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ABSTRACT

The objectives of this study were three~fold: (1) to determine
total water requirements for a given level of agricultural activity
in an area; (2) ﬁo determine for a given level of water available in
a specified area, the optimum level of agricultural activity; and (3)
to determine economically feasible irrigation water requirements for
each crop grown in an area.

In the humid east, water use for agricultural has, for the most
part, been ignored by planners because of the difficulty of obtaining
reliable information on present and future agricultural water use.
Historically, irrigation water use has been governed by rainfall
patterns; however, this appears to be changing somewhat as farmers look
more at irrigation as a production tool. To assist in providing more
reliable agriculﬁural water use data to planners and to agencies such as
the Corps of Engineers and the Soil Conservation Service, a tool with
the capability of rapidly analyzing many alternative types and levels
of agricultural activity and of comparing results of alternatives
considered is needed to make decisions relating water resources and
levels of agricultural activity. A logical tool for making such deci-
sions is a computer., A model has been developed to determine water
needs under certain known conditions. A description of this model
and reports of tests to establish the credibility of the model were

included in an earlier document.



To effectively utilize this computer model it was necessary
that reliable and usable data would be available. Such data in-
clude soils by type, acreage and characteristics; crops by acreages,
soil type, rooting depth over time, planting date, maturity date,
and harvest date; and crop response to irrigation to include critical
moisture periods, climatic data, forestry acreage, population statis-
tics, animal statistics, and water resource data.

In addition to the water use model, it was felt that a model was
needed to rapidly analyze large numbers of irrigation-soil type-crop
combinations. A linear programming optimization model was developedb
for this purpose.

This report gives a detailed description of that model and asso-
ciated programs in the computer system.

These models have béen used to determine water requirements for
three areas in North Carolina. The primary purpose of the first
application was to debug and test the computer models. That area,
Pitt County, asscciated data; and results were described in the Phase
I and II report on the project.

In the second application, water requirements for twenty six
counties in the Tar-Neuse River Basin were evaluated for 1971 rain-
fall conditions. Total water requirements, peak water requirements
and the time of the peak requirement, and dollar value of the produc-~
tion were determined for four levels of irrigation. In addition,
similar information was developed for three of the counties over a ten-year

period, based on rainfall data from 1961 to 1970. Crops considered
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in this study were limited to the major cash crops grown in the
study area.

Wake County was subjected to a detailed study of water require-
ments and value of production utilizing the water use model and the
linear programming model. Rather than use historical rainfall data,
rainfall was simulated at three levels to represent low, average, and
high annual rainfall. Ten crops were considered in the study. Total
irrigation water requirements were determined for each level of rain-
fall and each of four irrigation policies. Optimal allocation of
land and water to the crops was determined for varying levels of

land, water, rainfall, selling prices, and production costs.
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SUMMARY AND CONCLUSIONS

The major emphasis in this project was the development of com-
puter models to study the interaction between water for irrigation
of crops and value of production of those crops. Two models were
developed. The first is referred to throughout this report as the
water use model or the IRRI model. It determines water requirements
for a sﬁecific level of agriculture, i.e., acreages of soils -- by
type, acreages of crops -~ by type and soil on which grown. The
second model, the linear programming (LP) optimization model, deter-
mines the level of agriculture which maximizes net return given that
there is a limited amount of water available for irrigation. Water
available from rainfall, as a function of time throughout the growing
season, is input to both models. Varying levels cf irrigation are also
considéred by both models. |

These models will have application to almost any size area,
ranging from the individual farm to a contiguous area as large as
several states. However, the models will provide most meaningful
data when used on smaller areas having similar physical characteristics
such as rainfall distribution, soil types and crops. For the output
from these models to be most meaningful it is essential that accurate
and reliable input data be available or that reasonably accurate
estimates be made. These inputs include soil type by acreage, crops
by acreage and soil type, crop planting, maturity and harvest dates,

crop response to irrigation and rainfall data. It is obvious that



all these data will not be available for all regions, crops and soil
types and that reasonable estimates will need to be made. In some
cases, additional research data will need to be obtained. This is
most true in the area of crop response to various levels of irri-
gation.

The major advantage of the models is their flexibility. For
example, either historical or generated climatic data may be used.
Many combinations of crops, soils, and irrigation policies may be
investigated. Various size areas may be studied. The only limita-
tion for large areas may be a physical limitation imposed by computer
capacity.

