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This study was designed to help farmers make 
decisions concerning the place of irrigation in their 
farming operations. They need two types of inforaation for 
this purpose. The first deals with the amount of investment 
required for the equipment$ the second with returns in 
relation to the costs. Since capital is limited on Boat 
farms, the expected returns from alternative investment 
opportunities also must be considered. Investment in 
irrigation equipment should be made only after the operator 
has decided that expected returns over a period of years 
will be equal to or greater than those expected from other 
investment opportunities.

The need for and the response from irrigation in a 
humid region are likely to be intermittent. Since fixed 
costs have to be borne regardless of annual use, the 
attention of the farmer, who has purchased equipment must 
be centered upon variable coats. He must compare expected 
returns from applying water to his crop in a given year 
with what he reasonably would get if he used the money for 
another purpose, and irrigate when he expects the returns 
to be equal to or larger than income from other uses of 
the money. In the years when the equipment is not used 
the fixed cost can be regarded as crop insurance.

The analysis presented here is designed to help



xxvii
farmers in both areas of decision making* Uta 65 farms 
studied in the Delta Cotton Corn Area owned or controlled 
irrigation equipment in 1959. Data ware obtained that 
made it possible to determine the cost of installing and 
operating different types of irrigation systems. The 
estimated yield response and the variable costs of 
Irrigating corn, cotton# and soybeans also were available. 
From this infomation# it was possible to determine the 
effect of field irrigation on net farm Income.

Hendon weather variations have considerable influence 
on the responses of crops to irrigation and on the costa of 
applying water in a given year. The data presented in 
this study represent irrigation costa and estimated yield 
responses from 65 fams in one year. This is not 
sufficient time to justify firn conclusions as to the 
feasibility of using supplemental irrigation under all 
price and weather conditions# but the analysis does 
establish "’bench marks’* that can be used as a guide in 
deciding whether or net to invest in irrigating equipment.
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mnODUGTioir

Farmers as well a# extension and research personnel 
of the Land Grant Colleges and the United States Department 
of Agriculture haws become increasingly Interested in 
irrigation In the humid areas of the United States, The 
primary reason has been reduction® In crop yields in 
extremely dry years. Periodic shortages of natural 
moisture have encouraged the use of supplemental Irrigation 
In an effort to maintain satisfactory levels of income 
whore water has been available* Furthermore, the 
technological advances, which have been sad® In crop 
varieties# in the use of fertilisers# and In irrigation 
equipment, here lowered the cost of applying irrigation 
water per unit of output and stimulated a persistent desand 
for information related to the use of supplemental 
irrigation for reducing th® risk and uncertainty of crop 
production.

As the interest in irrigation increased, the need for 
basic data concerning Its us® also increased. The 
Inforaation desired included specific data on response of 
different crops, most satisfactory types of equipment to 
use, amount of investment required and factors influencing 
costs in relation to returns, Most farm operators have 
limited capital to invest in their businesses. If it is



put into irrigation equipment# alternative uses moat be 
postponed for th# present time or indefinitely*

Whether or not to irrigate land is a managerial 
deoleion that must bo made by each fam operator# Several 
typos of intonation are needed# They inelude 5 (1) the
quantity and quality of water available; (2) the ooat of 
Installing equipment and distributing water on the land; 
(3) the additional yield that can reasonably be expected 
from each type of crop; (4) frequency of need for 
supplemental water# and (5) additional returns in relation 
to costa# This information was not available for Missouri 
farmers# yet many of them had acquired and were using 
Irrigation equipment# In order to take advantage of the 
experiences of these farmers# this and several other 
studies were initiated#

, I# OBJECTIVES OF THE 8T0W

The investigations in Missouri were guided by the 
following objectives?

1# To determine the costs of installing and 
operating various types of Irrigation systems#

2# To determine the changes in yield and quality of 
product obtained from various quantities of 
water applied to specific types of crons#

3. To determine the effects of irrigation on farm
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Woe®*

ilMJte^^#!
For several years, the tamers st Missouri have

used supplemental irrigation as a means of increasing 
production, stabilising yields, laproving the quality of 
their products, and redwing the rlsM and uncertainty 
Incident to variable weather conditions, Batumi moisture
condition® fall to seat optima requirement® for crops at 
sone time during the growing season In most years. 
According to the 1954 0* s. Census of Agriculture, Missouri 
farmers applied water to 1,113 acres in 1944 and 33,314 
acres in 1954, Additional reports indicated that irrigation 
continued to expand within th* state up to 1956, After that 
date, the total irrigated acreage and the number of farmers 
applying water to their crop declined. The primary reason 
for the decline was a more nearly uniform distribution of 
rainfall throughout th* growing season.

The investigation reported In this manuscript covers 
the second part of a two-^hase study, The first was 
concerned with the nature and extent of irrigation in 
Missouri,* During the initial phase, information, was

1.

to 735, April 1960.
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obtained by mail questionnaire to indicate the types of 
crops receiving water and the acreages irrigated in the 
various areas of the state, sources of supply, and types of 
distribution systems used, information was obtained for 
the year® 1954 to 1958#

Only limited information was available concerning 
caste and returns that could bo expected when water was 
applied to crops and no effort was made to get data of this 
type in the first round of inquiry. The study reported 
here deals with coats and returns in the southeastern delta 
area where moat of the irrigation water is used.

II. THE 8C0H0MICS OF IRRIGATION

Field crops have been produced commercially in th® 
humid areas of the United States for many years without 
the use of irrigation. In a static econosy, Irrigation 
probably would never have been introduced. Th® tremendous 
technological changes that have taken place in the 
production and marketing of agricultural products within 
the last 40 years have increased the Investments In fam 
businesses greatly and brought on a diligent search for 
methods that can be used to reduce unit costs and stabilise 
far® incomes. Farm tractors and other nacMnery. conacre l&l 

fertiliser, superior crop varieties, and portable Irrigation

equipment arc only a few Innovations that have been
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introduced* mwnXly, qumUms haw arisen as the 
specific conditions under which these new practices and 

fierioee profitably osa ^ need#
In this study* the iMwtlan is made that fam 

operators act rationally in ths emMie sense* Therefore* 
the maximisation of family satisfaction is the goal toward 
which they, are wording* The desire for increased far® 
income is consistent with this assumption* Total family 
satisfaction will increase as fam incase increases up to 
the point where the efforts ©winded become less satisfying 
than leisure* If the assumption is sad© that most fam 
families hare not attained a flow of income so great that 
further efforts to Increase it would conflict with 
maximisation of satisfaction through other activities or 
through no effort at all (leisure vs* worth then the 
conclusion is logical that the adoption of such innovations 
as irrigation# is an attempt to increase earnings* 

irrigation requires relatively large investments# 
regardless of the type of system, used# Consequently# the 
annual fixed cost is high* In addition# the use of an 
irrigation system leads to variable costs such as wages 
for labor# fuel# and repairs*

Since most faro operators do not have unlimited 
capital, a choice must be made between two or more 
alternative uses* Here opportunity costs become the guide*
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Before the decision is rede to invest in irrigation 
equipment, the Income that night be obtained by putting the 
none? into some alternative use needs to be considered• The 
choice to buy the equipment should be based on rejection of 
the second best available alternative use of th® funds.
After th® decision has been reached and the capital 
Investment ha® been made, the capital is fixed or sunk for 
a given period of time. Where a well la used as a source of 
water, its cost can be recovered only through us® or sal® 
of th® land at a higher price, because the well is there 
ready for use. Moveable equipment can be sold. If the 
assumption is made that the fixed capital cannot be 
recovered for a given period of time, then only the variable 
costs should be considered. The opportunity cost after 
acquisition of the eater distributing system is the amount 
of fare income that will be foregone if the value or amount 
of variable costs needed is placed In usee other than with 
the fixed capital Investment in the Irrigation equipment.

Irrigation in the humid areas may not be required 
every year due to fluctuations in the amount and distribution 
of rainfall. Because of this fact, yield response will 
vary from year to year. Fixed costs will be an annual 
charge, while variable costs will be incurred only when the 
Irrigation system is used. If, over time, investment® in 
Irrigation are to be profitable, th® yield response In
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Soll&r terms during the years of use must exceed the fixed 
and variable costa incurred throughout th® total period. 
Including the years when water is not applied to crops.

are operator® who irrigate cropi tn humid regions 
face difficult managerial decisions. They must decide what 
crop will receive th® water* when* and how ouch will be 
applied. In a given year, the guide la marginal coat and 
marginal returns. Water should be applied up to the point 
where the coat of an additional unit (acre inch) is equal 
to the value of the additional output of product resulting 
from use of the water. The stand of the crop, th® level of 
plant nutrients in the soil, th® presence or absence of 
weed®, temperature* relative humidity, subsequent rainfall 
and many other factors influence response. St method or 
technique is known which will Infor© the operator when the 
equlsargin 1® reached. However, the far® operator must act 
as if he has perfect knowledge of all these factors.

HI* METHOD OF imSTIGATIOS

Data for this analysis were obtained fro® farmers who 
owned or controlled irrigation equipment in Dunklin, 
Pemiscot, Sew Madrid, and Mississippi Counties. An earlier 
'study had shown that th© greatest concentration of 
irrigation was in tils region. A list of 186 farmers who 
owned or controlled irrigation equipment was compiled fro®
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Information furnished by County .Agents* Soil Conservation 
personnel, well*drlllers* and irrigation equipment dealers* 
Each farmer was given an identification nunber and 65 
drawn from the list with th© aid of tables of random numbers* 
Each farm operator a ho sen by this procedure we interviewed 
three times during 1959* The first interview was node in 
May and June* The investment in irrigation equipment* and 
other basic information we obtained during this interview* 
The second interview ws conducted in August and September 
and operating costs obtained* The third and final 
interview was made in December to secure estimated yield 
responses*

IV. SUMMARX OF REUTH) RESEARCH

Thorfinnson and others obtained irrigation data from 
76 farmers in the Blue River Watershed Area of Nebraska for 
the 1952 season*^ The report of findings included a brief 
description of 3 systems of water distribution* but it 
dealt specifically with the relative cost of operating 
then* The average Investment in irrigation equipment per 
acre irrigated was 111.00 for the siphon tube method*

2f* s* Thorfinnson* Meryl Hunt and A* ¥* Epp*

Station Bulletin 452* August 1955* pp* 3* 5*6*
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WS»OO for gated pipe, and #67*00 for sprinkler equipment* 
Th® number of mb hour® of labor required for on® Irrigation 
per aoro of oom was 0.90 for siphon tube#* 0.71 for gated 
pipe# and 1.41 for sprinklers# Operating costs war® least 
for siphon tubes and most for sprinklers when only labor, 
repairs for equipment, and power needs were considered* 
When depreciation, interest, and taxes were ineluded, the 
total east was #,29 per acre for one Irrigation with 
siphon tubes, 52.56 with gated pipe# sad 17*70 for 
sprinklers.

