|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

A en
c (#f “

SUPPLEMENT TO
INTERNATIONAL

JOURNAL OF

AGRARIAN AFFAIRS e

DOUBLE NUMBER 19741975

Contributed Papers Read
at the ISth Imtermational
Conference of Agricultural
[Ecomomists

PAPERS 1-17

Produced by the

University of Oxford Institute of Agricultural
Economics for the International Association
- of Agricultural Economists

OXFORD 1975

PRICE £1.50

IO
A A N X



Some MNodels for Determining the Optimum Cropping
System in A.R.E. Agriculvure Under Certain Envi-
ronnental and Organizational Conditions.

By
A.A. Eltonbary, A.A. Guoeli and N.T. Habashy(l’

Resource allocation is considered one of the major elements
in reorganizing cropping systems. Resources should be allocated
in such a way as to maximize economic welfare. Efficient resou-
rce allocation is attained when the values of the marginal prod-
ucts of a resource equalized in all alternative uses.

The objective of the current study is to reallocate available
agricultural resources, viz. land, water. human - resources between
the alternative uses to maximize net income.

The optimum combination of resources is defined as the combi-
nation that makes the rate of technical substitution of two resou-
rces equal to its price ratio. The optimum combination pf products
is determined when the price ratio of products is equal to the rate
of product transformation. Linear programming as a tool of economic
analysis can serve to solve such problem. In pursuit of this aim ,
an objective function with constant weights, ternative activities
and input - output coefficients can be used.

The study investigates the optimum cropping system in A. R. E.
agriculture under three specific conditions. The first is when
physical constraints only are used. The second indicates the opti-
mum cropping system when physical, institutional, economic and mar-
keting constraints are taken into comsideration. The third indicates

(1) Former professor of Agricultural Economics, Department of
Agricultural Economics, Faculty of Agriculture, Shoubra Elkheima,
University of Ain Shams, Cairg, Associate professor,

Faculty of Agriculture, El Zagazig , University of Ain Shams, Cairo,
and Expert, Egyptian Agricultural Organization, Cairo, A. R. E.
respectively.
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the optimum cropping system when wheat self sufficiency is being
the traget.

The objective function ir the linear programming models is
estimated according to the international prices of the agricultural
crops.

Fhysical constraints used in the three models under examination
include available land resources classified according to its various
classes, available agricultural labour force and irrigation water

resources.

The models consist of 59 alternative activities. Each activity
represents the possible land utilization pattern over one year.

The linear programming model can be formulated as :

Max. R = Pi X, + Eé Xy + eenene P59 x59

subject to :
aj) X3t 35 X, +

321 Xl+a22x2 t seeeo

8y *1 t 8o ¥ ¢
J A
Xj ;> 0 {J=1 eeeesan)
where the notations used are as follows :

F(R) the normative supply function or the objective function.
total net revenus
quantity of input n to produce output x
coefficient of inputs.
number of units produced.
price of the unit of output x

The objective function is to maximize net return of alternative
activities as will be seen in the Appendix ( Table I ).
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The constraints used in such models are indicated as follows :

4)

Physical Constraints_:

1. Land constraints : The cultivated area in Egypt is estimated

at 5.83 million feddars which can be classified into four classes(l):
(i) Land resources used in all agricultural activities must

not exceed total cultivated land area viz. 5.83million feddans.

(ii) The cultivated area covered by all crops minus the area
which are suitable for the third and fourth classes must not ex-
ceed the area of first and second classes viz. 2.7 million feddans.

(iii) The area covered by all crops minus that suitable for the
fourth class (Cotton, Berseem and Rice) must not exceed the area
of the first, second and third classes viz. 5.1 million feddans.

II. Constraints of labour force : The study of labour force in
Egypt indicates that the available labour force in the months of
winter, viz. January, February, iwarch, aApril, kay, Cctober, Noven~
ber and December is estimated at 86.22 million man days.

The available labour -.-force in the months of summer, viz. June, July,
August and September is about 89.67 million man days.

The available labour force is greater in summer than in winter, due
to the attendance of children at schools in wﬁwer(ZU

1)

The first, second, third and fourth classes are estimated at

326, 2.355, 2398 and 747 thousands feddans respectively. The
first, second and third classes of land are suitable for the
cultivation of the various agricultural crops, viz. field; ve-
getable and orchard crops.