These models were used to study irrigation water requirements
in two areas in North Carolina. One is a large mulfi—county region
in the combined Tar and Neuse River Basins. The other is a single
county; namely, Wake County.

The data collection for the Tar-Neuse River Basin coﬁsisted pri-
marily of information obtained from a questionnaire which was sent to
Agricultural Extension Service and Soil Conservation Service personnel
in the counties. The area contains over 150 soil types, most of which
are used for row crop production. Only the major cash crops in the
area, a total of seven, were considered.

Results of the Tar~Neuse study indicated a potential increase in
net return of approximately 25% when crops were irrigated at medium
and high levels. Water requirements were approximately eight million

acre-inches. These results were obtained using 1971 rainfall data.
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A study of three counties in thewBasin over a tendear period (1961‘—
1970 rainfall data) indicated that the profitébility ok‘irrigatidn
varies significantly from yeaf té year.‘ In some yeafs thé profit-
ability vapies inversely with fainfali during>the growing season.
However, in other cases thié relationsﬁip does noﬁ hold, indicating
the importance of water needs of the cfop at pafticular stageé of
growth.

For the Wake County study, soils data were obtained from a
recent soil survey, while crops data were obtained from local Agri-
cultural Extension Service personnel. Water requirements were
determined for three levels of simulated rainfall, high, medium,
and low. Water requirements for the three levels ranged from
approximately 160 thousand acre-inches to 450 thousand acre-inches
for high to low rainfall, respectively. The linear programming
model was used to determine the optimal mix of crops under varying
conditions of availability of water and land and changes in selling
prices and production costs.

In North Carolina and other eastern states, predicted irriga~-
tion water requirements may always be larger than actual water
requirements. There are several reasons for this, the major one
being that growers in the humid East are often reluctant to invest
in irrigation equipment even when it can be shown to be a profitable
investment. Alsc prediction models which are based on average con-

ditions will often overestimate water needs in wet years. However,
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the water use model that was developed in this study provides a
tool for planners to use to predict potential irrigation water
needs. The linear programming optimization model provides a tool
for determining the best allocation of water resources to the
various crops grown in a county or region and also for determining

economically feasible irrigation water requirements.
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RECOMMENDATIONS

The following recommendations relate to data requirements of

the models developed in this study:

a.

The water use model uses detailed soils data, to include

a common series name, acreage of soils and crops by

acreage. A maximum effort should be devoted to completing
up~to~date soll surveys in all counties in North Carolina
and throughout the Southeast. Maximum effort should be
devoted to ensure that the seme series name identifies the
same soil no matter where the soil is located. These data
should be stored on the computer for easy access. Not only
can these data be used in this study, but they are needed
for the broad area of land use planning which covers all
aspects of soils utilization from the location of a highway
to the suitability for waste disposal.

Additional research is needed on crop response to irrigation.
With the emphasis on water conservation, every crop response
to irrigation study should examine a number of irrigation
policies to determine not only the maximum crop response to
irrigation, but also the most econemical water use policy.
Additional studles are needed on crop rooting depth and root

depth changes over time.
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d. The water use model developed in this study can use daily
historical rainfall or generated daily rainfall., The HISARS
rropram developed by Dr., E. H. Wiser was invaluable in the
study, and other states should have daily cliimatological
data of this type.

The models are quite flexible in terms of numbers of soils, crops

and size of the area being studied. However, the models are

designed to consider only one set of conditions on rainfall, crop,
and soil acreages, and crop/soil combinations per computer run.

An expansion of the linear programming model to consider a number

of the above conditions per computer run would greatly increase

the utility of the model. For example, if for a given set of
conditions a large acreage of some unrestricted crop appears in

an optimal solution, it would be desirable to place an upper

limit on that crop snd obtain a new optimal solution. Similarly,

if water is a limiting resource in one or more time periods, it
would be of interest to know how the optimal solution would change
if additional water were available.

Expansion of the existing models to include agricultural water use

for enterprises other than crops is encouraged. Particularly,

water use by livestock enterprises should be added.

