and knowledge for production
and processing, facilitating access to
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Intrduction:

In rural Nigeria, the pervasive pov-
erty is often blamed on lack of ca-
pacity building of farmers as a result
of numerous ineffective strategies
employed in handling it. If poverty
is to be reduced, productivity of the
agricultural sector must be enhanced.
However, agricultural productivity
will not increase if the capacity of
farmers and other actors in the ag-
ricultural value chain remains low,
preventing them from innovating.
Innovations could include new agri-
cultural knowledge or technologies
related to primary production, pro-
cessing and commercialisation-all
of which could positively affect pro-
ductivity, competitiveness and liveli-
hoods of rural folks. Farmers repre-
sent the majority of people living and
earning their living in rural areas.
Agricultural extension has been rec-
ognised as an indispensable factor in
the practice of farming and it is the
basis of extension service delivery.
Farmers require a diverse range of
agricultural information to support
their farm enterprises. Davis (2009)
reported that agricultural extension,
or agricultural advisory services,
comprises the entire set of organisa-
tions that support people engaged in
agricultural production and facilitate
their efforts to solve problems; link to

markets and other players in the ag-
ricultural value chain; and obtain in-
formation, skills, and technologies to
improve their livelihoods. Swanson
(2008) also reported that transfer of
technology still has relevance since
agricultural extension is now seen as
playing a wider role by developing
human and social capital, enhancing
skills and knowledge for production
and processing, facilitating access to
markets and trade, organising farm-
ers and producer groups, and work-
ing with farmers toward sustainable
natural resource management prac-
tices. Within this expanded role, the
breadth of information that agricul-
tural extension can support through
provision and facilitating access and
sharing is much larger. In addition,
as the agricultural sector has become
more complex, farmers’ access to
sources of reliable and relevant in-
formation has become increasingly
important. Apantaku, Oloruntoba and
Fakoya (2003) examined smallholder
farmers’ involvement in agricultural
technology generation and utilisa-
tion. Found that the level of farmer’s
involvement in the agricultural prob-
lem identification and prioritisation
was low because majority of the tech-
nologies were not based on farmers
identified problems and felt-needs.
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The smallholder farmers who are mainly peasants constitute
majority of the agricultural workforce in rural Nigeria with weak
to very weak agricultural extension access. The paper explores
the historical antecedent of the near-comatose public extension
services.

The scenarios had created a serious gap in the agricultural knowl-
edge dissemination and information sharing between actors and
have not foster opportunities for collaboration and partnership.
Bearing in mind that agricultural extension is institutionally
weaker in the farmer-extension-farmer continuum; the Univer-
sity Outreach Extension strategy appears to be a panacea in
creating an extensive bottom-up engagement in farming issues,
agro-technology generation and transfer in the farming system
and respond to the agricultural extension and rural development
needs of farmers have been established in model villages in rural
Northwest Nigeria.
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Egg weight range

1% Vv Vi

<1150 1150-1300 1301-1450 1451-1600 1601-1750 1751-1900
Item
Number of eggs / 3 14 32 55 26 9
category
Aver. egg weight / 1008.30 1245.36 1384.84 1519.82  1675.50 1848.89
category
No. of fertile eggs 2 5 14 40 18 6
Fertility % 66.66 35.71 43.75 72.73 69.23 66.66
Hatchability % of 33.33 64.29 56.25 27.27 30.77 00.00
fertile eggs
Number of live chicks 2 4 7 20 5 0
Aver. chick weight (g)  775.00 800.00 914.29 1008.75  1058.00 00.00
Aver. chick weight% 69.51 64.57 66.44 66.36 62.13 00.00

of the egg weight

* Done on the 139 fresh eggs of the second year lay.
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Fertility
Hatchability

Mean chick weight% of the egg 65.412501.23
of the second year of production.

weight

Table 4. Breeding ostrich egg embryon-
ic deaths values during the secondyear
of production

Item Breeding pen
A

No. of incubated eggs 139
No. of early embryonic deaths 30
Early embryonic deaths % of total 63.83
embryonic deaths
No. of late embryonic deaths 17
Late embryonic deaths % of total 36.17
embryonic deaths
Mean egg weight (g) of late em- 1549.77+
bryonic deaths 83.03
Water loss% of late embryonic 10.48+
death eggs 1.90
No. of total embryonic deaths 47
Total embryonic deaths % of incu- 55.29

bated fertile eggs

Table 5. Average incubation / hatching
values based on egg weight (g) catego-
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Item Breeding pen

Fertility % 61.15

Table 3. Breeding ostrich hatchability values during the secondyear of production

Item Breeding pen
A
No.ofincubatedeggs ) 139
No. of hatched chicks ) 38

Hatchability % of incubated eggs 27.34

Hatchability % of fertile eggs 44.71
Mean weight of hatched eggs (9) 1468.55 £150.21 =
Water loss% of hatched eggs 9.94+ 0.50 E
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Table 3. Breeding ostrich hatchability values during the secondyear of production

[tem Breeding pen
A
No. of incubated eggs 139
No. of hatched chicks 38
Hatchability % of incubated eggs 27.34
Hatchability % of fertile eggs 4471
Mean weight of hatched eggs (g) 1468.55 £150.21
Water loss% of hatched eggs 9.94+ 0.50
Mean chick weight (g) 968.82 + 50.05

Mean chick weight% of the egg weight65 41+01.23

Table 4. Breeding ostrich egg embryonic deaths values during the secondyear

of production

[tem Breeding pen

A

No. of incubated eggs 139
No. of early embryonic deaths 30
Early embryonic deaths % of
total embryonic deaths 63.83
No. of late embryonic deaths 17
Late embryonic deaths % of
total embryonic deaths 36.17
Mean egg weight (g) of late
embryonic deaths 1549.77+ 83.03
Water loss% of late embryonic
death eggs 10.48+ 1.90
No. of total embryonic deaths 47

Total embryonic deaths % of incubated fertile eggs ~ 55.29
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Table 2. Breeding ostrich egg production and fertility values during the second
year of production

Table 1.Effect of time of lay on mean (= s.d.) breeding ostrich egg weight (g).

Production season Laying season(mean + s. d.)

Early Mid Late
Second 1358.21 + 166.38b  1506.14 £ 77.26ab __ 1619.64 +£73.03 a

Means in a row bearing the same letter subscript are similar (p>0.05).

Table 2. Breeding ostrich egg production and fertility values during the second

year of production
Item Breeding pen
A
No. of hens 7
Total egg production 161
Egg production performance
Aver. egg production/ hen 23.00
No. of broken eggs 3
Mean egg weight (g) 1508.23 £96.23
No. ofincubated eggs 139
No. of un-fertile eggs 54
No. of fertile eggs 85
Fertility % 61.15
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hatching mechanism of the chick (when
piping in the middle of the air cell) to
decide on intervention. Hatching chick
draws the yolk sac inside the body dur-
ing the last 24 hours of incubation and
normally, piping and crushing the egg
between top side (air cell region) and
mid region (equatorial region) with their
beak and right leg toe seen near each
other. Residual albumin can be found in
some eggs after the complete develop-
ment of the embryo without being in-
criminated for any ill effect. Our obser-
vation in hatching edematous chicks is
that they always have the yolk sac unab-
sorbed in the abdominal cavity. From the
above mention, there were no differenc-
es in the piping area and the procedure
of piping in poultry or ostrich as seen by
Deeming (1995a and 1996d) 2-3 days
before ostrich hatching normally starts
or equivalent in the chicken embryo at
17 days of development.

Practical implications

The red-necked ostriches originating
from the wild can be reared in captivity
successfully and can attain fair levels of

production.

The use of a chicken type incubator for
ostrich eggs proved practically to be un-
successful as it was not designed with
suitable capacities. It is imperative to
observe the homogeneity of eggs setting
as differences in egg size implies differ-
ences in incubator settings for tempera-
ture and ventilation.

Conclusion

The red-necked ostrich can well be man-
aged for a fair level of production, fertil-
ity and hatchability under feeding up to
energy and protein requirements speci-
fied for the different physiological stag-
es of the bird. Incubating ostrich eggs is
much like the domestic fowl in aspects
of temperature, ventilation, humidity
and turning, but ostrich eggs are variable
in sizes, a matter which necessitates set-
ting similar egg size categories to enable
the incubator manager to set and sustain
the temperature and humidity. Hence the
fixed incubator setting will not be per-
fectly suitable to all egg sizes, resulting
in hatching chicks that may need assis-
tance.

Table 1.Effect of time of lay on mean (+ s.d.) breeding ostrich egg weight (g).

sea-

—
—

L10T 13q030

Pro- Laying season(mean * s. d.)
duc- Early Mid Late
tion
son
Second 1358.21+ 1506.14+ 1619.64 +
166.38b  77.26 ab 73.03 a

Means in a row bearing the same letter subscript are similar (p>0.05).
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al., 1997). The ostrich eggs in this sec-
ond season were incubated in a modified
chicken egg incubator which is not fairly
fitting for the incubation of ostrich eggs.
Designed temperature, ventilation, hu-
midity, turning and egg heat generation
all are different. Krawinkel (1994) found
that egg size and weight had a significant
effect on hatching rate.

During the eighties Swart (1988)
had observed more eggs were produced
from large number of breeding stock,
but numbers of live chicks produced
were still low. He suggested that the
low and variable (40-30%) hatchability
was due to the high embryonic morali-
ties and Infertility. Jensen et al. (1992)
summarized that the two main reasons
for poor incubator hatching results are
poor hatchability potential of the egg
(genetic, nutritional and physical com-
ponents) and incubator environment
factors (temperature, humidity and the
carbon dioxide/oxygen balance).The
mortality of ostrich chick embryos is the
major problems in the incubation of os-
trich egg especially in the first trimester
of incubation.

Early embryonic mortality was higher
in the second season of incubation when
eggs were subjected to the stress of
transportation over about 90 kilometers
to the hatcheries which were designed
for chicken eggs. The egg turning, tem-
perature and humidity cannot be con-
trolled properly. Nevertheless, Jensen
et al., (1992) reported that one third of

the total mortality occurs during the first
trimester of incubation, the period of or-
gans and systems development.

Late embryonic deaths occur within the
last trimester of incubation as the chicks
prepare to hatch (Jensen et al., 1992).
The total percent embryonic deaths were
high in the second season. The high rate
of death in the second second season due
to the improper incubation conditions
was already explained. The chicken eggs
incubator was also utilized as a hatcher.
Late deaths were related to the high tem-
perature (Van Sckalkwyk et al., 1999),
incorrect setting and inadequate turning
of eggs (Deeming, 1996a; 1997a and
Brown et al., 1996).

The major contributing factor in the late
dead embryo or dead-in shell was the
low percentage of water loss from the
ostrich egg during the incubation. Our
results had always related low water
loss to high embryonic deaths, similar
to Blood et al. (1998) who showed that
embryonic deaths due to the less evapo-
rative water loss had occurred to 35 days
of incubation.

Observation on chick hatching through-
out the breeding season revealed that
chicks in low weight eggs pip earlier
than high weight ones but average of
chick weight had increased with increas-

ing eggs weight. This finding is similar

to Gonzalez et al., (1999) who associat-
ed chick weight with egg size and stated
that large eggs produce large chicks.

Candling was utilized to follow up the
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gle , 1999).Similar to that seen by Van
Schalkwyk et al. (1994), Van Schalk-
wyk et al .,(1999) and Deeming (1995
a),candling after the first week of incu-
bation showed the small embryo as a
black spot and as incubation advances to
the third week, the fertile egg increased
in the black shadow in the center of the
egg yolk surrounded by the light yellow
colored albumin. Living small embryos
when candled (2-3 weeks) and exposed
to light and/or heat of the candling lamp
were observed to turn away to the other
side of the egg in an indication of chick
livability.

Diagnostically, candling can detect early
dead embryo (up to 3 weeks) as a black
non increasing shadow centralized in the
egg yolk that doesn’t respond to the can-
dling light or heat. Corresponding exam-
ination revealed a small body embryo, a
remarkably large black eye of the head
with the body with or without covering
feathers subject to the advancement of
development. No comparable descrip-
tions were cited in the relevant literature.
Candling infertile eggs usually show
clear yellow light color covering allo-
ver the egg up to the third week of in-
cubation, but Deeming (1996d) reported
candling infertile eggs sometimes can be
missed for fertile by showing a cloudy
shadow and when examining no embryo
would be seen in real. He attributed this
to the intensive water loss or heating of
the egg resulting in shrinkage of the in-
ner layer membranes and the albumin

then candles as a Jelly-like structure.
The low water loss in the second season
may be attributed to the use of chicken
egg incubators which was not efficient in
ventilating ostrich eggs. The egg batches
were in different stages of development;
hence differ in their requirement of heat,
moisture and ventilation subject to em-
bryonic development. The different vari-
ation in egg water loss from the egg in-
cubated were attributed to the egg mass,
shell thickness (act as pore length), pore
area or pore density and temperature
and humidity within and outside the
setter(Philbey et al., 1991;Satteneri and
Satterlee, 1994; Deeming, 1995a;1997a;
Brown etal.,1996 and Faki etal., 2015).
Batch incubation performance for the
second season marked the third month
(March) as peak production with peak
fertility. This was tied to the longer day-
light at this month of the year compared
to the preceding and succeeding months.
Furthermore in batch incubation percent
performance for the second season, fer-
tility increased with the season progress
while hatchability and embryonic deaths
are to the inverse of each other. Hence
every failure hatchability counts as em-
bryonic death rather than infertility.

The hatchability of incubated fertile
eggs stands as key character in the eval-
uation of an ostrich farm success. Our
second season hatchability was low.
Stock was first coming on lay at low
rate of egg production hence low hatch-
ability (Deeming, 1996a and Wilson et
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Ostriches are seasonal breeders like oth-
er ratites and other avian species exem-
plified by the Guinea fowl and the Water
fowl. The captive red-necked ostriches
laying season observed here started late
December and concluded late May i.e. 5
months. The observations of Shanawany
(1994c¢) were that the mating season lasts
from six to eight months annually and
the timing and duration of breeding sea-
son varies with the latitude and altitude.
Our results differ with Leuthold (1977)
who found in the southern hemisphere
nearby the equator (Tsavo National
Park, east Kenya),the breeding season
commences March and ends around Au-
gust /September. Hence the time it starts
matches the peak of production in cen-
tral Sudan (around the tropic of Cancer).
The trend of egg production is charac-
terized by low egg production at the
beginning and at the end of the season,
while peak production is in the middle of
the season. Egg production/ hen/ week
in the first season wasl.08, which was
less than the average egg production/
hen/week (1.5) reported by Jost (1993).
The production/hen increases in ascend-
ing order according to their advancing
age. The trend of seasonal egg weight
changes obtained show that egg weight
increases successively during the season
(early, mid and late) with heavier egg
weights obtained late in the season. Av-
erage egg weight categories of the sec-
ond season of production were 12.23%
for less than1300 (g) and 81.3% for

weight range1300 to 1750 and 6.47% for
weight range 1750-1900. The mean eggs
weight (1508.23 £96.23) was similar to
the findings of Brinsea (2003), Ar et al.,
(1998), Van Schalkwyk et al. (1999) and
Blood et al. (1998) in the African black.
Female ostriches during the second
season started laying late thereby pro-
duced less eggs. This was attributed to
the lack of sexual maturity and past ex-
perience. Similar seasonal trend in egg
weight changes was confirmed by Jarvis
et al. (1985a) in the wild and Degen et
al.(1994),More(1996a) and Deeming
(1996d) in the domesticated birds. Fe-
male ostriches in the breeding season
produce an egg every other day. Ostrich-
es from various areas appear to have a
characteristic average egg shape and
size. This may be attributed to variations
in body dimensions of the bird.
Fertilities recorded here were 61.15% in
the second season, comparable fertility
values (27.4- 91.2%) were reported by
More (1996b and 1997) who observed
fertility to have considerably varied be-
tween farms. In the second season the
higher ratio of female to the male (1:1.4)
allows much chances of mating within
the group and hence increased fertility
(61.15%). Mating stimulates the female
to lay.

Candling is the quickest and easi-
est method for detection of the fertile/
infertile eggs, surviving, early or late
dead embryos (Deeming, 1995a, 1996d,
Brinsea, 2003 and Shanawany and Din-
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tion. Average egg production per hen
was 23 with mean egg weight of 1508.23
+96.23 g and fertility of 61.15%.

Table 3 shows the breeding ostrich
hatchability values during the second
year of production. The hatchability %
of incubated and fertile eggs was 27.34
and 44.71 respectively. Water loss%
of hatched eggs was 9.94+ 0.50. Mean
chick weight was 968.82 + 50.05 g and
mean chick weight% of the egg weight
was 65.41 +01.23.

Table 4 shows the breeding ostrich egg
embryonic deaths values during the
second year of production. The early
embryonic deaths % of total embryonic
deaths were 63.83 % and the late embry-
onic deaths % of total embryonic deaths
were 36.17. Water loss was 10.48+ 1.90
% of the late embryonic death eggs. To-
tal embryonic deaths % of incubated fer-
tile eggs was 55.29.

Table 5 shows the average incubation /
hatching values based on egg weight cat-
egories (I-VI at 150 g increment each)
during of the second year of production.
Average egg weight / category parallels
that of the maximum set as increasing
from the first to the sixth group. Aver-
age chick weight increases up to the fifth
group (1058.00 g). Hatchability and fer-
tility are negatively related up to the fifth
group also when hatchability declines.
Figure 1 shows the batch incubation per-
formance during the second season. The
number of eggs increases to a peak at the
third month then declines towards the

fourth. Fertility and embryonic deaths
follow the change in the number of eggs.
Hatched chicks are inversely propor-
tional to the number of eggs till the third
month when it declines with the number
of eggs.

Figure 2 shows batch incubation percent
performance during the second season.
Hatchability and embryonic deaths are
inversely related. Fertility started me-
dium (= 50% )and reached high values
(= 80%) at the fourth month.