The fourth class is suitable for the cultivationof specific field
crops, namely, cotton., Berseem and Rice.

Habashy, N.T. : An analytical study of agricultural resources
allocation in Egypt, Ph.D. thesis, University of Ain Shams ,

1972.
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The constraint of labour force includes 12 constraints represen-
ting available agricultural labour force for the months of the
year.

I1I. Irrization constraints : Available water constraint is est-
imated according to the discharge of the River Nile at Aswan Dan
excluding a percentage for water losses due to the evaporation,
percolation, drinking water, ....... etc.

The River Nile water constitutes about 99% of irrigation water
in Egypt. Twelve constraints represent available irrigation
water.

Institutionmal, Marketing and Self Sufficiency Crops Constraints :

Institutional constraints must be taken into consideration
vvhen constructing a model to determine the optimum cropping sys-

tem. Cotton and wheat areas(l)

represent the essential inst-
itutional constraints in Egyptian agriculture. Larketing and
economic constraints result from the limited foreign marketing
capacity and the shortage of marketing potentialities. The ma-
rxeting constraints for export crops are represented by the ma-
xinum area cultivated by these crops during the last ten years

of 1958 - 1968.

Self Sufficiency Crops Constraints :

These imply the average cultivated area in the last four
years of 1965 - 1968 for certain crops such as iiaize, Barley,
Wheat, Cabbage, Eggplant .... etc.

Some Characteristic Features of the

Cptimum Cropping 3System in Agricul-

ture under Prevailing Egyptian Far-
ming Conditions.

The models indicated certain recommendations to improve the

1) Cotton and wheat areas should not be less than 1/3 the total

cultivated area for each crop.
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efficiency of the utilization oif agricultural resources.

The First kodel :

Phe first model indicates the effect of the physical constraints
on the cropping system when only used. These are physical land class-
ification, irrigation water and availavle agricultural labour force(l).
‘Phe model indicates taat an extensive area of agricultural land should
be devoted to the cultivation of garlic, onion and watermellon. This
area is estimated at about 2.682 million feddans. About 710.4 thous-
and feddans should be devoted to winter onion and sesame, 1.55 million
feddans should be devoted to winter onfbn and scrgahum, 747 thousand
feddans to temporary berseem and cotton and about 132.8 thousand fedd-
ans should be devoted to sugar-cane. The area of winter onion that
should be cultivated is estimated at about 2.26 million feddans.

Labour force is not considered a constraint in this model,
There is a surplus of this resource throughout the year. The present
area of cotton in Egyptian agriculture should be decreased by about
797 thousand feddans as indicated by such model.

It should be mentioned that the international prices for the tra-
ditional agricultural exports are not profitable in contrast with non
traditional ones with the exception of onion.

The total labour requirements for this pattern are estimated at
about 514.7 million man-days annually. These exceed the requirements
of the present cropping system with about 68 million man-days annually
representing 21C thousand men monthly. The disguised unemployment in
this pattern is estimated at 10.24, 13.68 million man-days annually in
winter and summer respectively,representing 0.45, 0.6 million men mon-
thly. The disguised unemployment accrued by this cropring pattern

(1) Three constraints represent physical land classification, twelve
constraints represent available agricultural labour force, twelve
constraints represent irrigation water.

(2) A farm labourer works 270 days per year under Egyptian farming
conditions.
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tends to decrease with about 56 % , 49 % as compared with the dis-
guised unemployment in the present pattern in winter and summer,
respectively.

The model indicates that irrigation water is considersd a real
constraint on agricultural production. There is no surplus of irr-
igation water in the months of April and Cctober. The water requi-
rements for this cropping pattern increase with about two million
cubic meters as compared with that of the present cropying pattern.

The net agricultural income realized according to this pattern
is about L.E. 1287 millions. It exceeds the rresent net farm income
with about L.E. 808 millions representing 167 % of the present in-
come (Tablé 2 of the appendix).

The_Second biodel :

it is obvious from the first model that an extensive area is de-
veted to garlic, onion and watermelion. There are other constraints
that make the application of this model more difficult such as mark-
eting and export constraints. Such constraints are included in this
model to 1limit the area cultivated. Self sufficiency constraints(l)

and physical constraints(z) are also taken into account.