PuteidMiugh and Settke^ studied 167 irrigating waits 
in Connecticut in 1957. They found the greatest interest 
in additional Irrigation was among dairy farmers. When a 
budgeting analysis of easts and returns fro® irrigating hay 
and pasture on a typical dairy fare was made, supplemental 
irrigation in combination with other good farming practices 
was found to be profitable over a period of years. Water 
was obtained, fro® a stream, the analysis, which included no 
costs for developing a source of water, led to the following 
conclusions:

1. Variable costs of operating an irrigation system
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In a given year sake up a relatival; mil part 
of the total eoatst especially when additional . 
labor is not hired*

*Volaar w* Savis* irrigation Aft Illinois* MS* M 
ASM* University of Illircisuollego of AgHoulturoln 
Cooperation with Fara Snowies Research Division, 
Agricultural Research Servius* United States Department of 
Agriculture MRR*>3* duly I960* pp* 1-9*

2*  Yield responses fro® irrigation in a given year 
need not be substantial to persit greater 
additional returns than variable eoats*

3*  Yield responses would probably have to be 
greater than 0.5 ton of hay equivalent per acre 
for the additional returns to exceed the fixed 
costs of equipment as well as th® variable costs 
of applying the water*

4*  Variations in rainfall reduce the need for 
irrigation in sone years and lead to the need for 
intensive use of eater in other years*  The yield 
response of forage crops probably will have to 
be as moh as 1*5  teas per acre in th© years of 
intensive irrigation to offset losses fro® fixed 
costs in the year® when irrigation is not 
needed*

Savis*  found that adequate rainfall in 1957 and 1958 
reduced the average acreages of irrigated field crops froa
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45 la 1956 to 55 in 1957 and to 6 In 1953. Only 15 of 77 
Hold cron irrigators* used their system® in 195 5. The 
adequate minfall in 19# not only caused fewer farmers to 
MB irrigation, but generally fewer irrigations per crop 
were made end waller quantities of water ensiled nor 
Irrigation, 'stlmatod yield response of corn from 
irrigation decreased fro® 38 bushel® in 1957 to 91 bushel® 

in 1958.
Forty field crop irrigator®5 retorted an average 

investment of 17,433 per far®, or ## per acre based on 
86 acres irrigated par farm. The |S6 ner acre included th® 

following items* distribution system, 151? MBP «• 
power unit, .193, and water source, $19, Mpe, fittings, 
and sprinklers were the chief items of capital investment 
on nearly all farms# The average investment per farm was 
#4,406 In distribution equipment? 11,976 in pump and power 

unit, and #1,051 in source of water#
One hundred and thirty-two central Nebraska farmer® 

had an average Investment in well, pump, power unit, and 
sprinkler equipment of #11,965 per farm and #9,822 per 
well in 1957#6 Approximately one-half of the investment

$T. St Thorflnneon, Norris P# Swanson and A# *• W» 
lya^^Universityof Nebraska Agricultural Experiment 
Bulletin 33455, March I960, pp# >4.



was far swirler equipment# laeledlag main lines, sprinkler 
linen, riser*, tussles, fuel tanks# gas lines# boaster 
pumps, and booster engines. The ether one*half was 
invested in wells# puaps# and power unite*

The cost per irrigated sere averaged 112*55 for ell 
crops*? For *110# on which 6*7 acre inches of water were 
applied# the east was #11.04 per aero: on oom# 115.43 
per acre with 8*7 inch®# applied# and on alfalfa# 113*81 
with an average of 9 lashes applied. Proa 40 to 50 per 
sent of the total was made up of depreciation# taxes# and 
Internet* The remainder we variable costa such as fuel# 
repair# on equlpaent# and wagos to labor used in saving the 
equipment.

The eoat of distributing water varied widely among 
fame* Many factors wore responsible* Mong then were the 
number of acres irrigated# the quantity of water applied 
during the season# the kind of fuel weed in the power unit# 
efficiency of the pimping plant# design of the sprinkler 
ayatM and the extent of irrigation as related to- the 
©opacity of th® plant*$

Two hundred and six far® record* covering the 1956* 
1958 growing season® in throe Delaware counties were

W&* 
hwu
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analysed#^ The W1 Investment in facilities# Including 
source of water# ranged from #6# 281 per fam (#481 per 
acre# on fame with less than 25 irrigated acres) to |H#096 
per farm (f97 per acre on fame with 150 or more irrigated 
aoreeh As the number of irrigated acre® increased# 
investment per acre decreased* Fisted east per acre on 
farm® with lees than 25 acres Irrigated averaged 151*18 
per acre as co®oared to #*84 on farms with 150 or more 
Irrigated acres* Average variable costs ranged from 119*90 
per acre for farms with less than §5 acres to t6*9O per 
acre for fame with 150 or more irrigated acres* Total 
irrigation costs per acre averaged from 171*08 per acre for 
farms with less than 15 irrigated acres to 115*74 per 
acre for farm# with 150 or mom irrigated acre##

The increased yield per acre that la necessary to 
pay for irrigation costs varies fro® year to year*10 This 
situation exists because of variations in the following 
lte®s: (1) number of acres Irrigated per farm? (1) number 
of irrigation® per year? (3) total amount of water applied? 
(4) price per unit of labor and supplies# and (5) pries

9W« 0# Smith# w* s* Kchamlol and £• W* Scarborough# 
Irrl^Uon In J2S3AO£1» Oiiivorsity of Delaware Bxperlment 
WiMonWclmic^^ 335, July I960, up# 2-3# 7.

10BM«
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received per unit for the crop produced* Paras having lea® 
than 23 Irrigated acres required 19*30 cwt. of potatoes 
la 1956 had 50*73 cwt. in 1953 io pay for total costs of 
irrigation or a difference between year® of 31*48 cwt* 
The difference in requirement® for the ease years for 
farms Irrigating a total of 150 acre or acre was only 
5*73 wt*# (4, 53 ewt* In 1956 and 10*31 ewt* in 1953h 

Henderson stated that one ofthe most inportant
factors determining the success of an irrigation enterprise 
ms sanagenent. Th® management required for irrigated 
farming differed from that needed for dryland farming* 
It appeared that Using of operation® and attention to 
details became much more important.11 Careful attention 
had to be given to adequate fertilisation* planting and 
cultivation methods* amount and variety of seed, and good 
distribution of water*

11 Philip *u Henderson, Mill XI ~M M JXE1S& 
^mf» University of Nebraska colloge of Agri culture 
Extension Service I* C. 57-395* August 1957* P* 3*

One of th® principal advantages of irrigation, 
Henderson, found, was that It required and permitted an 
operator to exercise nanagerial ability through the use of 
fertiliser. Using of water application* amount and variety 
of seed.used, and other details that influence crop yields*
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The dryland farmer may find that any effort® on Me part 
to exercise managerial ability 1® completely overshadowed 
by the limitations imposed by lack of moisture*

Thoma® and Slater12 made a detailed study of 
sprinkler irrigation praotiee® on 23 ferae in 6 Southwestern 
Indiana counties in 1955* They found that fixed cost# 
averaged 61 per cent and variable costs 39 per sent of 
the total irrigation costs* The total cost of applying an 
acre Inch of water averaged $6*0?# fixed* variable* and 
total irrigation costs per acre inch of water applied 
decreased with increased use of the system*

irrigating com was profitable on 9 of the 23 farms 
when total coats were considered* Returns to irrigation 
exceeded variable coats on 16 farms# In general, unit 
irrigation coats tended to be lower on fams that used the 
aystem extensively, or that had systems requiring low 
capital investment and made relatively heavy applications 

■per irrigation*1^

V. IRRIGATION IM SOUTHEAST'S MISSOURI

The description of the area where data were obtained

1^0* woods Thomas and 0* R* Slater, Irrlgatloa 
mww*»^.^ 
milletin 66% August 195% pp* W*
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far this study is presented in Chapter II* It includes 
type of soil, climate, water supply, and economic 
characteristics* Chapter III cover® the characteristics of 
the farms in the sample, including such iterne as else, 
tenure, types, capacities and fixed investment in Irrigation 
equipment, sources of credit, kinds of crops irrigated, 
and number of irrigations* Chapter IV contains the costs 
and returns attributable to irrigation in 1W» The data 
ar® presented so costs and returns by different method® of 
applying water, and the effect of irrigation upon net 
fam income can be determined* Th® summary and conclusion® 

are presented in Chapter v»



chapter ii

'PESOHIPTIOM OF THE AW

The records for this study were obtained fro® 
Dunklin, Pemiscot, Hew Madrid, and Mississippi Counties In 
the Delta com and Cotton Area of the state (Figure »« 
The four counties encompass approximately 1,357*440 seres* 
Sew Madrid County is the largest with approximately 
434,563 acres, of which 84,2 per cent was in fares in 1959* 
Dunklin is second with 347,590 total acres and 89*2 per 
cent In farms. Approximately 92*3 per cent of the 312,230 
acres in Pemiscot County was in fams in 1959* The smallest 
of the four, Mississippi County, contains approximately 
263,049 acres, of which 36*6 per cent was in far® land in 
1959** Crop production is the dominant enterprise In the 
area with cotton, soybeans, and com the major crops 
produced.