DISCUSSION

Farming some wild species like gazelles,
crocodiles and ostriches has proved high
economic reward due to the increasing
demand of their products. In the Sudan,
proper wild farming started to grow, es-
pecially ostrich farms with at least one
breeder farm in operation selling ostrich
chicks to the public. The red-necked is
a vicious type ostrich to raise compared
to the African Black originating from
South Africa, which is easily managed
and defined by Cogburn (2006) as the
right commercial bird to stock. World-
wide studies on different ostrich produc-
tion aspects were done on the African
Blacks. Hence very few studies were
done on the red-necked ostrich which is
till now is the only species available in
the wild and farmed in the Sudan. Need-
less say the findings in open literature on
wild and captive red-necked ostrich egg
production, incubation, chick rearing
and management practices are meager.
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on turning. Eggs were set in the incubator
trays horizontally for the first 3 weeks,
and then placed in the vertical position
for the remaining period. In both posi-
tions, eggs were manually turned over
1800 every 6 hours (Van Schalkwyk et
al., 1998). Temperature is measured dai-
ly in the morning and mid day, by an in-
cubator built-in thermometer and the hu-
midity is controlled by using water pans
resting on the incubator floor. Eggs were
incubated at 36.10C and relative humid-
ity 25% till hatched. Eggs were first can-
dled prior to incubation using a candling
box of dimensions 30x22x24cm with a
200 watt lamp. Candled eggs rest on a
10cm diameter circular mid opening at
the top of the box. The second candling
was done at the end of the third week
of incubation to determine fertility. Final
candling was done at the end of the fifth
week before Hatching. Incubated eggs
were weekly weighed till the fifth week.
Incubation time was recorded ending by
the first chick piping.

Hatching chick

The hatching chick was allowed time to
dry up, then the navel area was gently
swabbed two or three times in the first
24 hours of life with diluted iodine so-
lution to suppress liable bacterial infec-
tion. Hatched chick weight (g) was re-
corded immediately after drying up. The
number of surviving hatching chicks
per batch was recorded. Three days post
hatching , the remaining un-hatched

eggs were broken down and examined
for determining either infertility, early or
late embryonic deaths.

Statistical analysis

Data obtained in mean values were
compared using the un-paired student’st-
test (Steel and Torrie, 1989). Data in egg
weight categories were figured as histo-
grams. Data in incubation performance,
chick growth and developmental values
were shown as a trace. Percent values
were utilized in expressing chick mor-
talities.

RESULTS

The breeding flock during the second
season of production started lay Decem-
ber till May i.e. 150 days of production.
The time of egg lay observed was nearly
two hours before mid day and thereafter
continues to sunset. Egg color of ostrich
eggs laid was creamy white or yellowish
with the texture of surface being pitted
with pores. Egg lay during the night or
early morning was rarely observed.
Table 1 shows the effect of time of lay
(in season) on mean egg weight. Mean
egg weight during late second season
are heavier (p<0.05) than early season.
Egg weight increases across season at
all times (early, mid or late) with heavier
average egg weight (1619.64 + 73.03g)
in late season.

Table 2 shows the breeding ostrich egg
production and fertility values of seven
hens during the second year of produc-
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White Nile State. The parent breeding
flock,at the beginning of the second year
of production, comprised seven females
and 5 males (male/female ratio is 1:1.4)
of the same age (3 years old). They were
first stocked in the farm from the wild
(Dindir National Park, Dindir Province,
Sinnar State). The birds were housed in
one pen (A), of dimensions 40x30 m.,
surrounded by a mesh-wire fence (5x5
cm. openings) of two meters height with
metal pipe supports at intervals of three
meters .Sandy ground was laid under the
shaded area (3x6m). Some trees scatter
inside the pen. Two longitudinally half-
cut oil barrels were used as feeders and
drinkers.

Feeding

The breeding flock was maintained on a
laying ration for two weeks before the
beginning of lay for adaptation. The ra-
tion was formulated to meet breeding os-
trich nutritional requirements (Kreibich
and Sommer, 1995), crude protein
13.62%.crude fiber 16.99%, Ca 3.06%,
P 00.46 and energy IMIME/Kg calcu-
lated according to Lodhi et al. (1976).
Feeding was offered ad lib. 8.00 a.m.
daily with water always being available.

Egg collection and storage

Night egg lay collection takes place in
the morning before feeding and collec-
tion continues during the day. Eggs were
collected manually. Collection date was
marked on the egg surface before stor-

age .The eggs were placed in the ver-
tical position with the air-cell (wide
end) to the top to stay the plastoderm.
Eggs were stored for a maximum of 7
days at room temperature before being
transferred to incubation and hatching.
The storage room was 4x4x3m. with
windows always closed. The room was
equipped with an electric fan and three
flat exposed water plates to increase the
humidity and decrease room tempera-
ture. Eggs of the second season were
transported to the incubators at the De-
partment of Animal Production, College
of Agriculture Studies, Sudan University
of Science and Technology, Shambat,
Khartoum North. Eggs were placed in
boxes holed to half egg’s height and em-
bedded in foam, utilizing setting boxes
in an air conditioned van. Upon arrival
at the incubation room, eggs were given
a serial incubation number before tak-
ing the egg incubation weight (egg set-
ting weight) in g., using a dial balance
of max.2 kg.

Egg incubation

An incubator (Funki-68, Hammerum,
Denmark) for poultry was used with
some modifications in the tray lodges for
the second season eggs. Four wooden
trays of dimensions 95x35x18cm with
expand wire base were accommodated.
A total of139eggs were incubated in 14
batches. Eggs were set in six pairs for
each tray with control galvanized cross
wires in between to keep eggs in position
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INTRODUCTION

Ostrich farming was started in South
Africa late during the eighteenth Cen-
tury, mainly for the feathers up to 1975
when production of skins and meat
come on lead with feathers contract-
ing only 7-10% of the gross income
of the industry (Smit, 1963).Before
1986, commercial ostrich production
was virtually unknown to the rest of the
world (Hallam, 1992). Ostrich products
(feather and egg) trade was old in his-
tory and dates back to the Egyptian,
Abyssinian and Babylon civilizations
when feathers were exported from Sen-
egal, Morocco, Algeria, Sudan and Lib-
ya (Van Schalkwyk, 1997).

The global expansion of the ostrich in-
dustry has relied on the high prices of
the ostrich products with a subsequent
increased demand for breeding stock.
The ostrich industry income supersedes
other avian species, being derived from
meat, skin and feather sales. Revenue
from skins currently constitutes ap-
proximately 70-75% of the income
from ostrich products in South Africa
(Van Niekerk and Muller 1996). Os-
trich is an advantageous bird to raise,
it can live in a wide range of habitats,
from the dry to the rainy zones. It is
high infecundity and can produce annu-
ally more than ten times tons of meat
compared to cattle (Shanawany, 2006).
Nowadays the bulk of ostrich popu-
lation in the Sudan drew back to Lat.
130N, namely the Dindir National Park

which is remarkable for being the only
location of high ostrich abundance in
the semi-arid savanna. Also the Blue
Nile (southwards), southern Kordofan
and Darfur (south western) ecozones
are suitable ostrich habitats (Nikolaus,
1987), but no census of ostrich popula-
tion estimations were given.

In the Sudan, ostrich farming was only
recent. Some ostrich collection farms
were established for export purposes
before the first intensive ostrich farm
was granted a permit in 1992 (FMTW,
1996). The feeding, egg production,
incubation  management, hatching
and rearing of the red-necked ostrich
(S.camelus) were not appreciably stud-
ied in the Sudan. Thus there is need for
basic scientific information on these
aspects to arrive at a stand to improve
these production traits in the future.
This study was conducted to add to the
meager information on breeding cap-
tive red-necked ostrich (S.camelus) egg
production and incubation /hatching
parameters under Sudan farming con-
ditions, testing for the efficiency use of
chicken egg incubator.

MATERIALS AND METHODS
Stock and accommodation

The following experiment was con-
ducted using a commercial red-necked
ostrich (S. camelus) breeding flock
maintained in EL-Rajaa Agricultural
Scheme, ELGitaina Province, 70 Km.
South to Khartoum by the White Nile,
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This experiment was conducted in captive ostriches (3 years old) second season of
lay to evaluate artificial incubation of eggs using poultry incubator with egg tray
modifications .Commercial red-necked ostrich (Struthio camelus) breeding flock
(seven females and 5 males) was originally stocked in from the wild (Dindir Nation-
al Park , Dindir Province, Sinnar State) .Accommodation was in a commercial farm
breeding pen of dimensions 40x30 m., secured by a mesh-wire fence of two meters
height with metal pipe supports and provided with 2feeders and 2 waterers laid un-
der a shaded area of 3x6 x3 m. Feeding plane was at 14% crude protein and 09.23
MJ ME/ Kg. Eggs were collected manually and stored for a maximum of 7 days at
room temperature before being transported to the incubators. A total of 139 eggs
were incubated in 14 batches. Eggs were set in the incubator trays horizontally for
the first 3 weeks and then placed in the vertical position for the remaining period. In
both positions, eggs were manually turned over 1800 every 6 hours. Eggs were in-
cubated at 36.10C and relative humidity 25% till hatched. Eggs were candled before
and end term incubation and hatched chicks were brooded. Average egg production
per hen was 23 with mean egg weight of 1508.23 +£96.23 g and fertility of 61.15%.
Egg weight increases across season at all times (early, mid or late) with heavier av-
erage egg weight 1619.64 = 73.03g. in late season. The hatchability % of incubated
and fertile eggs was 27.34 and 44.71 respectively. Water loss% of hatched eggs was
9.94+ 0.50. Mean chick weight was 968.82 + 50.05 g and mean chick weight% of
the egg weight was 65.41 + 01.23.The early embryonic deaths % of total embryonic
deaths were 63.83 % and the late embryonic deaths % of total embryonic deaths
were 36.17. Water loss was 10.48+ 1.90 % of the late embryonic death eggs. Total
embryonic deaths % of incubated fertile eggs was 55.29%.1t was concluded that
the wild red-necked ostriches reared in captivity can attain fair levels of production
with reasonable fertility and hatchability when fed up to requirements of lay.
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Subjection of gishta oil to precise refin-
ing or processing steps such as degum-
ming and alkali refining neutralization,
bleaching, deodorization, so as to inves-
tigate their effects on oil characteristics,
composition and stability.

The un saponifiable fractions such as
sterols, phospholipids need to be studied
in the crude and refined oils, to detect
their effects on oil stability.

Seed cake of the sample must be further
investigated for amino acids, protein
fractions, solubility, other functional
properties, and the possibility of indus-
trial utilization of the gishta seed protein
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tle increase with storage time from 1.2 to
6.1 meq O2/kg oil in ASSE and from
1.6 to 6.0 in ASCE in the last 72 h.
From these data results showed that the
Annona squamosa seed oil showed high
oxidative stability. These results could
be explained by the fact that the intrin-
sic antioxidants compounds from crude
oil may retard oxidative reactions. These
observations are in agreement with other

results (Crapisteet al., 1999),(Ching et
al., 2007) and (Brancoet al.,2010) who
analyzed the Annona squamosa seed
oil as an added value product, namely
as a source of biodiesel. The oil was
characterized in terms of lipid composi-
tion (HPLC-APCI-MS and “sup 13"C
NMR), resistance to oxidation and acid-
ity index.

| —>—ASSE

—=—ASCE

PV (meq 02 kg oil)
»

3 -
Z_Eé
1

10 20 30

o 1

Time (hr)

40 50 60 70

Fig. (1): Oxidative stability measured
by peroxide value (PV) of Annona
squamosa soxhelt and cold extracted

oils subjected to70°C.

ASSE: Annona squamosa soxhelt extraction.
ASCE: Annona squamosa cold extraction.
Conclusions

This study showed that gishta (Annona
squamsa) seeds are rich in protein and
oil. The oil extracts exhibited good
physicochemical properties and could

be useful for industrial applications.

Oxidative stability of gishta seed oil
was determined. The results show high
stability of gishta oil .
Recommendations

Gishta (Annona squamosa) grown as a
wild plants in Sudan, these multipur-
pose trees must be maintained and their
oil seed deserve further attention and
investigations.

Toxicological studies need to be done
to determine if oil of gishta (Annona
squamosa) is edible or not.
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Table 2: Physicochemical properties of Annona squamosa *

Physicochemical parameters

ASCE

ASSE

(% Oil content ( w/w

)2+ 26.800

+1227.500+

(Refractive index (40£1°C

*1.470+0.005

*1.470+0.005

(Acid value ( mg KOH/g )24+ 0.890 1% 1,540+
(Peroxide value (meq O, /kg oil 0.2*1.000+ +120.900+
(Saponifcation value (KOH/g 0.21* 185.7 0.11* 184.5+
(Specific gravity (30 + 1°C 0.816+0.001° 0.816+0.001°

* All determinations were carried out
in triplicate and mean value + standard
deviation (SD).abcdValues with differ-
ent superscript letters within a row in-
dicate significant difference at p<0.05.
ASCE=Annona squamosa cold extrac-
tion, ASSE=Annona squamosa Soxhlet
extraction.

Oxidative Stability of Gishta Oils

The evaluation of oxidative stability is
a key factor in developing the new oil
for food applications. The oil stabili-
ties during storage or upon heating are
vital parameter for ensuring that oil has
the good performance at elevated tem-
perature (Rohman et al., 2011). Several
methods have been used to evaluate the
extent of oxidative deterioration, which
are related to the measurement of the
concentration of primary or secondary
oxidation products. The most frequently
used are peroxide value (PV). The PV
is used for monitoring of peroxide for-

mation in the early stages of oxidation.
Changes in the peroxide value (PV) as a
measure of the primary oxidation in the
two samples during storage at 70°C and
measurement of the peroxide value at
certain time are shown in Fig. (1). From
this figure the initial PVs of Annonasqua
mosasoxhlet extraction (ASSE), Annona
squamosa cold press (ASCE), are 1.0
and 0.9.meq O2/kg of oil, respectively.
The initial peroxide values of crude oils
were less than the standard peroxide
value (10 meqO2kg) for vegetable oil
deterioration (Anyasoret al., 2009). The
low peroxide values indicated slow oxi-
dation of these oils. These values were
considered satisfactory according to the
international regulations on edible oils.
At the end point of oxidation, the two oil
samples reached PVs of 6.1, 6meqO2/kg
respectively. ASSE and ASCE showed
very slight increase in PV throughout the
first 24 h and then there was a very lit-

P*ON SPIUAIDG [RIMMILISY J( [eUInop

132

LT0T 139010




W

L1027 190300 yefll 70N $9UING [eam[NILISY JO [euInof

Journal Of Agricultural Sciences

the production of oil from such seeds
could be of interest.

Table 1: The proximate analysis of ker-
nels of Annona squamosa*

(%)Proximate Analysis | Annona squamosa
Moisture 0.2* 6.7+
Fat 0.4*26.8+
Protein 0.2* 17.5+
Ash 0.122.2+
Fiber 16.8+0.2°
CHO 0.3230.0+

*All determinations were carried out in
triplicate and mean value + standard de-
viation (SD) is reported.abValues with
different superscript letters within col-
umn indicate significant difference at
p<0.05.

Oil Physicochemical Properties

Table (2) shows that the oil content of
A. squamosa seed kernel using cold and
Soxhlet extraction methods was signifi-
cantly (P>0.05) higher(26.8, 27.5%) re-
spectively. The difference in oil content
between cold extraction, and Soxhlet ex-
traction method was not significant and
can be attributed to the fact that during
Soxhlet extraction, the high temperature
employed in solvent evaporation may
have caused sample heating which will
allow oil droplets to come out of the
sample easier.The oils obtained from
A. squamosa kernels were odorless, of
good color, and of good appearance. The
physicochemical properties of the oils

are represented in Table (2). The oil was
significantly different(P <0.05) concern-
ing their physcio-chemical properties,
the Annona squamosa oil saponifica-
tion value which gives an indication of
the nature of the fatty acids in the fat,
was lower than that (186.4) reported by
(Morton19870). The refractive index,
specific gravity, saponification and acid
values of A. squamosa oil were differ-
ent from those (1.475, 0.927,183.0, and
10.0, respectively) reported by (Rafeeget
al.,2002). From Table (2)it can be sum-
marized that the method of extraction
only significantly affects (P < 0.05) the
acid value, and no significant changes
were observed in the refractive index,
peroxide value, saponification value and
specific gravity of the A.squamosaseed
oil. Compared with the (Codex stand-
ard1999) for cotton seed, sunflower, ses-
ame and groundnut oils the A.squamosa
oils showed lower values for specific
gravity, refractive index and saponifica-
tion values..
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to ensure removal of all solvent from the
oil. The oils obtained by cold extraction
from A. squamosa (ASCE) was then
kept in dark bottles and stored at 4 0C
for further analysis.

Soxhlet Extraction

The oil from the seeds of the sample was
extracted exhaustively with petroleum
ether (b.p. 60-80 0C) analytical grade
in Soxhlet extractors according to the
AOCS official method (AOCS1993).
The oils obtained by Soxhlet extraction
from A.squamosa (ASSE) was then kept
in dark bottles and stored at 40C for fur-
ther analysis.

Oil Physicochemical Analysis

Physical Parameters

Specific Gravity

The AOCS official method (AOCS1993)
was followed for determination of the
specific gravity of the oil at 60 °C.
Refractive Index

The AOCS official method (AOCS1993)
was followed to determine the refractive
index of the oils at 30° C.

Chemical Parameters

The following chemical parameters:
acid value, peroxide value, saponifica-
tion value, and the amount of un saponi-
fiablematter were determined according
to AOCS official methods (AOCS1993).
Oxidation

Samples (50g) weighed into 250-ml Er-
lenmeyer flasks were oxidized at 70°C
in the dark in a shaker water bath (Kot-

termann, Hanigsen, Germany).The oxi-
dative stability was evaluated by analy-
sis of the peroxide value (PV) of the oil
samples periodically after 0, 2, 4, 8, 16,
24, 32, 48, 56, 72 hours. All analyses
were done in duplicate.