Table (3) of the appendix indicates the optimum cropping system
under physical production, institutional and marketing constraints.

(1) This dmplies the area of Wheat, Berseem, Beans, Barley, squash
and eggplant.

(2) Irrigation water constraints during the months of April, iay,
June and November, while labour constraints are added in March,
April, October and November.

These represent physical constraints.
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The areas devoted to wheat, barley, beans, soft beans and Egyptian
clover are about 1273, 1117, 351.7, 29 and 1346 thousand feddans

for these crops respectively. The areas devoted to these crops do
not differ from the present average area. The area devoted to Gar-
lic, Onion and Watermellon are estimated at 18.8, 57.7, 103 thousand
feddans respectively. Tkhe area devoted to these crops represent the
maximum area cultivated by these crops during the period 1958-1968.
Hence the area of these crops must not be less than the maximum area
in this period. This area however exceeds that of the present crop-
ping with about 4.2, 1l4.6, 11.0 thousand feddans for garlic, onion
and watermellon respectively. Area devoted to rice is about 3.12
million feddans. It exceeds the area of the present cropping patt-
ern with about 19p7thousand feddans. The area of potatoes in this
model is estimated at 103 thousand feddars. It exceeds the area of
the presentcropping pattern with about 73 thousand feddans. Grapes
anea is estimated at 543 thousand feddans, which is a very extensive
area by contrast to its area under the present cropping pattern.The
ezxpansion of rice and tomatoes areas can be realized from the annual
increase in the exports of taese two crops.

The model indicates clearly that labour force is not considered
constraint on agricultural production. There is a surplus of labour
throughout the months of the year. The application of such cropping
system results in an excess of labour force which amounts to about
130 thousand men monthly. The disguised unemployment decreases to
a great extent as against the disguised unemployment in the existing
cropping systen, amounting to 100 and 250 thousand men in winter and
sumner respectively and representing a decrease of 90% and 79% of
the present disguised unemployment in the same order. Irrigation
water is considered a real constrant. There is no surplus of water
resource in the month of June.

The net income realized from this model is about L.E. 600 mi-
llions. It exceeds the present net farm income with about L.E. 120
millions representing 25%.
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The Third Model :

This model aims at indicating the optimum croppirg system when
wheat self sufficiency is put into action. All the previous const-
taints, viz. physical production, marketing potentialities are con-
sidered. The cotton constraint is abandoned l).

The model concerned indicates that wheat must be included in
two activities : wheat -~ summer maize and wheat - cabbage. The
area devoted is about 3.19 million feddans for the first activity
and 9.3 thousand feddans for the second activity. The area devo-
ted to wheat and summer maize is about 3.2 and 3.3 million feddans
respectively. The area devoted to summer sorghum is about 658 th-
ousand feddans. 307, 1199 thousand feddans are devoted to tomatoes
and rice respectively. The areas devoted to wheat, summer maize ,
sorghum, rice and tomatoes increase with about 2CCC, £1C00, 287, 100
and S7.4 thousand feddans respectively. The areas devoted to Bar-
ley, Beans, Soft beans, Egyptian clover, other winter crops, cabb-
age, squash, garlic, watermellon, onions do not differ from the
area of the second model. The area of potatoes decreases with about
35.6 thousand feddans by contrast to the second model. This model
does not include cotton. Areas of 138.8, 12l1l.4, 23.1, 9.4 thousand
feddans are devoted to sugar cane, citrus, mangoes and bananas re-
spectively. Such areas are siamilar to the areas of the crops com-
prising the existing cropping system. The cropring system proved
vo be inefficient in the utilization of agricultural land resources.

The model also indicates that no increase in agricultural lab-
our force is likely to exist. However the disguised unemployment
might decrease with about 83%, 72% in winter and summer respectively
by contrast to the disguised uneamployment resulting from the present
cropiping system.

(1) Since wheat self sufficiency constraint is added in the presence
of minimum cotton area constraint, there would be no feasible
solution as emphasized by the computer.
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The irrigation water requirements exceeds the present reaquire-
ments with about 3.5 million cubic umeters which are far below the
available irrigation water in Egypt.

The agricultural net income realized from this cropping system
is about L.E. 405 millions. This revenue is below that of the present cropping
system by about L.E. 75 millions, representing 16% of total agricultural net

income (Table 4).