The soils are of alluvial origin, but they shew 
extreme variations in texture, profile and drainage* The 
deposits fro® which they were derived were lately laid

United States Bureau of the Census, 1^59 £OO£ M 
Agriculture* Preliminary * Missouri, United SUte® Government 
Frlimng^ D, C«, September I960*
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down by the Mhalsilppl and other large rivers and are of 
complex origin# It is difficult to find even a ten acre 
field which is of the sane character throughout. Sandy 
spots or streams are common even In the prevailingly 
heavier soils while the sandy soil areas are interlaced, 
with swales of lower lying silts and clays. This extreme 
variability mates a general Glassification of the 
Southeastern Missouri soils very difficult.2 The dominant 
series are Sharkey clay loam, Sarpy fine sandy loam, 
Lintonia fins sand, Waverly and Snox silt loams (Figure 2). 

Sharkey clay loam is the dominant soil type in the 
four county area. It forms the belt of heavy soil 
extending from Cape Oirardeau County through' the Center 
of the area to the Arkansas state line.5 Sharkey is a 
dark gray clay soil with a ©lay subsoil which hinders its 
permeability to air and water. The topography is flat 
and both surface and Internal drainage are problems. 
Sharkey clay loam was classed as medium cropland in the 
description of soils in Appendix Table A*X.

Sarpy fin® sandy loam represents the frontal land

^M. F. Miller and 8. 8. Krusokopf, 18111 81 
Kllgourl, University of Missouri College of Agriculture, 
Agricultural Experiment Station .Bulletin 264, January 1929, 
pp. 95*98.

3ibid. pp. 106-109.



FIGURE 2 
GENERALIZED SOIL MAP OF DUNKLIN, PEMISCOT, NEW MADRID, 

AND MISSISSIPPI COUNTIES
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along the Mississippi alter in ^ilBeot, Mow Madrid and 
parts of Mississippi County.^ The texture ranges fro® 
fine sand to vary fine sandy loan, with areas of loan* silt 
loan, and seme clay. The light soil and sandy substratum 
facilitate internal drainage# Sarpy fine sandy loan is 
the most productive land in the area. It has been placed 
in class I which is superior crop land (Appendix Table 
M>«

Lintonia fine sandy loan occupies two separate 
area (Figure 2).5 One is in Dunklin County where it varies 
fro® four to six miles wide in the northern part and from 
twelve to fourteen miles wide in the southern part. The 
other includes parts of Mississippi and Mew Madrid Counties. 
The soil is dominantly a fine sandy loan, but it has areas 
of fine sand and silt loam Included in It. The topography 
varies froa almost level in Dunklin county to undulating 
in Scott county. Surface drainage and permeability to 
air and water ar® good. It has 'been classed as good crop 
land.

*JM1« W. 93-101.
5M* OP* 105-106.

Lintonia loam forms Sikeston Ridge, which extends 

from near the center of Scott County to th® town of Hew
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Madrid*$ The surface soil la variable, and ranges from 
a brow or grayish silt loam or fin® sandy loam to a 
depth of ten to fifteen inches* Llntonia 1MB represents 
outwash from ths loeaalal hills, probably in Scott and 
Cape Girardeau Counties. Oue to the relatively higher 
elevation and sandy substratum, both surface and under- 
drainage are good* It Ms been classed as good crop 
land*

The Llntonia loam area was settled early In the 

history of the state* A large share of the. soil type was 
divided into grants which were donated to early settlers 
during the Spanish regime*?

Cl Iwate:

The area Ms a Maid continental climate* The 

average annual precipitation la approximately 50 inches, 
which is the highest in the stat®?’ '•reel pi tat ion is 
greatest in January, March, and April*'5 The average 
growing season is 219 days. The first parts of June, July,

^MMb »• ioi-105*

Y1W*

6iUMM 1O» ^earboot of Agriculture, 19*1, 
United states Department of Agriculture., U* S. Government 
Printing Office, pp* 550-554,

Dwayne U Motor, MMU j±a#MMM2a M 11WBE1» 
University of Missouri Agrloull^rn^ Station
Bulletin 650, March 1955, PP. 33-39*
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ana August are wiHi at low*<ry*weather risk# but early 
May, late Jane, July and August have High frequencies of 
dry periods,10 Tro® the standpoint of crop production, 
lack of moisture during the growing Beason often le 
critical. Alaa th® area has sore dry periods lasting 
three and four weeks than other areas of the state# except 
last Central Missouri#11

„, !^^ t\?w^4.ai|^AaAa4!,eil“. .
Missouri* University of Misasmrl AgrlouIturaO
Itatimi Bulletin 707, June 1959# pp# 10*11#

U1M<*
X^Ted U Jones and Frank Miller, Mature SM patent 
.a^tim MlMWrl# University of MlasmiwL
tural Bxwrleent Station Research Bulletin 735, May

WUOBMX
Th© area appears to haw an unlimited supply of

water for irrigation# Walls# from SO to 125 feet in depth# 
haw supplied turners with sufficient water for all 
irrigation needs*1® However, it should be kept ln.»in<
that only a snail percentage of the tamers have used 
water for irrigation# Whether th® supply would be adequate, 
if all farmers were irrigating intensively, is unknown.

I# SCOKOMIC CHARACTSRISTICS

Moaswam
The first white settleaent in the area was node in

I960, pp# 29*31#
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th® Viator of 1736*37 by two Frenchnen, rmeoh and 
Joseph Leaieur la the lew Madrid dietriot# The brothers 
established a post to trade with the Delaware Indiana* la 
a short tine# the small settlenont was one of the best 

trading points in the country west of the Mississippi River.^ 
Administrative control was under the Spanish dovenwont at 
this tins*

The first American settlers cane into the district 
in 1739* A group of fifty or sixty American imigranto* 
under th® leadership'of a Colonel George Morgan, arrived to 
establish a city# colonel Morgan had obtained a grant of 
12*000*000 to 15*000*000 acres from the Spanish Oowmaent* 
Colonel Morgan did.not establish the city as the Spanish 
governor* Miro# stripped the concession fro® Ma before the 
city could be built* Colonel Morgan soon left the area# 
but several of the AnoMoan families remained to establish 
bones and fams*1*

The first town in the area was Mew Madrid* It was 
laid out by .Pierre Fousher# the first Connandant# in 1789* 
The Mississippi River has destroyed the original site# 
thus the Mew Madrid of today has nothing about it to



suggest it® origin*
As the Indians sowed fro® the area, the settler® 

turned their attention to crop production* Cotton was 
Siwm extensively from 1800 to about 1330, in lew Madrid 
County* It was then abandoned until after the close of the 
Civil War* Corn and wheat were produced extensively*^ 
The area possesses no minerals of eonmerclal value* Its 
wealth lies solely in the agricultural and tlaber 
resources*1$

Sew Madrid County was organised fra® the 'lew Madrid 
district la 1312* Dunklin and Mississippi Counties were 
organised in 1845* Pen!scot County was organised ^ust 
prior to the Civil War in February, 1881*17 Ths population 
of the area was slightly over 2,100 when Hew Madrid County 
urns organised (Table I). It increased slowly until th® 
lB40*s, then nor® than doubled by 1850* The population 
peak was reached at 154,750 in 1940* There was a net 
decrees# of 1,802 persons during th® 1940*a*

l7W pp* 178*181*

Drainage was necessary before the area could become 
highly productive for agricultural purposes* The first

X5aU» 2* 199.
HiBii
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tabu; i

POPULATION OF DUKKLIB, PEMISCOT, NEW MADRID ABD 
MISSISSIPPI COUBTIBS, 1MM950*

Tear--- -----------
1810 2,103
1820 2,445
1830 2,351
1840 4,554
1850 9,884
1860 18,501
1870 19,380
1880 30,867
1890 40,493
1900 56,938
1910 83,932
1920 97,447
1930 119,107
1940 154,750

1950 152,948

Data for 1810 to 1880 from Tenth Census 
of the United Staten, Volume I, pp. 6M9. Data 
for 1890 to 1910 from Thirteenth Census of the 
United States, Volume II, pp. 1074-1082. Data 
for 1920 from Fourteenth Census of the United 
States, Volume III, pp. 554-58. Data for 1930, 
1940 and 1950 from United States Census of 
Population, 1930, Volume III, Part 1. pp. 1,339- 
1,3701 1940, Volume II, part 4. pp. 368-69? and
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drHge wort in mtlrnaUm Mhwwl was started about 1896 
in Sew Madrid County. Approximately 7 years later, drainage 
wort was started in several other counties, and ditches 
were constructed to drain approximately 400,009 acres. In 
1907, the little Mver drainage district was organised, 
this was #• largest drainage project in the world outside 
of Holland up to that time. It was designed to drain an 
additional 500,000 acres of land,1

^mssbuas^^^
Agriculture has regained the major industry of the 

area up to the present time (Table II), In 1930# 71*5 
per cent of the people employed were engaged in agriculture. 
The percentage Md decreased to $3.1 per’©ent In 1950# but 
agricultural workers were still the moat prominent group. 
The percentage of people employed by wholesale and retail 
stores has steadily increased from 6*8 to 9,4 to 13,6 per 
cent in 1930# 1940# and 1950# respectively, Thia group 
was second in importance to agricultural workers, 
Manufacturing was third in 1930# but was replaced by service 
groups in 1940 and 1950,

^A, fg Sweat# 0, J, Mann, H# H# Kruoekopf# I, 8, 
v&nalta, and B, 0, Levis# .^U ^QSX M #MS221 £SSB&X» 
MUWL United States Mpartment of Agriculture# Bureau 
ofSoilt, Sovernaent Printing Office# 1912# pp, 29*31,
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Mte
■In th® early period of agricultural development* 

farse wre emit, reflecting the high labor requirement of 
.the principal cash crop which was cotton* Cotton etill 
brings acre money into the area than any other crop* but 
the trend is towart mechanization thus releasing labor 
fro® agriculture art naming larger operating units 
necessary* She number of fams decreased M«S per cent 
froa 1150 to. 195** By 1959, an additional $4*8 per cent 
of the farm operators Md quit farming* M* businesses 
were being reorganised Into larger* more efficient units 
In an attempt to lower ths cost of production per unit of 
output* The average ai^e was 91*4 sores in 1950*Wk# 
aeroa in 1954# and 163*7 seres In 1959* an increase of 
79*1 per seat from 1959 to 1959#