Further application of both models are encouraged, As markets

for agricultural products change, adequate water resources will

play a major role in the success of enterprises which seek to
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meet these demands. Also an adequate supply of water and wise
decisions regarding the allocation of this water may be vital
to the success of farming ventures on newly cleared land in
Eastern North Carolina. Use of these models would help to
quantify the water/agricultural production interaction in
situations such as these and many others.

Additional research is needed in water application methods

to determine either more economical methods of applying water
or methods of obtaining greater response to the irrigation
water that is applied.

More accurate methods to include long range weather forecasts
are needed to be able to better plan when to irrigate. Coupled
with this are needs for more accurate, quick methods of deter-

mining soil moisture and/or plant moisture stress.
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INTRODUCTION

In the final report on phases I and II of this study Sneed and Sowell (1973)
discussed the need for computer models when studying relationships between
agricultural production and water. The objectives of the study as stated in
that report are as follows; ‘

(1) to determine ecomomically feasible irrigation water requirements for

each crop grown in.an ares

(2) to determine total water requirements for.a given level of agricultural
activity in an area; and

(3) to determine, for a given quantity of water available to agriculture
in a specified area, the optimum level of agricultural activity.

In Phase I of the study the general logic for the computer models was
outlined and data requirements were identified. The second phase consisted
primarily of the.development and testing of the computer model designed to ac~
~complish ohjective 2.

This réport covers Phase III of the study. Phase III consisted of the fol-
lowing three activities:

(1) development and testing of a computer model to accomplish objective 3.

(2) a study of agricultural water requirements in the 36-county area
identified as the Tar-Neuse River Basin in North Carolina.

(3) a detailed study, using both models, of agricultural water require-
ments in Wake County, North Carelina.

Each of these three activitles are reported in detail in later sections
of this report. The model to determine total water requirements is reviewed
in the anext section,

MODEL FOR DETERMINING WATER REQUIREMENTS -

This model (henceforth referred to as the IRRI model) determines the total
annual irrigation water requirements of an area for a prescribed set of inputs.
A year is divided into sixty-one discrete six-day time periods and irrigation
. decisions are made at the end of each time period. These decisions are
made for each crop-soil combination under consideration and are based on the
following moisture balance equation:

Mk = Mk—l - ETk + R+ (Dk - Dkwl)A
where Mk = inches of moisture in the soil at the end of time period k{(inches)

ETk= evaporation during time period k(inches)
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(Continﬁed)

Table 14.

Crop

Canta-

Sweet
Potatoes

Sweet
Corn

Water=
. melous

Soil
Type

Loupes

Rye

Oats Barley

Tomatoes
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Table 19. Daily evapgtranspiration rates in inches during each time period
(Wake County study).

Oct
Oct
Oct
Nowv
Nov
Nowv
Nowv
Nov
Dec
Dec
Dec
Dec
Dec
Jan
Jan
Jan
Jan
Jan
Jan
Feb
Feb
Feb
Feb
Maxr
Mar
Mar
Mar
Mar
Marx
Apr
Apr
Apr
Apr
Apr
May
May
May
May
May
Jun
Jun
Jun
Jun
Jun
Jul
Jul
Jul

