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IWIRODUCTION

The problem of allocation of resources which is the foremost produc-
tion economics problem, faces all organizations in one or more forms. For
ages, man has been searching for the most effective means of allocating his
resources to achieve his goals one of which is to maximize profits out of a
set of available resources. In the field of agriculture, the problem of what
crop to plant is first in a farmer's list of priorities. In general, net
returns or vields are used as Basis in making farm decisions about what crops
to plant, Of the two, net returns is considered a better gauge since high
yield does not alwavs result in high net return,

Most studies and research in the Philippines use net return as basis
in comparing the relative performance of one enterprise with another. A
good example is the studv "Comparative Input, Output and Financial Data for
Virginia Tobacco, Palay, Mongo, Corn and Cotton in the Ilocos Region" con-
ducted by the marketing analyst of the Special Studies Division cof the fermer
Department of Agriculture (now Ministry of Agriculture), This study was done
yearly from 1973-77. XNet returns were used to compare the performance of
cotton with other dry seascn crops such as palay (rice), cora, mongo (mung-
bean), and Virginia tobaccc., While the results of this study offer a good
ground for comparison, another method like linear programming can be enm-
ployeé to obtain better results. This method provides an efficient mathe-
matical way cf determining an optimal strategy when there are numercus alcer-
native methods which mayv be followed in seeking certain goals and the sit-
uation is clouded because various cocurses of action are interrelated by a
number of restrictions andé cconstraints, While it is true that the net

return approach and linear programming techniques are similar ia purpose,



i.e., both are concerned with the economic concept of profit maximization,
linear programming allows a more_complete analysis than the net return
approach,

This paper will deal with the application of linear programming
techniques to the study mentioned earlier. Comparisons will be made to
determine if linear programming is really better than net return in ana-

lyzing such data.

A. Importance of the Studv

In the Philippines, net return is generally used as basis in relating
performance of two or more enterprises. This approach is limited to the ana-
lysis of the contributions made by one resource, which in most cases is land,
e.g., net return per unit of land, It is assumed that the only rescurce fixed
in amount is land while others such as labor, capital, etc... can be decreased
or increased in unlimited proportions. In this case, the contributions made
bv capital and labor are being ignored., Moreover, the most profitable organi-
zation has been found without considering the possibility of going into a
combination of two or more enterprises which allows an efficient use of the
available raesources and at the same time gives higher return.

The linear programming approach is applicable to situations which have
many possible alternatives each with different constraint. The author believes
that the use of this method will he very useful in guiding farmers as well as
government or private agencies in making sound individual cor group farm deci-

siomns.,

3. Objectives
This repcert is a study of how lirear programming can be used in agri-

culture. ZiIre primary objective is to compare results from using linear



programming with that of the net return approach in a study of the most
profitable crop on farms in the Philippines. It also proposes applications
of linear programming techniques to other similar studies conducted and to

be conducted in the future.

The other objectives are as follows:

1. To analyze the data in the cited study,

2. To determine other uses of linear programming techniques on
data in the Philippines,

3, To formulate criteria as bases for the collection of data
necessary in building a workable and a more realistic linear
programming model and to identify problems which may be encoun-
tered in collecting such data,

4. To determine the limits of the use of linear programming.

G, Limitations of this Study

This paper is limited to the analysis of data presented in the
study "Comparative Input, Output and Financial Data for Virginia Tobacco,
Palay, Mongo, Corn and Cotton in the Ilocos Region'. Due to the unavail-
ability of some data, assumptions were made to show how linear program-
ming can be used. However, a more realistic application of linear pro-

gramming is advocated for solving problems in the Philippines.



CHAPTER II

A REVIEW OF THE STUDYI

A, Objectives

The "Comparative Input, Output and Financial Data for Virginia
Tobacco, Palay, Mongo, Corn and Cotton in the Ilocos Region" is a
yearly survey undertaken by the Special Studies Division of the Ministry
of Agriculture, Republic of the Philippines, primarily to determine the
profitability of growing cotton over other crops such as Virginia tobacco,
palay, corn and mongo and to know the crop and situations with which
cotton can compete effectively. The results serve as guide to the Philip-
pine Cotton Corporation, a semi-government corporatiun in charge of over-
seeing the production of cotton in the country, in planning for the yearly

expansion of area for cotton growing.

B, Procedure

Farmers in the Ilocos Region planting any of the five dry season
crops such as Virginia tobacco, corn, cotton, rice and mungbean, were
randomly selected and interviewed: 300 in 1975, 515 in 1976 and 50C in
1977 (Table 1). Primaryv areas considered were those located in or near
the major cotton producing parts of the region. The same procedure was

used each year.

C. Area Covered

The area covered by this study is the Ilocos Region, one cf the

twelve regions in the Philippines. It is located in the northwestern

part of the Luzon Island (Figure 1) and is composed of five provinces

1 ; : : " :
All data shown in this anmalysis have besen converted to 'per
hectare basis' in order to adjust for differences in size of enterprises.



TABLE 1

NUMBER OF FARMS SURVEYED, SSD*
ILOCOS REGION

Year and Farm

PlusniEieatdon Cotton Tobacco Corn Mungbean Rice Total
1975
Low 20 20 20 20 20 100
Medium 20 20 20 20 20 100
High 20 20 20 20 20 100
Total 60 60 60 60 60 300
1976
Low 34 36 29 35 41 175
Medium 35 34 31 33 40 171
High 33 30 32 33 41 169
Total 100 100 92 101 122 515
1977
Low 60 27 27 27 27 168
Medium 60 27 28 27 27 169
High 60 26 25 26 26 163
Total 180 80 80 80 80 500

* Special Studies Division, Ministry of Agriculture, Philippines



Ilocos Region——>

Figure 1 - Map of the Philippines Showing the Ilocos Regiom



namely, La Union, Pangasinan, Abra, Ilocos Norte and Ilocos Sur. In

the crop year 1976-77, 25262 hectares of land in this region were planted
to cotton which was 90% of the total area planted to this crop in the
whole country. Despite the fact that rice is the main staple food in the
area, most of the land is utilized in growing cotton and tobacco, making
the region the nation's major producer of these crops.

There are two cropping seasons in the area as shown in Table 2,
namely, rainy and dry seasons. The rainy season starts in May and ends in
October while the dry season begins in November and ends in April. The
first crops or those grown during the rainy season are planted from April
to September and harvested from July to January. Planting of the second
crops or those grown in the dry season takes place from August to March
while harvesting is from October to August,

Figure 2 shows the planting calendar of the region for the crops
included in this study. Since cotton is a dry -season crop and the primary
objective of the study is to compare the performance of cotton with other
dry season crops, it is imperative that all information regarding crop
gituation in this study deal with dry season farm operations only so as

not tc confuse with rainy season crops.

D. Analysis of the Survevs

. Production
Farms were classified based on yield per hectare as low-, medium-,
and high-yield farms (Table 3). Yield varies widely among the crops.

Based on the average, the biggest variation was observed in rice while

2
“Based on the 1977 Report of the Philippine Cocton Corporation.



TABLE 2

PLANTING AND HARVESTING DATES, 500 FARMS,
ILOCOS REGION, SSD SURVEY, 1975-1977

Crop Planting Date Harvesting Date
First Crop
Irrigated
Palay May - August September - December
Corn April ~ September July - November
Peanuts May - June August - October
Rainfed
Palay May - September August - January
Corn May - August August - November
Peanuts May - June August - September
Vegetables June - July August - September

Second Crop

Irrigated
Palay September - January December - April
Mungbean November -~ March January - May
Corn October - February Januarv -~ May
Tobacco September - January January - May
Cotton October - January February - May
Vegetables September - January July - Auygust
Root Crops January - February July - August
Peanuts November - December Februarvy - April

Rainfed
Palay November - December February - March
Mungbean August - March October = May
Corn October - January January - April
Tobacco September - January January - May
Cotton August - December December - May
Vegetables September - January November - May
Root Crops January - February July - August
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Figure 2. - Planting Calendar of Five Selected Crops in

Tlocos Region



TABLE 3

AVERAGE PRODUCTION PER HECTARE
SSD SURVEYS, ILOCOS REGION
(IN KILOGRAMS PER HECTARE)

Year and Farm

B et oo Cotton Corn Tobacco Mungbean Rice
1975
Low 453.6 330.0 608.3 114.4 1175.
Medium 977.0 650.0 1053.1 277.7 2335.
High 1760.4 1205.0 1611.4 559.2 35354
Averapge 998.1 890.0 984 .8 332.2 2310.
1976
Low 247.8 270.0 373+1 170.9 1400.
Medium 651.9 640.0 725.6 313.7 2225,
High 1218.8 1575.0 1234.7 537.4 3690.
Average 712.9 810.0 670.9 335.0 2325
1977
Low 281.6 290.0 604.6 209.1 1415.
Medium 712.0 840.0 928.9 337.6 2520.
High 1437.4 1475.0 1583.4 653.0 4215.

Average 860.06 808.33 969.23 352.36 2501.
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the smallest was in mungbean. These variations in each crop may be
attributed to differences in cultural practices, e.,g,, proper scheduling
of planting, application of fertilizer and insecticide, proper spacing,
etc,., Climatic and soil conditions may have also contributed to such
results,
2 Size of Farms

Among the farms included in the study, the biggest area was planted
to rice and the smallest to tobacco (Table 4). As the size of farm in-
creased, the corresponding yield per hectare decreased which shows a ne-
gative correlation between farm size and vield except for cornm farms. This
may imply that smaller farms are better maintained and supervised than
bigger ones but availability of labor, capital and other limiting resources
may have affected such results,
3 ¢ Tenure Status

Most farmers were share-tenants, that is, they paid their landlord
a certain percentage of their produce, Others owned their farms while a

small percentage were oun a leasehold agreement (Table 5).