■ Fan© assets wore increasing in value throughout the 
1950*8# Th* value of lan? art buildings averaged 114,043' 
per CM In 1950# 113,991 la 1954, art n3,7U in 1959* 
The average value of land art buildings per far® was 
175*6 par sent greater In 1959 than 1950* The average 
price per acre am £.974*09 in 1959 as eoau&rod to 9154*15 
in 1950 an increase of 77*8 per cent in the ten^year 
period.(Table III)*

Th® census definition of a eo®iercinl far® was
changed In 1959 fro® that used in 1950 and 1954* However,
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th® reduction In number of far®# du® to th® ©Bang® in 
definition was only *88 per sent or 86 fame In the four 
maty area* For 1954* each place operated as a wait of 3 
or more acres on which the value of the fem products 
produced totaled $150 or more* as well as each place of 
lees than 3 acres froa which the value of all agricultural 
products sold totaled 1150 or more was counted as a far©* 
For 1959* each place operated as a unit of 10 or sore acres 
froa which the sale of agricultural products totaled 150 
or ©ore* as well as each place operated as a unit of less 
than 10 acres fro® which the sale of agricultural products 
totaled §250 or sore* was called a far®*1^ conaercial 
raws are divided into six groups on the basis of total 
value of products sold* The class intervals for 1954 and 
1959 are as follows:

1954

Claes I 125*000 or sore
Class n 10*000 to $4*999
Olas® III 5*000 to 9*999
Class IV t*500 to 4*999

1959
140*000 or nor® 

$0#000 to 39*999 
10*000 th 19*999
5*000 to 9,999

^United States Bureau of the Census, 1M2 &2BO1 
& AS&Bpm * MUMMEX; 1959* Kiaaourtp^;* ^ 
Characteristics* FaraProduots* Washington $5* 0* a* 
September I960*
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W 1959
class V | 1,200 io 2,499 | 5,500 to 4,999
Olas® fl 550 to 1,199 50 to 5,499
Th® 1954 conaereial fam class I and II wore equivalent 
io 1959 classes of I and II and III, Sb 1954 classes 
III and If were comparable to 1959 ©lassos If and V, Th® 
1954 ©lasses V and VI are ©Bearable to 1959 class VI*

SB total weber of coaseroial fams decreased SO 
par ©ent SMB 1950 to 1954 (Tabic IV)* Ths number of farms 
in class I, II, and III increased as the number in ©lasses 
If, V, and VI decreased# Olas# I Md ths largest Increase 
with 36 per east, while class VI had th® greatest decline, 
a decrease of ?4 per ©ent fro 1950 to 1954* The number of
commercial farm® in 1959 is shown In Table IVa, which is 
based on th® 1959 definition* When the 1950 and 1954 
classes were ©hanged to conform with the 1959 definition, 
the number of cwmemlal fams decreased 45 per ©ent as 
shown in Table Wb* The number of fams selling the 
greatest amounts of fam products increased as ths total 
number decreased*

MB number of farms of ISO or none acres Ms 
Increased as smiler fam® have decreased (Table V and 
Figure 5), The increase fro® 1950 to 1959 in the 130*956 
acre group was 23 w cent? in the 260*499 group, 66 per 
cent? 500*999, 100 per cents and 1,000 or nor®, 95 per
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emit*

Th® nunber of fame with 199 acre® or loot of 
cropland harvested decreased fros 1949 to 1959 (Table VI), 
The number harvesting 200 or more acres increased 82 per 
cent during the ease period, Theo® increase# wore in 
Mow with th© changes needed as hand labor was replaced 
with Baohlnery,

According to the 1954 Census of Agriculture# there 
were no irrigators in the four county area in 1949* In 
1954* 108 farmera were reported to be irrigating 3,348 
acre®* The number had decreased to 88 in 1959 with 5,606 
irrigated acre® (Table VII)*

Th® number of full owner® and tenants decreased 
during th© 1950*1959 period# while the number of part 
owners resained constant (Table VIII)» Tenant® decreased 
4*137 or Ay per cent* Full owner operators went down 958 
or 4o p@r cent# The per cent of tenancy in the area was 

70,5 in 1950; it was 63*2 in 1959# This decline was the 
result of a reduction in the number of people employed In 
agriculture and use of hired labor where th# work had 
previously been done by fam operator®.

The next task deals with the characteristics of the 
fams where the data on irrigation were obtained, 

Particular attention la given to si a© of operating unit# 
tenure of operator, fixed investment in irrigation equipment#
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Mg Til

»K OF FAWS WITH IRRIGATED UW IS FOOR 
SOSTHEASTHOI MISSOURI COWTIKS# 19-49# 

1954# AW 1959®

County
Somber
Reporting

Total .
Irrigated

Mn^lln
1949 ♦ «*

1954 ♦3 2,458
1959 47 2,831

MnAscot
1949 w #

1954 so
95

9,085
1959

Mew Madrid
1949 w w

1954 9,531
1959 It 989

Mississippi
1949 WB

1954 1,973
1959

Total
1949 * am

1954 ■ 108 3,348
1959 80 6# $06

Mraentage Change
1954 * 1939 *19

&MU far 1949 Bad 1954 fros 1954 Census at 
Agriculture# pp# 47-51* MU Mr 1959 froa 1959 Ceneue 
of Agrtaulture# preliminary Report# By counties#
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yew lrMs®U#n began, and type of imgfttiw systea used#



mw in

cHmcrmaTics of samnm fams

I* 3121 0? FAMS

The average MM of CM* ©pewit©# by the 55 farmers 
with Irrigation equipment wa 405 acre®. The nedian UM 
34$ tail® th® nodal Ms® MM 216 acre®* The 0*95 confidence 
interval far th® average MUM In th® univere® MM MM 325 
to 485 MMM® This naans Mt M Interval hag a 0*95 
MMHMM of Ineluding th® universe BM or 95 tin®® out of 
Mb MMM&M draw MB this universe would load to 
confidence Internal® that would include toe universe value*

The average size far® In 1959 for all farmer# in toe 
MB county area was 164 acres (Tabi® III* page Ml.® MM 
average far® in th® simple M W wr cent larger than the 
average sis® of all MM Sino® the fixed investment 
required for irrigation i® large# it was expected MB 
irrigator®# in general# would operate larger than average 

MMi
The 55 farmers operated 25*498 total acres# MB 

to® maple total was projected to Include 186 MMB In 
the population# it was estlaated that 75#2B0 acres were 
operated by famera with irrigation equiwent* There are 
approximately l*19t#W< acre# In fam land and 6#686 
©oa&orolal farmer® in to® four counties* Thea® facts



MlaU mt fWMM with IwlgtUia equiment am a wry 
mU pm of the total agricultural industry in th® Delta 
Area* Only 6.3 per ©ent of the far® land and 2#8 per cent 
of the comerelal tamers in 1959 were associated with 
irrigation#

tartywlx of the 65 tamers applied water to various 
crops In 1959# Th® hypothesis of independence between the 
else of tar® and whether the tamer irrigated or did not 
irrigate was tested# A chi square of 4*1 was obtained# 
which suggested the probability of obtaining a larger chi 
square was about #59# As a result# the hypothesis was 
not rejected*

JBMttJBJU^^
The tenure pattern among the 65 tamers fro® who® 

data were obtained varied greatly fro® that of all tamer# 
in the area# The 1959 Pmllalmry Census of Agriculture 
showed the percentage of owners, part aimer® and tenants 
to be to, IT# and 65 respectively# The proportion of 
owner# and part owner# aaong the tamers included In this 
analysis ms 11 and 23 per cent greater than among all 
tamer®, while the proportion of tenants ms 34 per cent 
waller# Those tacts indicate that owners and part owner# 
am ®om likely to have irrigation oqulmont than tenant®# 

Since the cost of irrigation equipmnt is relatively large# 
it 1# not surprising that tenant# do not invest in It as



4$
readily as owner operators*

The O*95 confidence interval far the per cent of 
owners In th® unrreme of irrigator# me #22 to ♦40# TM® 
interval Ms a 0*95 ©hence of including the universe 
proportion of owner#* The 0*95 oonfidenoe intervale for 
the per ©ent of part owner# and tenant# were #302 to #4# 
and #201 to #379* respectively.

3ixty*five# 65# and 34 per cent of the owners# part 
ownera# awl tenants respectively in the sample applied 
water to various crops in 1959* The hypothesis of 
Independence between tenure statue and whether th® farmer 
irrigated or hid not irrigate me tested# A chi square of 
*o*l Was obtained# which waa not significant at the #05 
probability level* A chi square of this magnitude suggests 
that the probability of obtaining a larger chi square was 
about *35# The hypothesis MB act rejected#

Sixteen# 24# and 11 per cent of the owners# part 
owners# and tenant# respectively were operating farmin the 
360*479 acre group (Table XX)* Sixty-three per cent of the 
owners and tenants and 35 per cent of th® part owners were 
operating faraa assails than 360 acres# Forty per cent 
of the part owner fa ma were larger than 479 acres* but 
only 21 and 16 per cent of the owner and tenant fems wore 
in this category# The part owners ware operating fams 
larger than owners and tenants#
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TABU XX
SIU OF FARM WITH XRRIOATION BSJIIBBIT IM FOUR

SOUTHEASTERN MISSOURI COUNTIES. BI TIPS OF 
TENURE, 63 FARMERS, 1959

31m of Fara 
(acres) ..