Statistical Analysis

The analyses were performed with three
replicates. The mean values and stand-
ard deviation (means + SD) were calcu-
lated and tested using the Student’s t test
(P<0.05). Statistical analysis of variance
(ANOVA) was performed on all values
using the statistical program Statgrafics
Statistical Graphics System version 4.0
(STATGRAPHICS _ 1985-1989).
Results and Discussion

Proximate Analysis of Seeds

Table (1) shows the proximate analysis
of A. squamosa seed kernels, it is clear
that the sampleshows high levels of pro-
tein and oil content. The oil content of
A. squamosa kernels in this study was
higher than that reported by (Ansari et
al,1985) who reported 23% oil content,
but it was in the range of 14-49% which
was reported by Morton in 1987 (Mor-
ton1987). The oil content of A. squa-
mosa was lower than that of most Suda-
nese conventional oilseeds (cottonseed,
sunflower and groundnut),(Mariodet
al.,2009). These results indicated very
clearly that the seeds from this tree form
a potential source of oils and fats. There-
fore, from an economic point of view,
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al., 2002). Nyam et al.,2009 studies re-
vealed that the different extraction meth-
ods of oil produce oils with different
physicochemical properties. This paper
deals with the seed proximate analysis,
physicochemical properties and oxida-
tive stability of seed oil obtained by two
methods of extraction

Materials and Methods

Plant Material and Chemicals:

Fruits of A. squamsa were collected
from the Khartoum central Market, Su-
dan. Specimens identified by taxonomist
in medicinal and aromatic plant national
center for research Institute (MAPRI)
Khartoum, Sudan. The outer dried sur-
rounding pith of the fruit was removed
and the seeds were air-dried in an oven
at 40 0C to reach constant moisture
content (6.5%). The dried seeds were
cracked manually, the shells carefully
removed and the kernels thus obtained
were crushed and ground in a grinding
mill (Petra electric, Burgau, Germany)
the ground kernels with particle size of
0.5 mm were used for oil extraction. The
kernels obtained were stored at 40Cuntil
further investigations. All solvents were
of analytical grade.

Methods

Approximate Analysis of Seed
Moisture and Volatile

The moisture content of the sample was
determined by the air oven method ac-

cording to the AOCS Official Method
(AOCS,1993).

Crude Protein

The crude protein analysis of the sample
was carried out and nitrogen content was
determined by the semimicro-Kjeldahl
digestion, distillation and titration meth-
od, as described by the Official Methods
of Analysis (AOAC1990).

Crude Fiber

The crude fiber of the sample was deter-
mined according to the AOCS official
method (AOCS1993).

Ash

The sample was ashed in a muffle fur-
nace at 550 OC for 3 hour or more and
allowed to cool and weighed following
the AOCS official method (AOCS1993).
Oil Extraction

Two methods were used for oil extrac-
tion, Cold solvent extraction and Sox-
hlet extraction.

Cold Solvent Extraction

The powdered sample (250 g) was put in
conical flasks (1 L), and petroleum ether
(b.p. 6080 0C) was added. The solvent/
sample ratio was 2:1(v/w); the mixture
was put in an automatic shaker (IKA,
KS 501, Staufen, Germany) for about
16 h at room temperature. The mixture
was then filtered twice using glass wool.
The clear filtrate was concentrated using
a rotary evaporator to remove the sol-
vent from the oil. The oil was allowed to
stand in an open air at room temperature
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Introduction

Fats and oils are recognized as essen-
tial nutrients in both human and animal
diets (Strayer, et ai.,2006). Sudan is a
large producer of conventional oilseeds
such as cotton seed, sesame, ground
nut and sunflower. Recently, research-
ers have started to be greatly concerned
about identifying new oil sources from
a large number of vegetables, fruits, and
wild plants commonly grown in the Su-
dan (Mariod 2000). One of these wild
plants is the promising, unconventional
and new sources of oil in the Sudan is
the available species of the family An-
nonaceae. FamilyAnnonaceae is a large
family which has been in previous phy-
tochemical work with significant biolog-
ical activities. It is of interest to research
on pharmaceutical products to serve hu-
man needs from the plants in this fam-
ily (Intaranongpai, et al., 2006).Annona
squamosa is one of the species which is
available in a considerable amount in
Sudan. It is locally known as Gishta. It is
grown in western and southern Sudan and
its fruit eaten as a dessert fruit (Pintoet
al., 2005). It is a multipurpose tree with
edible fruits and is a source of medicinal
and industrial products and it possesses
potent bioactive principles in all its parts
(Raj et al., 2009). The oil content of An-
nona squamosa seed kernels varies from
14 to 49% of whitish or yellowish, non-
drying oil (Morton and Miami, 1987).

Annona squamosa L., commonly known
as custard apple is a native of the West
Indies, it is widely grown throughout the
tropics in India and popularly cultivated
in the north eastern parts of Thailand,
mainly for its edible fruit. Its seed is well
known for killing head lice but there has
been no report on the active component
(Intaranongpaiet al.,2006). The plant is
deciduous and small; reaching a maxi-
mum of 6 metre in height with many lat-
eral branches, it grows well in regions
of medium humidity. Its seeds comprise
30% ofits fruit’s weight, which is edible
(Pintoet al..,2005). A. squamosa seed oil
was reported to be use in the soap and
plasticizer industry as well as in alkyd
manufacturing, the seeds are acrid and
poisonous. The bark leaves and seeds
contain the alkaloid anonaine (Morton
1978). It has been reported that A. squa-
mosa seeds contain 23% oil of which
9.8% is a hydroxyl acid, the oil contains
38.6% saturated fatty acids and 61.4%
unsaturated fatty acids (29.0% oleic and
32.0% linoleic:), with saponification val-
ue of 191.8, a refractive index of 1.4826
(Ansariet al.,1985), a specific gravity of
0.927, an iodine value of 88.0and 1.5%
of un saponifiable matter (Rafeeqet al.,

2002). Studies have revealed that the
oil of A. squamosa is somewhat viscid
inappearance, pale yellow in color and
with a persistent smell. The oil is freely
soluble in petroleum ether (Rafeeq et
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The proximate composition of seeds and main physicochemical prop-
erties and Oxidative stability of oil extracted from Annona squamosa
(AS) seeds were evaluated. The percentage composition of the seeds was
as follow: ash (2.2%), crude oil (26.8%), protein (17.5%),total carbohy-
drate (30.0%) and moisture (6.7%). The oils were extracted using cold
extraction (CE) and Soxhlet extraction (SE) methods, the oil content were
(26.8,and 27.5) respectively. Generally the physico-chemical properties
was not significantly (P<0.05) affected by the extraction methods. Physi-
cochemical properties of the oil were: refractive index, 1.470, 1.470; sa-
ponification value, 185.7, 184.5 mg of KOH/g of oil; acid value 0.89, 1.5
mg of KOH/g of oil; and peroxide value, 1.0, 0.9 meq of O2/kg of oil for
ASCE and ASSE respectively. The results showed that physicochemical
properties of the oil were in good agreement to those of conventional oils.
Oxidative Stability of the oils extracted with two methods were deter-
mined during storage at 70°C by measuring the peroxide value, the study
revealed that A. squamosa seed oil was presented high oxidative stability.
These analytical results indicated that the A.squamosa seed oil could be
used as a frying oil and in the cosmetic industry.

Keywords: Annona squamosa, Oxidative stability, Extraction method,
physicochemical properties . 1
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The Degree of Reliability of Farmers on Agricultural Extension Methods

tributions because of the specific nature
of their messages and the fact that they
are available for easy reference (Tenebe,
2008). And according to table 6 results
the education level did not significantly
affect the respondent’s reliability de-
gree on demonstrations, farm visits,
extension meetings, friends and train-
ing workshops (F = 0.511, 0.811, 1.566,
1.085, 0.940 respectively, a = 0.05)

4. Conclusion:

Nowadays we are living in the era of
information; which is characterized by
knowledge explosion in all aspects of
life including agricultural sectors which
are growing rapidly in terms of informa-
tion technologies. In these situations the
extension workers should play greater
and vital roles to let farmers be aware of
the new technologies and information;
that is through efficient application of
suitable extension methods. However,
and based on this study findings, the
respondents are partially dependent on
some extension methods; mainly indi-
vidual and group methods

5. Recommendations:

The necessity to use mass media to sup-
port both group and individual methods.
Training progressive farmers in the field
of learning process and knowledge trans-
ferring, and they should work under the
direct supervision of extension workers.
Training extension workers in the ad-

vantages of using extension methods
especially individual & group methods
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3.6 The effect of educational level on reliability degree of extension methods:
Table (6) ANOVA for significance variances in extension methods’ reliability degree

according to education level variable (N = 50)

Extension methods Source of Variation Sum  of | df Mean|F Sig.
Squares Square

Field demonstration | Between Groups 2.864 4 0.716 Sl 128+
Within Groups 63.056 45 1.401
Total 65.920 49

Field visits Between Groups 4.387 4 1.097 811 | 525
Within Groups 60.833 45 1.352
Total 65.220 49

Office Visits Between Groups 4.447 4 1.112 1.123 | .005+
Within Groups 44.533 45 0.990
Total 48.980 49

Extension Meeting | Between Groups 6.110 4 1.528 1.566 | 0.200
Within Groups 43.890 45 0.975
Total 50.000 49

Training Workshops | Between Groups 4.724 4 1.181 1.085 | 0.375
Within Groups 48.956 45 1.088
Total 53.680 49

Neighbors & Friends | Between Groups 3.892 4 0.973 0.940 | 0.450
Within Groups 46.608 45 1.036
Total 50.500 49

As shown in Table (6) a one-way analy-
sis of variance (ANOVA) showed that
the respondents> education levels sig-
nificantly affect the reliability degree
of office visits as extension methods to
gain the required agricultural knowledge
(F = 1.123, a = 0.05). This means that
respondents with high education level

are more eager to follow the extension
workers to get the required knowledge.
In teaching farmers with little or no
education, extension workers should be
selective in the methods they use; very
little use can be made of pamphlets,
bulletins, and circular letters. However,
where the farmers are literate, extension
written materials can make valuable con-
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The Table (4) reveals that the significant
correlation was not observed between
respondent’s age and reliability degree
for all extension methods under study
(field demonstrations, field visits, office
visits, general meeting, training work-

shops and neighbors - friends).

3.5 The effect of farm’s size on reliabil-
ity degree of extension methods:

Table (5) Correlation matrix showing
relationships between farms size and de-
grees of reliability on extension methods

(N'=50)

Degree of reliability Farms size
Field demonstration 0.149
Field visits 0.360
Office Visits 0.025*
Extension Meetings 0.214
Training Workshops 0.792
Neighbors & Friends 0.919

**Correlation is significance at the 0.01 level (2-tailed)
* Correlation is significance at the 0.05 level

Table (5) revealed that significant and
positive relationship have been observed
between the farms size and reliability
degree for office visits (r = 0.025 sig-
nificant at 0.05); this means that the big
producers or farmers have more motiva-
tions to pursue the extension workers
in their offices to get knowledge about

the technical package of sorghum crop,
because they spent a lot money in ag-
riculture. Also the table shows that the
significant correlation was not observed
between farms size and reliability de-
gree on demonstration fields, field visits,
extension meetings, training workshops
and neighbors &friends.
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3.3 The effect of gender on degree of reliability for extension methods:

Table (3) Independent T-Test results for significant differences in extension methods

(N=150)
Extension Methods Male (N=30) Female (N=20) T Significance
Mean SD Mean SD
Neighbors & Friends 3.44 1.02073 3.62 1.02470 -0.593 0.381
Field visits 2.50 1.13485 2.00 1.15470 1.445 0.512
Extension Meetings 2.35 1.01152 1.88 0.95743 1.585 0.039*
Field demonstration 2.24 1.18216 1.63 1.02470 1.773 0.663
Training Workshops 2.23 1.01679 1.75 1.06458 1.551 0.793
Office Visits 2.18 1.02899 1.69 .87321 1.641 0.926

Table (3) shows that there are statisti-
cally significant differences between the
male and female (in favor of male) in

reliability degree of extension meetings

as a source of agricultural knowledge,
where the T value reached (1.585), this
is statistically significant at level 0.05.

This may be due to the social restric-

tions for women to attend these meet-

ings. Whereas there are no significant
differences between males and females

for their reliability degree on Neighbors

— Friends, field visits, demonstrations,
training workshops and office visits, at

0.05 level

3.4 The effect of respondent>s age on re-

liability degree for extension methods:
Table (4) Correlation matrix showing

relationships between respondent’s age
and degrees of reliability (N = 50)

Degree of reliability Respondentys age
Field demonstration 0.985
Field visits 0.360
Office Visits 0.370
Extension Meeting 0.741
Training Workshops 0.975
Neighbors & Friends 0.358

**Correlation is significance at the 0.01 level (2-tailed)
* Correlation is significance at the 0.05 level
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the respondents were always depend-
ent; the office visits extension methods
had obtained 6th highest mean 2.02 and
SD 0.99, which considered as the low-
est mean. The overall means of reliabil-
ity degree is 2.15 out of 4 points and SD
1.08, this result indicates that the reli-
ability degree of respondents in general
is medium. According to the above illus-
trated results which reflect respondent’s
reliability degree for extension methods,
we found that the great majority of these
methods (4 out of 6) are group methods;
and the remaining two (field & office
visits) are individual methods. On other
side there is no mass media used by the
respondents; this might be due to the
lack of local radio & TV stations in the
study area. The attraction of mass media
to extension services is the high speed
and low cost with which information
can be communicated to people over a
wide area (Oakley & Garforth, 1985).
The extension methods should be used
in integrated ways to overlap the weak
points. The extension work requires
many methods and tools of teaching, and
people are influenced to make changes
in behavior in proportion to the degree
of their contact with several different
methods. A good extension worker must
not only have in his command a variety
of teaching methods, but must also know
where to use them, when to use them and
how to use them to achieve best results

(Obibuaku, 1994). Studies have shown
that the more different extension teach-
ing methods are used, the more people
change their practice (Maunder, 1972).
On another hand the wide spread of mo-
bile phones among the respondents can
be supportive tools to other different ex-
tension methods. Mobile phone has been
growing rapidly even in the remote rural
areas, the unprecedented speed of adop-
tion of mobile phone technology has
raised the general expectations about its
potential contributions to spread of in-
novative farming technologies, as well
as farmers’ knowledge and awareness of
other relevant knowledge and informa-
tion (Rashid, 2009).
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According to the table (2) above, about
one third (34%) of the respondents were
not at all dependent on field visits meth-
ods as a source of gaining agricultural
knowledge and technologies of sorghum
crop production; whereas 18% of re-
spondents were rarely dependent on field
visits, 28% were sometimes dependent
and 20% were always dependent; with
mean 2.4 and SD 1.19, which considered
as the highest mean. For the extension
meetings methods, about one third (32%)
of respondents reported that they were
not at all dependent, while more than a
quarter of the respondents (26%) were
rarely dependent and 32% were some-
times dependent, and only 10% were
always dependent on extension meet-
ings methods which were held by ex-
tension workers to the knowledge; with
the 2nd highest mean 2.2 and SD 1.01.
The table also indicates that more than
half of the respondents (52%) were not
at all dependent on field demonstration
methods to gain the agricultural knowl-
edge and technologies for sorghum crop
production; while 4%, 32% & 10% were
rarely, sometimes and always dependent
respectively. So, the field demonstration
methods achieved 3rd highest rank with
mean 2.1 and SD 1.2. For neighbors and
friends methods, 12% of respondents
were not at all dependent on neighbors
and friends methods to receive the re-
quired knowledge, while 2% & 10%

were rarely & sometimes dependent re-
spectively. The majority of respondents
(76%) were always dependent on their
neighbors and friends as a source of
gaining extension messages; neighbors
and friends achieved 4th highest rank
position with mean 2.11 and SD 1.07.
The neighbors and friends are mainly
the progressive farmers in the area who
have better agricultural experiences.
Farmers often listen and take advice
from a friend, a relative or a neighbor
who has traveled to some other regions
to adopt new information or technology;
this is called informal extension; it is
the information that passed out mouth-
to-mouth (Tinsley, 2004). Farmers learn
from their own actions, from observing
others’ actions and from discussing rela-
tions between cause and effect (Vanden,
1985). For the training workshops meth-
ods, 42% of respondents reported that
they were not at all dependent on train-
ing workshops to receive knowledge and
information on sorghum crop produc-
tion, while 16% & 34% were rarely &
sometimes dependent respectively; and
only 8% were always dependent; the
training workshops methods obtained
Sth highest position with mean 2.08 and
SD 1.04. Finally 42% of respondents
were not at all dependent on office vis-
its to gain their agricultural knowledge,
20% were rarely dependent, 32% were
sometimes dependent and only 6% of
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Table (1) shows that the majority of the respondents (60%) were male, while the
female are 40%. The women have greater contribution in the production of veg-
etable crops in the homestead garden which is called Jubraka. The Jubraka usually
run exclusively as Bello (2014) said by women to grow vegetables such as okra,
chilies, pepper, pea, and others for home consumption, and the Jubraka is located by
the farmers’ homes. According to the table above 70% of respondents were in the
(21-40) age group 1.e. the youth stage which considered as a peak of human activity.
Data in the table also revealed that (6%) of the respondents were illiterate; while
the majority (82%) had education up to both basic and secondary levels; (34%)
of marital status is single; while more than half (56%) are married. Regarding the
farms size, 8% of respondents have less than one acre; while the majority (62%)
their farms size varies between (1 to 12 acres).

3.2 The degree of reliability on extension methods:

Table (2) The distribution of respondents according to their reliability on different
extension methods (N=50):

Extension The degree of reliability Mean* SD
Methods Not at all Rarely Sometimes always

# % # % # % # %
Field visits 17 34.0 9 18.0 14 28.0 10 20.0 24 1.19
Extension 16 32.0 13 26.0 16 32.0 5 10.0 22 1.01
Meetings
Fields 26 52.0 2 4.0 16 32.0 5 10.0 2.1 1.2
demonstration
Neighbors & 6 12.0 1 2.0 5 10.0 38 76.0 2.1 1.0Y
Friends
Training 21 42.0 8 16.0 17 34.0 4 8.0 2.08 1.04
Workshops
Office Visits 21 42.0 10 20.0 16 32.0 3 6.0 2.02 0.99
Grand Total 215 1.08

*Maximum degree 4 points (1= not at all, 2= rare, 3= sometimes, 4= always)
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and depressions where fertile alluvial
soils deposition occurs seasonally (Bal-

lal et al, 2014).

2.2 Sample selection and data collection:
The research populations in the study
area are the Sorghum smallholders.
Random sampling technique was used
to select 50 respondents. Primary data
were collected through face-to-face in-

characteristics:

Table (1) the distribution of respondents according to their socio-economic charac-

teristics (N=50):

terviews by using a pretested question-
naire and observation. The secondary
data were obtained from relevant sourc-
es. The collected data were analyzed in
form of percentages, means, independ-
ent T-test, correlation and analysis of

variance (ANOVA).