4, Labor Usage

The amount of labor usad on each crop differed each year for each
farm class (Table 6). Tor a better comparison of the amount of labor used
for each crop, farm operations were placed under three stages:

Stage 1 - includes all activities before planting, i.e., seedbed
preparation, land preparation, basal fertilizer appli-
cation, etc,..

Stage 2 - includes all activities from planting to pre-harvesting

such as transplanting, weeding, spraying, etc...



TABLE 4

AVERAGE LAND AREA GROWN TO EACH CROP
S5D SURVEYS, ILOCOS REGION
(IN HECTARES)

Year and Farm

Classification Cotton Corn Tobacco Mungbean Rice
1975
Low .79 .36 .71 .61 .87
Medium .70 A7 .48 .54 .84
High .58 1.00 .39 wDZ .79
Average .69 61 53 .56 .83
19746
Low .53 .74 .67 1.08 .93
Medium .58 .61 .46 .94 .83
High .58 .61 .37 1.03 .69
Average .57 .65 .51 1.02 .82
1977
Low .63 .83 .80 .49 .93
Medium .54 1.18 +B7 47 .80
High .44 .90 .64 47 .56
Average .54 .98 .70 .48 .76
3-year Average
Low .65 .64 .73 .73 .91
Medium .61 .75 .54 .65 .82
High +33 .84 .40 .67 .68

Average .60 T4 .56 .68 .80




TENURE STATUS, S$SD SURVEYS, ILOCOS REGION
(IN NUMBER AND PERCENTAGE)

TABLE 5

13

Crop and Tenure 1975 1976 1977
No. % No. % No. %
Cotton
Owner 32 53 40 40 65 36
Share—-Tenant 27 45 51 51 85 47
Part-Owner 1 2 5 5 16 9
Leasee - - 4 4 14 8
Total 60 100 100 100 180 100
Corn
Owner 19 32 47 51 34 43
Share-Tenant 29 48 36 39 37 46
Part-Owner 12 20 8 9 2 2
Leasee - - 1 1 7 9
Total 60 100 92 100 80 100
Tobacco
Owner 26 43 54 54 19 24
Share-Tenant 28 47 38 38 49 61
Part-Owner - - 2 2 8 10
Leasee 6 10 6 6 4 5
Total 60 100 100 100 80 100
Mungbeans
Owner 20 33 21 2% 22 28
Share-Tenant 39 65 77 76 54 67
Part-Owner - - 3 3 - -
Leasee 1 2 - - 4 3
Total 60 100 101 100 80 100
Rice
Ownear 19 23 37 30 34 43
Share-Tenant 45 75 59 49 37 46
Part-Owner 1 2 15 12 2 2
Leasee - - 11 9 7 9
Total 650 100 122 100 80 100
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Stage 3 - includes all harvesting and post-harvesting processes like

harvesting, bailing, storage, packaging, delivery, etc...

Table 6 shows that in most cases, there is a positive correlation
between labor and yield. The average amount of labor used for each crop is
presented in Table 7 which shows that tobacco growing required the biggest
amount of labor amounting to 215.90 man-days while mungbean needed 46.79 man-
days. Cotton, rice and corn growing used 155.71, 106.89 and 54.51 man-days
of labor respectively.

Farmers planning to grow any of the five crops included in the study
may consider the following information. As Table 7 indicates, more labor is
used in cotton farms from Novenber to January; corn too required more labor
in Yovember and December. The most critical period in tobacco growing as
far as labor is concerned is from November to April. In a mungbean farm,
labor is needed most in February and March while November to March is the
peak period for labor utilization in rice farms.

a. Percentage of Hired Labor

Although the farm operator and his family are considered to be the
major source of labor, the amount they contribute is not sufficient, thus
hiring of additional labkor is necessary to meet the labor requirements of
each crop. Table 8 shows the percentage of hired labor put in for each crop.
On the average, rice needed the biggest percentage of hired labor accountin
for 5347 of the total which cotton required only 18%. Mungbean, corn and
tobaceco entaiied 44, 20 and 19% hired labor respectively. As it has been
shown sarlier, tobacco is a labor-intensive crop. However, it requires only
a small amount of hired labor. This can be attributed to differences in some
cultural practices for the crops. For example, harvesting of rice can be done

in 1 te 2 weeks while that of tobacco takes 1 to 2 months through a method



TABLE 6

AVERAGE LABOR IN MAN-DAYS USED PER OPERATION
PER HECTARE, SSD SURVEYS, ILOCOS REGION

15

Crops and Stages 1975 1976
Low _ Med.  High _ Ave. Low  Med.  High  Ave.
Stage I
Cotton 25.82 28.29 35.69 24,92 17.36 20.86 22.41 25.74
Corn 25,83 23.19 14.50 19.02 12.70 14.92 14.26 13.85
Tobacco 30.99 40.00 42.82 34.91 38.06 50.22 73.78 49.22
Mungbeans  10.66 13.52 13.85 12.32 5.00 7455 4.85 5.39
Rice 27.54 21.31 35.83 27.83 32.58 33.13 36.52 33.54
Stage IIL
Cotton 70.76 86.57 109.66 86.81 54.15 72.93 63.76 62.63
Corn 14.44 17.45 11.10 13.61 18.24 24,10 25.25 22,31
Tobacco 30.14 50.00 48.97 41.70 47.61 66.30 91.35 62.75
Mungbeans  11.80 15,00 18.46 14.82 4.03 5eD3 5.15 5.00
Rice 20.34 16.81 25.95 21.57 30.2 34.70 40.58 34,63
Stage III
Cotton 40.38 53.86 32.93 56.95 27.36 38.97 49.66 38,60
Corn 19,17 20.85 146.7 17.37 17.57 23.93 41.15 27,54
Tobacco 60.99 92.50 113.33 83.21 72,54 110.43 128.65 98.06
Mungbeans  16.07 21.49 30.96  21.25 14.45  26.49 148.46 114,12
Rice 22,75 24,76 42,15 29.03 30.97 37.95 48.535 38.05




TABLE 6-Continued
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Crops and Stages 1977 3 - Year Average
Low Med. High Ave. Low Med. High Ave.
Stage I
Cotton 23.33 24.63 31.59 25.74 22,17 24.59 29.90 25,55
Corn 9.88 13.31 8.89 10.92 16.14 17.14 12.55 15.28
Tobacco 40.25 52.39 60.31 50.57 36.43 47.54 58.97 47.65
Mungbeans 12.65 12,13 17.45 13.96 9.44 11.07 12,05 10.85
Rice 49.14 43.63 64.82 51.32 36.42 32.69 45.72  38.28
Stage II
Cotton 79.52 92,22 106.5%9 70.74 68.14 83.19 93.34 61,56
Corn 13.73 18.53 13.78 14.80 15.47 19.36 16.71 17.18
Tobaceo 77.00 61.94 83.75 74.43 51.58 359.41 74.69 61.89
Mungbeans  15.10 15.11 13.40 14,58 10.51 11.88 12.34 1i.58
Rice 47.74 40.00 50.36 46.18 32.77 31.17 38.96  34.40
Stage III1
Cotton 32.24 56.67 79.32 54.07 34.33 49.83 70.64 51.60
Corn 18.19 24.24 29,56 23,98 18.31 23.01 29.91 23.74
Tobacco 109.25 178.21 189.84 156.00 B80.93 127.05 143,94 117.31
Mungbeans 25,71 36.60 36.40 31.46 18.74  28.19 29.64 25.52
Rice 30.54 44,38 46.25 39,21 28.09 35.70 42.38  35.39




TABLE 7

AVERAGE MONTHLY UTILIZATION OF LABOR IN MAN-DAYS

58D SURVEYS, ILOCOS REGION

dd

Crop and Year MONTHS
J F M A M J A S 0 N D Total
Cotton
1975 27.0 9.0 15.9 20.3 15.9 1.2 2.7 15.1 18.0 22.5 25.6 173.2
1976 10.2 13.5 15.1 13.5 8.4 o7 .6 10.4 11.8 16.5 21.5 122.1
1977 24,0 18.5 16.0 19.0 2.4 - 2.6 13.4 23.5 23.5 28.1 171.4
Average 20.4 13.7 15.7 17.6 8.9 .6 2.0 13.0 17.8 20.8 25.1 155.5
Corn
1975 6.0 6.6 6.0 3.3 - - - i.6 3.4 10.8 12.2 50.0
1976 7.7 9.4 6.9 wd - - 1 4.8 7.7 13.6 12.7 63.6
1977 9.9 10.3 4.8 4.0 8.3 - - al 3.5 5.4 3.6 50.0
Average 7.87 8.77 5.9 2.7 2.8 - .03 2.2 4.9 9.9 9.5 54.5
Tobacco
1975 20.6 26.3 21.0 14,4 13.8 4,4 .5 3.4 6.8 21.2 28.7 161.2
1976 27.1 15.9 29,1 32.4 23.7 1.2 - 1.5 8.3 26.9 41.9 208.0
1977 28.5 79.3 44.9 23.4% 3.1 - .8 3.0 11.0 41.4 44.0 280.0
Average 25.4 40.5 31.7 23.4 13.5 1.57 .47 2.63 8.7 29.8 38.2 215.9
Mungbeans
1975 6.5 10.2 13.1 3 = - - - o3 2.9 15.5 48.8
1976 2.4 4.0 17.2 - - - - - 1 1.1 6.4 31.2
1977 7.5 17.2 13.5 5.7 2.8 - 7 1.0 2.0 2.7 7.3  60.4
Average 5.5 10.5 1l4.6 2.0 9 - =2 o3 8 2.33 9.7 46.8
Rice
1975 13.6 8.9 11.4 4.6 - - ~ .7 6.6 13.4 19.2 78.4
1976 10.5 10.6 22.2 6.1 - - - .7 6.1 24.8 25.2 106.2
1977 3.9 27.3 Zl.d1 7.0 1.7 = - 2.6 10.0 27.9 34.6 138.1
Average 9.3 15.6 18.3 5.9 b - - 1.3 7.6 22.0 26.3 106.9