Conclusions :

(1) Vegetables area should be increased due to its high profitabi-
lity if compared with field and orchard crops. The vegetables
area indicated in the first model is considered unrealistically
high due to the limited domestic and foreign marketing capacity
and to the shortage of marketing potentialities, although vege-
table area should be expanded for exporting purposes.

(2) The current study shows that the present cropping system lacks
specialization in terms of agricultural activities which is
responsible fer the high inefficiency in Egyptian agriculture.
The second model indicates that the net farm income realized
from the optimum cropring system exceeds the present one with
about L.E. 120 millions, representing about £5% of the existing
net farm incone.

(3) Agricultural labour force is not considered a real constraint
on agricultural production under prevailing Egyptian farming
conditions.

(#) Water resources are considered a real constraint on agricultural
production in Egypt.

(5) Available irrigation water in Llay and November is lower than
what is needed.

(6) The policy of self sufficiency in wheat production should not
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be recommended in Bgypt since self sufficiency in wheat product-
ion would lead to a great loss irn farm income. lioreover, wheat

cultivation is not recommended except when introducing a const-

raint indicabing the lower limit of wheat area.

APPENDIX
Pable I — The Alternative Activites

Activiby Content Net Return (L.E.)
£ Nheat + summer majze 47 .14
K2 Wheat + summer rice 80.69
x5 YWheat + summer squash 159.87
X, Wheat + Nili squash 112.27
X5 Barley + summer maize 45.17
x6 Barley + Summer rice 78.72
Barley + summer sorghum 5C.CO
XB Barley + summer Squash 158.00
x9 Bean + suzmer maize 54,99
X0 Bean + summer sorghum 59.00
ill Bean + summer rice 88 .54
X12 Bean + summer syguash 167.80
13 Soft bean + sesame 59.00
K14 Soft bean + peanut 98.35
X15 Soft vear + water mellon 191.15
xl6 Soft bean + summer tomatoes 150.15
Xl? Soft bean + summer sorghum 163.C0
X Flax + sesame 51.37
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Table I : cont'd.

summer rice
summer sorghum
summer maize

water mellon

Fermgneftclover + summer :rice

Peraanuntclover + sumrer maize

rerwanetitclover + summer squash

Garlic
Garlic
Garlic
Garlic
iinter
Winter
VWinter
Winter
Winter
Viinter
Wwinter
Viinter
Winter
Winter
YWinter

Winter

+ Summer maize
+ peanut

+ water-mellon

+ sumuer towmatoes

onion + sesame
orion + summer
onion + summer
onion + summer
onion + summer

onion + sumaer

rice
sorghum
maize
tomatoes

squash

tomatoes + summer rice

tomatoes + summer sorghum

tomatoes + summe:r maize

tomatoes + summer squash

squash + summer potatoes

squash + summer tomatoes

141

49.35
183.48

82.72

49.17
162.00
175.87
£17.28
510.00
259.0C
154.89

69.42
157.69
152.87
2z6.00
265.60
15z.42
123.69
118.80
231.60
123.90
157.70
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Table 1 : cont'd.

Ket Return (L.E.)

Winter vegetables vegetables 134.C0
Temporar y clover 115.C0
Sugar cane 104.00
Temporar. y clover sumier potatoses 69.2C
Yinter vegetables sesame 84.39
Winter vegetables summer 32.37

Yinter vegetables + peanut 123.70

>

Winter vegetables + summar eggplany 182.50

Viinter vegetables + summer tomatoes 155.50

\n
(@]

Other winter farm crops + summer rice 101.75

1
—

Cther winter farm crops + summer maize 63.20

\n
n.

Othe:r winter farm crops + water mellon 202.30

\n
N

Cther winter farm crors + summer tomatoes 141.30

pd

Citrus 115.CO

\n
\Js

X
X
X
X
X
X
X

l:angoes 48.40

\n
[}

>
\n
~J

Bananas 127.50

Grapes 109.90

B4
\n
[6<}

b4
U1
O

“ater mellon + Nill potatoes 219.20

Source : Habashy, N.T. ‘. Cit. vp. 491, 492.
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Table 2 - Lhe First_kodel i

