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Introduction

The Sudar is predominately an agricultrual coumirye. Agriculiture
js the main sector of its economy and its principal sou}ce of forisgn
exchange the Government is building‘up most of its social and sconomi=
cal development programme and basing its ectermal trade agresments

upon agriculture.

The sampling technique has proved since long, to be one of the
main pillar for most of the nodern sciences. Due of its major appli-
cation fields is the agricultural ones Estimation of the crop yield

by the so=colled crop cutting experiments is only one of its many usese

The problem of sample size required to estimate a certain statis-
tic is one of major problems which faces statisticians on planning a
certain survey. These are many factors which should be considered on
this aspecte. Rn important one is the cost on the land and precisioxn

on the othere.

It will be the main objective of this paper to compute an opti-
mum sample size to estimate the dura (Sorghum) cror yield rate in
Sudan both by the variance function and cost function, oam the basis



of a crop=cutting survey run in Sudan in 22 courcils importunt for tae
crops

The dura is the stable food of ihe coundry d is cultivated al=
most all over the country on difierc..t [rounds. ‘“Whus lg sone parts
it is cultivated manually and in small picces of luad vhile most of
the crop is cultivated mechanically and in very large pieces of land.
Though this looks as if it complicates the proble:: of- designing a
sampling survey, but on the basis of lon; expcrience it was found that
the same design almost fits most of the purts without loss of pracis=
ion, Nevertheless additional studies have to be made on some of the

open areus wid the nomads urea of the crop:
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It is thus natural to find out o t thiu crop st Li:vics hus found
greater attention, This survey , under concideration, w.s ihe result
of long sustained efiorts iniated iz 1959 by ¢ small curvey on dura
in the mechanized crop production schemes of gedarif district, Kassala
province. By 1967/68 the department of statistics has completed 18

such surveys.

The Survey :

This survey covered 2Z councils imporv.at fos dura crop distrib=
uted over the 6 northern provinces. The desi,a usgopled was muliistage
stratified sampling. BEach council constituted a stratum and wherever
possible it was divided into few substrata on the pattern of the crop
roughly. Within a stratum, a two-stage sampling was used for the area
with the shiekhship as the primary sompling unit and agricultural hold=
ing within the shiekhship selected as the secondary unit. For crop-
cutting the sumpling was extended to two more stages. {"ields growing
dura within cuch selescted holding ¢o

onstitute the third stuge ssmpling
unit cnd a6 x 7 m plot the fourth stuj2.

Phe selection of the units at each stage was donc :t random with
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equal probability and without replaamenti The selection of the
shiekhship was done at the headquarters of the Depixtment of stra=
tistics. The work of listing of holders and conduct of crop cutting
was eni}usted to enumerators under close supervision of the supervisors
and the inspectors. The enumerators and supercisory staff was ade-

areiely rained in the conduct of field work before they proceed to
the field works

After reaching the selected shiekhship holders (persons operating .
noldings) were salcated at random, For the purpose of selecting a
field, first a continuious serial.numbering over all the fields which
grev duraﬁ The last serail was noticed and hence 3 fields were se-
lected by tables of random number;z

The random location of the plot was done on .the date of harvesti~
ing alrsady fixed in consultation with the holders by random numbers
table as usual. It should be made sure that all of the plot lies
within the selécted field.

The cobs are harvested and spread over a piece of cloth for a
while before threshing the crop is then threshed. according to the
local practice winnowed and cleaned¢ The clean produce is welghed and
then left for z period to dry and then rewelghldgﬂ

‘Equations used ¢

Computaticns depended on the following equations1} _n
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Whore b, + --¥- gives the variance of the mean (¥ )

n na
on taking the finite multipliers 2s unity since the sampling fraction

is small in each stratum (less than 0305)@

Sab is the variance between Shiekhships

. " n fields

n is the number of Sh_igl_:t_x_ships
m 1] " _ll 1" plots
¥ is the percent standerd error.
1 is ths cost per shiekhship

1] n L] n
c, plot
Bquation (1) gives the distributions of m and n for different ngn

while aguation (2) gives the optimum number of plots at minimun cost.

Computations
In meliistage design variance is <.t estimated by {(ANOVA) tech-

nique by pooling the ANOVA over individual strata:
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Table (1) Form of the (ANOVA) table

——u-—

Source of variztion d- of f: : M S EMS
T P

Between Stre’s - ‘ :

Between Shlekhshlps within i (n,=1) 52- 52 4 m S2

hi ot b Tw b

strafa h=1

Between fields within ,Ei nh(mwl) 52 52

Shiekhships within h=1 i

Strata '

Thus the estimates of Si and Si which can be obtained from:the

pooled (ANOVA) are:

2 e 2 |
RN - s2 3)
32 Sa
e = _b i w 2rw e (4)
E (Sh) = S

Results :

The pooled (ANOVA) is here shown for kassala provifice with diste

ribution of number of plots and shiekhships for dlffgrunt percent
standerd errora