3. Results and discussion:
3.1 The respondents’ socio-economic

Sex F % Age F %

Male 30 60.0 less than 21 yrs. 10

Female 20 40.0 21-30 yrs. 21 42
31-40 yrs. 14 28
More than 40 yrs. 10 20

Marital status F % Education level F %

Single 17 34 [literate 3 6

Married 28 56 Basic education 13 26

Widowed 3 6 Secondary school 30 60

Divorced 2 4 University graduate 3 6

Farms size F % Post graduate 1 2

<1 acres 4 8

1 —4 acres 7 14

5 — 8 acres 17 34

9 — 12 acres 7 14

13 acres and above 15 30
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acteristics (Mustafa, 1997). Although
farmers already have a lot of knowledge
about their environment and their farm-
ing systems, extension can bring them
other knowledge and information which
they do not have. The application of such
knowledge often means that the farmers
had acquired new skills. The transfer
of knowledge and skills to farmers and
their families is an important extension
activity. The extension agent should pre-
pare himself to find out which skills or
areas of knowledge are lacking among
the farmers in his area, and then arrange
suitable learning experiences through
which the farmers can acquire them (At-
teh, 1989). Dalami locality is one of the
promising agricultural and pastoral areas
in South Kordufan state. The locality is
very rich in natural resources. Nonethe-
less, the majority of local population are
farmers who are practicing a traditional
agriculture, which is characterized by
low productivity due to low adoption
of recommonded technologies. The
extension department there is working
hard to implement a mix of extension
methods to persuade farmers to adopt
the appropriate technologies. This study
was conducted to determine the degree
of reliability of farmers on agricultural
extension methods i.e to which extent
the farmers are dependent on extension
methods to gain the required agricultural
knowledge.

1.1 Objectives:

The main objective of this study was
to determine the degree of reliability of
farmers on agricultural extension meth-
ods.

The following are the specific objec-
tives of the study:

To know the respondents’ socio-eco-
nomic characteristics.

To determine the preferences of the re-
spondents on extension methods.

To identify the relationship between
some respondents’ socio-economic char-
acteristics (gender, age, farm size and
educational level) and their dependabil-
ity on various extension methods.
Hypothesis:

There is no significant relationship be-
tween respondent’s sex, age, educational
level and farm size and their degree of
reliability on extension methods.

2. Study Methodology

2.1 The study area:

The study was conducted in 2016 in
Qadabar village in Dalami Locality,
South Kordofan State, Sudan. The state
lies between latitudes 9° and 12° N;
longitudes 27 ° and 32° E.; and cover-
ing an area of 13.44 million Hectares
(allajabu, 2009). Dalami locality has an

annual rainfall ranging from 450 mm to

800mm, with a raining season running
between May and October. Vast areas
of the state are covered with hills inter-
sected by seasonal watercourses, valleys
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tal and or physical action on the part of
the learner, and (iii) to take the learner
through one or more steps of the teach-
ing-learning processes which are atten-
tion, interest, desire, conviction, action
and satisfaction (Vanden, 1988). Hos-
seini, Soltani (2010 cited in Seyed Jamal
F. 2011) said that the extension teaching
methods are classified based on their
use into individual contacts, group con-
tacts and mass contacts. He added that
these methods are also sorted out based
on their forms into written, spoken and
audio visual. Mass media is described at
(http://theonlinemedia 2016) as a public
communication process reaching large
and heterogeneous audience. Media dis-
seminates information mostly through
radio, TV, as well as columns of news-
papers or magazines. The individual
methods consist of visits of extension
workers to clientele homes and farms
on the one hand and clientele’s visits to
the agent’s office or home on the other
hand; and at such contacts, face-to-face
interaction ensues. It allows the most in-
tensive form of communication between
the two parties. It is usually not a very
effective means of promoting the cause
of vast number of small farmers (Albre-

cht et al (1989 as cited in A.A. Ladele et

[a—
S

L10T 13q030

al 2008). Individual methods are likely
to be the most essential part in extension
work. Although direct contact with the
farmers is important, individual meth-

ods require a lot of time and resources,
and they only make contact with limited
number of people (Oakley & Garforth,
1985). Vanden (1988) stated that mutual
discussion is a costly process but very
important in individual methods; for it
allows the change agent to combine a
farmer’s information with his own to
solve the farm problems. Group methods
are characterized by reaching fewer peo-
ple who have some degree of opportu-
nity for interaction and feedback. Group
extension is the most important method
for advising and promoting the interest
of a large number of small farmers. To
be effective, group extension has to be
supplemented by individual and mass
extension; this is because learning is an
individual process (Albrecht et al, 1989).
However, forming a famer group is a
difficult procedure which requires a lot
of time. In addition, extension agent has
to consider many factors about farmer
groups before starting the work. For ex-
ample, the group should consist of farm-
ers with similar interest and problems.
Examples of group methods are group
meetings, demonstrations, field days,
and tours (Oakley & Garforth, 1985).
Many researches revealed that the farm-
ers’ confidence and response to each ex-
tension methods are affected by some
factors included the farmers’ socio-eco-
nomic and psychological characteristics;
in addition to communicational char-
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INTRODUCTION

Global attention focuses on agriculture
due to the price hike in recent years, re-
sulting somewhat from long-standing
negligence on the diffusion of an ap-
propriate technology that enhances pro-
duction in the face of a rising popula-
tion. Increasing production is a major
challenge facing present agriculture. A
smallholder farmer which dominates the
setting of a developing world needs to
improve farming through gaining ad-
equate knowledge and information. Ag-
ricultural extension services provide ac-
cess to the knowledge, information and
technology that farmers need to improve
the productivity and thus improving
the quality of their lives and livelihood
(UN, 2005). Knowledge as concluded
by Derek (2005) plays a key role in ru-
ral and agricultural development, guid-
ing policy making processes, forming
development strategies, and facilitating
better and faster decision making. Fur-
thermore, he said that effective use and
creation of knowledge is important and
central to longstanding economic devel-
opment. Knowledge is now seen as the
fourth factor of production besides labor,
capital and land. All forms of cultivation
techniques and land use decision mak-
ing processes are particularly depending
on specific knowledge bases. Thereby
knowledge is embedded in external eco-
nomic and political frameworks as well

as individual preferences gained through
various information channels, e.g. pub-
lic media, individuals, organizations and
education. The consideration of informa-
tion flow and the transmission of knowl-
edge is a neglected topic in the context
of human-environmental system studies.
This topic highlights the role of agricul-
tural knowledge in the context of agri-
cultural development. Knowledge has
been widely recognized to be strategi-
cally important for organizational learn-
ing, innovation survival and success.
Aker (2010) added that agricultural ex-
tension services which include transfer-
ring of knowledge to farmers, advising
and educating farmers in decision mak-
ing are enabling farmers to clarify their
own goals and stimulating desirable ag-
ricultural development. The agricultural
extension is a process of educational
communication aimed to achieve desir-
able changes in the knowledge, skills
and attitudes of the farmers. The quali-
fied extensionists should always try to
use various types of methods (Mustafa,
1997). Extension teaching methods de-
fined as tools used to create situations in
which meaningful communication can
take place between the instructor and
the learners. The functions of extension
methods are: (i) to provide communica-
tion so that the learners may see, hear
and do things to be learnt, (ii) to provide
stimulation that causes the desired men-
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Abstract

The present study was designed to identify the reliability degree of ex-
tension methods. It was conducted in Dalami locality (Qadabar village)
in South Kordofan State; Sudan. A questionnaire was used to collect
the primary data, while the secondary data were obtained from the rel-
evant sources. The collected data were analyzed in form of frequency
distribution, independent T-test, correlation and analysis of variance
(ANOVA). The study findings indicated that there are statistically sig-
nificant differences between the male and female (in favor of male)
in reliability degree of extension meetings as a source of agricultural
knowledge, where the T value reached (1.585), significant at 0.05. No
significant differences between male and female for their reliability de-
gree on other extension methods. The findings also revealed that there
is no significant correlation between respondents’ age and reliability
degree for all extension methods. The one-way analysis of variance
(ANOVA) showed that respondents’ education levels are significantly
affected by reliability degree of office visits as extension methods to
gain a required agricultural knowledge (F = 1.123, a=0.05). The study
suggested mass media to support both groups and individual extension
methods.
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- Reliability
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Table 3. Effect of temperature on linear growth ofN. mangiferae (in vitro)
(colony diameter in cm

TEMPERATURE First 2nd 3rd 4 th 5th Means
5°C 0 0 0 0 0 Oe
10 °C 0 0.1 0.18 0.3 0.38 0.19
15°C 0 0.25 0.3 0.6 0.63 0.36¢
25°C 0.6 1.58 3.63 5 5.38 3.24c
30°C 1.1 3.25 3.93 4.68 6.43 3.88b
35°C 1.18 4 6.75 8.5 9 5.89a
40 °C 0.48 1 3 4 4.5 2.60d
Means 0.48 1.45 2.54 3.30 3.76
%5 LSD =0.391 Cv=271

Data average of four replicates
Means in the same Column with the same letters are not significantly different at
P < 0.05 of probability according to the Duncan’s Multiple Range Test (DMRT).

Table 4.The effect of pH on linear growth of N .mangiferae (colony diameter
in cm)

pH First 2nd 3rd 4 th 5th | Means

pH 4 0.63 2.5 4.75 | 7.38 8 4.65b

pH5 0.68 | 3.05 | 5.75 8 9 5.29a
pH7 0.38 | 2.35 3.6 5.2 6 3.51c¢

pH 8 0.15 2.1 3 4.15 5 2.88d
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Means 0.46 2.5 4.28 6.18 7

156

%35 LSD =0.245 CV=95 =

Data average of four replicates §
Means in the same Column with the same letters are not significantly different at E,
P <0.05 of probability according to the Duncan»s Multiple Range Test (DMRT). =
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Table 1.The effect of carbon source on linear growth N .mangiferae (colony
diameter in cm)

Carbon | First 2nd 3rd 4th 5t 6th 7th Means
source

Maltose | 1.15 2 4.65 6.33 6.35 7.8 7.08 5.05c
Starch 0.76 | 3.08 | 5.83 6.8 6.9 6.93 7.7 5.41b
Sucrose | 1.35 1.88 33 3.68 3.74 3.9 4.1 3.14d
Dextrose | 1.23 4.25 6.75 7.35 7.45 7.9 8.55 6.19a
Means 1.1 2.8 5.13 6.01 6.11 6.63 6.86

%5 LSD =0.278 C.V=14.5

Data average of four replicates

Means in the same column with the same letter are not significantly different
atP<0.05 of probability according to the Duncan’s Multiple Range Test (DMRT)

Table 2. Effect of different media on linear growth) of N.mangiferae (in vitro)
(colony diameter in cm)

PDA 1.25 2.5 5 7 8.95 4.94a
CZAP 0.28 1.1 2.93 4.2 5.1 2.72¢
CORN 0.2 1.05 2.2 33 4.5 2.25d
MALT 0.5 1.8 3.38 5 6.2 3.38b

W.AGAR 0.13 1.03 2.18 2.98 3.48 1.96¢

Mean 0.47 1.49 3.14 4.49 5.65

%5 LSD =0.278 C.V=145

Data average of four replicates

Means in the same Column with the same letters are not significantly differ-
ent at P < 0.05 of probability according to the Duncan’s Multiple Range Test

(DMRT)
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The symptoms of chlorosis and ne- toms of naturally infected trees. This
crosis were observed in artificially in agree with those reported by Nori
inoculated plant were typical to symp- (1996).

]

Plate 1.Nattrassia mangiferaeon PDA; 3days old culture.

Plate 2.Nattrassia mangiferacon PDA; 7days old culture
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the fungus tolerates is between 10-
15° C, but at 5° C the fungus failed to
grow. This result is with agreement
with those reported by several authors
Pandeyet al., 1981; Nori, 1996; Elta-
her 2003; Elshiekh 2004.
The fungus grows best on PDA (Potato
Dextrose Agar) medium. On PDA the
colony diameter was achieved 8.9cm
after Sdays after inoculation while
Malt Extract Agar, Czapek’sDox Agar
¢, Corn Meal Agar , and tap water agar
the fungus achieved a colony diam-
eter of 6.2, 5.1, 4.5, and 2,98 cm re-
spectively.
The maximum growth of the fungus
achieved on PDA medium, the result
is similar with those reported by sever-
al authors (Ahamed and Yassin, 1992;
Nori, 1996;Eltaher, 2003).
Nutritional requirement can be studied
on different carbon sources, the result
showed that the Dextrose and Starch
provided higher growth of the fungus
than sucrose and maltose. The results
are in agreement with Elshiekh (2004)
who reported that N.mangiferae gave
higher growth on starch.
pH that gave best growth was in the
range of 4-5 pH, and decline at pH 7-8,
this coincides with the result those re-
ported by Msikitoet al.,(2005)

In artificial inoculation experiments
the types of inoculations treatment
has very clear effect on success of

inoculation by N.mangiferae inocula-
tion on root injection caused success-
ful infection and gave rapid result than
inoculation on stem, but there was no
difference between soil injection and
control. This result is in agreement
with Elshiekh (2004) who reported the
disease symptoms of inoculated date
palm seedlings with N. mangiferae ap-
peared first on root injection and there
no difference between soil injection
and the uninfected control.

The development of the disease in
seedlings was clears and started after
2weeks in root injection and after 45
days in stem injection.

The symptoms of yellowing and dry-
ing of the leaves from upper part to
downwards and death of one branch or
leaves to another in the off-shoots of
date palm, also present of sooty black
layers on the basal parts of the leaves
after 3months observed in artificially
inoculated plant were typical symp-
toms in naturally infected trees. This
result in agree with those reported by
(Nori, 1996; Elshiekh, 2004).

The artificial experiments also proved
that Ficus bengalensis, guava, Citrus
spp, Mahogany, were more suscep-
tible to N.mangiferae, and then devel-
opment of the disease in Ficus started
from first week of inoculation whereas
in citrus and guava symptoms of wilt
appear after two weeks of inoculation.
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The pathogenicity tests on Lemon
seedlings and Guava the symptoms
appeared after 10 days of inoculation,
the leaves become drooped and rolled
over, and then developed chlorosis
(yellowing) of all seedlings necrotized
and wilted completely after 4weeks
of inoculation with stem inoculations
whereas in root inoculations the wilt
occurred after 6weeks.

Thus stem inoculation is more respon-
sive in producing wilt symptoms.

In Ficus spp. and Mahogany the symp-
toms of chlorosis and necrosis began
to develop two weeks after inocula-
tions in seedlings by drying of the
leaves margin, after several days af-
fected seedlings wilted from upper to
downwards,

After 6 weeks seedlings with stem in-
oculations wilted completely whereas
within 7weeks wilted and mortality
occurred with root injections.

It may be conducted that the stem in-
jections were more successful in de-
veloping symptoms followed by root
injections.

DISCUSSION

Various grades of symptoms were re-
ported in the present study, they may
be summarized as chlorosis, necrosis
and yellowing of the leaves, black
sooty canker on the basal part of the
leaves then partial or total wilt and
mortality. These symptoms are typi-

cal of N.mangiferae as reported before
(Gihal975, Bagadadi et al 2003, and
Elshiekh (2004).

Pycnidial formation was detected in
this study and this result is in agree-
ment with, Calavan and Wallace
(1954) who found the pycnidiospores
in three type’s hyaline continuous,
hyaline to sub hyaline, uniseptate
and bisepitate with the terminal cells
hyaline to sub hyaline and the mid-
dle light to dark brown. The colony
of N.mangiferae effused dark black-
ish brown to black,smooth2-8pu thick,
spores were 3.5-6.0n wide and 9.8-
14.7n long. This finding is in agree-
ment with Ellis (1976).

Production of thick wooly myce-
lium with white colour in the growth
colony at initial growth and then turn
to black mycelium after 5days. This
in agreement with Giha (1975),Nori
(1996),Elshiekh (2004).

Physiological study revealed that there
were differences in time required to
attain the maximum colony radius,
colony radius of 9 cm was achieved at
35° C after 5days and 6.43 cm at 30°
C, 5.38cm at 25° C, at 40° C achieved
4.5¢cm while at 15° C, 10° C achieved
0.68 and 0.38cm respectively, at 5° C
the fungus failed to grow, so the op-
timum temperature required for the
growth of N.mangiferae is around 35°
C. The minimum temperatures which
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PDA medium provided the maximum
growth and sporulation with signifi-
cant difference over the other media
except Maltose. CZAP, Corn Meal
Agar, and tap Water Agar supported
the least growth respectively.

The fungus growth was influenced
by carbon source (Table 3), showed
that there was significant difference
(P<0.05) between the growths of the
fungus in different carbon sources.
Dextrose provided the maximum
growth with significant difference fol-
lowed by Maltose, Starch, and Sucrose
respectively.

The fungus growth on different hydro-
gen ion (pH). The fungus grows at all
pH levels however differential growth
was displayed (Table4) with signifi-
cant difference. The fungus growth on
different (P<0.05) between the fungus
growth. The pH 5 provided the maxi-
mum growth and sporulation with
significant difference over the other
tested PH level except pH 4, where the
difference was not at pH 7 and pH 8
less growth was supported.

Three inoculation procedures, stem
injection, root injection and soil injec-
tion of fungal inoculums were used.
The infestation was done to seedlings
and off-shoots of date palm. The re-
sult showed that the disease symptoms
for all plants were firstly observed in
those plants inoculated with stem in-

jection, prior to root and soil injection.
On date palm seedlings the symptoms
appeared 28 days after inoculation.
The development of the disease symp-
toms started as yellowing of leaves
from upper and downwards, followed
by drying the leaf death.

First symptoms appeared on root in-
jection, 40 days after treatment all
seedlings were stunted in comparison
to control, but there was no difference
between soil injection and control,(
Plate. 4,5).

The seedlings of date palm wilted
completely after two month of inocu-
lation, on date palm off-shoots symp-
toms started after 45days of inocula-
tion .First yellowing of the leaves and
drying of the margins, after brown co-
lour appeared on the leaf blades, and
then the leaves wilted and dried ex-
cept the leaves of the heart. Present of
black sooty powder layers at the base
of the drying leaves later. Symptoms
of the disease were observed firstly on
the root injection, stem injection and
no difference between soil injection
and control,

After 3months of inoculation the off-
shoots wilted and dried.