TABLE 8

PERCENTAGE OF LABOR HIRED AND RATE PER MAN-DAY
SSD SURVEYS, ILOCOS REGION

18

Year and Farm

Bhassifiasrion Cotton Corn Tobacco Mungbeans Rice
srea % P % A P % ¥ % ¥
1975
Low 27 6.91 7 8.43 6 5.23 12 9.20 47 5.39
Medium 18 4.90 2 3.52 15 5.75 33 2.000 58 5.31
High 15 4,97 10 3.44 9 4.17 42 9.48 68 5.54
Average 23 5.59 6 5.62 10 5.05 32 9,23 59 5.A1
1976
Low 19 8.09 7 9.58 12 7+43 56 * 55 6.36
Medium 14 4.45 3 6.59 8 5.40 60 * 55 4.85
High 22 6.93 8 6.59 15 4,98 64 * 55 8.18
Average 18 6.56 6 7.70 11 6.09 61 * 55 6.03
1977
Low 9 7.0 49 iode 23 4.85 36 7:18 49 5,57
Medium 19 6.38 33 6.67 38 5.40 50 7.89 53 6.67
High 15 5.26 43 6.77 49 5.16 50 9.19 43 6.77
Average 15 6.19 49 6.88 37 5,18 46 8.10 49 6.88
3 Year Average
Low 18 7.47 21 8.38 14 5.94 35 8.19 50 5.77
Medium 20 5.24 19 5.59 20 5.52 48 8.45 56 5.61
High 17 5:.72 20 5.60 24 &.77 51 9.34 50 H.83
Average 18 6.14 20 6.52 19 5.41 44 8.66 34 6.07

* Rates racorded include tractor rent
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called priming wherein leaves are removed from the stalk by hand as they
ripenB. This is the most widely used method of harvesting tobacco in the
Philippines.

b. Rate per man-day

Table 8 also shows the rate per man-day for hired labor. On the ave-
rage, mungbean farmers paid the highest rate of P 8.66 per man-day while
tobacco farmers paid the lowest of P 5.41. The amount paid by cotton, corn
and rice farmers did not differ verv much, rates ranging from ¥ 6.07 to
P 6.52. The difference can be explained by the kind of work necessary for
each crop and the time when labor is needed. The critical periods for labor
in a mungbean farm coincide with those in rice, tobacco and cotton farms.
Since mungbean is not as important as these crops, the farmer has to pay a

higher rate to get the labor he needs in his farm.

5. Fertilizer Usage

Fertilizer applications differed for each crop (Table 9). On the ave-
rage, the highest amount of fertilizer utilized was on rice amounting to
4,48 bags per hectare. The least amount, .5 bag per hectare was used on
mungbean farms. The amounts applied on tobacco, cotton and corn were 3.2,
2.5 and .78 bags per hectare respectivelw.

In rice, cotton and tobacco, more fertilizer was applied on high-vield
farms. In mungbean, medium~sized farms received the least amount cof fertili-
zer,

G Tnsecticide Usage
Insecticides used are of two forms, granular and liquid. As Table 10

shows, cotton farms used insecticide the most, utilizing 12.39 quarts of

3Philippine Council for Agriculture and Research, Philippine Recommends
for Tobacco(Los Banos, Laguna, Philippines, PCARR, 1976), p.41




TABLE 9

AVERAGE FERTILIZER USED PER HECTARE
$8D SURVEYS, ILOCOS REGION
(UNIT IN 50 KILOGRAM-BAGS)

Year and Farm

Classification Cotton Corn Tobacco  Mungbeans  Rice
1975
Low 1.60 1.98 2,70 .18 2.29
Medium 2.15 2.44 2.36 .07 3,91
High 3.09 2.15 2.00 .20 4.51
Average 2.21 2.19 2.37 .15 3.57
1976
Low 2.08 232 2,57 .03 3.33
Medium 2.58 1.14 3.48 .08 4.55
High 2.92 2.38 5..593 .35 6.51
Average 2.53 193 3.47 .03 4,42
1977
Low 2.47 .35 3.69 #3531 4.30
Medium 2.62 1.14 3.48 .08 4.55
High .23 53 3.19 .41 7.09
Average 2.73 .75 3.45 26 5.05
3-Year Average
Low 2.05 155 2,93 sk 3.31
Medium 2.45 2.10 3.07 05 4,09
High 3.08 1.71 3.57 .22 6.04
Average 253 1.79 3.24 .15 4.48




AVERAGE INSECTICIDE USED PER HECTARE
ILOCOS REGION
(LIQUIDS IN QUARTS AND GRANULARS IN KILOGRAMS)

SSD SURVEYS,

TABLE 10
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Year and Farm

c1 T Cotton Corn Tobacco Mungbeans Rice
ABRALLER LR, qts. kgs. qts. kgs. qts. kgs. qts. kgs. gts. kgs.
1975
Low 6.76 2.75 1.84 12 1,77 .23 2.41 49 1.32 46
Medium 15.41 3.59 1.01 9.06 3.06 .79 3.85 .82 1.66 1.40
High 23.67 6.02 .87 1.11 3.50 .51 4.41 .77 2.38 4.1%9
Average 14.44 3.95 1.24 3.43 2.59 47 3.56 .69 1.79 2.02
1976
Low 6.36 2.41 1.06 1.02 1.10 1.56 1.27 44 1.48 1.27
Medium 8.47 2.09 .96 .01 1.89 .32 1.38 .46 1.02 1.93
High 14.60 2.95 1.36 05 2.36 1.27 1.46 .67 1.56 2,27
Average 9.88 2.49 1.12 .39 1.62 1.11 1.36 .52 1.55 1.90
1977
Low F3T  L.02 .29 .02 2.18 .29 1.61 1.59 3.80 2.10
Medium 12.55 2.50 21 - 3.03 .50 1.32 .70 8.06 2.72
High 16.36 2.76 .24 - 4,24 .79 1.52 .36 16.79 3.17
Average 11.58 2.27 24 .01 3.60 .50 1.49 .90 8.39 2.66
3-Year Average
Low 6.83 2.29 1.06 .36 1.68 .69 1.76 .84 2.20 1.28
Medium 12,14 2.88 .73 4.54 2.66 .54 2,18 .66 3.58 2,02
High 18.21 3.91 .82 .58 3.53 .86 2.46 .60 6.91 321
Average 12.39 3.03 .87 1.84 2.62 .70 2.13 .70 4,23 2,17




liquid and 3.03 kilograms of granular insecticides per hectare. The least
amount of liquid insecticide was used on corn farms while the lowest appli-
cations of granulars were made on tobacco and mungbean.

Table 10 also shows that on the average, high-yield farms used more
insecticides than low-yield farms which is also true in the fertilizer usage.
This implies a better supervision of high-yield farms.

7. Disposition of Crops

Farmers raise crops either for home-consumption or for cash. Crops for
home-consumption are those produced primarily to satisfy home needs such as
food for humans and animals, and for seeds. Farmers set aside a substantial
amount of their produce for their family needs and then sell the remainder.
Cash crops, on the other hand, are those produced mainly for monetary reasomns
or as a major source of income. The goal of the farmer is to sell all his
produce. In the Ilocos Region, tobacco and cotton are considered as cash
crops while rice, corn and mungbean belong to the other category.

Table 11 shows the percentage of the total produce for each crop each
year for the different farm classes. Since tobacco and cotton are raised for
monetary reasons, large percentages, 93 and 96% respectively, of the total
production are sold. A small amount is kept by the farmer for his consump-
tion or for sale later. As it was pointed out earlier, rice is a stapie in
the area sc that only 16% of the total production is disposed of. Mungbean
is also utilized for human consumption while corn is used for livestock and
poultry feed so that only small amounts of these crops are sold.

8. Prices

On the average, tobacco offers ths highest price among the 5 crops,

7 4.98 per kilo (Table 11) while corn is the cheapest, ¥ 1.08 per kilo.

Cotton, mungbean and rice were priced ¥ 3.72, P 3.57 and ¥ 1.12 per kilo



TABLE 11

PERCENTAGE OF PRODUCE SOLD WITH PRICE PER KILO
S5D SURVEYS, ILOCOS REGION

Year and Farm Cotton Corn Tobacco Mungbeans Rice
Classification Z |4 A P 4 P A 7 %
1975
Low 100 3.50 30 .93 97 5.89 33 3.51 3 1.12
Medium 100 3.50 31 1.08 94 6.33 36 3.55 6 1.13
High 100 3.50 33 1.18 96 5.09 29  3.55 14 [ 1
Average 100 3.50 32 1.13 96 5.77 11 3.54 10 1.14
1976
Low 85 3.82 30 1.25 93 4.36 21 2.99 7 1.12
Medium 91 3.83 42 1.04 86 4.76 33 2.83 13 1.06
High 95 3.8L 52 .97 90 4.15 37 2.90 15 1.07
Average g2 3.82 47 1.01 92 4.42 33 2.89 13 1.08
1977
Low 92 3.85 45 1.07 95 4.65 38 4.25 25 1.23
Medium 99 3.85 56 1.10 95 4.66 48 4.17 31 1.20
High 99 3.85 73 1.08 95 4.95 49 4,37 27 1.5
Average 98 3.85 64 1.09 95 4.80 50 4.29 28 1.18
3-Year Average
Low 92 3.72 32 1.08 94 4,97 37 3.58 13 1.11
Medium 97 3.73 43 1.07 94 5,25 39 3.52 17 1.13
High 98 3.72 53 1.08 92 4.73 38 3.61 19 1.13
Average 96 3.72 43 1.08 93 4.98 38  3.537 16 1.12
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respectively.
9. Costs and Returns

To enable the reader to understand this section better, definitions

of some of the terms are included.

a, Cash Income -  Income derived from selling all or part of the
farmer's produce.

b. Non-Cash Income - Income derived from that part of production
not sold but which was used for other purposes
such as payment for rent, other payments for
landlord, payment to harvesters, for home-use

and for seeds.

c. Cash Expenses - Expenses that were paid in cash.
d. Non-Cash Expenses - Expenses that were paid in kind.

e. Return to Operator's Resources - Gross income less cash expenses
and non-cash cost other than labor (operator,
family and exchange ), dinterest on investment
and depreciation.