Tenure
Osmar 
Oimratfir^

Part
Tenant

1 - 119 3 1 1 5
120 - 239 4 3 • 15
240 - 359 $ 5 3
360 - 479 3 6 2 11
MO - 599 MB 4 2 6
600 - 719 1 • 4 1 6
720 - 339 w 2 1 3
840 - 1,059 2 MB w 2

1,060 - 1,279 w 4N» 1 1
Over 1,280 ** JL

Total 19 25 19 63
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A# shown in Table X* none of the farmer# had 
irrigation system® before 1952* end only S purchased their 
equipment before 1954* The largest number of farmers 
started irrigating la 1954 when tB per cent applied water 
to crape tor the first time* Twenty five per cent started 
irrigating in 1956*

Apparently there 1® no particular relationship 
between else of farm and the year Irrigation was started# 

In 1955# th® largest proportion of fanners in the 240*359 
acre class started to irrigate# The largest proportion 
of fanner# in the 430*599, 1,060*1,279 and over 1,^0 
sere classes started in 1954# Sime there was only 1 fam 
in the last two of these classes# the data haw wry little 
sensing# The largest proportion of tamer® in th® MS#* 
120*239, 360*479, <500*719# and 8 40*1,05:? acre classes 
started after 1954# Th® hypothesis of independence between 
the year Irrigation was started, and whether the farmer 
irrigated or did not irrigate was tested# A chi sonars of 
9*97 was calculated, which ms not significant nt the #95 
level# The by -otbecls wee not rejected#

Eighteen and three per cent of the 65 farmers 
obtained irrigation equipment in 1957 and 1958# 
respectively# these am have made limited use of their 
irrigation system due primarily to changes in the Mount
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ana dletributioa of rainfall# over 130 Inohee of ml® foil 
in 1957 la nrlm arm® of th ©alia* the omt an# 
distribution of precipitation la 1558 sad 1059 pea^lt# 
better than avers#* ®W> yields without Irrigation. As a 
result, the farmer® obtaining iwlplte systems In 1957

■and 1958 havo had ft rather large Investment tied up in 
equipment which Ms Md United use# When the 75 Mr •Mt 
who started in 195€ ar® added to ths a per sent who 
started in 1957 and 1958, # per emt of the fawners have 
ted United opportunities to recover their fixed 
investment and have terne « relatively laws® annual fixed 
oust in depreciation, into,rest* and team* The amount of 
annual fixed hosts will be dloousmd later in the 
eMpter,

Wt owners. In general, started to irrigate fl# 
stepped Wing Irrigation equipment earlier than owners or 
tenant#, as shown in fable U« Tventy^threo per ©mt of 
th® part owersmd^ll per cent Of th® tenants started te 
irrigate in 1952 and 1953* but ww of th® owner# started 
to Irrigate in 1957 and 1953, The majority of all tenure 
group® started between 1954 and 1956, when 75 per sent of 
the oswa, 59 per cent of tM part owners, and S3 per cent 
of th® tonanta began, lWnty*flv» oer cent of tee owners 
and M mt cent of tee tenants started in 1957 and 1958, 
nineteen per ©mt of the part ©wars started in 1957, but
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TOIS IX

HAS IRRIGATION BMW IB FOOS SOUTHEASTERN MISSOURI 
COUNTIESt BI TIPS OF TENURE, 65 FARMERS, 1959

I1B£_

Ten-ore
Owner
Aerator _____ Total

1952 e 1 * 1
1953 O' 5 2 7
1954 * * 7 18

1955 4 4 I 9
1956 I 6 5 16

195? 4 5 3 12

1958
Total 20 26 19 65
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non® started in 1953* In sowi, part owners appear to 
be mere responsive to changing wether conditions than 
^ -r--< o- 1 ^r- ,*

iam^m
Gotten was the major irrigated crop in MM of total 

a«rw M all site tarns except 1*119 aero olaea, as shown 
in Table XU# cotton was the major Irrigated crop on 19 
of the 46 fams where, water was replied in 1959* Gore wo 
the major irrigated crop In the 1*119 ecr® claM< sewn
Tamers applied water to more acres of corn than any other
crop#

Soybeans, strawberries* pastes* vegetables* wheat, 
and sweet corn were the other irrigated crops cm 10 of 

the irrigating ferns*
Gotten we the major M* Irrigated on 46* 76* and 

65 ,wr cent of the owner, part owner, and tenant operated 
farms respectively' (fable Kill), Com mt swond la 
importance for 15 per Mt of Mi owner operator®, while 
soybeans was swond In importance for an additional 15 
per cent# Th® number of acre® of each crop Mil be 
presented in another section of thia shooter*

MM-MJatee
well# were the major source of irrigation water#

fifty of th# 65 farms had only wiles three wed drainage
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TABU XIII

MAJOR CROP IRRIGATED IM !« OF TOTAL ACRES IM FOOR 
SOUTHEASTERN MISSOURI COOTIES, BI TYPE OF TENURE, 

46 IRRIGATORS, 1959

Tenure
Major Crop
Irrigated .....

Owner 
____UDerator

Fart Tenant Total

Corn 2 1 4 7
Cotton 6 13 10 29
Soybeans 2 1 «se 3
Strawberries 1 2 w 3
Pasture 1 4B a* 1
Vegetables O' a* 1 1
Other® -^

Total 13 17 16 46

*Qae * sweet corn. one - wheat.
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ditches only, aM 12 nod a eumblmtlon sf wile and 
dmtoge MieMit as shewn is W® tit,

Mis were th® exclusive source of water an 60, Pl# 
and 39 per cent of ths wner# part owner, and tenant 
operated ferae, An additional 35# 15# and 5 pen WB 
respectively had drainage ditch®® in addition to wile 
available an a water source, The reminder sons id erod 
drainage ditches an their exclusive source If water, a® 
shown in Table W#

•NIMMMMNHM^^
Sprinklers were the major aethad Of distributing 

water on all else fams, a® show in Table XVI, Three 
different types were used. Th® nest eoowm MO the 
emvantlonal sprinkler eyetea# which usually has 12 to 
22 emit sprinklers 60 to 90 feet apart on lateral lines. 
This type operate® under low prop pressure# and applies 
water st * relatively slow rate* It is sailed th® 60 X 
60 or 90 x 90 system # meaning We sprinklers are 60 to 90 
feet apart on th® lateral lines and the entire line is 
•Mt 60 to 90 feet after the ecapletian of irrigation 
fro© meh set. Twenty* five of th© 46 farmers used this 
method exclusively in 1959#

The tocand type of sprinkler system has two er 
three giant sprinkler® per quaWr nil® of lateral lino* 
It uses high puwp treasure, and applies water at a rapid
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mW* Foor farters used this sethod e»lualvoly# and one 
fa raw used both of th® above types*

The third type of sprinkler system has a large 
rotating boos counted on a trailer* The system is operated 
under high pimp pressure and Ms a high rate of application* 
Three Tarawa used this method exclusively, and one used 

both this netted and th® conventional portable pipe and 

sprinkler®*
Bight farmer® used write® irrigation exclusively* 

Tro procedure® of distribution were followed* Seven of 
the eight farmers used light portable gated plpea with 
gate# or opening® 36 to to Imho# apart to carry water to 
the rows where it ms applied* One farmer used ditches 
and furrows exclusively. water ms transferred from the 
Irrigation di tab to the furrow® between the row by siphon 

tubes*
Nineteen tarsiers with Irrigation equipment did not 

irrigate in 1959* Thirteen of this group owned nortable 
pipe and sprinklers; throe Md gated pipe; two had used 
di tote® and furrows, and one, a trailer boos type of 

water distribution system*
The portable pipe and sprinkler ay®t« was the 

major type employed by nil tenure groups# a® stem in 
table OH* fortymis# #> and 69 per sent of the owners#

part owners# and tenants# applying water In 1959# employed



ctw of imw m«?i« mo is row 
sowmmww misswm comm, w im or

TOW, M TWOATORS, 1959

Isaura
MetbM® of Owner aart
M#£M>M________.^wmdL-iMmL^^
Sprinkler ©sly t

Portable pipe and 
sprinkler 6

Trailer boo® *
Giant ©wtaMM 3

•
1

11 25
2 3
^ 4

Surface only: 
Gated pip® 3 3 1 ?
MteM and furrow a 1 m i

aoBbimtim of netbods: 
Portable Mm and 
sprinkler and 
a, Gated pipe 1 i
b* MW®® and 

furrow® # 1 at i
©• Giant 

sprinkler w s
d« Imilor bow w *
Giant sprinkler and 
a* Gated pip®

Total 13 . 13

•Man owner operators Md mt irrlgnta in 1959# 
six portable pip© and sprinkler system, om MM and 
furrow ayeto#

bMn© part owner® Md mt irrigate la 1959* >lw 
portable pip© end sprinkler «y«M©, Wee gated pip© 
system and one trailer boon#

®Thr®® tenants Md not Irrigate to 1959# two 
portable Mm and sprinkler system# mo MM and furrow 
©yates.



this type of ^eUa eMaaiMf* T*r«ity*threo* IS# ®M 13 
per cent of th© mm» part owner®# and tamts 
rwjmUwly mod trailer boons or giant sprinklers to 
apply water# Surface Irrigation mthods were mnlnyed by 
JO* ®3* wad six per cent of the wears# part owners* and 
tenants respectively# Six farmers need a combination sr 
nothods to apply water*

For purposes of analysis the different types of 
Irrigation systems were divided into three classifications* 
The first we We portable pipe and sprinkler eyetea* 
Classi fixation two mg a combination of trailer bows and 
Slant sprinklers* The two surface irrigation Methods were 
UMBod for th© third classification* Ths above 
cla»ifi©atl®s ware used to teat Wo hypothesis of 
independence between ths WHO clarification of the fans 
operator# and the typo of irrigation system. used to 
distribute water in 1959* A ©M sonar® of 3*32 ms obtained# 
which ma not statistically significant at #»*05 level* 
Therefor©# the hypothesis ms not rejected* Th© probability 
of obtaining a eM square larger than 3*32 was «^1*

©» cM c '^iv u^anoe also ws use# to test ths 
hypothesis of independence between us® of irrigation in 
1959 and the tenure of the fsw operators* A CM square 
of 2*M ma calculated* which we not statistically 
significant at the *05 level* the probability of obtaining
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& cM touare larger Wn the one atom me approMaately
♦33#

The capacity of an irrigation aystos was defined as 
tee total maber of news the faraw thought could be 
covered by too system to prevent a decreased crop yield 
from Mot of mletwa* WlMit in too M^MMaa la too 
fact that the total Motor of acre® my to Irrigated tore 
tian m tlm and/or different ©w» W to irrigated at 
different tiaaa of #* growing season* :

M avora®® capacity of all irrigation system in 
toe maple w# 18® acres# TM oaprolty of individual 
®y#t«» ranged from 11 to 510 acres per fare# IM nodal 
sl« wa in th® 60*99 aero elm®, as town, in MM® 
Will#

The hypottoM® of independent between waMty of 
irrigation M#W and total acres operated was tooted# 
a CM square of 0*5 m# obtained, tolto w® not 
algal tieant at the #05 level#

W 60*99 acre ©law me the nodal acreage far all 
tenure olaa®®®, a® stow in table MX# FOHy*t»o> 50# and 
37 wr cwt of th® owner®, part owner®, tot tenant® were 
In thia grow
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Th® mean capacity ©f th© irrigation system for 
owner operators was 105 acres? 121 for part owners# and 
160 for tenant®. The average capacity of the tenant 
operated farms was 53 and 3? per cent larger than the 
systems on the fam® of owners and part owners respectively.