It may be conducted that the root in-
jection in date palm trees is more suc-
cessful in the developing symptoms
followed by stem injection while soil
injection alone was least successful.
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clay loamy soil and placed in the glass
house at Crop Protection Directorate.
In August 2009 three types of treat-
ment were made which were stem,
root, and soil injection. Five(5) mm
long and 2mm deep. Inoculations were
made using sterile syringes. The total
numbers of inoculation were three rep-
licates and there were three controls.
The same techniques used in the seed-
lings inoculation above were made
using the off-shoots inoculations. The
off-shoots were examined daily to re-
cords the symptoms development.
The study the susceptibility of differ-
ent plant species belonging to different
taxonomic group, which included lem-
on (Citrusorientales), Ficus (Ficusben-
ghalensis), Guava (Psidiumgujavae),
and Mahogany (Khayagrandifolia).
Seedlings of six month old were used.
The seedlings were obtained from
Faculty of Agric. Science.( Nursery
Shambat ). Three replicates were used
for each plant species.

A set of inoculation on stem and root
injection was done in pathogenic-
ity experiment were made in August
2009. Pure culture of N.mangiferae
grown on sterile PDA was prepared as
described in page 28 under isolation;
spores of fungus were pressed into the
scars as described under pathogenicity
experiments. Total numbers of treat-
ments was twelve treatments were ar-

ranged in complete randomized block
design with three replicates.

The seedlings were examined daily by
recording symptoms development.
RESULTS

Infected plant tissue was plated on Po-
tato Dextrose Agar medium (PDA),
the causal organism was isolated from
diseased tissue, the vegetative myce-
lium of the isolate in pure culture on
PDA at room temperature (28+2c°)
grew readily and formed a whitish mat
in colour within 2-3 days, and then
turn to blackish in colour ( Plate 1,)
The colonies of N.mangiferae effused
dark blackish brown to black, Hy-
phae mid to dark brown, smooth 2-8
u thick, conidia (arthroconidia) mid
to dark brown, smooth, mostly asep-
tate but occasionally with one or more
very dark transverse septa. The results
in (Table 1) showed that mean colony
diameter on “5”days from inoculation
at different temperature was signifi-
cantly different (P<0.05) between the
growth in different temperatures. At
35° C the maximum growth obtained
was significantly different over the
other tested temperatures except 25,
30° C. There was no significant differ-
ence at 40, 15° C as the fungal growth
was inhibited, at 5° C the fungus fail to
grow, as it shown in (Fig.1).

The fungus showed different growth
on different media (Table 2). The
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Four different pH values (4, 5, 7, and
8) were used to study the effect of hy-
drogen —ion concentration on the lin-
ear growth of N.mangiferae.

About 100ml of PDA medium were
poured in four flasks. The required
pH values of the medium in each flask
calculated using buffer solution of cit-
ric acid and NaOH according to Hale
(1965), the following pH levels were
maintained 4, 5, 7, and 8. The medium
was poured in Four Petri-dishes; two
pendicular diameters were marked on
the back of each Petri-dish, Smm disc
cut from the edge 7-day old culture of
N.mangiferae were placed in contact
with medium of each Petri-dish. Four
(4) replicates of each pH value, the
plates were incubated at room tem-
perature (25-30°C). The growth was
estimated daily by measuring colony
size along two diameters drawn previ-
ously.

3-Pathogenesty tests

Pure culture of N.mangiferae isolate
actively growing in sterile PDA liquid
medium, were prepared for inocula-
tion by the mycelia and spores. The
liquid culture was incubated for one
month, at room temperature. A ho-
mogeneous suspension of the liquid
culture was prepared by stirring for 5
hours using a magnetic stirrer.

One year old seedlings of date palm
(variety Barakawi) of a comparable

vigour were planted in plastic bags.
The seedlings were transferred 15
days later to plastic pots (35x20 cm)
filled with loamy clay soil and placed
in the premises of the Crop Protec-
tion Directorate at glass house .(Khar-
toum).

In August 2008 three types of scars
treatment and scar, inoculation were
made on the stem, root, and soil in-
jections. Five mm long 2mm deep,
inoculation was made using a needle
sterilized by ethanol (70 %). The to-
tal numbers of inoculation were three
replicates and controls’.

Firstly 5ml of distilled water was
sterilized in tubes; full loop with
N.mangiferae was dissolved in steril-
ized water. This loop contained arthro-
spores and mycelia of N.mangiferae
were injected with sterile syringe into
scars stems, roots, and soil for three
treatments. Controls were covered
with the moist polythene bags to ob-
tained humidity and to prevent entry
from surroundings. The seedling was
examined daily to record symptoms
development.

Off-shoot of date palm 3-5 old (var.
Barakawi) were used for inocula-
tion, the off-shoot was obtained from
healthy trees from Marawi orchard.
Following the development of the
root system, the off-shoot were trans-
ferred to big plastic bags, filled with
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changes of sterile distilled water and
dried up on filter paper. Each sample
was placed at the centre of Petri-dish
(PDA medium) using a needle flamed
to redness and then cooled. All cul-
tures were inoculated at room temper-
ature 25- 30 C°, the fungal growth was
observed daily.

The fungus N.mangiferae was identi-
fied based on morphological and his-
tological features as described by El-
lis (1976). After 1-3 days of cultures
inoculation the microorganisms were
examined under light microscope.
2-Physiological and biological charac-
teristic of fungus N.mangiferae
Inocula from actively growing culture
of N.mangiferae, 5 mm disc of 7-days
old culture of isolate was placed at the
centre of sterile Petri-dish (9cm) con-
taining 20 ml of sterile PDA; the in-
oculum was placed with mycelium in
contact with agar in the Petri-dish. All
cultures were incubated at 5, 10, 15,
25, 30, 35.40° C. Four replicates were
used for each temperature. Two diam-
eters were drawn at right angles on the
reverse side of the Petri-dish; colony
radius was measured daily for 7days.
The rate of the fungal growth was es-
timated daily by measuring the colony
size along the two diameters drawn at
the reverse side of Petri-dish and the
mean colony diameter was calculated
for each temperature.

Different media were used to study
their effects on growth of the fungus.
The media used were.

1) Potato Dextrose Agar (PDA), ii)

Corn Meal Agar (CMA), ii1) Gza-
peks’ Dox Agar, iv) Malt Extract Agar
(M EA), V) Tap Water Agar (TWA).
A number of sterilized Petri-dishes,
were poured with above media, two
diameters were drawn on the reverse
side of each Petri-dish for centering
the inoculum, then 5Smm disc was cut
from the edge of 7days old culture,
then the cultures were incubated at
room temperature (25-30 C°), four
replicates were used for each treat-
ment, the radius of each colony along
the two diameter was measured daily
for 5days for each medium.
Effect of carbon source on the linear
growth of the pathogen under the study
was investigated. A liter of Gzapeks’
Dox Agar medium was prepared then
distributed into four Erlenmeyer flask
of 250ml capacity, each of the four
types of carbon source were added at
30g /1to them individually. These were
starch, maltose, sucrose and dextrose.
Each content of flask was poured into
Petri-dishes, and then inoculated with
Smm disc of N.mangiferae culture.
Four replicates of each carbon source
were incubated at room temperature
(25-30° C), colony diameter measured
daily for 7days for each treatment.

|
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mum temperature for the fungus is (
15° C ), the optimum ( 30-35° ), and
maximum ( 38-40°C ), the growth of
N.mangiferae range above 5°C while
for Fuscocium arbutithe temperature
ranges 10, 25, and 30-35 C° respec-
tively (Elliott,1999, 2003,2003) .The
most suitable medium for the growth
of N.mangiferae isPDA(Pandeyet al.,
1981, Eltaher, 2003). Generally PDA
supported the most extensive growth
of N. mangiferae(Nori, 1996), (PDA)
Potato Dextrose Agar was the most
suitable medium followed by Corn
Meal Agar , Tap Water Agar and Salt
Agar media (Elshiekh, 2004).The
type of carbon source significally af-
fect growth of N. mangiferae it is ev-
ident that using the same hasal me-
dium PDA result in significally more
growth (36 mm) compared to sucrose
(25.75 mm) (Nori 1996).The growth
of N.mangiferae on the three carbon
source test the starch promoted bet-
ter growth followed by corn meal and
maltose (Elshiekh, 2004).

N.mangiferaecultured on potato dex-
trose Agar (PDA) acidified to pH 4.5
with 0.4% (v/v) lactic acid culture were
incubated at 25° C under 12-h light
provided by cool — white florescent
lamps. After a week, mycelia, conid-
iospore, and Condia of N.mangiferae
were observed at x 30 to x 40 magni-
fications under compound microscope

(Msikitoet al., 2005).

Stem inoculations were the most suc-
cessful whereas root inoculations were
least successful in Ficus inoculation
with N.mangiferae(Nori, 1996).

On date palm seedling inoculation
with inoculated withN.mangiferaethe
symptoms appeared after one month
of inoculation. First symptoms of the
disease sooty canker appeared on root
inoculation and after 42 days on stem
inoculation, but there was no differ-
ence between soil inoculation and the
uninfected controls (Elshiek, 2004).
The present study was undertaken
with the objectives of ;-

1) isolate and identify N.mangiferae
that infect date palm trees was it to
confirm, ii) undertake biological and
physiological characteristics’ of de-
terminal growth requirements of the
causal organism e.g. effects of tem-
perature, media and other factor on
the growth of pathogen ,ii) undertake
pathogenicity test of the fungus caus-
ing the sooty canker disease ,iii) de-
fine the host range of pathogen.
MATERIAL AND METHODS
1-Isolation and identification of the
fungus

Small pieces of 5Smm size from dis-
eased tissue, root, leaves, bud, and in-
side tissue were surface sterilized with
0.1% mercuric chloride for one min-
ute, then washed thoroughly in three
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INTRODUCTION

The fungNattrassia mangiferaec was
distributed in all Sudan and become
more seriousin Northern Sudancauses
wilt and sooty canker disease of date
palm (Elshiekh 2004). The disease
sooty canker was observed in date
palm in Sudan during a survey under-
taken by Ahmed and Yassian (1992).
The fungus N. mangiferae was identi-
fied to be the causal organism of the
sooty canker of date palm which was
reported by Bagdadi and Abu elgasim
(2003).

In western Sudan the fungus attack
Acacia and cause big problems at
KhourTaggat causing loss of about
50 %( Eltaher, 2004).The first report
of date palm leaf die-back on Barhee,
Kabkab, Mazafati and Zahedi culti-
vars in southern Kerman, Irancause
byN.amangiferae in 2001-2003(Ma-
hadi.2003).

N.mangiferae colonies effuse dark
blackish brown to black, The fungus
is well illustrated and described by El-
lis (1976)Calavan and Wallace (1954).
The symptoms of sooty canker disease
caused by N.mangiferae on date palm
observed by Elshiekh (2004) include;
General wilt of the trees and macera-
tion of off-shoot in which the leaves
become almost white. Cross-section in
diseased off-shoot revealed black layer
of sooty masses of arthrospores,black

colour and destruction of conductive
system. The trunks of the infected
trees become small and the roots turn
to black colour.Leaf bases is easily
detached and the fibers turn to cottony
texture.

The vegetative growth of mycelium of
N.mangiferae isolated from infected
date palm on PDA in pure culture was
white in colour , after 2 days the myce-
lium turned to olive green and after that
become black(Nori 1996,Elsheikh,
2004).

The sooty canker disease of date palm
caused losses of yield ( 30-60 % ), as
well as high loss of mature trees and
off-shoot in the main growing areas in
the Northern state (Elsheikh ,2004).
The fungus N. mangiferae was identi-
fied based on morphological and his-
tological features as described by El-
lis (1976). After 1-3 days of cultures
inoculation the microorganisms were
examined under light microscope.

The optimum temperature for germi-
nation of the fungus on PDA is 30-
35°C while the minimum temperature
1s15° C, maximum temperature is 40°
C. At 6- 12°C the fungus failed to grow
(Nori, 1996).The optimum tempera-
ture for N. mangiferae isolated from
date palm was 35° C followed by 25°C
and 40° C while the growth was slow
at 15° C and the fungus failed to grow
at 5° C ( Elshiekh , 2004 ). The mini-
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PHYSIOLOGICAL AND PATHOLOGICAL characteristic OF Nattrassia mangiferae THE
CAUSALAGENT OF SOOTY STEM CANKER DISEASE IN NORTH SUDAN

MuntasirAdam.M.and Ahmed Baghdadi
.Omdurman Islamic University,Faculty of Agric. Dept. of Plant Production/1
.Khartoum university,Faculty of Agric,/Dept. of Crop Protection. Shambat/2

The present work is concerned with the study of physiological and pathologi-
cal characteristics’ of the fungus Nattrassia mangiferaeNattrassas a causal organ-
1sm of sooty stem canker disease and leaf die back of date palm (Phoenix dactyl-
iferal) in the Northern state of the Sudan(2009-2010) .Symptoms of Nattrassia
mangiferae in date palm first appear as chlorosis on the tip of the leaf followed by
necrosis and dryness, trees wilt and die-back, black sooty canker layers of spores
are revealed when the infected part was removed from infected areas. The vegeta-
tive mycelium grew readily and formed a whitish mat in colour within 2-3 days,
and then turn to blackish in colour .The colonies of N.mangiferae effused dark
blackish brown to black, Hyphae mid to dark brown, smooth 2-8 p thick, conidia
(arthroconidia) mid to dark brown, smooth, mostly aseptate but occasionally with
one or more very dark transverse septa, cylindrical 4-17 x 3-8 p, or spherical to
sub spherical and 5-11p in diameter. Physiological studies of the fungus include
temperature, suitable medium, and pH and carbon source. The maximum tem-
perature for the fungal growth was 35° C.The PDA medium was found to be the
best medium for the growth compared to other tested media. The best carbon
source for the growth of the fungus was dextrose. The hydrogen ion concentra-
tion at level pH 5 gave the maximum growth of the fungus colony. Pathogenic-
ity experiment proved that the symptoms of infection were produced in artificial
inoculation similar to those caused by N.mangiferaein nature. Root inoculation
was more successful as compared to stem soil inoculations. The host range of
N.mangiferae is extremely wide and it includes plants belonging to different plant
families’ e.g. Citrus spp.,Guava, Ficusspp, Mahogany, Albizia, Acacia nilotica,
Ficusnitida,Ficubengamina, Eucalyptus camaldulensis, Khayasengalenesis, Ac-
ciaseyal, Acacia sengal, Termnaliacatappa, Albizialebbek, Adonsoniadigitata,
Cassia nodosa, and Psidium spp.

Key words: date palm(Phoenixdactyliferal.) ,sooty canker ,Nattrassiamangif-
erae.
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Assuming that most of the institution-
al impediments can be overcome it is
quite feasible to increase production
and yields. The technology and ag-
ricultural practices required are well
known and already used on a large
scale world-wide and on some of the
more advanced farms in Sudan, such
as Agaadi. The ultimate improvement
would be zero tillage also known as no
till or conservation tillage.

To introduce the new technology and
agricultural practices will involve
greater capital investments by farm-
ers in terms of farm infrastructure,
machinery and buildings and greater
inputs would be required in terms
of machinery, fertilizer, seeds, agro-
chemicals and - importantly - farmer’s
time. Support would be required for
farmers: small farmers with a few fed-
dans, medium enterprises of less than
1,000 feddans and larger farms up to
5,000 feddans.

Evaluate and quantify the errors in-
volved in AquaCrop simulations.
Developing water production func-
tions with AquaCrop and using them
in Decision Support Systems

Using AquaCrop for water allocation
decisions at basin or regional levels

Determining the seasonal water re-
quirements and its components for
various crops on a farm

Developing deficit and supplemental
irrigation programmer at a field scale
influence of field management on rain
fed agriculture
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Table 3 Traditional Rain fed

Traditional Rain-fed

River Nile 58 43 27 586
Khartoum 42 27 9 293
Gezira 406 273 100 347
Sennar 193 128 60 439
White Nile 216 160 26 529
Blue Nile 66 50 32 670
Kassala 117 60 20 324
Red Sea 14 10 5 473
North Kordofan 477 340 90 254
South Kordofan 426 354 220 590
Morth Darfur 123 67 15 204
West Darfur 148 95 82 760
Central Darfur 33 21 5 a2
East Darfur 30 18 4 31
South Darfur 512 327 176 544
Total Traditional Rain-fed 2,860 1,973 929 467
Total Rain-fed 7,630 5,041 2,252 447

Source: Ministry of Agriculture statistics.

Conclusions:

possible underlying causes of the yield

Study of Benchmarking yield gaps in  gap.

rain fed agriculture and assessment of Aqua Crop model can be used de-

long-term productivity in rain fed ag- termining yield gap between poten-

riculture in Sudan indicate that:

tial yield Identify regions and crops

To decrease the gap between potential whereby substantial improvements in

yield (grain and biomass) and actual production and productivity may be
obtained yield Aqua Crop model may possible.
be employed to help in identifying the Recommendations
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using a mobile PTO-driven thresher.
In the 7 years from 2005/6 to 2012/13
sorghum was the most widely grown
crop with a planted area of around 8
million hectares (Table 3.1). Of this
area only 6% was irrigated and the re-
maining 94% was rain-fed. In the rain-
fed area the semi-mechanized sector is
most important with 63% of the area.

The distribution of growth of rain-
fed sorghum is shown in Table2. The
semi-mechanized sector is mainly
concentrated in the Eastern and Cen-
tral Regions, in particular Gedaref
State, where almost half the semi-
mechanized sorghum is grown and
where traditional rain-fed sorghum is
completely absent.

State Planted | Harvested | Production Yield

Mechanized Rain-fed
Sennar 835 484 195 371
White Nile 428 33 136 422
Blue Nile 325 245 151 645
Gedaref 2,191 1,381 559 382
Kassala 539 296 116 406
Morth Kordofan 17 12 5 413
South Kordofan 436 318 160 502

Total Mechanized Rain-fed 4,770 3,068 1,323 419

Table .2:3 Sorghum - Planted and Harvested Areas (‘000 ha), Production (‘000
MT) and Yield (kg/ha) — Average 7 years 2005/6 to 2012/14

Traditional rain-fed sorghum is grown
over a larger area, including Darfur,
where mechanized farming is absent.
Average yields from the traditional
sector (419 kg/ha) are lower than
from the mechanized sector (467 kg/
ha). These low yields reflect both the
unreliable rainfall and the absence of
inputs such as fertilizer and weeding.
The proportions of the planted areas

actually harvested are 64% for the
mechanized sector and 69% for the
traditional sector.
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those of neighboring and other coun-
tries (Egypt5.2t/ha; FEritrea 0.3t/ha;
Ethiopia 2.1t/ha; India 0.9 t/ha; USA
3.5t/ha). Egypt’s production is all ir-
rigated but nevertheless its yield is
about two-and-a-half times that of Su-
dan’s irrigated crop.