Financial returns per crop, per vear and per farm class are shown in
Tables 12a to 1l2c . As previously stated, there are wide differences in
proportions of crop sold (Table 11) which is relatively low for rice, mung-
bean and ceorn and high for Virginia tobacco and cotton. This explains why
in Tables 1l2a, 12b and 12c, percentage cash income of Virginia tobacco and
cotton was high while in rice, mungbean and corn, the non-cash incomes were
bigger than cash incomes. Tobacco had the biggest gross income and corn had
the smallest in all cases.

In terms of expenses, except for cotton, non-cash expenses for the

crops were bigger than cash expenses. If expenses were to be considered as



TABLE 12A

FINANCIAL RETURNS IN PESCS, 1975

SSD SURVEY, ILOCOS REGION
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Item and Crop Low Medium High Average
CASH INCOME PER HECTARE:
Virginia tobacco 3470.94 6286.71 7888.31 5442.30
Palay 103.37 154.30 578.76 270.43
Mongo 150.47 479.96 824.81 461,27
Corn 62.22 215.04 468,93 323.56
Cotton 1582.53 3439.00 £182.33 3498.99
NON-CASH INCOME PER HECTARE:
Virginia tobacco 74.03 354.60 313.74 217.19
Palay 1253.76 2526.70 3558.61 2409.17
Mongo 250.88 509.07 1160.42 619.67
Corn 244,03 485.94 934.89 690,24
Cotton = - - -
GROSS INCOME PER HECTARE:
Virginia tobacco 354497 6641.31 8202.05 5659.49
Palay 1357.13 2681.00 4137.37 2679.60
Mongo 401.35 989.03 1985.23 1080.94
Corn 306.25 700.98 1403.82 1013.80
Cotton 1582.53 3439.00 6182.33 3498.99
CASH EXPENSES PER HECTARE:
Virginia tobacco 1262,27 1813.50 1907.05 1579.60
Palay 588.57 749,18 972.38 766.62
Mongo 318.55 482.61 520.85 429.88
Corn 314,89 313.66 269.64 290,05
Coctton 1323.63 2048.51 2376.91 1856.06
NCN-CASH EXPENSES PER HECTARE:
Virginia tobacco 1775.08 3106.02 3209.51 2475.61
Palay 1314.47 1775.24 2518.20 1851.39
Mongo 603.30 1168.04 1321.36 1010.98
Corn 1155.83 888.23 1211.97 1116.13
Cotton 1014,51 1362.20 2000.28 1416.17
TOTAL EXPENSES PER HECTARE:
Virginia tobacco 3037.35 4919,52 4936.46 4055.21
Palay 1903.04 2524.42 3490.58 2618.01
Mengo 21.85 1650.65 1842.21 1440,86
Corn 1470.72 1201.89 1481.61 1406.18
Cotton 2338.14 3410.71 4377.19 3272.23




TABLE 12A-Continued
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Item and Crop Low Medium Hizh Average
NET PROFIT PER HECTARE:
Virginia tobacco 507.62 1721.79 3265.59 1604.28
Palay ~545.91 156.58 646.79 61.59
Mongo -520.50 -661.62 143.02 ~359,92
Corn -1164.47 ~-500.91 -77.79 -392.38
Cotton -755.61 28.29 1805.14 226.76
CASH INCOME LESS CASH EXPENSES PER HECTARE:
Virginia tobacco 2208.67 4473.21 5981.26 3862.70
Palay -485.20 -594,88 -393.62 -496.19
Mongo -168.08 -2.65 303.96 31.39
Corn -252.67 -98.62 199.29 33.51
Cotton 258.90 1390.48 3805.41 1642.93
RETURN TO OPERATOR'S RESQURCES PER HECTARE:
Virginia tobacco 2161.77 4408,21 5881.31 3797.62
Palay 266.19 682.16 1710.65 855.60
Mongo 46.71 253,59 649,25 260.72
Corn -74.92 243,51 738.03 458.62
Cotton 258.90 1390.48 3805.41 1642.93




TABLE 12B

FINANCIAL RETURNS IN PESOS, 1976

5SD SURVEY, TLOCOS REGION

a7

Item and Crop Low Medium High Average
CASH INCOME PER HECTARE:
Palay 111.25 312.30 619.17 32257
Corn 102.04 280.90 793.64 384.51
Mongo 109.69 290.60 571.89 316.43
Virginia tobacco 1502.37 3240.59 4714.81 2744 .88
Cotton 954.21 2454 .50 4606.81 2673.28
NON-CASH INCOME PER HECTARE:
Palay 1452.55 2070.59 3235.3%1 2177.89
Corn 236.49 388.72 719.54 432.74
Mongo 401.45 5987.91 983.46 649.69
Virginia tobacco 93.47 193.08 417.35 196,53
Cotton = - = -
GROSS INCOME PER HECTARE:
Palay 1563.80 2382.89 3914.48 2500.46
Corn 338.53 669.62 1513.18 817.25
Mongo . 511.14 888.51 1555.35 966.12
Virginia tobacco 1613.84 3433.67 5159.16 2941.41
Cotton 954.21 2454,50 4606.81 2673.28
CASH EXPENSES PER HECTARE:
Palay 693.43 906.24 1256.48 915.12
Corn 286.08 332.92 492.75 368.20
Mongo 122.03 152.71 160.80 143.80
Virginia tobacco 737.30 594,96 1555.16 992.31
Cotton 1016.09 1326.76 2059.33 1458.26
NON-CASH EXPENSES PER HECTARE:
Palay 1597.15 1753.25 2615..01 1933.92
Corn 1008.96 1160.74 1531.41 1226.77
Mongo 739,22 856.63 1225.31 8962.65
Virginia tobacco 1285.97 2041.84 2724.84 1843.42
Cotton 964.36 1238.55 1401.70 1191.59
TOTAL EXPENSES PER HECTARE:
Palay 2290.58 2659.49 3871.49 2849.04
Corn 1295.04 1493.66 2024.16 1594.97
Mongo 861.25 1109.34 1386.11 1106.45
Virginia tobacco 2023.27 3036.50 4280.00 2835.73
Cotton 1980.45 2565.31 3461.03 2649.85
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TABLE 12B-Continued

Item and Crop Low Medium High Average
NET PROFIT PER HECTARE:
Palay ~-726.78 -276.60 42.99 -348.58
Corn -956.51 -824.04 -510.98 ~777.72
Mongo -350.11 -220.83 169.24 -140.33
Virginia tobacco -409.43 396.87 879.16 -105.69
Cotton -1026.25 -110.81 1145.78 =23.42
CASH INCOME LESS CASE EXPENSES PER HECTARE:
Palay -582.18 -593.94 -637.31 ~592.55
Corn -184.04 -52.02 300.89 16.31
Mongo -12.34 137.89 411.09 172:63
Virginia tobacco 783.07 2245.63 3186.65 1752.57
Cotton -61.88 1127.74 2547.48 1215.02
RETURN TO QOPERATOR'S RESOURCES PER HECTARE:
Palay 158.84 479.11 1050.07 524,07
Corn -11.52 182.49 792.66 305.19
Mongo 83.41 270.91 586.16 304.36
Virginia tobacco 744,52 2239.87 3157.38 1726.20

Cotton -61.88 1127.74 2547.48 1215.92




TABLE 12C

FINANCIAL RETURNS IN PESQOS, 1977
SSD SURVEY, ILOCOS REGION
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Item and Crop Low Medium High Average
CASH INCOME PER HECTARE:
Mongo (Mungbean) 499,22 636.81 1362.66 816.08
Cotton 944,38 2705.54 5449.57 2749.24
Palay (Rice) 423.06 853.16 1318.39 797.44
Virginia tobacco 2567.47 3898.18 7298.72 4418.33
Corn 141.99 513.60 1143.17 585.11
NON-CASH INCOME PER HECTARE:
Mongo 37719 715.91 1426.87 820.65
Cotton 81.99 26,15 65957 59 .50
Palay 1140.95 1773.58 3524.31 1943.88
Virginia tobacco 176.59 192.37 430.11 258.03
Corn 19Q.73 401.29 475.07 359.98
GROSS INCOME PER HECTARE:
Mongo 876.41 1352.72 2789.53 1636.73
Cotton 1026.37 2731.69 5519.14 2808.74
Palay 1564.01 2626.74 4842.70 2741.32
Virginia tobacco 2744.06 4090.55 7728.83 4676.36
Corn 332.72 914.89 1618.24 945.09
CASH EXPENSES PER HECTARE:
Mongo 356.28 363.85 456.94 388.39
Cotton 1057.06 1796.58 2519.02 1802.35
Palay 975.25 1164.36 1415.77 1155.47
Virginia tobacco 2031.42 3313.94 4736.91 3267.46
Corn 32017 387.75 466.65 385.04
NON-CASH EXPENSES PER HECTARE:
Mongo 1247.86 887.64 1718.19 1269.36
Cotton 1501.19 1542.53 2435.71 1759.52
Palay 1563.48 1553.80 2407.02 1774.566
Virginia tobacce 2300.40 2438.30 2709.03 2479.92
Corn 630.26 709.02 746.63 693.24
TOTAL EXPENSES PER HECTARE:
Mongo 1604.14 1251.49 2716.13 1657.75
Cotton 2558.25 3339.11 4954.73 3561.87
Palay 2538.73 2718.16 3822.79 2903.13
Virginia tobacco 4331.82 5752.24 7445.9¢4 5747.38
Corn 950.43 1096.77 1213.28 1078.28




TABLE 12C-Continued
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Item and Crop Low Medium High Average
NET PROFIT PER HECTARE:
Mongo -727.73 101.23 613.40 -21.02
Cotton -1531.88 ~-607.42 564.41 -753.13
Palay -974.72 -91.42 1019.91 -188.81
Virginia tobacco ~1661.69 -1661.69 282.89 -1071.02
Corn -617.71 ~-181.88 404,96 -133.19
CASH INCOME LESS CASH EXPENSES PER HECTARE:
Mongo 142.94 272.96 905.72 427.69
Cotton -112.68 908.96 2930.55 946.89
Palay -552.19 -311.20 -97.38 -358.03
Virginia tobacco 536.05 584.24 2561.81 1150.87
Corn -178.18 125.85 676.52 200.05
RETURN TO OPERATOR'S RESQURCES PER HECTARE:
Mongo 324.49 641.13 1304.64 739.20
Cotton -30.70 935.11 3000.11 1006.30
Palay 159.45 771.19 2396.84 916.34
Virginia tobacco 563.43 589.91 2653.95 1190.36
Corn -34.30 415,81 979.31 450.29
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capital invested, tobacco is very likely to be regarded as a highly capital
intensive crop while corn as the least capital intensive (except in 1976

when mungbean had the smallest expense).