Dates
15 Oct
21 ~ Qct 2
27 Now

2 Now

8 Nov
14 ~ Now
20 Nowv
26 Dec

2 Dec

8 Dec
14 Dec
20 Dec
26 Dec

1 Jan

7 - Jan
13 - Jan
19 - Jan
25 Jan
31 Feb

6 Feb
12 Feb
18 - Feb
24 Feb

1 Mar

7 Mar
13 Marx
19 Mar
25 Mar
31 - Apr

6 - Apr
12 - Apr
18 Apr
24 - Apy
30 - May

6 ~ May
12 - May
18 - May
24 - May
30 Jun

5 Jun
11 - Jun
17 - Jun
23 Jun
29 Jul

5 Jul
11 Jul
17 Jul

19
25
31

12
18
24
30

11
17
23
29

12
18
24
30

i1
17
23
29

11
17
23
29

10
16
22
28

10
16
22

Crop

Grain
Corn Cotton Tobacco Soybeans Wheat Sorghum
0.000 0.080 0,000 0.034 0.000 0.000
0.000 0.000 0,000 0.014 0.000 0.000
0.000 0.000 0,000 0.000 06,010 0.000
0,000 0.000 0,000 0,000 0.023 0,000
0.000 0.000 0.000 0,000 0,035 0.000
0.000 0.000 0.000 0.000 0,046 0,000
0,000 0.000 0.000 0,000 0.056 0,000
0,000 0.000 0.000 0.000 0.063 0,000
0.000 0.000 0,000 0.000 0.069 0,000
0,000 0.000 0.000 0.0G0 0,073 0,000
0.0060 0.000 0.000 0.C00 0.076 0.000
0.000 0.000 0,000 0,000 0.077 0.000
0,000 0.000 0.000 0,000 0.078 0.000
0,000 0.000 0.000 0.000 0.0679 0,000
0.000 0,000 0,000 0.000 0,080 0,000
0,000 0.000 0,000 0,000 0,082 0,000
0.000 0.000 0.000 0,000 0.084 0,000
0.000 0.000 0.000 0,000 0.086 0.000
0.000 0.000 0,000 0.600 0.089 0.000
0,000 0.000 0.000 0.000 0,092 0,000
0.000 0.000 0,000 0.000 0.095 0.000
0.000 0.000 0.000 0,000 0,098 0,000
0.000 0.000 0,000 0.000 0.101 0.000
0.000 0.000 0.000 0.000 0,104 0.000
0.000 0.000 0.000 0.000 0.107 0,000
0,000 0.000 0,000 0,000 0.110 0.000
0.000 0.000 0.000 0.000 0.114 0,000
0.000 0.000 0,000 0,000 0.118 0.000
0,000 0,000 0,000 0.000 0.124 0.000
0,000 0.000 0,000 0.000 0.130 0.000
0,009 0.000 0.000 0.000 0.138 0.000
0.021 0.000 0,000 0.000 0.146 0,000
0,031 0.000 0.000 0,000 0.154 0.000
0.039 0,000 0.000 0,000 0,163 0.000
0.045 0.000 0.000 0,000 0,171 0.000
0.053 0.000 0.004 0,000 0.177 0,000
0.066 0.000 0,030 0,000 0.182 0,002
0.087 0,015 0,053 0.012 0.186 0.007
0,116 0.027 0.068 0.023 0,186 0.015
0,151 0.034 0,076 0.033 0.185 0.029
0.187 0.038 0.084 0,042 0.061 0.047
0,219 0.040 0,096 0.052 0.000 0.069
0.240 0.044 0,117 0.065 0,000 0.092
0.248 0.054 0,145 0.082 0.000 0.114
0,242 0.071 0,176 0.103 0.000 0.133
0.224 0.094 0.203 0.129 0.000 0.147
0.199 0,123 0.224 0.157 0,000 0.158
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Table 33. (Continued)