The area of harvested sorghum can
fluctuate dramatically from year to
year (Figure 3). This fluctuation may
be partly explained by varying rates
of attrition from planted area to har-
vested area, but other major causes

inclide rainfall variatinn and marlket

expectations. Farmers tend to grow
more sorghum following a year of
high sorghum prices; a market glut
then depresses prices and farmers de-
cide to grow less the next year. In the
semi-mechanized rain-fed sector there
is a tendency for these fluctuations to
run counter to those of sesame; after
a year of low sorghum prices the area
under sesame may increase; if this
then brings down the price of sesame,
farmers are encouraged to return to
sorghum the following year.
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Figure 3: Sorghum Production Parameters (All Sectors) 1997 — 2012

The main pest problems in sorghum
production in Sudan are birds (Que-
leaquelea), which weed (Strigaher-
monthica), sorghum bug (Agonos-
celispubescens) and sorghum midge
(Contariniasorghicola).

Most of Sudan’s sorghum is harvested

manually although harvesting by com-
bine is beginning to be practiced on
some projects. The crop is threshed
manually in the traditional rain-fed
sector while on the irrigation schemes
and in the semi-mechanized rain-fed
sector threshing is usually carried out

Yield
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Figure (2) Actual, Potential Grain
yield and yield gap (Tone/ fed) for the
studied five stations.

It is evident from the figure (2) that: in
all stations that there is wide gap be-
tween potential yield and actual one.
However, the actually attained yield is
less in the stations with lowrain fall.
This calls for introducing rain water
harvesting techniques to avail water
and thereby increase the crop yield.
However, even in the station with high
rain fall (e.g. Dalange and Gadaref)
attained yield is far less than the po-
tential. These indicate that water is not
only the limiting factors and other crop
cultural practices need to be improved.
Results from differentyears were em-
ployed to give some clues as to the
possible reasons for the yield gap
in traditional and semi-mechanized
rain fed Sorghum production systems
(i.e. low soil fertility,pest, disease,
and weed limitations, socio-econom-
ic constraints, or low-yielding crop
varieties,etc.). A specific application
of this approach for assessing Sor-
ghum yield constraints in a region-
were investigated as detailed bellow.
The objective is to help in identify-
ing the possible underlying causes of
the yield gap and identify regions and
crops where substantial improvements
in production and productivity may be
possible.

In an average year, most of the coun-
try’s sorghum is produced in the semi-
mechanized rain-fed sector, followed
by the traditional and irrigated sectors.
Rain-fed yields (semi-mechanized and
traditional sectors) are generally of the
order of 0.5 t/ha, while those in the ir-
rigated sector are usually about 2 t/ha.
The irrigated sector accounts for a
relatively small proportion of the area
under sorghum - 7% in the period
2008/09 — 2012/13 but yields, at more
than 2 t/ha, are usually four to five
times greater than those achieved un-
der rain-fed conditions. Consequently,
from 7% of the total area under sor-
ghum during that 5-year period, 26%
of the country’s sorghum was pro-
duced. Almost half of Sudan’s irrigat-
ed sorghum production comes from
the Gezira Scheme

The semi-mechanized rain-fed sec-
tor is Sudan’s largest producer of sor-
ghum, and about half of this comes
from Gedaref state; other significant
producers include Sennar, Kassala,
Blue Nile, White Nile and South
Kordofan states. Traditional sorghum
production is important in most states
apart from Northern. At about 0.5 t/ha,
yields are low in both the semi-mech-
anized and traditional rain-fed sectors.
It is interesting to compare Sudan’s
recent average national sorghum yield
of 0.6 t/ha (irrigated and rain-fed) with
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Western: North Darfur — El Fashir-
(rain fall 100 to 200 mm)

North Kordofan: El Obayied: -(rain
fall 200 to 300 mm)

Central Region (Gezira, Sennar, White
Nile, and Blue Nile): -(rain fall 300 to
400 mm) The central region is con-
sidered the most important cereal
producer in the country. The region’s
contribution to total grainproduction
is estimated at over 30 percent owing
to the presence of the major irriga-
tion scheme (Gezira), part of Rahad
scheme, rain fed production and minor
irrigation schemes in each state.
Eastern : Gadaref: -(rain fall 400 to
600 mm)

Southern : South Kordofan: -(rain fall
600 to 700 mm)

Characteristics of each station are de-
tailed in Chapter three. Actual yield
is that reported by Federal Ministry
of Agriculture, Potential yield is de-
termined by Aqua Crop model and

attainable yield is the long term aver-
age reported by Fao.org food security
mission (FAO-SIFSIA-N,FAO-ERCU
SUDAN, Ministry of Agriculture and
Irrigation, Food Security Technical
Secretariat (FSTS), Strategic Reserve
Corporation -Quasi crop and food
supply assessment mission— January
2012). The data is collected for 30
years for the comparison of the long-
term productivity using the cumula-
tive distribution functions to show the
relative risk levels. Probability analy-
sis was conducted to estimate the most
reliable yield.

From the actual yield information
and the simulated yield, the capacity
of rainfed environmentsand the yield
gap (simulated minus actual yield)
was determined and given in figure (2)
( shows the average values of Actual,
Potential yield, and yield gap for each
one of the studied stations for the last
30 years.
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f. Soil salinity stress ; g. Effect of soil
fertility stress ; h. Calendar of growing
cycle

3. Management:

1. irrigation type : a. Soil fertility :ii.
Field; b. Mulches; c. Field surface
practices iii. Surface runoff soil bund
occurrence

A Characteristics of soil horizon (no.
of soil horizon, thickness, PWP, FC,
SAT, Ksat) b. soil surface (runoff,
evaporation) c. restrictive soil layerd.
capillary rise

4. Soil Ground water (constant or
varying depth and water quality)

B. Simulation data

1. Simulation period (linked to grow-
ing season) 2. Initial condition

Initial soil water content soil layer
thickness soil salinity (Specified for
specific layer)

All these input data were used in the
model to predict the yield, water pro-
ductivity, and biomass and harvest
index of a given crop. However, the
model should be calibrated and vali-
dated using the data acquired from
field experiments for its further use.
AQUACROP Yield Prediction Model
Description of AQUACROP
AquaCrop (Raes et al., 2009) is a crop
water productivity model developed
by the Land and Water Division of the
Food and Agricultural Organization
(FAO). It simulates yield response to

water of herbaceous crops and is par-
ticularly suited to address conditions
where water is a key limiting factor
in crop production (FAO, 2009). The
model does not take into consideration
such factors like pests, diseases and
weeds. AquaCrop requires the fol-
lowing input data: daily weather data
(air temperature, reference evapo-
transpiration and rainfall), soil texture
data (sand, clay, loam, in %) and crop
parameters (initial, final and rate of
change in %; canopy cover; initial, fi-
nal and rate of deepening in root depth;
biomass water productivity; harvest
index; typical management conditions
such as irrigation dates and amounts,
sowing and harvest dates, mulching,
etc). If daily climatic data is not avail-
able, 10- day and monthly data can be
used as input. Details of the crop mod-
el that include: phenology, growth and
water balance are contained in FAO
(2009).

RESULTS AND DISCUSSIONS
Specific data requirements represent-
ing: climate (long-term data set), soil-
profile characteristics, Sorghum crop
andcurrent practices related to water
management, cultural practices, fer-
tilization, level of crop protection and
other agronomic practices relevant to
actual yields were collected from five
cities representing various regions of
Sudan. The stations include:

|
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transpiration (ETo). We used observed
data as well as downscaled global cli-
mate model data (GCM). Observed
data was provided by the Sudan Me-
teorological ~ Services Department
(SMSD).For the study,the daily Satel-
lite data (air temperature, precipitation,
wind, and relative humidity) have also
been downloaded fromhttp://global-
weather.tamu.edu/#website in CSV1
file format for a given location,(South
Latitude (12),West Longitude (31),
North Latitude (16), East Longitude
(34)) and time period, (1/1/1979 to
12/31/2014). The numbers of down-
loaded weather stations weremade for
each one of the five cities. Appendix
Ishows the monthly dataaveraged over
ten to fifteenyears forall 5 Weather
Stations.

Input Data

Model Parameters and Input Data
Weather Data: The weather data re-
quired by AquaCropare the daily val-
ues of minimum and maximum air
temperature, ETo, rainfall and solar
radiation (Raes et al., 2009, Stedutoet
al., 2009). The standard procedure is
to calculate daily reference evapo-
transpiration (ETo) following the FAO
Penman—Monteithequation (Allen et
al., 1998).

Soil Data:The required input soil pa-

\

rameters for AquaCrop are the satu-
rated hydraulic conductivity (Ksat),
volumetric water content at saturation
(Bsat), field capacity (OFC), and per-
manent wilting point (OPWP).These
parameters were derived from field
measurements.

Crop Yield Data:actual field reported
yield data was collected from the data
bank of Federal Ministry of Agricul-
ture for Sorghum crop in each one of
the 5 cities. AquaCrop requires identi-
fying generic growth stages of time to
emergence, maximum canopy COVer,
start of senescence, and maturity. For
the purpose of AquaCrop simulation,
time to emergence, maximum canopy
cover, and start of senescence were
based on field observations.

Input data requirement of AquaCrop
Model

1. Climate:

1.Daily /10 days/monthly Rainfall; ii.
Daily /10 days/monthly ETo ; iii. Dai-
ly /10 days/monthly Temperature; iv.
CO2 concentration

2. Crop:

1. limited set (crop development and
production parameter which include
phonology and life cycle Length)

i1. Full or all crop parameters: a. Crop
development at no water, fertility and
Salinity stress : b. Evapotranspiration
; ¢. Crop water productivity ; d. Water
stresses ; e. Air temperature stresses ;
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Tablel: Characteristics of the stations used in the study

Station | Region | Location Coordinates Elevation | Humidity | Min. Max. . An- Sunshine | Wind
(%) Temp. ((Co Duration | Speed
C(C nual [ ours | (@amid
Rain-
fall
((mm
Dalang 44.1 20.8 353 680.6 8.3 225.3
Gedarif 14°02'N 35°23'E | m 634 42.4 21.4 36.8 612.0 9.1 231.7
/14.033°N
35.383°E / 14.033;
35.383
Edama- 11°46'N 34°21'E | m 475 47.7 20.7 35.8 698.2 8.1 218.8
zine [11.767°N
34.350°E / 11.767;
34.350
Elobied 34.6 20.0 34.7 329.0 9.2 3122
Elfashir 31.2 17.2 34.7 193.3 9.3 180.2

According to Emberger method, Eld- can be represented by the climate data
mazine belong to the sub-humid class. of Damazin and Kadugli (Figure.1).
El-Gedarif is classified as semi-arid Rain-fed agriculture is generally con-
and the remaining stations are classi- fined to areas where the climate can be
fied as arid. categorized as “semi-arid”, with mean
The semi-arid zone can be represented annual rainfall of 300-600 mm in the
by the climate data of E1 Obeid, Nyala, north, and “dry monsoon” with mean
Abu Naama (Umm Benin) and Gedar- rainfall of 600-850 mm in the south
ef (Figure.1). The Dry Monsoon zone
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scenarios generated from crop simu-
lation models to explore the possible
range of climate change impacts on
crops. While some studies predict that
sorghum will be worse affected by
climate change and variability than
other crops like wheat or rice mainly
from increased atmospheric carbon
dioxide other studies indicate positive
or contrasting results about the future
yield response of sorghum It is thus
crucial to understand the uncertainty
surrounding sorghum yield variabil-
ity, but limited information exist in the
clay plains of Sudan regarding the re-
sponse of existing improved sorghum
cultivars towards new climatic futures,
considering that sorghum is one of
the crops promoted under current cli-
mate variability and projected climate
change.

This study was directed to exam-
ine sorghum crop yield response and
identify the adaptation options in the
sorghum based cropping system using
simulation modeling. This requires
calibration and validation of results of
the crop simulation model and simu-
lation of the impacts of future climate
change scenarios on sorghum produc-
tivity.

Specific Objectives:

Benchmarking yield gaps in rainfed
agriculture and assessment of long-
term productivity in rain fed agricul-

ture in Sudan.

To predict rainfed Sorghum crop grain
yield at five regions representing dif-
ferent climate zones in Sudan in refer-
ence to prevailing climate conditions.

MATERIALS AND METHODS

The study area

The study was collected from five me-
teorological stations to represent 5 dif-
ferent agro ecological zones located
in the north, middle and south of the
country (Table.1). Daily Climate Data
(Rain fall, humidity, wind speed, sun
shine hours, and max and min tem-
perature) and Sorghum crop yield was
collected from the five climatic sta-
tions (Dalang, Edamazine ,Gedarif,
Elobied, and Elfashir) For the period
of 1979 t02014.
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Introduction

The global population is projected to
continue on a rising trend (FAO, 1998;
Mpande and Tawanda, 1998), more so
in sub-Saharan Africa in general and
in Sudan in particular, where food
deficit is already a significant chal-
lenge (Pinstrup-Andersen et al., 1999).
Competing demands for freshwater
from industry and municipalities, as
well as environmental problems such
as climate change, will limit future
extension of surface Nile freshwater
for irrigation to cultivate land areas.
With limited room for expansion of
both agricultural land and the irrigated
portion of the arable land from Nile
Water (Rockstrom and Baron, 2007),
additional food production will have
to come from intensification of pro-
duction in rainfed farming systems.
Rockstrom et al. (2003) showed that
it is possible to at least double rainfed
staple food production by producing
more ‘crop per drop’ of rainwater. It is
therefore necessary to explore ways of
increasing water use efficiency in rain
fed agricultural systems.

Climate variability has been identified
as the major constraint to agricultural
productivity in Sudan; and hence re-
ducing the risk associated with climate
variability has a high potential for in-
creasing productivity in rain fed ar-
eas in the central clay plains of Sudan

(Phillips et al., 1998).

a crop water productivity model
AQUACROP was developed by the
Land and Water Division of FAO and
released for use during 2009 (Stedu-
to et al.,, 2009; Raes et al., 2009).
AQUACROP is a water-driven crop
model to simulate yield response to
water of several herbaceous crops. It is
designed to balance simplicity, accu-
racy and robustness, and is particular-
ly suited to address conditions where
water is a key limiting factor in crop
production. The AQUACROP model
has been parameterized and validated
for simulating crops yield response
to water Heng et al. 2009). Although
AQUACROP is based on complex
crop physiological processes, it uses a
relatively small number of explicit and
mostly intuitive parameters with sim-
plicity and accuracy (Steduto et al.,
2009; Raes et al., 2009). Some of the
advantages of AQUACROPare: a) it is
widely applicable with acceptable ac-
curacy; b) it requires only commonly
available input (i.e. climate, soil, and
crop and field data); c) it allows easy
verification of simulation results with
simple field observations.

Despite the difficulty in predicting
climate change impacts on crop pro-
duction, mainly due to occurrence of
extreme events, some studies clearly
demonstrate the capacity of different
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Agriculture using AQUA crop model
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Due to the rapid growth in world population, the pressure on water resources to
feed the growing population is increasing. The Nile water share of Sudan is almost
exploited; and agricultural production by rained water is threatened by the pressure
of climate change. It is inevitable that the production per unit water consumed, the
water productivity, must be increased to meet this challenge. This research therefore
focuses on the benchmarking of physical water productivity in rain fed areas and
gaining a better understanding of the temporal and spatial variations and the scope
for possible improvement. A review of the available records and sources that provide
measurements of crop-water productivity was consulted to assess plausible ranges of
water productivity levels for rain fed Sorghum crop and to provide a first explana-
tion for the differences that are found using AQUACROP model.As such this study
may be considered as crucial step was to establish a water productivity database for
the rain fed Sorghum crop in the country.Sorghum (Sorghum bicolor (L.)Moench)
which is the most important cereal crop in Sudan has been constrained by the det-
rimental effect of drought which has often caused food shortages. Almost 90% of
the total sorghum cropped area is rain-fed, and 60% of that is in drought prone soil
conditions.Spatial information on water use, crop production and water productivity
will play a vital role for water managers to assess where scarce water resources are-
wasted and where in a given region the water productivity can be improved. Hence,
a methodology has been developed in this study to quantify spatial variation of crop
yield, evapotranspiration and water productivity using the AQUACROP model in
five stations.
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Fig. 4. Coarse sand particles erosion rates at
different CS/EC mixtures.
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The rate of the wind erosion on the coarse
sand soil relative to the wind speeds applied
with the time interval of 5 minutes is shown
in Fig. 5. It was revealed that for most of the
samples wind speed of 6 m/s ~8 m/s applied
on the crusts developed from the CSLS and
coarse sand soil particles resulted in zero
erosion rates, which indicate that within this
wind speed the crusts strength was strong
enough to resist the wind force. Thereafter,
a gradual increase in the wind speed to 10
m/s ~12 m/s caused a gradual and continual
deterioration of the CSLS and coarse sand

soil particles crusts of the most samples,
exposing more soil particles to direct wind
force which caused a gradual increase in
rate of coarse sand soil erosion. Increasing
the wind speed beyond 12 m/s (14 m/s, 16
m/s, and 18 m/s) all the CSLS and coarse
sand soil particles crusts moved in high
rates, resulting in a concurrent increase of
their erosion rate. Generally, a gradual in-
crease in erosion rate of the coarse sand soil
with wind speed suggested the high adhe-
sive force of CSLS and the coarse sand soil
particles crusts at first versus a low wind
force at the low speed, and then the oppo-

* site is true with increasing the wind speed.