Es Symmary

This study was done primarily to compare the performance of cotton with
four dry season crops, namely, rice, corn, mungbean and tobacco in Ilocos
Region. As a result,the study has come up with the following:

a, Size of Farms - On the average, rice farms were biggest while
tobacco farms were smallest. Cotton farms were
next to tobacco.

b. Use of Labor - Tt was found that tobacco, on the average, was
the most labor intensive crop with mungbean as
the least. Cotton was second to tobacco.

c¢. Percentage of Hired Labor - rice farms, on the average, required
the highest percentage of hired labor, while
cotton had the least.

d. Rate per man-day of hired labor - On the average, hired laborers
in mungbean farms received the highest rate and
those in tobacco farms the lewest. Cotton
farmers paid the second highest rate.

e. Use of Fertilizer - Rice farmers used fertilizer most on the ave-
rage. Mungbean farmers utilized the least
amount of fertilizer. Cotton farmers were the
third biggest consumer.

f. Disposition of Produce - On the average, the biggest percentage of
produce sold was in cotton and the smallest in

rice,



g.

Total cost incurred - Considering cost as capital invested,
tobacco, on the average, is the most capital

intensive crop and corn is the least.

32
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CHAPTER ITI

COMPARISON OF ENTERPRISE PERFORMANCE
USING NET RETURN APPROACH

A, Measures of Relative Profitability

The cited study included three measures of profitability namely;
net profit, cash income less cash expenses and return to operator's
resources.

Net profit is a good measure of reiative profitabilitv but it considers
non-cash returns such as home use and seed use and non-cash expenses includ-
ing operator and family labor and interest and depreciation on invested cap-
ital, thus making it difficult to understand. Since the operator’s judgement
was used in determining the value of his labor and that of his family members,
and the value of the invested capital, it has a further disadvantage as costs
on a farm could differ from those on other farms when perhaps no true differ-
ence really existed.

Cash income less cash expenses, on the other hand, favors those enter-
prises for which a high proportion of the crop was sold (Virginia tobacco and
cotton) and disfavors those for which ; lower proportion of the crop was sold
(rice, mungbean and corn). Many people understand this measure verv easily
but it is not considered useful in this analvsis because of enterprise dif-
ferences.

Return to operator's resourcaes represents the return to the operator
for his (and his family) labor, management, and capital invested. It repre-
sents the amcunt left after deducting cash expenses and non-cash cost other
than labor (operator, family and exchange), interest on investment and de-
preciation. This measure is perhaps the best to use since it eliminates

the major problems that occur with other measures, hence it was used in this

studv,
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B. Results Using Return to Operator's Resources

Table 12d shows the comparison of enterprise performance using
return to operator's resources per hectare. This table indicates that,
on the average, in all three periods, the return to operator's resources
of cotton is higher than rice, corn and mungbean but lower than that of
tobacco. This may imply that if a farmer will base his farming decision
on the outcome of this study, he might as well choose either tobacco and
cotton since they give higher return to operator's resources. On the
other hand, from the Philippine Cotton Corporation’s point of view, they
have to concentrate their effort on convincing rice, corn and mungbean
farmers to plant cotton.

Looking back to Tables 12a, 12b and lZ2c, one may observe that if
farm classificatrion were to be considered, the outcome will be different.
In Table 12¢, for example, the return to operator's regources of high-yield
cctton farms is higher than all other farms, However, in the same table,
the low-yield cotton farms have the second lowest return to operator's re-
sources.

This kind of comparison will be very useful to the Philippine Cotton
Corporation (PCC). From this, PCC will be able to pinpoint problem areas
as far as cotton is concerned and areas that can be converted to cotton
farmg, i.e., farms planted to crops whose return to operator's resources

is lower than cotton,

C. Remarks on the Cited Study

The cited study has no doubt attained its objective, Based on the
previous analysis, data presented are indeed useful in comparing crop sit-

uations and performance of the crops being considered, However, the study



TABLE 124

RETURN TO OPERATOR'S RESOURCES
(AVERAGE FOR ALL FARMS)

Crops 1975 1976 1977
Tobacco P 3,797.62 P 1,726.20 ? 1,190.36
Cotton 1,642.93 1,215.02 1,006.30
Rice 855.60 524.07 916.35
Corn 458.62 305.19 450,29
Mungbean 260.72 304.36 789.00

35
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has its weak points, one of which is the Inclusion of some unnecessary
data, Furthermore, the study did not have information on average monthly
labor used per farm when data on average labor used per type of operation
per farm per month were included, The presence of such data will be very
useful in analyzing amount of labor being used in each farm class in rela-
tion to the availability of labor which might have some effect in decision
making. There i1s also a possibility of some overlapping in the amount cof
resources used since the study considered only dry seascn operations. It
might be that farmers are giving information which include rainy season
operation. Figures in Table 7, for example, show the amount of monthkly
labor used in each crop. One might observed that labor usage has been dis-
tributed within a period of 11 months in the case of cotten. Cotton crop
matures in 3 to 4 months., It is possible that some of these labor were
used in another crop. The author believes that it would be better if both
cropping seasons were considered and crops that should be included are those
double cropped with the five original crops.

The study did not also specify the yield of non-cotton crops that
were planted in rainfed and irrigated farms. This is important in order to
compare the adaptability of each crop to rainfed or irrigated farms or its
water requirement in relation to the availability of water.

The use of net return per hectare in the said study indicates which
crop grown in an area gives the highest income to the farmers., However,
it does not give information on the feasibility of planting such crops con-
sidering other factors like their importance to the farmers in the area,
the ability of the farmers to grow them and the availability of other re-
sources in relation to the requirements of each crop., A better method can
he employed to take at least one ef these factors into account and that is

through linear programming.
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CHAPTER IV

EXTENSION OF ANALYSIS USING
LINEAR PROGRAMMING

A, Linear Programming as an Analytical Tool

Linear programming 1s one of several mathematical tools used to
analyze the problem of resource allocation. It is a method often used in
choosing alternatives that will minimize or maximize some goals subject
to certain restraint or side conditions, It is based on the assumptions
that input-output, input-input and output-cutput relationships are linear.
To have a better understanding of this method, one must have a clear grasp
of the different assumptions and their implicatioms.

Restriction on production and limited resources are typical conditions
existing in agriculture. These include availability of resources such as
family labor during certain months of the year, capital for field operatioms,
water, working animals and other implements, farm inputs like fertilizers
and insecticides and participation in a government program which limits the
use of a given resource, Restriction can also be subject to the value judg-
ment of the farmers. A farmer may limit the amount of crop he will preducs
because of inadequate storage facilities or uncertainty in market conditions.
These restrictions can represent upper limits such as the need for a farmer
to produce at least 20 cavans of rice in corder to meet his home needs.
Restriction can alsc take the form of equalities requiring 2 farmer to use
an exact amount of a given iInput to produce a certain level of a given crog.

Given these restrictions, a farmer can develop a plan where he can
use his resources wisely, He can grow different crops in his area where
each crop competes for the use of his resources or he can consider alter-

1

tive ways of planting only one crop yet attaining his cbjectives. In most
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cases, farmers base their decisions on past experiences. They generally
compare yields or returns from each crop in adjusting their yearly activ-
ities. Consequently, plans resulting from this approach can provide a
good basis for farm decisions but may not be considered as the best. One
advantage of linear programming over this aproach is that a number of

choices can be thoroughly tested and analyzed within a short period of time.

1. Parts of a Linear Programming Problem

A linear programming problem has three parts, each of which is

expressed in quantitative terms.

a. Objective function - it states the main goal of the problem. It
must be clearly defined and expressed in
quantitative terms. The objective can be in
the form of maximization or minimizatiom.

b. Altermative methods or processes — These are ways and means of
attaining the above cbjective, There should
be more than one choice for the problem of
choice to exist, If there is only one way
cf attaining a given objective, then the
linear programming approach is not needed.

c. Resources or other restrictions - The existence of a linear
programming problem is dependent on whether
there are resource limitations or side condi-
tions., ZIExamples of these restrictions were
given in the preceding section.

2. Format of a Linear Programming Problem
In gensral, a linear programming model can be expressed in matrix

form as:
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MAXIMIZE ( OR MINIMIZE )
Z = C'X

Subject to:

AX B X =2 0

ViIA

Where A is an m x n matrix of technical coefficients.
B is an m x 1 vector of resources and other restraints.

C is an n x 1 vector of prices or weights for the objective
function.

C' 1is the prime of vector C - it is an m x 1 vector of prices
and weights for the objective function.