Th® difference between the mean capacity of 
Irrigation systems was tested for the three tenure classes. 
Ths null hypothesis# that ^ -^ at 0, was used* The '

standard, deviations of the populations wore not bamm, but 
were ssoused to be equal# A ’’t” value of -.79 was 
obtained, whan the difference between the system capacity 
of owners and part owners was tested# A "t* value of 
2,021 was necessary to reject the null hypothesis. 
Consequently, the null hypothesis was not rejected. Values 
for "t* of *1.81? and 1.4? were obtained whan tiM 
differences between owners and tenants and tenants and part 
owners were tested. The null hypotheses were not rejected 

In either test#
Th® hypothesis of independence between the capacity 

of the irrigation system sad whether the farmer irrigated 
or did not irrigate in 1959 was tested* A ©hl square of 
5.2'? was obtained# The chi square at the .05 level was 
7.81# As a result* the hypothesis was not rejected* The 
probability of obtaining a chi square larger than 5*29 was 

.17*
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aMU .{mturtiuw.tf.MatrtaArttMat w
Twenty-nine of th® 65 farmers had pureia#®^ 

Irrigation equipment on credit, as stows in Table XX* n® 
average amount borrowed was 15,291* but the asount per 
farm ranged from 31,500 to #15*550* Credit was obtained 
from irrigation equipment dealers# eosmerolal banks. 
Farmers Hons Administration# Promotion credit Associations* 
Federal Land tank Associations and insurance coananiea* 
Commercial banks and irrigation equipment dealers were the 
major sources of funds# In terns of number of loans* The 
average interest rate was 5*6 per cent, with a range fro® 
4*0 to 8*0 per cent* The average length of the loan was 
5*5 year®, with a range fro® 1 to 10 years* tost of th® 
loans were executed In 1054 and 1056*

The proportion of irrigators who used credit was 
used to establish confidence Halts for the population* 
The 0*95 confidence interval wag fro® *395 to *567* The 
universe proportion Ma a *95 ©Mneo of being within this 

interval*
The loans obtained by tenants were larger# had a 

higher rate of interest* and a shorter average length 
than those obtained by owner® and part owners* The average 
amount borrowed by tenants was 16*348* the Interest rate 

averaged 6*98 per sent* and the ter®* 4*6 years* The 
source® were oomerelal banks and irrigation equipment
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73
dealers#

Owner operator# obtained the smallest, loans and had 
lower annual ©oats of financing th® credit# The average 
amount borrowed we 14,500, and th® interest rate 5.0 per 
©ent. Th® average length of loan we 15*1 years# Fifty 
per cent of the loans war® obtained free insurance 
companies and th® Feder®! Land Bank with farm land given 
as security# Availability of land for security was the 
primary reason for th® superior credit term® obtained by 
owners as compared to tenants#

Tbs average mount borrowed by part owners was 
#4,55®# and th© ter®, 3,8 years# The average rate of 
Interest was 5»58 per cent, which is between the rates for 
the other tenure groups# The majority of part owner® 
obtained loans fro® conaerelal banks and irrigation 
equipment dealers; however, the longer tern, lower rate 
loans fro® insurance companies and the Federal Land Bank 
lowered th® average rate of Interest and increased the 

average tine for repayment#

Supplemental water was applied to a wide range of 
soils in 1959# As noted in Chapter II, alluvial soils vary 
greatly in physical properties# Consequently, it is 

difficult to make a general ©lassifloatIon of soil types 
where water was applied# The following procedure was used



to determine the type of soil on the 65 ferae* Th# fields, 
which were irrigated ar could haw been Irrigated# were 
plotted on a county highway sap* Soil Conservation 
personnel inspected the nano and compared the® to detailed 
county soil nape to determine the sell characteristics* 
Th® soil® were divided into four group® for analysis:
Those which were predominately sandy# silt Iwas# clay loan# 
and combinations of the first three, a® shown in Table XXI*

Thirty*five, ®3» 1<» and >3 per cent of the farm 
operator® reported their type of soil a# clay loan, sandy# 
ellt lean# and combination® respectively*

the hypothesis of independence between type of 
tenure and type of #Olle was tested# A chi square of 8*31 
wa® obtained, which was not statistically significant at 
the *05 level. The hypothesis was not rebooted* The 
probability of obtaining a chi square larger than 6*31 was 

*S®»
A chi square statistical test was used to determine 

if there was a significant difference between type of soil 
and whether or not th© thraer irrigated hl® crop# in 1959* 
A value of 5*18 was obtained, which WB Utt statistically 
significant at the *05 level. The result indicate® that 
the type of soil was not an Important reason either for 
irrigating or not irrigating in 1W*
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Seventeen or M per osmt of th® 65 farmer® Saw 
©hanged their method of distributing water sine® their 
original investment in ©aliment mu wide (W>1® xxnh 
The eastpl® statistic* #tM5# me eon»idered to be the beet 
estimate of the proportion in the population which Md 
©hanged methods of applying water# IM 0*95 oeaflMM®

■ interval we #158 to #Mf# Mn»ty*fivs per sent originally 
M pureMaed portable pipe and sprinkler systems# One 
had ©hanged frost using gated pipe to sprinklers* bemuse 
th® land had not been graded and distribution of the eater 
war the field me unsatisfactory# Mm ©hanged from the 
conventional portable pipe and sprinkler method either 
to the trailer bow or giant sprinkler method# The other 
eight ©hanged to surfs©® irrigation# Seven of these had 
©hanged to gated pipe and one to diteMs and harrows*

Th® primary reason for th® ©Mage me the labor 
requirement® for th® portable pipe and sprinkler system# 
MgMywlght per ©ent of th© farmers Md made the ©hang® 
to reduce labor requirements or to be able to hire 
personnel to work with th® Irrigation equipment*

The hypotMsi® of independence between type of 
tenure and whether the farmer Md ©hanged or did not ©hang® 
method© of applying water was tested# 1 ©hi square of 
♦63 was obtained Wish was not significant at th®, #05
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I trams. 17 poors, 1759

Type of Irrigation
lite
Chanced froas

Portable pip© and 
sprinkler

Gated pip® 
fatal

Changed to: 
trailer bo» 
Giant sprinkler 
Gated pip® 
Mt®M and furrow 

Total
reason® for Changing Type 

ar Irrigation System 
Lass labor required.
Could not Mr® labor 

far portable pip® and 
sprinkler

Better drainage
land not levoienough 

for gated pipe
Total

Owner Mrt
.2attt#OWll~^^

aForty»elght of 65 farmer® haw not ©handed type 
of ayatea.



Iwel, The hypothesis ms not reJeetea* la sedition* the 
r#atiwahlo between type of tenure and type of original 
irrigation nystea ma tested* A obi square of *95 was 
obtained which was not statistically significant.

The relationship between type of tenure and the naw 
method of distributing water UMI tested. A chi equre of 
4*73 was obtained# which we not statistically significant 
at the .05 level* The probability of obtaining a chi 
square larger than 4.?3 we *095# which Is relatively 
does to tins s»e of rejection*

ii, fix® iwwmeut iw mimrw moimm

The average fixed investment in irrigation equipment 
waa t7#l®2 MF farm tor the 65 Earners* This amount was 
considered the beat estimate of the population value* The 

$•95 confidence interval was fro® Id#232 to I M**e This 
lnt«*w.l Ma a %95 chance of including the value of the 
universe wean*

A® shown previously, the average capacity of the 
irrigation tty®tea® we 128 acres* Therefore, the avenge 
fixed investment ear capacity acre we 256* The modal 
claw of total fixed investment was #,000 to 15#W* 
Twenty*## of the 65 UMM*** were in MA* group# as shown 
In fable xxni.
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The wUUoaiMp between fixed Investment In 

irrigation 'equipment and total aorta operated me analysed* 
Whan the hypothesis of lafiepeatewe me tested# a ©hi wnn 
of M«# was obtained, which wee not slgnlfieaat at th® *05 
probability level* A ©hl square of this magnitude suggests 
a probability of *21 of obtaining a loser ©hi square* Th® 
hypothesis me not rejected#

The relationship between fixed investment In 
Irrigation per far® and whether the farmer irrigated or did 
not irrigate in 1959 ma not statistleally significant* 
When the hypothesis of independence was tested, a chi 
square of 7*32 ma obtained* The probability of obtaining 
a larger ©M square was about *11# wMoh is relatively 
close to th® son® of rejection*

other thing* being equal# the assumption ©an be made 
that tamer# with large investment in irrigation equiwent 
will attempt to recover their fixed investment at a faster 
rate than farmer® with smiler investment#* In other words# 
terser# with larger investment* are more responsive to 
irrigation opportunities UMM farmer# with mall 
investments* As shown above# the data do not support this 
assumption stallstieally*

The 55 earners had made investment# In irrigation 

equipment which ranged from 11 #900 to H9>000 per farm 
(fable mvh Forty per east of the 55 had investments-
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within the 13,000 to #5,999 close# Sixty, 38, and ©6 per 
cent of the owners, part owners, and tenant# respectively 
were In this class# However, 35# 54, and SB per eeat of 
the owners, part owners, and tenants respectively had 
Investment# of ##>00® or more#