Also it is well mentioning that the CSLS
and coarse sand soil crusts start to move by
wind force at some point (s) within the sam-

» ple, which in turn ease and accelerate crusts

deterioration more than the other samples,
despite the CSLS, and its liquefaction con-
ditions.
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The effects of the corn stover liquids on the
sand soil particles stabilization

According to the classification
scheme of USDA standards for soil particle
size, and with referring to Table 1, that one
of the soil sample falls in the coarse sand
soil type and the other soil as fine soil which
is a mixture of fine coarse sand, silt and
clay.
The sticking abilities of the CSLS samples
produced at 140 °C and 160 °C on the coarse
sand soil particles subjected to different
predetermined wind speeds are shown in
Fig. 3. All the samples showed resistance
to movement (without deformation in the
CSLS coarse sand soil crusts) under the
wind speed of 6~10 m/s. But in some sam-
ples a gradual increase in the wind speed up
to 12 m/s resulted in partial deterioration of
the soil crusts accompanied with a tiny de-
tachment of the coarse sand particles. When
the wind speed reached 14~16 m/s higher
deterioration of the CSLS and coarse sand
soil crust was observed in the most of the
samples, as a consequence, more detach-
ment of the coarse sand soil particles was
found. However, more and more crusts de-
terioration occurred when the wind speed
was increased beyond 16 m/s that resulted
in extreme negative effects on the soil par-
ticles for the whole coarse sand soil sam-
ples. Most of the samples curves showed a
tendency that the difference existed in the
starting points continued with no change
during the wind tunnel test until the upper

limits of the crusts strength. This indicate
that below this upper limits the stickiness
or the strength force of the CSLS acting on
the surface of the coarse sand soil particles
samples was enough to resist the effect of
the wind speed. But after that upper limits
CSLS coarse sand soil particles samples
showed different and fluctuated trend attrib-
uting mainly to the difference in the appli-
cation rate of the CSLS on the samples sur-
face, which in turn revealed different crusts
surface strength and thickness, and thus dif-
ferent wind speed resistance. In general, the
findings indicated that the CSLS succeeded
in sticking the coarse sand soil particles to-
gether by acting as cement material, simul-
taneously helped to develop a soil crust and
thus increased the ability of the coarse sand
soil to resist the wind force, this sticking
ability may attributed to some rheological
properties such as liquids viscosity and also
high organic carbon as supported by [9].
Besides, all the CSLS and coarse sand soil
particles crusts investigated showed nearly
the same effects (without loss when the
wind speed not exceeding an upper limit)
within a wide range of wind speed and with
no apparent differences between the CSLS
samples under the described liquefaction
temperature and time.

TABLE I: physiochemical properties of the
soil samples

Soil size Moisture Bulk
Soil type (mm) co;lt?nt density Soil pH
0
Coarser 1.20~
particles 0.16 0.21 1.50 7.95
Finest <016 030 118 7.88

particles
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Results and Discussions

The liquefaction rates and viscosities of the
corn stover liquids

Fig. 1 shows the results of liquefaction ef-
ficiency of CSLs (20%~30% CS/EC) pre-
pared at 140 °C and 160 °C at different
liquefaction times (30 min ~ 90 min). The
liquefaction rates of all CSLS samples pre-
pared at 140 °C and 160 “C were at minima
at 30 minutes and they increased gradu-
ally as the liquefaction time prolonged,
and reached their maxima at 90 minutes.
Except for a CS/EC mixture of 22.5%, it is
noteworthy that the liquefaction rate of the
CSLS samples treated at 140 °C increased
rapidly at the first 50 minutes and then the
rate of increase slowed down with time. At
160 °C, the 20% and 22.5% CS/EC samples
behaved similar as at 140 °C. While with
CS/EC mixtures of 25% and 30% the steady
increase in the liquefaction rate extended
to 70 minutes and then the rate of increase
started to slow down. Moreover, 20% CS/
EC samples heated at 140 °C and 160 °C
showed higher liquefaction rates compared
to 22.5% CS/EC and as the percentage of
the CS increased in the sample the liquefac-
tion rate further decreased. Accordingly,
30% CS/EC had the lowest liquefaction
rate. It can be seen from Fig. 1 that treat-
ing the CS/EC samples at 160 °C resulted
in better liquefaction rate than that at 140
°C. However, low CS/EC mixture and high
reaction temperature and time gives better
CSLs yield, these results are similar to that

reported by [35]. The results of viscosity of
the CSLS prepared at 140 °C and 160 °C
at different liquefaction times (30 min ~ 90
min) are presented in Fig. 2. The viscosities
of CSLS at 140 °C and 160 °C were in se-
quence. The viscosity of the sample was in-
creased as the amount of CS in the liquid in-
creased. Hence, the CSLS with 30% CS/EC
showed the highest viscosity. The viscosity
of the liquid samples (20~30% CS/EC) at
140 °C and 160 °C increased steadily with
the progress in reaction time whereas at 90
minutes the highest viscosity was found. A
positive correlation between CSLS viscos-
ity and the solid content as well as the high
liquefaction temperature and time was re-
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Fig. 1. Liquefaction rate for different CS/
EC mixtures at 140°C and 160°C.
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Fig. 2. Liquefaction viscosity for different
CS/EC mixtures at 140°C and 160°C.
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sity were calculated as suggested by [33],
and the soil pH was obtained in accordance
with [34] method using a pH meter (Model:
Sartorius AG PB-20, Switzerland).

Lab wind tunnel experiments

The laboratory experiments for the lab wind
tunnel were conducted in General Experi-
mental Hall, College of Water Resources
and Civil Engineering, China Agricultural
University; and according to the lab condi-
tions as in the following steps:

To determine the effect of the CSLS on the
sand soil particles stabilization, the differ-
ent CSLS that were prepared with different
CS/EC mixtures (20%, 22.5%, 25%, and
30%) and the 2 different reaction tempera-
ture (140 °C and 160 °C), and the 4 different
reaction time (30, 50, 70, and 90 min), were
employed as CSLS samples. The CSLS
samples were then heated in the water bath
for 2 hours at 70 °C to decrease the viscosity
of the stored CSLS and to ease its pump-
ing out. Empty trays (50 cmx45 cmx15 cm)
were weighed and then filled with the pre-
pared sand soil with a careful leveling. The
filled trays were re-weighed and labeled to
be ready for the coming CSLS application.
About (20 g) CSLS samples were sprayed
individually on the surface of the leveled
sand soil (about 1.5 m above the labeled
trays) using a small hand pump by means
of compressed air stream from electric air
compressor (Model: AIRTATE 0.2/8 D-3
(IT), Shanghai, China), at constant pumping

pressure (0.8 MPa). The weight of each tray
was determined, recorded, and remarked,
each was then known as experimental
sample. All the experimental samples were
then exposed to 5~7 days drying period
at ambient temperature (15°C~20 °C). A
wind tunnel (Model: NYB, The New York
Blower Company, USA), has a dimension
of (17 mx9.7 mx0.75 m) was used, and the
wind speed in the tunnel was pre-adjusted
according to the classified effects of wind
erosion on soil (surface creep, saltation, and
suspension). Accordingly, the wind speeds
applied were 6 m/s, 8 m/s, 10 m/s, 12 m/s,
14 m/s, 16 m/s, and 18 m/s with a speed ap-
plication interval of 5 min (i.e. raising speed
gradually 2 m/s each 5 min), the speed was
measured in the free opens of the wind tun-
nel using digital anemometer (Smart Sen-
sor, Model AR836, Hong Kong Hen Gao
Electric Group, Hong Kong, China). The
data related to the effect of the wind tunnel
speed on the treated sand soil samples were
determined as soil weight lost.

Statistical analysis

Data were obtained from three separate
samples and then averaged. Data were
analyzed statistically by Analysis of vari-
ance and then means were separated using
Microsoft Office Excel 2007 (Microsoft
Corporation, USA), and the MATLAB
2011a (Mathematical Computing Software,
Natick, USA).
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the liquefaction process, and sulfuric acid
(98.8%, v/v) as catalyst. Water and silicon
were used as blowing agent and surfactant,
respectively. All these chemicals were of
analytical reagent grades, which were ob-
tained from commercial sources in Beijing.
Sand soil sample was dried in the open
air for 7 days, and then sieved with 1.2
mm~0.16 mm sieve shaker. A soil sample
was then stored in a plastic bag for size de-
termination and some physiochemical anal-
ysis prior to stabilization experiment.
Laboratory preparation of corn stover lig-
uids (CSLS)

The experiments were conducted at Agri-
cultural Processing Laboratory, College of
Engineering, China Agricultural University.
Different amount of the dried corn stover
powder (40 g, 45 g, 50 g, and 60 g) each
was added to (200 g) ethylene carbonate.
This prepared CS/EC mixtures of (20%,
22.5%, 25%, and 30%), was then liquefied
under two levels of liquefaction tempera-
ture (140 °C and 160 °C), and 4 levels of
liquefaction time (30 min, 50 min, 70 min,
and 90 min).

The liquefaction chemicals (ethylene car-
bonate, 200 g; and sulfuric acid, 7 g) with
dried corn stover powder whose amount
was weighted according to the designed
CS/EC mixtures were placed in a three-
neck flask (1000 ml) equipped with a re-
flux condenser; a thermometer; and a motor
driven-stirrer. The main function of the re-
flux condenser is to condense and reflux the

materials which would be produced in the
liquefaction process and could be evaporat-
ed at the specified temperature. The mixed
materials in the flask then refluxed at a de-
sired temperature for a predetermined peri-
od of time, with continuous agitation during
the liquefaction process to obtain homo-
geneous liquefied products. The flask was
then immersed into cold water to quench
the reaction. For all experiments, the lique-
faction process was done at the atmospheric
pressure.

Measurement of liquefaction rate

The insoluble residue (unliquefied corn
stover) ratio (IRR) of the CSLS was mea-
sured as illustrated by [30], and then the
rate which was used as index for liquefac-
tion efficiency was calculated as suggested
by [31]:

W, — W
W,

ligue faction rate =

Where: W02 is the weight of the corn sto-
ver sample before liquefaction, and wW s
the weight of insoluble corn stover residue
obtained after liquefaction.

Measurement of viscosity

The viscosity of the CSLs was determined
following the method applied by [30], and
by using a viscometer (Model: NDJ-85,
Cany Precision Instrument, Shanghai, Chi-
na) at 25 °C.

Soil particle size with some soil properties
Soil particle size was obtained referring to
the USDA classification scheme [32], the
soil moisture content and the soil bulk den-
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may be done by using vertical barriers or
horizontal protection. While vertical barri-
ers consist of fences of appropriate height,
thickness, porosity, and arrangement [14],
[15]; horizontal protection involves add-
ing clay and organic matter to sandy soil
[16], using biological crusts on soil which
empower soil dry aggregates on the surface
against wind erosion [17], and applying wa-
ter, oil (low-gravity asphaltic oil, high grav-
ity waxy oil, and crude oil), and chemical
soil stabilizers [18].

Practically, effective utilization of ligno-
cellulosic biomass has been achieved by
applying chemical and biochemical tech-
niques, such as pyrolysis [19], modification
[20], hydrolysis [21] and liquefaction [22].
Especially for liquefaction in solvents, bio-
mass could be decomposed into liquid at
mild temperature and atmospheric pressure
[23], and the liquefaction was influenced
mainly by liquefaction solvent and catalyst,
as well as reaction temperature and reaction
time [22]. Generally, the slow liquefaction
rate or lower temperature generates higher
levels of char, while the faster liquefaction
rate or higher temperature generates higher
levels of liquids and gaseous products [24].
In other words, liquefaction yield increased
with increasing time and temperature and
better liquefaction achieved at 2 hrs and
160 °C, and a further increase in time and
temperature resulted in a depressed increase
in liquefaction yield [25]. The costs as well
as the mechanical properties are the main

constraints that limit the wide use of bio-
degradable materials [26]. Thus, [27] sug-
gested that any increase in the corn stover
(CS) charge could contribute to decrease in
the liquefaction costs. However, liquid co-
product produced during biofuel production
using biomass that are rich in lignin con-
tents have been used in many traditional ap-
plications which include but are not limited
to concrete admixtures, binders, well drill-
ing mud, vanillin production, dispersants,
and soil particles and dust control [28].
Fewer research has been conducted until
now on the material that utilizing biomass
liquids for soil particles adhesive or bind-
er [29]. Accordingly, this paper focused at
study the applicability of using different
corn stover liquids produced at different
experimental conditions to serve as coarse
sand soil particles horizontal barriers, main-
ly through enhance sand soil particles adhe-
sive force against wind force and therefore
can control or mitigate the rate of sand soil
particles detachment.

Materials and methods

Materials

Corn stover (CS) was collected from a lo-
cal farm in suburb areas around Beijing
of China. Then corn stover was milled,
screened, oven dried and weighted; only the
fractions with particle size of 20~80 meshes
and moisture content of 6%~9% were em-
ployed for the study. Ethylene carbonate
(EC, 99.90%, v/ v) was used as solvent in
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Index Terms— corn stover, liquefaction,
soil conservation, wind erosion.
INTRODUCTION

Wind erosion is considered to be a princi-
pal mechanism and important form of soil
degradation [1], and [2]. Accordingly, it
recognized as one of the most serious envi-
ronmental and agricultural problems world-
wide, which has intensified in recent years
[3], and [4]. Wind erosion is mainly confined
to the so-called drylands, which comprise
arid, semi-arid, and dry sub-humid areas,
in such ecosystem the following conditions
frequently occur: a loose, dry, finely divided
soil and a smooth land surface devoid of a
vegetative cover, due to low precipitation,
large fields, and strong winds [5]. Basically,
wind erosion can be defined as the physi-
cal transport process of soil particles blown
away by an air stream, so the wind is the
forcing mechanism of wind erosion [1], and
the threshold friction velocity (TFV) is the
force of wind required to detach particles
from soil surface and controlled by soil sur-
face characteristic [6]. Consequently, wind
speed as low as 5~7 m/s (11~15 mile/hr) at
3 m above the soil surface can initiate soil
movement under high erodible field condi-
tions by modes of transport creep, saltation,
and suspention [7]. In addition, the size and
stability of the soil aggregates are primary
factors that affect soil susceptibility to wind
erosion [8]. The biding agents of soil aggre-
gate vary also [8], while aggregates > 2000
um are held together by a fine network of

roots and hyphae in soils with high contents
of organic carbon (> 2%), aggregates be-
tween 20 um and 250 pm consist largely of
particles 2~20 um diameter, bonded togeth-
er by various cements including persistent
organic materials, crystalline oxides, and
highly disordered aluminisilicates. By the
same token, water-stable aggregates 2~20
um consists of particles < 2 pm diameter
bonded together very strongly by persistent
organic bonds. Also aggregates between 2
um and 20 pm are an association between
live bacteria cells and clay particles [8],
and [9].
than 0.84 mm in diameter are considered

Thereafter, aggregates smaller

as erodible by wind [9], and the proportion
of those aggregates in the upper 25.40 mm
of the soil surface defines the wind erodible
fraction. As a result, aggregates resistance
against disrupting forces can be estimated
by means of their dry aggregate stability
(DAS), which is considered an index of soil
resistance against wind erosion [10].

Conventionally, many practices that have
been used to control soil wind erosion
[11]. But the practices which can stabilize
sand soil particles against wind force were
briefed by [12] in two steps: temporary sta-
bilization which can be done by any mate-
rial that stops surface sand movements, and
then biological stabilization which consists
of establishing a permanent vegetative
cover and this step depends upon how effi-
cient the temporary stabilizer. Furthermore,
[13] illustrated that temporary stabilization
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the applicability of using corn stover liquids as coarse sand soil particles sta-

bilizer (bio-binder) material was studied. The corn stover powder (CS) was
liquefied in ethylene carbonate (EC) in the presence of dilute sulfuric acid.
The liquid samples were prepared with 4 levels of CS/EC mixtures (20%,
22.5%, 25%, and 30%, w/w), 2 levels of liquefaction temperature (140 °C,
and 160 °C), and varied reaction times (30~90 min). The insoluble residue
ratios for the CSLS increased with higher CS/EC mixture, lower reaction
temperatures and shorter reaction times. While the viscosity in the CSLS in-
creased with higher CS/EC mixture, higher reaction temperatures and longer
reaction times. The air dried pre-treated coarse sand soil samples covered with
CSLS were placed in a tunnel subjected to wind speeds ranging from 6 m/s to
18 m/s. The crusts developed with the CSLS on the coarse sand soil surface
could withstand wind speeds up to 10 m/s, beyond this speed the deforma-
tion in the crust with a gradual increase in the erosion rate was observed. The
present work concluded that the adhesive forces of all the CSLS samples had
nearly the same resistance effects to the wind flow irrespective to the prepara-
tion conditions (CS/EC ratios, reaction temperature and reaction time) and the
viscosity. Also the crust developed on the coarse sand soil samples showed
high resistance to wind erosion to a limited wind speed; however, beyond that
limit the coarse sand soil particles are no longer stabilized.
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tions of Sangral on leaf number of
leaves of grapefruit scion shoot.Data
taken after weeks from budding.
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Fig.3. Effect of soaking/topping treat-
ments on scion bud-take. Data taken 6

weeks after budding.
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\sFig.3. Effect of soaking/topping
treatments on scion bud-take of grape-
fruit. Data taken after 6 weeks from
budding.
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grapefruit scion buds.Data taken were
after 6 weeks from budding.
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\sFig. 2. Effect of different concen-
trations of Sangral on leaf number of
scion shoot of grapefruit. Data taken
after 6 weeks from budding.
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\sFig.3. Effect of different concentra-
tions of Sangral on scion shoot elon-
gation. Data were taken after 6 weeks
from budding.
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of grapefruit. Data taken after weeks
from budding.
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Effect of soaking/topping treatments
on scion shoot elongation of grape-
fruit. Data were taken after 6 weeks
from budding.
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Fig.1 Effect of soaking/topping treat-
ments on scion bud-take percentage
of grapefruit. Data were taken after 6
weeks from budding.
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6 weeks from budding.

sangral conc

(mg /1) No. of leaves (Shoot length (cm Average mean bud-

(%) take

mg/| BA 400 15.00a 17.00a 85a

0.00 13.6b 13.9a

100.00 14.2b 14.5a

200.00 26.2a 17.1a

400.00 21.2a 2052

800.00 6.4¢ 6.4a

Means in a column followed by same
letter are not significantly different at
P=0.05, according to Duncan Multiple
Range Test.

Table 3: Effect of combinations of 200
mg/l Sangral with or without topping
on bud-take percentage, shoot elonga-
tion and number of leaves of grafted
grapefruit scions, 6 weeks from bud-
ding.

Treatment

number of leaves shoot length (cm) Average mean bud
take %

0.0¢ 0.0¢

33.0b 80b

43.0b 100a

384b S0¢

Control

Soaking without topping
Soaking and topping
‘Topping without soaking

0.0¢

354b
44.0a
30.6b

Means in a column followed by same
letter are not significantly different at
P=0.05, according to Duncan Multiple
Range Test.
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the rootstock shoot to levels inducing
scion bud-take and subsequent scion
shoot growth and development might
also be consequence. This conclusion
is supported by the speculations of
Shindy and Weaver, (1967) and Phil-
lips, (1975) that exogenous applica-
tion of growth regulators to intact
plants results in changes in the balance
between growth regulators regulating
apical dominance and the concentra-
tions of stored nutrients in the plant
tissue.