Year
Period Inclusive Dates 1961 1962 1963 1964 1965
7 Feb 6 - Feb ‘11 1.35 0.25 0.0 1.52 0.77
8 Feb 12 - Feb 17 0.0 0.64 1.00 1.06 1.29
9 Feb 18 - Feb 23 1.89 2.49 0.70 0.49 0.0
10 Feb 24 - Feb 29 0.59 0.67 0.66 0.98 0.52
11 Mar 1 - Mar 6 0.29 0.68 0.90 0.15 1.32
12 Mar 7 - Mar 12 1.21 1.22 0.81 0.04 0.0
13 Mar 13 - Mar 18 0.20 0.0 1.84 1.27 1.09
14 Mar 19 -~ Mar 24 2,84 1.68 0.16 1.07 0.63
15 Mar 25 - Mar 30 0.01 1.48 0.08 0.53 0.73
16 Mar 31 - Apr 5 0.97 0.79 0.0 0.07 0.05
17 Apr 6 - Apr 11 0.0 1,76 1.05 2.88 0.49
18 Apr 12 - Apr 17 1.86 0.24 0.05 0.14 0.08
19 Apr 18 - Apr 23 0.0 0.07 0.44 0.0 1.06
20 Apr 24 - Apr 29 1.37 0.0 0.09 0.57 1.61
21 Apr 30 - May 5 0.85 1.23 0.55 0,72 0.0
22 May 6 - May 11 2.42 0.57 0.11 0.0 0.0
23 May 12 - May 17 0.50 0.33 0.42 0.43 0.14
24 May 18 - May 23 0.09 0.0 3.93 0.32 0.17
25 May 24 - May 29 1.76 0.76 0.33 0.27 1.21
26 May 30 - Jun 4 0.64 0.51 0.98 0.41 0.23
27 Jun 5 - Jun 10 1.03 0.31 0.34 0.0 2,02
28 Jun 11 - Jun 16 0.85 2.12 0.21 0.38 4,41
29 Jun 17 - Jun 22 1.22 0.37 0.63 0.50 0.0
30 Jun 23 - Jun 28 2.57 2.11 0.0 0.73 1.12
31 Jun 29 - Jul 4 0.46 2,86 0.27 0.93 0.75
32 Jul 5 - Jul 10 1.12 0.32 0.83 0.76 1.82
33 Jul 11 - Jul 16 0.30 3.05 0.12 1.36 2.19 -
34 Jul 17 - Jul 22 0.37 0.86 0.65 0.86 0.38
35 Jul 23 - Jul 28 0.95 0.33 0.66 1.32 2.75
36 Jul 29 - Aug 3 0.27 0.48 0.56 0.11 1.53
37 Aug 4 - Aug 9 1.03 0.14 0.33 3.24 0.0
38 Aug 10 - Aug 15 0.33 0.02 0.80 1.33 0.0
39 Aug 16 - Aug 21 2.59 0.05 4.00 0.82 0.55
40 Aug 22 -~ Aug 27 1.97 0.92 0.40 0.13 3.03
41 Aug 28 - Sep 2 0.0 0.0 0.0 1.08 0.36
42 Sep 3 - Sep 8 0.03 0.71 0.76 0.0 0.0
43 Sep. 9 - Sep 14 0.44 0.0 0,57 - 3.16 0.90
44 Sep 15 - Sep 20 0.27 1.29 1.53 0.0 3.26
45 Sep 21 - Sep 26 0.76 0.0 0.03 0.0 0.49
46 Sep 27 - Oct 2 1.44 2.33 1.48 1.51 0.07
47 Oct- 3 - Oct 8 0.36 0.36 - 0.0 4.00 1.17
48 Oct 9 - Oct 14 0.0 0.0 0.0 0.0 0.0
49 Oct 15 - Oct 20 0.46 0.0 0.0 0.97 0.0
50 Oct 21 - Oct 26 0.14 0.08 0.20 0.0 0.0
51 Oct 27 - Nov 1 0.0 0.09 0.31 0.0 0.0
52 Nov 2 - Nov 7 0.08 1.54 2.60 0.0 0.0
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Table 33. {Continued)