X is an n x 1 vector of activities.
C'X = Z is the objective function.
The problem can be written as:

Maximize ( or minimize )

z = Clxl + CZXZ + . . . . . + Can
Subject to:
allxl + alzx2 + T aln'n E; bl
aZlXI + a22x2 + % & g 5 + a2n A f; 02
amlxl + amZKZ + v o ¢ s w F amnxn. f; bm
x, 2 0, X, A § PR anE 0
all functions are linear in n varisbles Xl, Kasw & ¢ s a Kn where the

ci’s,bi's and a{j's are known constants.

3. Basic Assumptions for the Linear Programming “Model
Any individual using linesar programming as a tocl must be aware of the

£

basic assumptions attached to it. Some of these assump:tions may not apply

to certain problems. Ia these cases, an application of linear programming



may not give very accurate results.

a. assumptions of linearity - This assumption is based on the notion

that linear relationship exists between X and Z in
the above formula or all ci's are constants, hence,
the objective function is linear. 1In the case of
input-output relationships, it is assumed that the
law of diminishing marginal returns does not hold.
This implies that in a given crop farm where there
, are two resources, with a fixed amount of omne re-
source, increases in the amount of the second re-—
source will result in constant increases in output.

b. addivity of resources and activities - The sum of resources used

by different activities must be equal to the amount
of resources used by each activity for all rescurces.
This ignores the existence of interactions among

the activities of the resources. If the growing of
a crep increases the production of another crop,

then there is interaction and these two crops must
be combined and treated as one activity.

c. divisibility of activites and resources - This assumption allows

the use of resources in fractional forms such as
4.25 hours of labor or 1.75 hectares cof land and

the production of 3.25 head of cow and 100.99 cavans
of rice. There mav not be such thing as 3.25 head
of cow but this figure cah be rounded-off to 3 head

without breaking the restrictions.
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d. single valued expectations - Linear programming techniques make

use of the purely competitive approach to prices.
Hence, its application to agriculture is appropriate
since most agricultural products are assumed to be

on a purely competitive market. It is assumed that
there are no variations in prices or in the use of
resources. It implies that input-output coefficients,
amount of available resources, prices or resources
and activities and others are known with certainty.
The model uses mean values such as average prices,
average vield, average cost, average labor require-

ments and others in its analysis.

B. Application of Linear Programming

The previously cited study concluded that, on the average, cotton can
compete effectively with three other crops such as rice, corn and mungbean
but will have difficulty in competing with tobacco. This may also mean that
rice, corn and mungbean farmers in the Ilocos Region may start thinking about
planting cotton or they may also consider growing tobacco since these two
crops can offer higher returns to their resources. This chapter will try to
determine whether linear programming would give the same results.

& Defining Objectives

In the study cited, the main purpose was to compare the performance of
cotton with four dry season crops based on net returns. The objective of
this analysis is similar in nature but the inclusion of some assumptions
nNecessitates a more precise definition of the objective. There are three
important things that need to be pointed out before defining the objective.

irst, this paper will consider the problem from the point of view of an



average farmer in the Ilocos Region. Second, Filipino farmers generally
plant at least two crops a year, hence, aside from the five crops that were
included in the cited study, this paper will consider the possibility of
double cropping which will require the inclusion of other information not
provided by the study such as data on crops being planted during the rainy
season and farm operations of probable double crops such as rice-rice, rice-
corn, rice-teobacco, rice-corton, rice-mungbean, corn-cotton, corn-tobacco
and corn-mungbean. Lastlv, analvsis of the problem will be centered cn the
effect of the availability of monthly family labor on farm decision making
by having it one of the constraints. One reason for doing this is that there
are indications that availability of familv labor has some effects on the
decision of the farmers to grow certain crops.

The main objective of this analysis is to determine the combination of
drv season crops, rainy season crops and double crops which will maximize
the income of an average farmer in Ilocos Region given a certain level of
family labor and land availability. This objective is similar to that of
the study earlier mentioned because performances of each crop or crop combi-
nations are alsc being compared. The cnly difference is that this analysis
is considering the amount of family labor and land that are available to an
average farmer.

2. Facts and Assumptions

There is similarity between the information required for developing a
farm plan by linear programming and the data needed in computing net return.
The only difference is that the former needs a more detailed input-output
data and a rigid specification of constraints. The information which will
be used in this analvsis came from the cited study plus assumptions based

on other research and hvpothetical data.



Fifteen (15) activities (crops) will be considered in this analysis
which will consist of five (5) original activities (crops included in the
cited study) and ten (10) new ones which incorporate rainy season crops and
potential double crops. The addition of ten new activites is necessary in
order to have a more realistic situation and to give an average farmer wider
choices. As mentioned earlier, Filipino farmers usually plant at least two
crops per vear, hence, the double cropping svstem will be considered in this
analysis. In doing this, assumptions and hypothetical data will be used to
feed in missing informatiom which the study did not provide. By double crop-
ping, farmers plant a crop in the rainy season which is immediately followed
by another crop during the dry season. Varieties of crops grown for double
cropping purposes are those early maturing since a short period of time is
available in planting both of them in a crop year. This analysis will zlso
take into account the critical period for labor when farmers start shifting
from harvesting a crop to planting another in the event of double cropping.
It is necessary to point out that all activities included are combinations
of several functions from planting to marketing. The activity unit is
hectare.

The 15 activities will be as follows:

T Dry Rice 9. Rice-Corn

2. Dry Corn i0. Rice-Tobacco
3. Dry Cotton 1l. Rice-Cotton
4. Dry Tobacco 12. Rice-Mungbean
5. Dry Mungbean 13. Corn-Cotton
6. Wet Rice 14, Corn-Tobacco
T Wet Corn 15. Corn-Mungbean

8. Rice-Rice



The planting calendar for double cropping activities is shown in Figure 3.
The length of maturity of the variety used for each crop is also shown in
the same figure. The terms dry and wet are used to specify the season when
the crops are grownm.

3. Crop Budgets

Gross income less variable cost (GI-VC) is required in a linear pro-
gramming model. It can be derived from the estimated budget for each crop.
Tables 13 and 14 show the crop budgets for the original and additiomal activ-
ities respectively.

Figures in Table 13 were computed from the study. Average vield cor-
responds to the mean yield of each crop for 3 vears and three farm classes as
indicated in Table 3 of Chapter 2. Average prices, on the other hand, came
from Table 11 and were computed as a mean price for each crop for 3 years aad
3 farm classes.

Table 14 includes estimates based on outside materials. 1In this table,
there are such terms as short wet rice, short drv rice, short wet corn, etc..
The word "short" is used to indicate the length of maturity of the variety of
each crop, e.g., early maturing variety. A "short wet" activity will have to
go with a "short dry" activitv in order to have a double cropping activity,
i.e., short wet rice plus shert drv tobacco = rice-tcbacco. TYield data in
this table are estimates based on the following assumptions:

a. rainy season crops are expected to have lower yields than dry

season crops due to the possible sccuremce of storms,
infestations by insects and other calamities,

early maturing varieties are also expected to have lower yields

o'

due to their greater susceptibility to certain infes-

tation and other characteristics.
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TABLE 13

CROP BUDGETS IN PESOS PER HECTARE

47

Particulars Cotton Corn Tobacce  Mungbeans  Rice
Average Yield (kgs.) 820.7 855.0 884 .4 354.4 2368.3
Average Price/kg.(®) 3.72 1.09 4,99 3.59 1.13
Gross Income (¥) 3053.00 931.95 4413.16 1272.30 2676.21
Variable Costs

Fertilizer 302.63 194.85 324,55 11.42 335.26
Insecticide/

Chemicals 590.00 32.47 123.14 100.32 127.22
Seeds 89,98 26.20 2.50 145.70 103.74
Landlord Share 301.98 144,97 389.80 228.29 473.66
Miscellaneous

Cost 142,38 117.93 999.11 233.84 536.82
Total Variable Costs 1426.88 516,42 1839.10 719.57 1576.70
Gross Income less

Variable Costs 1626.12 415.53 2574.06 522,13 1099.51
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Prices used are the same as those in Tabhle 13,

In both tables, only variable cost is deducted from the gross in-
come (GI-VC). In view of this, the difference does not represent the
"real" net income since fixed cost is not deducted, This is so because
of the economic principle which states that only variable cost can affect
marginal cost and hence also affect profit maximization and cost minimi-
zation decisions since these two are based on marginal cost and marginal
returns.

Data for the variable costs were computed from the Financial Return
data of the original study. There are five components of these costs
namely, fertilizers, chemicals, seeds, landlord share and miscellaneous
costs, The inclusion of landlord share is due to the fact that most
farmérs in the area are share-tenants, that is, they pay their landlcrd
a certain percentage of their produce, Hence, the higher the vieid, the
higher is the amcunt paid to the landlord. Miscellaneous costs, on the
other hand, consist of several expense items which vary for each crop,.
Some of the expense items included are firewood for drying, fuel, con-
tainers, and food for the laberers,

Since varizble costs vary directly with changes in volume cr cutput,
figures in Table 14 were computed using relationships between variable cost
and gross income of each of the criginal crops as shown in number 2, Table
l4a and the estimated inccme for each of the 10 additional crops. It is
assumed that the ratio of wvariabhle cost to gross Iincome of the additional
crops is the same as those of the original ones, This may be a dubious
assumption since it is possible that short maturing and rainy season crops
have a higger ratio than regular dry season crops, i.e., they have bigger

variabple cost in relation to their gross income. However, due to the



TABLE 1l4a

1. COST AS A FRACTION OF GROSS INCOME

Crops Fertilizers Insecé;gigi:{s Seeds Landlg;:re Miscgii::eous
Cotton .0991 L9332 .0294 .0989 . 0466
Corn .2091 .0248 .0281 .1556 L1265
Tobacco .0735 : .0279 .0006 .0883 L2264
Mungbeans .00%90 .0788 L1145 L1794 .1838
Rice .1252 .0475 .0388 L1770 . 2006

2. ESTIMATED EXPENSES BASED ON THE ABOVE TABLE

. Insecticides/ Landlord Miscellaneous

Crops Fertilizers Chemicals Seeds Share Costs
Wet Rice 324.69 123.18 100.62 459.02 520.23
Wet Corn 189.17 31.48 25.42 140.77 114.44
Short Wet Rice  323.98 122.92 100.40 458.02 519.09
Short Wet Corn  188.03 31.29 25.27 139.92 113.76
Short Dry Rice  325.39 123.45 100.84 460,02 521.36
Short Dry Corm  189.63 31.56 25.48 141.11 114.72
Short Dry

Tobacco 322.74 122.51 2,63 387.73 994,12
Short Dry

Cotton 300.45 585.74 89.13 299.85 141,28
Short Dry

Mungbeans 11.31 99.01 143.87 225.45 230.44

Example of how crop expense was computed:

Fertilizer Expense for wet rice = Gross Income for Wet rice (Table 11)
multiplied by Cost as a Fraction of Gross Income
(See above, fertilizer colusm, rice row) or

324.69 = 2593.35 x .1252



unavailability of information on costs and returns of the 10 additional
crops, these assumptions can take their place.