Th® relationship between th® fixed investment in 
irrigation equipment and the tenure of operator# was 
analysed# When- th® hypothesis of Independence was tested, 
a chi square of X0#0 was obtained, which was not 
statistically significant at the #05 probability level* 
The hypothesis was not rejected* The probability of 
obtaining a chi square larger than 10*0 was approximately 
•27#

As shown in Table XXV, the average investment in 
irrigation equipment per far® was #7,122* The cost of 
wells, pumps, power waits, and distribution system were 
classed as fixed investment. The average investment per 
far® in the distribution cysts® was 13,671 or 52 per cent 
of the total amount# The average investment per far® in 
wells was #1,379 or 19 per cent, Cost of power units 
averaged 15 per cent or #1,094 per far®* Investments in 
mams averaged #978 or 14 per cent of the total*

The investment on fams operated by tenants averaged. 
<3,817, which ma the largest of the tenure groups (Table 
CT)* Distribution cystoma, walla, power units, and pumps
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muss* os Moomw smw# n mt 
wTbmw icmmmi camms* w ww

of w®, 65 MHHb 1W

Tenure

WaJiumts*______ asantet-Sasax—amt ■ JW-
Owner IWt

?'.-'Ils
Umber of well© 3$ 50
Average eoat per well 1 567 I 633 1 864
Averse xwestoent
perils ' #1*134 #*313 #1*787
er oont of total
inwetnent 19 W 90

I 735
#1*379 

19

BMpa»
SMter of was* 25 40 9$
Average seat nor wap 1 740 t 643 1 w3
Average investroat , „
per far?. I 985 4 9®$ 11*901

Fer cent of total
tarootaient 16 15 It

Power Wta i*
tabor of power unite 84 33 87
Average ©oat per '

power wait 1 TO I 385 1 904
Average Inveataont
Wmi i 375 ewm u»m
Wr cent of total
investment 15 16 15

93 t 684 
| 978

14

84 
• 846 
11*094

15

Distribution Catena:
Wa#w of eyateoa *1 to 19
Average Xnwrkwiit . „

- - ffr: te* *M35 3M34
Per ©eat of total ' .
Xnvwtaont 50 59 54

Total investment #*85* .' #6359 #8*81?

65
#3*671

5® 
17*10

a£xelata power wait inveatseat on t fawe using 
the farm tractor a® a source of power.
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&e8om#a for $4$ ^, 15, sod 12 par cant, wpecUtely 
®f the twngs tawtoeat per torn*

The fixed invaetnant la irrigation ©c^pneni on th® 
far©® of part owners averaged $6*859* The coat of the 
distribution syatea accounted for 53 per sent of the total* 
The investment in wells we aee«M with 19 per sent* Wwr 
unit® and puaps accounted for 16 and 15 per oent 
respectively.

The fixed tawatoeat of owner operators averaged 
;;t\7‘i '"W f^W, wL^t ■/?. ft; ^4v ' ^ '.■_',.:.
tenure group®* The proportion of th® total In toe four 
MM* was atollor to the part owners (Table XXV)*

:iX22^LJ^
Th® characteristic# of the five different type# of 

irrigation «y#t«# have been explained in an earlier section 
of thia chapter# M MM* in Table XXVI* there was a wide 
variation in to® average fixed investment* Sprinkler 
system® cwt sore than surfae® system* but require lew 
expenditure for land leveling*

^alta — The average fixed investment for
toe five faware with trailer Mm ay a tone was 115*20*1*
which was to# largest among toe five types of eyatowa*
Welle* p»p®# power unite, sad distribution systems md®
up 19# 13, 15# and 55 per cent# respectively of toe total
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investment per far®. The a wage amount invested la the 
distribution system* #»W» ms larger then the total 
Investment for portable pipe and sprinkler* gated pipe# 
Mi ditches and thrown#

iMMS^te — The five tamers with giant 
sprinkler system bad average investments of |3t8U per 
fare* The average east per well* p»p* power wit* and 
distribution system me manlier than for the owe Item 
for the trailer bow system* Twnty*two* It* 17* and *7 
per cent of the total Investment we in wells* pampa* 
power waits* and dletrlWtlm systems* reswetively*

Portahla niwe and eoriAler ** ^rty*om tamers 
had an average of #6*31$ per fans invested In portable 
pipe and sprinkler system* Th® total invested per well* 
p»p# power unit* and dlstrlbtttlon system was waller for 
portable pipe and sprimier system than for trailer Won 
and giant sprinkler system* The per sent of the total 
investment ?er far® for wile* poms* and power wits was 
smiler for portable pipe and sprinkler systems than for 
the other types* The distribution system investment for 
portable pipe and sprinkler system wee 57 per sent of 
the total* which was higher than for any other type*

wasa^UElsaMom^uut — «» »««^«
ineeatmont pw fam for the 11 tamer® with gated pipe »aa



I5»51§« Th® average east per well ana pump was the lowest 
of all systems* The average seat wr power wit was 
lower tian In other systems, exempt those that used 
portable pine sad spit Aters* Th® need for high espacity 
warm me reduced, sine® the water ms not distributed 
mder pressure# The Investment in ths distribution system 
averted 42 per cent of the total investment wr fare*

B£aBUL£#B#m^^^ ** Th® per
cent of the total investment that was In wells* maps* and
newer units was higher for this type of system than for 
any other type* Only 11 per cent of th® total was invested 
in the distribution system* The oost of siphon tubes was 
small when compared to the cost of pipe® and sprinklers* 
Water was pumped under open Moberg® directly into the 
irrigation ditch* in most case©* The water was transferred 
fro® th® irrigation diteh to the furrows or rows by neons 
of siphon tubes* The three farmers who used this systea 
had an average Investment per fam of M#100*

amUteaMMB *• ^ ^^ hypothesis of no 
difference between the types of Irrigation system and the 
average investment per few was tested* As stated 
previously* the five different types were divided into 
three? categories, due to the wall number In certain 

systems* Category X was th® portable pipe and sprinkler



systems owolusively* Trailer Mem and giant sprinklers 
were combined to fora Category II* Tbs two methods of 
surfs©# irrigation were combined as Category III* with 
thia arrangement# the average investment per fare was 
$6,310 for Category I# |U#022# Category II# and 15,252 
for Category III*

The difference between the swans of the categories 
was tested statistically* The "t* atatietie was used* 
The standard deviations ware unknown, but aosuaed to be 
o©ual« A *t* value of 1*59 was obtained when the 
difference between the swans of Category I and III was 
tested* The *t" value was not statistically sign!fleant 
at the *05 level* As a result* the null hypothesis was 
Mt rejected* The "t* values# when the differences between 
the swans of category I and II and Category II and III were 
tested#- were •3*38 and *d*M respectively. The tamer 
was statistically significant at the *01 level# and the 
latter at the *001 level* The null hypotheses wore 
rejested in both testa* There was a significant 
difference between the average investment in irrigation 
equipment on Category XI farms and Category I and XIX 
ferns*

In order to obtain additional insight Into the 
reasons for a oignlf leant diff etwee between the naans# 
the average oost per well# wap# power unit# and
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distribution system was determined* Sy refusing the 
analysis of ©oats to a per wall, pw» and power unit 
basis, the effects of the larger capacity systems were 
partially eliminated. The larger capacity offset was not 
resaved, however, by using, the cost per distribution 
system, because the larger systems of all categories 
directly reflected the increased quantity of main and 
lateral lines or gated pipe.

The average cost per well was 1850 for Category I: 
#393, Category II, and 1331 for Category III systems* The 
differences between the mana were tested, but were not 
statistically significant* The null hypotheses were not 

rejected*
The average cost per pump was 109, 1790, and 1771 

for Category I, II, and III systems respectively* The 
differences between the moans were not artistically 

significant*
Category I, II, and III system® had an. average cost 

per power unit of 1848, #1,027, and 11,042 respectively* 
The differences bstwssn the means were not statistically 

significant*
The average cost per distribution system was #3,842, 

#5*560, and #1,893 for Category I, IX, and III systems 
respectively* A *t* value of *2,44 was calculated who® 

the difference between the means of Category I and II were



tested# the "t” value was statistically algal fl cent at 
the ,02 probability level# The null hypothesis was 
rejested* There was a algalflcant difference in the 
average eoat of distribution equipment for Category I 
and II ayatens*

A *t* value of 3*46 was calculated when the 
difference between the means of Category I and III were 
tested* which was statistically significant at the *01 
probability level* The null hypothesis was rejected*

The null hypothesis also was rejected* when the 
difference between the mean® of Category II and III ©yates® 
was tested* A *t* value of 4*19 was computed* which was 
statistically significant at the *001 probability level*

BOlMj^JM^^ — ^ «®W® capacity
of the portable pipe and sprinkler systems was 113 acres* 
The range was from 11 to 219 acres* The average investment 
in Irrigation equipment ranged fro® I3»6OO for the 19 or 
leas group to 110,660 for the 180219 acre# group, aa 
shown in Table XXVZI# The average invostaant per acre of 
irrigation capacity varied fro® 1360 for the 19 or leas 
group to #52 for the 140179 acre group*

The five farms with giant sprinkler system® had an 
average capacity of IM acres# The range was fro® 60 to 
259 acre®, as shown in Table XXVIII* The average
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iBVMtaat In irrigation equipaent ranged from 15# TO far 
the 60*99 sere group to #1#1M for th® TO-O9 acre 
group# The snail number of eases within each class Halted 
the importance of the data for purposes of projection#

The trailer boon systeas had an average capacity of 
TO acres, which we the largest of the five systems# The 
range was fro® 140 to 510 acres# The United number of 
eases, particularly In ths large capacity systems# had a 
large effect on the data* Th® average investment in 
Irrigation equipment ranged from |7#TO to $16,100* The 
average investment per capacity acre was practically 
constant, ranging fro® >45 to 156, with a now of |46«

Th® capacity of the irrigation systems on the three 
terse with ditches and furrows where siphon tubes were 
used to distribute ths water was different for each far®# 
Essentially* the analysis required a ease study of the three 
different capacities# The cost of grading land was not 
included in the total investment for the two surface type 
systems* The total investment for the 60*99# 100-139* and 
140*179 acres was |S,5OO# #4,600, and #5,TO respectively* 
as shown in Table XXIX* Th® average investment per acre 
was 131, 138, and #3t for the 60*99, 100-139, and 140-179 
acre groups respectively#

Th® average capacity of tbs irrigation systems of 
the 11 tarsiers with gated pipe was 37 acres# Ten of the 11
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had systes with eaptollb# la the 6M? »e» rang®. the 
total Inwsteat la equipment averaged 15 #070 for the 
60*09 acre group* and #10*000 for the 140*179 aero group* 
The average iwntmt W awe was |6J and #6## as shorn 
la Table xxn»

Based cm the above analysis, it appeared that ths 
total investaant and the average lav©©went per aero were 
approximately twice as meh for the gated pip® systems as 
for the ditch and furrow system* when the earn number of 
awe® could be irrigated#

The sane three categories were used to teat the 
difference between, the average capacity for different type# 
of irrigation system* as was used In the previous section* 
Category I, II, and XII system had average capacities 
of 118* tl7» and 93 awes respectively*

The mil hypothesis of ne difference between the 
type of irrigation system and average capacity per fam 
was tested# A *0* value of 1*33 was obtained when 
diff wane®# between the mana of Cat wry I and HI wore 
tested* The *t* value was not statistically significant 
at the. *05 probability level* Therefore* the mil 
hypothesis was not rejoeted.