In conclusion, the results indicate
that enhancement of grapefruit scion
bud-take can be achieved by chemi-
cal manipulation prior to budding ex-
ists. High rates of scion bud-take in
the budding process of citrus can be
obtained on year-round basis circum-
venting the constraint of seasonality
for commercial propagation. It is ob-
vious that much more research efforts
are needed to develop this procedure
into a practical means for the clonal
propagation of grapefruit and may be-
come the preferred means of propagat-
ing citrus in general as the methodol-
ogy become more refined and familiar
to citrus growers. The economics and
best methodology for the application
of these results to commercial citrus
nursery operation merit further inves-
tigation.
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number of leaves (44) and the longest
shoots (43.0 cm) were obtained with
the soaking and topping combination
treatment. Topping without soaking
was the least effective in promoting
bud-take and subsequent scion shoot
growth and development (Fig.3 and
Fig.4).

Consistent with these results were
those reported by others (Parups,
1971; Carpenter, 1975; Nauer, et
al.1979; Ohkawa, 1979 Nauer and Bo-
swell, 1981) who obtained bud-break
when the chemical treatment is com-
bined with pruning or topping. How-
ever, Rouse, (1988) and Abedrabo and
Said, (2012) obtained better budded
citrus nursery trees when the rootstock
shoot remain intact during and after
budding than when they are topped,
lopped or notched. This is likely due
to the differences in plant genotype,
chemical and concentration used, time
of application and the environmental
conditions experienced in the location
of the experiment.

Uniform and timely growth of inserted
is essential for efficient production of
high quality citrus nursery trees. scion
buds Scion bud take in citrus nurseries
is usually promoted by the physical re-
moval of the rootstock terminal shoot
above the inserted scion bud (topping)
or by bending of the attached root-
stock (lopping) or by half-ringing of

the rootstock shoot (notching) 3-10 cm
above the inserted scion bud (Rouse,
1988; Williamson and Castle, 1989).
Generally nursery trees grow better
when rootstocks remain intact after
bud-take than when they are topped,
bent or notched (Rouse, 1988; Wil-
liamson, et al. 1992). The downwards
translocation of nutrients and growth
regulators from the terminal portion of
the rootstock to the scions and roots of
young actively growing budded citrus
nursery trees has been documented
(Williamson, et al.1992; Williamson
and Maust, 1994; 1995).

The results clearly demonstrate that
both, soaking and topping are need-
ed to enhance scion bud-take and to
maximize growth variables of inserted
scion buds in grapefruit. The combina-
tion of soaking and topping was how-
ever, superior to both other treatments,
resulting in significantly higher values
of all measured parameters. Neither
soaking alone nor topping alone was
able to optimize percent scion bud-
take and subsequent growth and de-
velopment of scion shoots as was ob-
tained with the combination treatment.
This would appear to be the result a

synergistic positive effect on sc1on

bud-take and subsequent growth of
scion shoot. An alteration in the en-
dogenous balance between growth
regulators and a shift in assimilates in
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shoots appeared healthier, vigorous
and with darker green leaves relative
to the other treatment concentrations
tested. Bud-take was increased signif-
icantly by Sangral but this chemical
had little or no effect on scion shoot
length. This is an unexpected result
since Sangral is marketed as a rooting
“hormone” not as a promoter of scion
bud-break and scion shoot elongation.
The significant increase in bud-take
in Sangral treated scion buds reported
herein would appear to be the result of
a loss in apical dominance. The con-
centration of 200 mg Sangral/l effec-
tively increased bud take response as
well as leaf formation but had no ef-
fect on scion shoot elongation. There
were no significant differences be-
tween the 200 mg/l Sangral and the
400 mg/l BAP treatments in all growth
variables measured, however, both
treatments significantly increased all
growth variables measured compared
to all other treatments tested.

At present, no explanation can be of-
fered for the effect of Sangral con-
centrations on scion shoot elongation.
One can speculate on scion buds com-
petition between the scion bud and
the scion shoot for assimilate (source
/ sink relationship). Competition for
the available nutrients between the
newly formed shoots may inhibit their
elongation. Most food reserves and

growth substances in the rootstock tis-
sues might have been diverted for bud
forcing and bud-take. Initiated scion
shoots cannot compete with the newly
forced buds and the subsequent bud-
take. It is also possible that Sangral
resulted in an alteration in the balance
between endogenous growth regula-
tors that are involved in controlling
apical dominance in plants. It is to be
noted that the 200 mg/l Sangral and
the 400 mg/l BAP, which was included
in this experiment for comparison pro-
duced positive responses of equivalent
magnitude. Sangral exhibits a cytoki-
nin-like effect on all measured growth
responses.

Soaking and topping

The results of the experiment con-
ducted to evaluate appropriate treat-
ment combination of topping and the
concentration of 200 mg/l Sangral for
maximum percentage of scion bud-
take, scion shoot length and produc-
tion of leaves are depicted in Table 3.
The most effective appropriate combi-
nation treatment was the soaking and
topping combination treatment.
Growth differences between treat-
ments were evident for all parameters
measured. The combination treat-
ment of soaking and topping had the
greatest effect on the various growth
variables measured. The highest bud-
take percentage (100), the greatest



Enhancement of bud Graft in Grape fruit

A significant increase in bud-take in
BAP-treated scion buds would appear
to be a result of a loss of apical domi-
nance. All BAP concentrations tested
increased the number of scions that
took. Direct contact of the axillary sci-
on buds with the right concentration of
BAP seems to be important for bud-
take. The soaking operation allows
for the direct contact of the right BAP
concentration to all quiescent axillary
buds present on the soaked bud-wood
stick at the time of treatment. BAP
permits the development of shoots
from budded scion buds which nor-
mally would remain dormant BAP has
to be absorbed by the quiescent buds
to be effective (Carpenter 1975; Little
1985). The results parallel those of
Nauer et al. (1979) on navel orange,
where BAP test solutions were applied
directly to individual budded scions
with cotton swabs for positive effec-
tive.

Variation in response to BAP applica-
tion within citrus species has been well
documented (Nauer et al. 1979). The
effectiveness of BAP soaking prob-
ably caused most of the dormant buds
present at time of treatment to start
active growth during the time follow-
ing excision and insertion. The fail-
ure of some of inserted and wrapped
treated buds to take could be attrib-
uted to variation in the age of scion

buds and/or scion bud position along
the bud-stick. This speculation is sup-
ported by previous findings by others
(Unrath and Shaltout 1985; Krajewski
and Rabe 1995) that indicate that scion
bud age and position on the scion bud-
wood stick influence the response of
buds to exogenously applied growth
regulators.

Sangral concentrations:

Sangral, a proprietary commercially
available rooting formulation, had
been widely used, but at a single con-
centration, for root formation under
nursery conditions. The composition
of this chemical is confidential to the
manufacturer.

Table 2 summarizes the results of an
experiment conducted with the ob-
jective of evaluating the influence of
different concentrations of Sangral on
bud break, shoot length and number of
leaves of grapefruit bud wood soaked
in different concentrations of Sangral
solution for 2 hours prior to bud exci-
sion and insertion. Growth differences
between treatments were evident for
all parameters measured. Not only was
percentage of bud-take greater with
200 mg/1 Sangral, but all other growth
attributes measured were likewise bet-
ter and greater (Fig.1 and Fig.2). Bud-
take percentage and leaf formation
were significantly promoted by soak-
ing in 200 mg Sangral/litre. The scion
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wood-sticks in 200 mg/l Sangral plus
topping, soaking in 200 mg/l Sangral
only without topping and topping only
without soaking in 200 mg/l Sangral.

In all experiments the T-budding tech-
nique was used. The inserted scion
buds were wrapped with clear plastic
tapes. All budding operations and the
incubation of budded seedlings were
carried out under naturally lit green-
house conditions. Budded seedlings
were watered once every other day
with tap water and rootstock suckers
were removed as soon as they ap-
peared.

Experiments were terminated after 6
weeks from budding. Parameters mea-
sured included scion bud-take per-
centage, number of scion leaves, and
scion shoot length (cm). Only inserted
buds that break and form a branch
were considered to have taken. Graft-
ed buds that swollen and remain green
without forming a visible branch were
not included in the total count. Treat-
ments were arranged in a completely
randomized block design replicated 4
times. Each treatment consisted of 10
budded rootstock seedlings and each
treated budded rootstock is a repli-
cate. All observations were based on
10 grafted rootstocks per treatments.
The percentages refer to the propor-
tion of buds that took and produced
a scion shoot. Data on scion bud-take

percentage were analyzed after arscin
transformation and then converted
back to the original values for inclu-
sion in tables. Data were analyzed us-
ing the analysis of variance procedure
on Excel computer programme and
Duncan Multiple Range Test was used
to separate treatment means.

Results and Discussion

BAP concentrations.

All BAP concentrations tested pro-
moted bud-take at varying degrees.
The magnitude of the response of
scion buds to take and scion shoot to
grow and develop varied with BAP
concentration tested (Table 1). Soak-
ing of bud-wood in 400 mg/l BAP
resulted in significant increases in
number of scion buds that took and
number of leaves that were formed,
compared to the control untreated
plants or plants treated with lower or
higher concentrations of BAP. Bud-
take and leaf formation were highest
at 400 mg/l BAP, decreased at 100
and 200 mg/l BAP and were greatly
decreased at 800 mg/l BAP. On the
other hand, scion shoot elongation
was not affected by all BAP concen-
trations tested in accordance with the
findings of other investigators (Miller,
1982; Young, 1987; Malik and Arch-
bold, 1992) that BA has no effect on
new shoots elongation.
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open-pollinated seeds in a soil mix of
2:1 sand: clay in 15cm diameter black
plastic bags (one seedling per bag),
watered daily with tap water and no
fertilizer was applied.

The chemical substances and concen-
trations were chosen on the basis of
preliminary experiments, (not reported
here), in which various concentrations
of a number of substances were test-
ed on a variety of plant species under
greenhouse and in vitro conditions.
Benzyl amino purine, (BAP), powder
was weighed using a precision balance
in amounts of 100; 200; 400; or 800
mg. Each weighed amount was dis-
solved separately in 1N HCI and made
to 1000 ml volume with distilled de-
ionized water containing 0.05% the
surfactant Tween-20, (polyoxyethyl-
ene sorbitan monolaurate), to increase
solubility of the chemical (Garren,
1969). Distilled de-ionized water con-
taining an equivalent volume of each
of IN HCI and 0.05% Tween-20 was
used as control.

The non-flowering, intact, and active-
ly growing branches were cut and the
leaves were acropetally removed and
bud-wood, 10-15 cm in length, were
tied in bundles and wrapped in paper
with moist saw dust and taken to the
greenhouse for chemical treatments
and budding. For each treatment, five
bud-wood sticks were soaked in the

appropriate test solution prior to scion
bud excision and insertion onto the
rootstock.

In all experiments the technique of T-
grafting was used. Sour orange (Citrus
aurantium L.) seedlings, 9-months-
old, 60 cm in height, grown in the
greenhouse from  open-pollinated
seeds were used as rootstock.

In the first experiment, the potential
efficacy of BAP was tested at 0, 100,
200 .400 or 800 mg/l.

Experiment 2 was performed to ex-
amine the effect of different concen-
trations of Sangral, with the concen-
tration of BAP held constant at 400
mg/l, on budded grapefruit scion bud
forcing and growth of scion shoot bud-
ded. The following concentrations of
Sangral in (mg/1): 0. 50, 100, 150. 200,
250, or 300 were tested with 400 mg/I
BAP for comparison.

The third experiment was conducted,
after the results of experiment 2.were
analyzed, to study the influence of top-
ping of the rootstock and soaking of
the scion bud wood-sticks in 200 mg/I
of Sangral, on bud-break and scion
shoot growth and development. The
200 mg/l Sangral was chosen because
it was found to be the most effective
concentration in increasing scion bud-
take in experiment 2. Treatments in
this experiment consisted of a control
(no treatment), soaking of scion bud
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Grapefruit scion bud-break in Sudan
is commonly hastened by the physical
removal of the terminal portion of the
rootstock seedling above the inserted
scion bud (topping) 3—-10 cm above
the inserted scion bud. Reliable and
rapid bud-break and scion shoot elon-
gation are desirable for the production
of citrus nursery trees.

Scion buds of citrus require chilling
for release from dormancy. Poor bud-
break and consequently low bud-take
percent and reduced and delayed scion
shoot development and/or cessation of
early growth, are attributed to inad-
equate chilling for release from dor-
mancy (Erez 1987). BA resulted in the
enhancement of bud break of insuffi-
ciently chilled fruit trees substituting
for the chilling requirements (Young
and Werner 1986).

Benzyl amino purine (BAP), a syn-
thetic cytokinin, has been identified as
one of the most effective dormancy-
breaking agent for a variety of fruit
trees (Boswell et al.1981; Nauer and
Boswell 1981; Wainwright and Price
1984; Cody et al. 1985; Shaheen and
Said 1988; Abedrabo and Said 2012).
The optimum concentration and time
of application of the chemical for
stimulation of lateral shoot growth is
not always the same for all plant spe-
cies; each species appears to have a
growth period when it is most sensi-

tive to a cytokinin treatment.

Inducing growth of the scion buds
before excision and insertion may
promote bud-take and subsequent
scion shoot growth and development.
To the best of our knowledge, only
very scanty information on the use of
growth regulators to artificially break
scion bud dormancy in citrus (Nauer
et al.1979; Nauer and Boswell 1981;
Abedrabo and Said, 2012) is available.
Therefore, it seems reasonable to de-
termine if growth regulators would be
effective in increasing bud-break and
subsequent bud-take and shoot elon-
gation of budded scion buds of mature
grapefruit trees.

Materials and Methods

The study was carried out at the plas-
tic greenhouse of the Date palm Com-
pany of the Agriculture Research Cor-
poration Shambat Research Station,
Khartoum North. All experiments
were conducted using scion buds ob-
tained from a single 10-years-old
“Redblush” grapefruit tree grown in
the open fields of the Department of
Horticulture, Ministry of Agriculture
and Forestry, Al-Mogran (Latitude 15
35 N; Longitude 32 33 E), selected for
its uniformity of fruiting and vigorous
growth habits. Sour orange (Citrus au-
rantium L.) seedlings, 9-months -old
and 60 cm in length were used as root-
stock. The seedlings were grown from
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INTRODUCTION

Grapefruit, (Citrus paradisi Macf.),
is one of the more important species
in the genus Citrus. It is a major cash
crop and a popular fruit throughout the
tropics and subtropics and is one of the
most important citrus fruits in Sudan,
cultivated successfully throughout the
country where there are suitable soils
and sufficient water to sustain vigor-
ous tree growth. Sudanese grapefruit is
well known for its large size, excellent
quality and good coloration (Khalil
1985). Several grapefruit cultivars
have been introduced into Sudan and
were evaluated for their growth, yield,
and fruit quality (Dinar and Osman
1984; Sidahmed and Geneif 1984;
Hamid et al. 1999). The introduced
cultivar “Redblush” proved to be high
yielder with excellent fruit qualities
and vigorous growth habits.
Nowadays, grapefruit cultivation in
Sudan is receiving much attention
from private and governmental sectors
and there is an increasing awareness of
the potential and importance of grape-
fruit as a fruit crop and the area under
cultivation is increasing steadily due
to an expanding consumer demand.
Grapefruit is mainly cultivated in the
Northern, River Nile, Kassala and
Kordofan States. The fruits are con-
sumed locally as fresh fruit and juice,
with negligable tonages exported to

Europe and the Gulf States.

Superior grapefruit cultivars are typi-
cally propagated asexually by eye-
budding on open-pollinated suitable
rootstock seedlings (Platt and Opitz
1973). The method is too slow for pro-
ducing many plants in a short time.
Success is often low and variable, sea-
sonal and is often tedious and imprac-
tical when carried out on a large scale.
Routine production of large numbers
of nursery grapefruit trees has not
yet been described. Uniform, vigor-
ous and normally appearing growth
and development budded scion buds
in grapefruit propagation is essential
for efficient production of high quality
nursery grapefruit trees. The potential
demand for clonal grapefruit nurs-
ery trees to replace alternate and shy
bearer trees and for establishing new
grapefruit groves is enormous.

The perennial evergreen Citrus grows
in flushes (Schneider 1973) that are
synchronous under Sudan conditions.
The main flushes arise in February and
September, periods of increased atmo-
spheric humidity. Experience in Sudan
has shown that successful bud-take
can be obtained only during Febru-
ary through April. Citrus buds inserted
during most other months of the year
are often slow to start growth even un-
der greenhouse conditions indicating
that bud-take is seasonal.
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Enhancement of bud Graft in Grape fruit

Iklas Rabie Abedrabo and Abdel Gaffar Elhag Said and Tag el Sir Ibrahim
Mohamed
Sudan University of Science and Technology

This study was carried out at the greenhouse of Shambat Research Station,
Khartoum to evaluate the effects of concentrations of benzyl-amino-purine
(BAP), and Sangral, as pre-budding treatments, on scion bud-take and sci-
on shoot elongation of grapefruit (Citrus paradisi Macf.),cv. “Redblush”.
All experiments were conducted using scion bud-wood obtained from a
single 10-years-old “Redblush” grapefruit tree grown in the open fields.
Sour orange (Citrus aurantium L.) seedlings, 9-months-old and 60 cm in
length were used as rootstock. The results of the effects of showed that the
response of scion buds was best at 400 mg BAP /litre concentration. Soak-
ing of scion buds in Sangral at a concentration of 200 mg/litre resulted
in a positive and marked effect on percent scion bud-take and number of
leaves relative to the control. The highest percentage of bud-take and the
largest number of leaves were obtained with soaking in 200 mg Sangral /
litre treatment compared with the control or the higher or lower Sangral
concentrations tested Shoot elongation was not significantly affected by
all Sangral concentrations tested relative to the control. No significant dif-
ferences were obtained between the 200 mg Sangral /litre and the 400 mg
BAP /litre, denoting that Sangral might have cytokinin-like effects. The
combination treatment of 200 mg Sangral /litre and topping was optimal
for scion bud-take and leaf formation and had no significant effect on shoot
elongation.

Keywords: Grafting, scion bud. BAP, Citrus, rooting hormone
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