Gross Income less Variable Costs (GI-VC) for double cropping activ-
ities can be determined by adding GI-VC's of "short wet'" activity and
"short dry" activity, hence, for rice- tobacco, the GI-VC will be GI-VC
of short wet rice plus GI-VC of short dry tobacco,

4, Labor Requirements

The problem will deal only with labbr and land as constraints, hence,
there is a need to specify the amount of labor needed each month for each
activity. Monthly labor requirements for original and additionali activities
are shown in Tableg 15 and 16 respectively. Table l6a shows how some fig-
ures in Table 16 were derived.

The total amount of labor needed for additional short dry season crops
are assumed to be the same as the regular dry season crops (original omnes).
In Table 16a, the writer used his own judgement in estimating the percentage
of labor needed each month based on the assumed maturity days. It will be
observed that estimated percentage of labor in scme months are relatively
high. These months represent planting and harvesting periods when most labor
is needed.

3. Other Assumptions

In addition to the assumptions given earlier, other impertant ones
which have to be specified are:

a. Capital resource and farm inputs such as fertilizers and chemi-

cals are assumed not to he limiting,

b, Water for irrigation is available where and when needed.

¢. Soil conditions are suitable for all kinds of crops included in

the study.



TABLE 15

MONTHLY LABOR REQUIREMENT IN MAN-DAYS PER HECTARE

Months Cotton Corn Tobacco Mungbeans Rice
August 1.97 .03 47 w23 -
September 12,97 2,20 2,63 .33 1.33
October 17.77 4.87 8.70 .80 3.57
November 20.83 9.93 29.83 2.23 22.03
December 25.17 9.50 38.20 9.73 26.33
January 20.40 7.87 25.40 5.47 93.33
February 13.70 8.77 40.50 10.47 15.60
March 15.67 5.90 31.67 14.60 18.23
April 17.60 2.67 23.40 2.00 5.90
May 8.90 2.77 13.53 +93 .57
June .63 - 1.57 = -

52
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C. Constructing the Model

L, Constraints

This study concentrates on the analysis of the effect of labor
availability on farm decision making due to lack of data about other re~
scurces. As several researchers in the Philippines have indicated, avail-
ability of family labor during certain months of the year has some influ-
ence on a farmer's decision te plant certain crops and to adopt new agri-
cultural practice or inputs4. In the study made by Van Der Veen5, it was
found that the failure on the part of the Filipino farmers to provide addi-
tional labor has resulted in their not maximizing the profit obtained from
new technology. Elsewhere, early research in the U.S. indicated that a
close relationship exists within the context of the family farm between the
availability of family labor and the type of farming operation. In another
study, it was stated that the composition of farm family influenced both
current farm organization and the adjustments farm families made in response
to economic forcesg. Hence, the writer believes that the use of monthly
family labor as the constraint is approbriate in this paper in order to deter-
mine its effect on farm organization.

Labor and land are the two resources which are assumed to be available

AW.A. Schutjer and M.G. Van Der Veen, Economic Constraints on Agricul-

tural Technologv Adoption in Developing Nations (Washington D.C., United
States Agency for International Development, 1977), p. 16.

5

M.G. Van Der Veen, Analysis of Interfarm Variation in Rice Yields:

An Economic Study of High Yielding Varietv Rice Producticn in Cavite Province,
Philippines, Unpublished Ph.D dissertation. (The Pennsylvania State Univer-
sity, 1973).

6 . . 2 vropie . ; 5
E.J. Long, Labor Foundations of Wisconsipn Family Farms, Unpublished
Ph. D, dissertation, (University of Wiscomsin, 1944).
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in limited amounts in the problem, Based on the study, the average size
of farm in Ilocos Region is 1.5 hectares. Therefore, it is assumed that
each farmer has this size of farm. This figure will serve as the land
constraint.

The problem considered monthly labor and not total labor require-
ments, Since the information on the amount of labor available is not pro-
vided by the study, figures for this constraint was based on the ILO report7
which provided the following information:

The average working hours per week in agriculture in 1972 were:

for both sexes - 42.4 hours per week
for females - 33.9 hours per week
for males - 44,8 hours per week

Based on this information, the total number of working hours for each
month can be computed as shown in Table 17.
The following data were used to determine the amcunt of available

farm family labor per month:

Average size of farm family (Ilocos Region) = 7 persons
9
Ratio of male to female - 3:1°
a. 7% of population whose age is 10 and above - 70
b. % of "a" employed in agriculturs - 50

From the above information, one may hypothesize that each farm family

7International Labor Organization, Sharing in Development - A Programme
of Employment, Equity and Growth in the Philippines (Manila: National Econo-
mics and Development Authority, 1974), p. 501.

8Lydia 0liva, Demand Analvsis of Animal Foods in the Philippines,
Unpublished M.S. Thesis (UPCA, Los Banos, Philippimes, 1971).

gNational Economic and Development Authority, 1977 Philippine Statis-
tical Yearbook (Manila: NEDA, 1977).




TABLE 17

ESTIMATED WORKING HOURS PER MONTH

Months A B C
10- of Weeks (A x 44.8) (A x 33.9)
May 4.43 198.46 150.18
June 4,29 192.19 145.40
July 4,43 198.46 150.18
August 4.43 198.46 150.18
September 4.29 192.19 145.40
October 4.43 198.46 150.18
November 4.29 192.19 145.40
December 4.43 198.46 150.18
January 4.43 198.46 150.18
February 4,00 179.20 135.60
March 4.43 198.46 150.18
April 4.29 192.19 145,40




in Ilocos Region is composed of 7 members where 5 are males and 2 are
females and 5 are from 10 years old and above., O0Of the 5, three are
employed in agriculture. Most likely, the farmer, his wife, and his
son work in the farm. It is also possible that the son is Iin schoel thus,
he can be regarded as partially emploved so that the farmer can only
avail of his services during weekends and vacations.

Since the problem requires the use of man-day as the labor unit,
it is necessary that the number of working hours be converted to man-days.
For analyvsis purposes, it is assumed that 8 hours is equivalent to one (1)
working day. However, to account for the possibility of farmers and their
family working longer during certain months of the year, additional assump-
tions wilil be made. One is that farmers work 10 hours a dav which is equiv-
alent to 1.2 working days based on the first assumption, and the other is
that farmers work longer during rainv season and shorter during dry season.
Some farmers take advantage of the abundance cf water during the rainy sea-
son while ochers take necessary precautions against flooding and other dam-
ages which may result from heavy rains and storme. Tables 18, 19, and 20
show the estimated amcunt of family labor available per month, The figures
on the son's column are artitrarv., Months with fewer working days corress-
pond to months during the school year. The total figures in each table
plus the average size of farm comprise the constraint in the problem. These
three assumptions will mean three levels of constraiats.
2y Technical Coefficients

Technical coefficients are numbers which represent the amount of a
resource needed to produce a unit of a given activity, They specify the
extent to which an increase 0of one unit of each activity in the model will

affect the level of a given restrainct. They can be positive cor negative.



TABLE 18

MONTHLY FAMILY LABOR AVAILABLE
( 1 MAN-DAY = 8 HOURS)

Month Farmer Wife Son Total
May 24.81 18.77 24.81 68.39
June 24.02 18.18 24,02 66,22
July 24.81 18.77 12.01 55.59
August 24.81 18.77 8.0 51.58
September 24,02 18.18 8.0 50.20
October 24,81 18.77 8.0 51.58
November 24.02 18.18 8.0 50.20
December 24.81 18.77 12.01 55.59
January 24,81 18.77 12.01 55.59
February 22,40 16.98 3.0 47.38
March 24,81 18.77 8.0 51.58
April 24.02 18.18 12.01 54.21

TABLE 19
MONTHLY FAMTLY LABOR AVAILABLE
(10 WORKING HOURS PER DAY = 1.2 MAN-DAYS)

Month Farmer Wife Son Total
May 29.77 22.52 29.77 82.06
June 28.82 21.82 28.82 79.46
July 29.77 22.52 14.41 56.70
August 29.77 22,52 9.60 61.89
September 28.82 21.82 9.60 60.24
October 29.77 22.52 9.60 61.89
November 28.82 21.82 9.60 60,24
December 29.77 22.52 14.41 66,70
January 29.77 22,52 14.41 66.70
February 26.88 20.38 9.60 56.80
March 29.77 22.52 9.60 61.89
April 28.82 21.82 14.41 65.05




TABLE 20

MONTHLY FAMILY LABOR AVAILABLE
(RAINY SEASON(MAY-OCT) - 10 WORKING HOURS PER DAY,
DRY SEASON (NOV-APR) - 8 WORKING HOURS PER DAY )

Month Farmer Wife Son Total
May 29.77 22.52 29.77 82.06
June 28.82 21.82 28.82 79.46
July 29.77 22.52 14.41 66.70
August 29, F7 22,57 9.60 61.89
September 28.82 21.82 5.60 60.24
October 29. 77 22.52 9.60 61.89
November 24.02 18.18 8.0 50.20
December 24.81 18.77 12.01 55.39
January 24,81 18.77 12.01 55.39
February 22.40 16.98 47,38
March 24,81 18.77 8.0 51.58
April 24.02 16.98 12.01 54:21
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Positive coefficients signify a demand for the resources and other
restraints while negative ones imply that an activity will add to the
supply of a resource represented by a row.