hotipmimfistspich st~ “puadront  Jiligtnnt ? Sonihuipcblagiihiuirgoe el

Activivy Agric. Activity Cultivated _ Cropped area
numoer area Crons area
X28 Garlic + water mellion 5682100 Garlic 2682100
“Water mellon 2682100
XBO Onion + sesaue 710387 Onion 2265842
Sesame 710387
X52 Onion + summer sorghum 1555455 Swnmer sorghum 1555455
X4 Temporar y clover+cotton 7469567 Temporar y cl- 746967
3
over
Cotton 746967
X44 Sugar cane 132552 Sugar cane 132552
Net income L.E. 1287 millions with an increase
above the present net faram income of L.E. 8C8
millions representing 167 %
Source : Habashy, N.T. Cp. Cit. p. 369.
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Table 3 - The Second iiodel :

The optimum cropping system under

physical institutional, marketing

and econoaic constraints.

Activity hgric. hctivity _Cultivated _ Cropped area
Number area crors area
X2 Wheat + swmmer rice 1264026 wheat 1273303
Rice 3126090
X4 Viheat + cabbage 9275 Cabbage 9275
X6 Barley + rice 111769 Barley 111769
Xll Beans + Rice 351729 Beans 351729
Xl6 Soft beans + tomatoes 29000 Soft beans 29000
Tomatoes 363792
X2 Egyrtian clover + summer rice 1345771 Egyptian 1346771
3 clover
X29 Garlic + tomatoes 18887 Garlic 18887
x34 Winter onion + tomatoes 57694 Onion 57654
X36 Viinter tomatoes + summer rice 51796
X39 Winter tomatoes + summer squash 39703 Squash 29703
X43 Tempo.ar'y clover + cotton 1712357 1712357
X49 Other winter vegetables +
summer eggplant 20755 hggplant 20755
X-O Other winter vegetables +
2 summer tomatoes 5692 Cther winter 4o447
vegetables
X54 Other wirter field crops + 141020 Uther winter 141020
sumeer tomatoes field crops
X58 Grapes 543957 Grapes 543957
X50 Water mellon + Nilt potatoes 1C83C30 Watermellon 103030
7

liili-potatoesl03030

Net income L.E. 600 millions with an increase of L.E. 120 millions
abvove present net income representing 25%.

Scurze: Haobashy, M, QOrn.Cit, p. 576

-~

praan
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fable 4 - The Third .odel :

The optimum cropring system under self-
sufficiency wheat consiraints and other
constraints.

Activity Cultivated nA .
) Agric. Activity area CLOopEpes___srea
oo e crops______ area____
Xl Wheat + summer maize 3490720 Theat 320CCCC
Junmer

maize 3298613

X, wheat + Will cabbage 9275 Cabbage 9275

X7 3arlzsy + sumrer sorghum 111759 Barley 111769
Suzmmer

sorghumn 653217

vlC Beans + summer sorghunm 351729 Bears 351723

“16 Soft beans + summer tomabtoes 22000 Scft beans 29000
Sunmer

tomatoes 3071GC5

X2’ szyptian clover + sumwmer 1ricelly3180 Lgypblian 1346771

2 clover

swumer rice21199180

LZ# wzyptian clover + summer maize 107838
XZS wgyptian clover + squash 39702 sguash 397C2
X28 Garlic + water mellon 18387 Carlic 13357
watermellon 1C3030
X34 Onion + tomatoes 57694 Onion 57694
X57 ainter tonmatoes + summer sorghumlg4?19
X44 Suzar cane 133822 Sugar cane 138822
X49 Cther winter vegetables + 20755 Other winterseuu8
eggplant vegetables
R Ezgplant 20755
K,c Other winter vegetables +
7 summer-tomatoes £5692
XFE Other winter field crops +
2 water mellon 47534 Qther winter 141020
field crops
X54 Other winter field crops +
tomatoes 93486
XSS Citrus 121462 Citrus 121462
X55 Mangoes 23102 !langoes 23102
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Table 4 - conu'd.

AcCoivity Cultivated
v o S1rd cropped area
number Agric. Activity area
crops area
Loy Bananas ou31 Bananas S431
X Water mellon + Nill potatdes 36609 Filt pota- 365609
59 toes

Net income L.E. 405 millions with a decrease
below the net income gained by present cropring
systew totalling L.E. 75 millions, representing

a minus of 16%.

Source : Habashy, N.T. : Op. Cit. p. 582
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