Year
Period Inclusive Dates 1961 1962 1963 1964 1965
53 Nov 8 - Nowv 13 0.08 2.44 0.0 0.19 0.30
54 Nov 14 - Nov 19 0.18 0.20 0.0 0,10 0.0
55 Nov 20 - Nov 25 2,11 1.76 0.27 1.44 0.52
56 Nov 26 - Dec 1 0.0 0.31 2.05 0.05 0.0
57 Dec 2 =~ Dec 7 0.0 0.28 0,34 0.88 0.05
58 Dec 8 - Dec 13 2.51 0.07 1.04 0.22 0.30
59 Dec 14 - Dec 19 1.30 0.0 0.87 0.23 0.0
60 Dec 20 - Dec 25 0,35 1.83 1.00 0.41 0.30
61 Dec 26 = Dec 31 0.27 0.85 0.0 4.20 0.0
Period Inclusive Dates 1966 1967 1968 1969 1970
1 Jan 1 - Jan 6 1.02 0.54 0.78 0.17 0.56
2 Jan 7 - Jan 12 0.03 1.34 1.41 0.0 0.32
3 Jan 13 - Jan 18 0.87 0.39 1.93 0.0 0.13
4 Jan 19 - Jan 24 1.19 0.34 0.10 2.29 0.10
5 Jan 25 -~ Jan 30 1.61 0.0 0.03 0.0 1.02
6 Jan 31 - Feb 5 0.10 0.0 0.14 2.06 1.82
7 Feb 6 - Feb 11 0.05 1.75 0.0 0.93 0.17
8 Feb 12 - Feb 17 1.76 0.35 0.0 0.0 1.67
9 Feb 18 - Feb 23 0.61 1.96 0.0 0.90 0.0
10 Feb 24 - Feb 29 2.87 0.18 0.73 0.0 0.42
11 Mar 1 - Mar 6 1.33 0.0 0.31 1.91 0.28
12 Mar 7 -~ Mar 12 0.0 0.10 1.23 1.73 0,25
13 Mar 13 - Mar 18 0.0 0.02 1.50 0.06 0.67
14 Mar 19 - Mar 24 0.74 0.90 0,18 1.76 0.99
15 Mar 25 - Mar 30 0.0 0.10 0.0 0.02 0.46
16 Mar 31 - Apr 3 0.37 0.06 0,85 0,56 2.86
17 Apr 6 - Apr 11 0.12 0.03 1.43 0.56 0.22
18 Apr 12 - Apr 17 0.47 0.09 0.28 0.81 1.28
19 Apr 18 - Apr 23 0.55 0.18 0.0 0.56 0.0
20 Apr 24 - Apr 29 0.61 1.29 0.48 0.25 0.83
21 Apr 30 ~ May 5 1.86 0.46 0.54 0.0 1.17
22 May 6 - May 11 0.61 0.51 0.03 0.21 0.0
23 May 12 - May 17 0.68 0.48 0.64 0.0 0.14
24 May 18 - May 23 1.01 0.94 0.51 1.77 0.0
25 May 24 - May 29 1.25 0.30 1.44 2.46 .35
26 May 30 - Jun 4 0.41 1.63 0.19 0.05 0.0
27 Jun 5 - Jun 10 0.45 0.0 0.96 0.28 0.76
28 Jun 11 - Jun 16 0.52 0.0 1.05 1,26 0.0
29 Jun 17 - Jun 22 3,26 1.51 1.00 2,09 0.08
30 Jun 23 - Jun 28 0.0 0.26 0,68 0.33 2.73
31 Jun 29 - Jul 4 0.04 1.56 1.30 0.70 0.82
32 Jul 5 - Jul 10 0.0 0.65 0.29 2,24 3.16
33 Jul 11 - Jul 16 0.22 1.36 1.64 0.31 0.29
34 Jul 17 = Jul 22 0.0 0.17 0.45 0.36 1.79
35 Jul 23 - Jul 28 0.0 0.0 2.98 1.79 1.53
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Table 34.

(Continued)

Period

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Inclusive Dates .

Mar
Apr
Apr
Apr
Apr
Apr
May
May
May
May
May
Jun
Jun
Jun
Jun
Jun
Jul
Jul
Jul
Jul
Jul
Aug
Aug
Aug
Aug
Aug
Sep
Sep
Sep
Sep
Sep
Oct
Oct
Oct
Oct
Oct
Nov
Nowv
Nov
Nowv
Nov
Dec
Dec
Dec
Dec
Dec