The other provinces will be sumnerizasd in a seperate
7
table.

o
In Kaswala province 2 councils were cnoéen for the survey, each
was divided into two strata, 72 Shlekshlpﬁ Were selected and:all the
276 plauned exreriments were conducteda The average yield Ym

found.*e ta 2 8811 kgms/plt

was

.-/ ]
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Table §22_Pooled_ (A_NOW_A)_ for Kassala Prov;ge

e

Source of variation d» ofs £ °° ‘Sum Square MeS.5,
Between Strata. .. - - - D 283 ,0902 5646180
Between She w hiRk strata 66 764 4655 12.0373
Betwéen fields within Sh.
within strata 144 670.3065 47539

Total 215 1747?8622
Thus  B(S2) = 447539

i

Bed) = 12073 = 40539 2,4278

With the help of table (2) and its results we can construct (3)

below § - : : s
Table (3) Distribution of shiekhships for different levels
of gtatistic and different values of m for Kassala
Province
2. | 2193 %17 1188 1074 1006
. | 935 630 528 477 447
i 526 354 297 269 251
5 336 22% 190 172 161
6 - 2 - 157 132 119 - 112

It is noticed that the number of shiekhships decreases as the



number of plots m increases, It is also observed that the rate of
decrease is noticable as m _i:ncreases £rom 143 o bui it diminishes
on further increase., Indicating that 3 plots is abou’ an optimum
sizo,_ ~Thus if we s_uffice ourselves by 5% standerd error it is found
that: it is necessary to select 190 shiekhships to estimate the dura

q

7izld rate in Kassala provincee

On application equation (2) one is and faced by the mon availabii -

lity of the elements of the equation i.e, 2 and cz;? On the basic
previous similar situations, °1  is estimated as 6s This leads to

c

2
the result that at minimum cost 4 plots are necessary to be surveyed showing
showing that 172 shiekhships are needed,

The similar results for the other previnces are shown below ¢

Table (4)
Without Cost With cost in account
LT No of Shy No of Plots No shs No of plots
Blue Nile 457 3 457 3
Kordofan 149 3 87 2
Darfur 292 3 226 2
Nox*her:. and Khartoum 273 3 245 &

1361 | 1187

Thus it is necessary to surcey 1361 , shiekhships and 4083 plots
and on taking cost in account 1187 shiekhships and 4778 plotss



Sumney and Conclusion s

A general review of the results thus obtained reveals the follow-
ing :
1~ %the number of shiekhships required for different degrees of
precision showed the same pattera & -It.decreases’ om.the in-
crease of the number of plots me The rate of decrease is
moticable as m increases from 1:3 e -On further increase inm
the rate of decrease diminshes andfnot appreciable, indicating

that there is no need to sample more than 3 plots per shiekhe
Ship °

2= On fixing the level of standard error at ' 5% which is generalw

; ly accepted in such type of sureys and conducting 3 experi;
ments per shiekhshdp the. number of the latter varies from i49
in kardofan to 457 in Blue Nile provinces.

3= A noticable fact is that the. sample size computed in this.re-
search is larger than thet which was conducted in the .actual
survey « This may be explained by the large percentage error
which r;sulted‘from.the survey being as high as.16% in Northe
rn and kikartoum provinces. comblned. This high error on the
other hand mlght be due to

2) The very small size of the sumple actually run.
b) The crop in a great number of the plois has totally
failed glvlng Zero yleld.

4= On considering thz cost: to est1mato the. oytzmum sample 51ze
at minimum cost one is.faced with the non. avallablllty of .
the rough data on the cost elements, . They are estimaied by
consideration of similar-previous,s}tuation the‘optimﬁm numbey
of plots per shiekhship varied from 3 in Blue Nile pro#inca to 7
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in Kerdofan province. The corresponding number of shieks
ships was 457 in Blue Nile and 87 in kerdofan province,

55 The relctively large number of plots required in kordofan is
due to the largeness of the ratio Si 7 S% which was 9.2502.

A factor which should be considersd carefully on planning future
surveys is the non sampling error which may mainly be due to the lack
of adequate staff and their centralization in the headquarters onlye

The most suitable size of the experimental plot needs further
studye It is hoped thait unifermity trails should be made on different

size and shapes te choose the best of them,

Together with this it is necessary to run a survey with the main
objective of computing the cost function elements which were only

estimated in this paper.

The computations givem here depended mainly on the 6 Northera
provinces: The irrigated area of the Gezira was excluded since all
the yield is recorded, These are some parts of the open areas which

need certain tackling and investigations have to be made on them,

If is also worth mentioning tnat the sub=sampling unit was the
same as that guessed for the surveye

Fig I shows the variation of n with per ceat standard error "t©
for given number of plots m to be harvested for each shiekhship;

Finally we hope that this work might be of some benifits to whom

s0 even interested.
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