Figures in Table 15 and 16 will play the part of the technical
coefficients in this problem. Each number in these tables repreasents
the amount of labor in each month required to produce a unit of a given
activity corresponding to that amount.

In the case of land, since the activity unit is hectare, the land
coefficient for each activity is 1 hectare. This means that a hectare of
land is needed to produce a unit of activity corresponding to that coef-
ficient.

3 The Objective Function

This paper deals with the problem of determining the combinations
of 15 activities and considered which will maximize the income of an ave-
rage farmer in Ilccos Region. In formula form. this problem can be written
as:

+ c X + c X

X . . . .
1M 2% n“n

This is the obiective function. The letter Z represents the total

Maxinize 2 =

income., X,'s correspond to each activity that will be considered and ci's
S

stand for the price of a unit of ith activity which mayv be in the form of

prices or net income of each activity.

To have a clear picture of the objective furnction for this problem,

it will be better to plug in some figures in the above formula. Hence,

Let: Xl = Dry Rice
X, = Vet Rice
X, = Rice-Rice

L[}

w
=4 Mungbeans



Therefore, from Tables 13 and 14, the values of ci's can be derived

as follows:

¢, = P 1099.51
e, = 1063,29
¢y = 191, 35
€15 = 552.73

ci's in this case, stand for the GI~VC of each activity, thus:

Maximize Z = 1099.51 Xl + 1063.29 XZ + 2131.23 X3

+ . . . « .+ 352,73 XlS
ci's in the above formula indicate how the total income (2) will
be affected by an addition of any activity., If Xl, for example, is equal
to 1 hectare, then the addition of a hectare of dry rice will give ? 1099.51
more to the total income. If the farmer has only 1 hectare available, then
only dry rice is being considered znd the total income will Be P 1093.51.
4, The Problem Matrix
The objective function, the technical coefficients and the restraints
can be put tcgether to form a problem matrix as shcwn in Table 21. The
values in the Z row are GI-VC of each acrivity. Each GI-VC stands for the
c.,'s in the objective function. These figures came from Tables 13 and 14.
The values in the first column represent the amount of available resources
or the restraints in this problem. Each Roman numeral corresponds to a
resource level given below the problem matrix. These amcunts of resources
limit the size of each enterprise which is necessarv to prevent the possi-

bility of unlimited size. Figures in this cclumn were derived from Tables

18-20., The wvalues on the left hand side of the resource level and below



TABLE 21

PROBLEM MATRIX

Resource Dry Wet Rice- Rice- Rice-
Level Rice Rice Rice Corn Cotton
Z 1099.51 1065.61  2131.23 1467.67  2678.84
Land* 1.0 1.0 1.0 1.0 1.0
May Labor** I,II,IIL .57 1.74 21.72 21.72 21.72
June " I,II,IIE - 10.42 40.53 40.53 40.53
July " I.I1,III - 29.82 10.13 10.13 10.13
Aug. " I,II,III - 35.61 26.06 26.06 26.06
Sept., " I,II,III 1.33 12.59 46,32 46,32 46.32
Oct. " I,II,II1 3.57 21.14 16.03 4,36 15.55
Now. " I,II,III 22.03 24,76 29.93 16.35 46.65
Dec. " I,1I,IIT 26.33 7.96 7.48 5.45 18.66
Jan. " I,I1,III 9.33 .724 19.24 6.54 26,44
Feb., " I,II,III 15.60 - 34.20 21.80 48.27
Mar. " T5TT;IIT 18.23 - - -
Apr. " I,II,III 5.90 - - = -
* in hectares ** in man-days
RESOURCE LEVELS
II ITI
Land (ha.) 1.50 1.50 1.50
May Labor (man-days) 68.39 82,06 82.06
June Labor 66.22 79.46 79.46
July Labor 55.59 66.70 66.70
August Labor 51.58 61.89 61.89
September Labor 50.20 60.24 60.24
October Labor 51.58 61.89 61.89
November Labor 50.20 60.24 50.20
December Labor 55.59 66.70 55.59
January Labor 55.59 66.70 55.59
February Labor 47.38 56.86 47.38
March Labor 51.58 61.89 51.58
April Labor 54,21 65.05 54.21




TABLE 21-Continued
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Resource Rice Rice Dry Wet Corn

Level Tobacco  Mungbeans Corn Corn Cotton
pA 3624.74  1609.21 415.53 403.42  2016.33

Land I,1I,1I1L 1.0 1.0 1.0 1.0 1.0
May Labor I,1I,I1I 21.72 21.72 2.77 .04 3.52
June " I,11,111 40.53 40.53 - 1.76 13.20
July ™ I,I1,I1T 10.13 10.13 - 3.92 4.40
Aug. " I,II,I1I 26.06 26,06 .03 8.01 5.28
Sept. " 1,11,III 46,32 46,32 2,20 7.66 17.60
Oct. u I,II,IIT 17.27 5.61 4.87 6.34 15.55
Nov. " I,II,IIT 62.61 15.91 9.93 7.08 46,65
Dec. " I,II,III 28.07 6.55 9.50 4.75 18.66
Jan. " I,II,I1iI 32.39 18,12 7.87 2.20 26.44
Feb. = I,I1,III 75.57 - 8.77 2.24 48.21

Mar. " I,II,III - - 5.90 - -

Apr. " P 0 g - - 2.67 - -

TABLE 21-Continued
Resource Corn- Corn-
LavE] Tobacco Mungbeans Cotton Tobacco Mungbeans

VA 2962.45 946.90 1626.12  2574.06 552.73

Land I,II,LI1 1.0 1.0 1.0 1.0 1.0
May Labor I,II,III 3,52 2u52 8.90 13.53 .93

June " I,II,IIT 13.20 13.20 63 1.57 -

July " I,I11,1I1 4,40 4.40 - - -
Aug. " I,II,III 5.28 5.28 1.97 47 .23
Sept. I,IT,III 17.60 17.60 12.97 2.63 .33
Oct. " I,II,IIT 17.27 5.61 17.77 8.70 .80
Nov., " I,II,II1 62.61 15.91 20.83 29.93 2.23
Dec. " I,II,III 28.07 6.55 25.07 38.20 9.73
Jan, " I,1I,III 32.39 18.72 20.40 25.40 5.47
Feb. " I,II,IiI 75.57 - 13.70 40.50 10.47
Mar. " I,I11,1IIT - - 15.67 31.67 14.60
Apr. " I,L1,ILI - - 17.60 23.40 2.00
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the Z row represent the technical coefficients which are input-output
coefficients assumed for each activity. Sources of these figures are

Tables 15 and 16.

D. Interpretation of Results

There are three assumptions to be considered in the problem., Each
assumption corresponds to a set of constraints which will be used in each
problem matrix. Therefore, there will be three results which will be
interpreted individually and compared thereafter. The land constraint is
the same under all assumptions.

1. lst Assumption - (Eight (8) hours = 1 working day)
(Relevant Data - Solutions 1A and 24)

The most profitable organization calls for a profit of ¥ 3626.60.
It includes only three activities namely, raising rice-~mungbean, rice-
tobacco, and tobacco. This organization used all of the available land

which was allotted to each activity in the following manner:

Rice~Mungbean - ,67 hectare
Rice- Tobacco - .39 hectare
Tobacco - .44 hectare

Total 1.50 hectares

This means 1.06 hectares of land would be devoted to rice during
the rainy season and .67 to mungbean and .83 hectare to tobacco during
the dry season.

The amount of rascurces used are shown in the Activity column of
Solution 1A while the unused portion is indicated in Slack Activity column

of the same secticn. It is obvicus that all Februaryv and September labor

and iland were used., These are considered limiting resources each of which
has shadow prirce as shown in the Dual Activity column. Shadow prices can
be interpreted as the reduction in income resulting from a withdrawal of a

unit of a limiting resource, Therefore, if a unit of February labor will
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be removed from this organization, there will be a reduction of P 26.67

in thetotal income. Similar interpretations would apply toc September labor

and land which have shadow prices of P 2.64 and P 1468.93 respectively.
Figures in the Reduced Cost column of Solution 2A correspond to the

opportunity cf each activity not included in the optimum organization.

Like the shadow prices, opportunity cost is also a reduction in total in-

come but there will be such reduction only if the farmer will force a unit

of any excluded activity into the organization, hence, the total income

will be reduced by P 1,311.11 if the farmer grows a hectare of dry corn.

23 2nd Assumption -
(Relevant Data -

(Ten (10) hours = 1.2 working days)
S¢lutions 1B and 2B)

The total value of this optimum corganization is P 3,905,95, The
same set of activities as in the lst assumption was considered. Again,

all available land was used but this time, apportioning was as follows:

Rice-Mungbean - ,65 hectare
Rice-Tobacco - .64 hectare
Tobacco - .21 hectare

Total - 1.50 hectares

Rice will be grown inm 1,29 hectares during the rainy seascn while
during the dry seasocon, there will be .65 hectare of munghbean and .85
hectare of tobacco.

The limiting resources and their respective shadcw prices are the
same as In the previous assumption. There is also no change in the oppor-

tunity cost of excluded activities.

3 3rd Assumption - (10 working hours per day in Rainy Season and
8 hours per day in Dry 3eason)
{(Relevant Data - Scluticns 1C and 2C)

A similar set of activities was considered in this optimum organi-
zation but its total value is lower than the 2nd assumpticn and higher

than the first which is ? 3,645.93. It also made use of all available land
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