31

6
12
18
24
30

6
12
18

24

30

5
11
17
23
29

5
11
17
23
29

4
10
16
22
28

3

9
15
21

27

3
9
15
21
27
2
8
14
20
26
2
8
14
20
26

Apr
Apr
Apr
Apr
Apr
May
May
May
May

May -

Jun
Jun
Jun
Jun
Jun
Jul
Jul
Jul
Jul
Jul
Aug
Aug
Aug
Aug
Aug
Sep
Sep
Sep
Sep
Sep

Oct-

Oct
Oct
Oct
Oct
Nov
Nov
Nov
Nowv
Nowv
Dec
Dec
Dec
Dec
Dec
Dec

5
11
17
23
29

5
11
17
23
29

4
10
16
22
28

4
10
16
22

28

3
9
15
21
27
2
8
14
20
26
2
.8
14
20
26
1
7
13
19
25
1
7
13

19

25
31

Year

1961 1962 1963 1964 1965
1.86 0.14 0.0 0.0 0.0
1.44 1.05 1.67 2.19 0.18
0.96 0.93 0.03 0.0 0.59
0.0 0.0 0.0 0.0 0.14
1.58 0.0 0.0 0.82 1.01
0.43 1.65 0.55 0.87 0.0
1.84 0.20 0.05 0.0 1.19
0.13 0.03 0.09 0.0 1.45
1.03 0.0 4,57 0.0 0.0
0.88 0.07 0.43 1.07 1.95
0.06 1.12 0.08 1.48 0.0
0.69 0.35 0.92 0.60 0.65
1.04 1.65 0.0 0.15 5.73
2.14 0.32 2.31 0.52 0.06
1.56 0.31 0.0 0.35 1.80
0.14 10.67 1,57 0.0 0.20
1.54 0.02 2,27 1.58 4,77
1.17 0.11 0.16 2.55 2.33
0.38 1.86 0.80 1.20 1.04
0.46 1.07 2,24 0.53 3.08
0.0 0.16 2.41 0.35 1.80
3.92 1,00 2,00 1.66 0.0
0.12 0.0 0.89 0.48 2.73
1.54 0.81 0.06 2.06 0.0
1.12 0.61 2.14 2.92 2.83
0.09 0.23 0.38 4,14 0.96
0.31 0,21 5.89 0.0 0.84
0,23 1.22 0.29 5,05 - 0.46
0:18 2.95 0.66 0.0 0.26
2.42 0.04 0.0 0.0 1.11
0.20 2.97 1.88 1.66 0.20
0.44 0.0 0.0 8.11 1.90
0.0 0.0 0.0 0.0 0.0
0.27 0.0 0.0 0.86 0.08
0.0 0.79 0.33 0.12 0.0
0.0 0.15 0.37 0.0 0.0
0.02 1,65 3.71 0.0 0.0
0.33 3.00 0.0 0.2 0,22
0.03 0.09 0.0 0.0 0.0
1.69 0.70 0.62 0.49 1,72
0.0 0.31 1.31 0.44 0.0
0.11 0.42 0.15 0.58 0.05
2.49 0.15 1.25 0.16 0.36
0.59 0.0 1.12 0.28 0.35
0.23- 1.32 0.72 0.32 . 0.16
0.07 1.04 0.0 3.15 0.0
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Table 25. Water use per time period per irrigation
policy under low rainfall and 1972 crop-
301l combinations.

DATES #2 #3 #4
ACT 15 - OCT 28 @, a. a.
OCT 21 = NCT 26 a. a. a.
QCT 27 - HOW 1 a. a. a.
NOV. 2 - HOoy 7 a. é. a.
HOY 8 - NOV 13 . a. a.
NOY 14 - NOv. 15 a. a. a.
NOY 28 - MOV 25 8. 8. a.
MDY 26 - DEC. 1 B. a. A.
DEC 2 - DEC 7 . . 8.
DEC 8 - DEC 13 a. a. @a.
DEC 14 - DEC 19 8. a. a.
DEC 28 — DEC 25 8. a. a.
DEC 26 - DEC 31 ‘ B. a. 8.
JaN 1= JRN T B 2258, 2268. 2268,
JON 7 - JAN 12 a5, 735. © v35.
JAN 13 —= JAN 18 a, 4] B.
JAN 19 - JAN 24 . B. fa.
JAN 25 - JAW 38 o, a. 8.
JAH 31 < FEEB ' § B, a. a.
FEB 6 - .FEB 11 a. a. a.
FEB 12 - FEC 17 8. a. a.
FEB 18 - FEB 23 . a. a.
FEB 24 - FEB 25 g. g. a.
AR 1 - MAR 6 15238, 15239, 15238.
MAR 7 - MAR 12 418, 410. 41A,
MAR 132 - MAR 17 5613. S613. S513,
MAR 19 = MAR 24 0. a. a.
MAR 25 - MAR 2@ a. a. a.
MAR 31 - APR 5 a. 8. a.
APR & - APR 11 a. a. a.
APR 12 - AaPR 17 .. B. a. a.
PR 18 - APR 23 1944, 1944, 1944,
APR 24 - APR 22 19876, 192676, 19676.
AFR 38 - -MAY . 5 4712, 4712, 16141.
MAY 6 - MAY 11 24846, 24884, 19567 .
MAY: 12 - MAY 17 2e8. 1238. 1491,
MAY 18 - MAay 23 4357, SE67. 18245,
MAY 24 = MAY 29 Q. 6. g.
MAY 38 - JUN o 14199, 11611, 14586,
JUN - 5 - JUM 18 15795, 16558. 14935.
JUN 11 - JUN 16 17982, ¥895. 32845,
JUN 17 = JuN 22 a. . a.
JUM 23 - JUM 28 16976. 16976. 9.
JUN 29 - JuUL. 4 4423, 45785, 9313,
JUuL. 5 - JuL 1@ 47183, 45928, 42796,
JUL 11 - JUL 18 21929, 25563, 25447 .,
JuL 17 - JuL 22 a. g, a.
JUL 23 - JUL 2g a. Q. a.
JUL 29 - Al 3 5314. (287 . 6287,
AUG 4 - AUG. 9 28447 . 24737, 3s5are.
AUG 18 - AUG 15 51197. 47427, 48063,
AUG 16 - AuG 21 48345, 53553, 52648,
AUG 22 - AUG 27 a. a. .a.
AUG 28 - SEF 2 27828, 22795, 22795,
SEP.- 3 - SEP 8 135323. 16649. 16643,
SEP 9 - SER 14 13359, 3202, 3282.
SEP 15 - SEP 28 12994, 32414, 31813.
SEF 21 - SEP 2 1578. 868, 4597 .
SEP 27 - OCT 2 . . %823, . @.
ACT 3 - 0CT - 8 24443, 335, - 335,
oCT 9 - 8.

OCT 14 a. 6.



































































Table 52. Acreages,
with water se A : :
as deternined bv the L.P. model.

SOILS CORNM TOBACCO SOYREAMS WHEAT . GRAIN 50
‘AFA a aa 6.a0 8.6868  4R9Z.00 B.e6
AGe 8.a0 8.6  1655.80 .08
"AGBE2 nn g.60 .80 26080.80 B.68
AGeC .oA @.0n B.88 7FO0R.008 A, en
AGC2 a Be 8.e0 8,08 a.00 .06
APE @.e80 .08 a.80 8,66 fa.aa
ArPB2 p.o8A 8.0 a. 68 .08 .68
aPC B.00 a.a8 B.a8 .08 8.8
APC2 @.a0° @.08 B.880 553.60  10865.608
APD 0.00 @.00 B.0R a.a68 0.08
Ase2 @8.88 @8.68 9.80 10680.0E 0.68
CEB2 a.88 .88 a.600 I6AA.BE .06
CEC2 0.606 &6.08 B.00 4B06.88 B8.068
CGR2 .08 a.a8 a.e0 8.08 B.e6
cGe2 8.00 @. a8 7. 88 a.88 a.00
co . 8.98 f.60 7,68 B.ea &8.60
cP B.08 .06 .66 B.ma 8.aa
CRB 8.0 8B6.60 .60 f.60 .09
CRB2 p.oa .88 @, 80 .08 B.ae
DUB - p.oa  S0BA.aD g.00 g.aa a.00
puBZ2 8.68  300.00 a.6a &.88 a8.08
puc 8.6  4P0.PA @8.8n 8.a8 .98
FAB - 8.00 .68 0.8 594,008 n.6a
FAB1 @.00 .28 a.aa  7IR.00 5.00
GO B.AB  457.40 B.aa 5.60 ‘B.08
GRB g.ea8° 1317.688 B.0Q .00 a.8a
GRB2 . 0.80 - 300.68 B.a0 ‘@.00 B.68
GRC g6.e8 . 0.802 /.88 592.00 .00
MFB2 B.BA  527.99 A.o20 8.68 B.0p
MFC2 8.00 8.28 8.00 B.a6 @.am
MGB2 B.00 38.00 f.80  628.80 < A.00
MGC2 .80 .68 0.8 200,80 .A.60
MYB B.08  493.60 a.aq /.8a 8.8a
NOAR 2.80 1246.00 s Ba.a8 A.p0
NOB 8.08 17233.08 ¥, a8 6.08 7.8a
NOB2 B.0a 2319.06 .98 B.08 '3.0e
NOC p.ea: . .an 8.a0 8.00 B8.0a
ORB" 9.0@ ?3% a]5) B.00 .08 8.00
ORB2 8.8 vr7.ed .88 e.88 0.60
ORC2 8.8 375.00 6,50 8.80 8.08
VAB2. a.e8  S66.00 .88 A.90 Q.80
Vac2 8.0 200.08 @.08 B.a6 8.8a
wAA p.p8-  780.88 .58 @.08a .00
WwAR -@.98°  492.00 .98 @.ea. 0.80
WAC ‘g.00 a.00a 8.8 .08 a.00
WwMB 1 0.00 f.00 8.06 p.an a.88
wMc2 -n.BR 6.00 0.20 fa.68a f8.00
9.08 19751.80  16088.60

TOTAL 8.68 21763.00
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