Th® H** values* when th® differences between the 
means of category I and XI and Category XI and XII was 
tested* were *3*30 and-3#35 respectively* Both *t* values



log 
were etatiatlmlly ilg^ae«st at the *01 probability 
1®M» Th® null hypotheses were rejected in both teste* 
There was a slgnlfleanl difference between the average 

eapwW Pt? ft» with a Category II eystea and Category I 
and III system®.

Xmj&imnUiiuaifcBMa^ * ►...tbs, oeemtar

AEdMisOE^ldJMMmata^^ — nw «imiomn.p 
b.tw»®n th. tjrp. or IrMsttlon .rotas ond whether th. 

operator used th® equipment ar did net irrigate In 1959 
ma tasted* A eM square of l»75 ma obtained* meh ma

net etatletieally algnifleant at th® *05 probability Xm»1# 
Th© hypothesis was not rebooted. The probability of 
■Obtaining a ahi squaw larger than 1*73 was #M*

III. IWGATIOg IW 1559

forty*## ©f the 0$ timers from whoa data were
obtained applied water to ©rape in 1-959* TMe lumber was
•7077 of the amber interviewed* the proportion of timer# 
me did net irrigate was designated ©#**©*« meh was

1 * p or *m3* The am#© etatiatio* *%* was oonsiderod 
Wi beat estimate of the proportion of Irrigating timer# 
in the population. The 0*95 confidence Interval for the 
population proportion of irrigators me between *597 and 
•Bia*
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JMstSdOaoa

Th# seres irrigated was defined as ths arsa to which 
water was applied regards#* of ths number at water 
applications# An acre application was defined as the 
application of water to on® sore one time# Fer example# 
ten seres watered fear times would equal tan Irrigated 
seres and AO sera applications# However# If the ten 
seres wore only watered one tine# than both th* Irrigated 
seres and sore application# would equal ten*

The 46 irrigating farmer# applied water to 2#637 
acres of land# The average number of irrigated sores per 
far# was 57* The range was from 11 to 232 sores# The 
average number of irrigated seres per few was considered 
the best satinets of the average number of irrigated sores 
per far® in the population# The 0*95 confidence Interval 
for the average number of irrigated acres in the 
.population was from 44 to 71 acres per fam# This interval 
has a 0*95 chance of including the universe scan# 

it was estimated that 7*546 total acres were 
irrigated by the 136 farmers in the population# Ths 
formula# $(x) a estimate of total acres irrigated# was 

used# x equaled the total number of acres irrigated by 
the 65 maple members# and *F was the moling fraction# 
The .0*95 confidence interval for the total irrigated acres 
by the 186 population members was from 4#883 to 1O#21O
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acres*

Iha total capacity of the irrigation iy«tai within 
the population was mUmUS to ho 23*445 acres* using 
the irrigated acme concept* » ntten.pt was made to 
estimate the number of nor® application# which could haw# 
been made by the 186 farmers*

The percentage of the total irrigation capacity 
employed in 1959 was estimated to be 20 to 44 per cent* 
These percentages were estimated free the owl* proportion 
of irrigated acres* Meed upon thio analysis* it woe 
evident that the irrigation systems wore not fully 
employed in 1959*

imJffiUoMm
The 46 iteraoro irrigating in 1959 made 4,486 

applications of water* The average number per fem 
97*3* with a rang® iron 11 to 50* The probability

acre
wee
WSB

0*95 that the universe noon of aero application® per fora 
was between 69 and 126* sinew* 2*637 acres were irrigated* 
and 4,436 acre applications of water wore applied* each 
acre was watered an average of 1*7 Unes*

&mosimM
action* cow* and soybeans were the major irrigated 

crops* in terms of number of irrigated acres* Other 
irrigated crepe wore strawberries* Mot oom* pasture*

ntten.pt
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ea^*f and Mt4 a» detailed analysis will cover 
only ©rnmi# corn, and soybeans, du® is the United maber 
©f irrigator® and irrigated acreage of other crops# The 
irrigated acres of ©otto* corn* and soybeans were M#7 
gw sent of th® total to which water ma applied,

ggUa •* cotton ms th® najor Irrigated crop* 
thirty*!!®® famors applied water to 1,523 acres* Four 
hundred and eleven acre® were irrigated tviee and 273 
aero* three tinea* An average of 2*83 inches of water 
me applied per or®. The femora believed that they were 
actually getting 2*30 inches of water on the ground# The 
loss fro® evaporation, wind* ant seepage hat been taken 
into consideration. The 0# 95 confidence Interval for the 
universe noon me between 2,38 and 3,41 inches of water 
per tore*

in average of 43*5 acres of cotton was Irrigated 

per fam by th® 35 femora* It was estimated that the 
average nuaber of acre® of cotton irrigated toy all farmers 
with equipment me fro® 34 to 53 acres.

The Irrigated acre# of cotton were 53 per ©ent of 
the total acreage to which water was applied* Meed on ths 

©Wie statistics fro the records obtained* it was 
estimated that cotton was between *45 and ,70 of the total 
acres irrigated by all of the tamers who had ©outwent.
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BimjJUOOiiM  ̂ ** fifteen

or 43 per sent of Uni 35 farmers obtained a field response
from irrigation# tout 57 par ««t Md not* Osa reason for 
the United results was tine of application, Ton of ths 
35 formers applied a United quantity of water to germinate 
the seed immediately following planting* Most of these 
growers made no further applications. In view of this
fast* it was not surprising that no yield response could 
be attributed to irrigation*

The average yield response attributed to irrigation 
was 66 pounds of lint ootton per aero, even though 57 per 
sent of the ootton irrigators did not receive a yield 

increase. The range was from 0 to 300 pounds of lint per
acre.

Yield responses for all crops wore estimated by the 
farmers, Mo field sheets wore node* In many eases* the 
farnor actually had two fields of the crop on comparable 
soils with comparable produetion techniques* with the 
exception of irrigation* Other farmers, however# did not 
have comparable ©rope on the sane fare* In the latter 
ease# the famous estimate was simply his opinion of the 
yield increase or a chest of the difference in the yields 
of a neighbor's crop.and his own,

Com *• Sixteen femora applied water to 659 acre 
of corn. Of the total# 397 acres were irrigated twice#
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and £35 acre#, three times* An average of 5*25 Inches of 
water was applied per wrti It was estimated that the 
average amount of water applied per acre by all the farmers 
who irrigated oom was between 4«2 and 6*3 inches#

The 16 farmers Irrigated an average of 41 acre# per 
farm* The universe mean was estimated to be between 21 
and 63 sores per fare*

£U3K£14&XS1^^ ** *•» w 62.5 per cent of the 
16 farcers reported a yield response from irrigation# Six 
or 37#5 per cent did not obtain a yield response# The 
average yield increase was JO bushels per aero# The range 
was from 0 to 50 bushels per aero# It was estimated that 
the average yield increase for all corn irrigators in the 
area was between 31 and 40 bushels per acre#

Sovbwns ** Thirteen tamers who contributed data 
for the analysis irrigated 316 acres of soybeans# The 
average number of sores per fam was 34 with a range from 
5 to 70# It was estimated that the average number of acres 
irrigated per far® In ths population of soybean irrigators 
was between 14 and. $4# One hundred and sixty-four acres 
were irrigated twice# The remaining acreage received water 
only ones# An average of 4#4 inches of water was applied 
oar acre# It raided from one to ten inches#
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MtateUBJSWm — Ma® or ^*2 W cent or 
the 13 tamer* reported a field response fro® Irrigation* 
The average was 8*5 bushel* per acre with a mage fro® 
0 to 19 bushels* It wa* estimated that the average field 
increase for soybean irrigator* in the Delta Area wa* 
fro® five to 12 bushel* per acre* '

aarxosaua-asBi ~ fw *»««*«•• irrigate 51 
acres of strawberries* Four applied water to 34 acres of 
pasture* Thirty*flve» 15* and four sows of sweet earn* 
wheat* and cabbage wore Irrigated* Mo detailed analysis 
ms node of these crops due to the snail amber of 
irrigator**

UaMaMaUJuidmaett^t&tuU*  ̂
MaaaiMjaiMSjmUMJaJ&lxim^ — *• *t*ua 
in a previous section of this chapter* an average of 5*23* 
2*89* and 4*37 inches of water per sore was applied to 
corn* cotton, and soybean# respectively in 1959* The null 
hypothesis of no difference between the average for the 
throe crops was tested*

A "t* value of 4*5 was obtained when the difference 
between the aeons of corn and cotton was tested* A *t* 
value of this nagnitudo wee statistically significant at 
the *001 probability level# The null hypothesis was 
rejected, corn received core water per acre in 1959 than
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When the difference between the nouns of com and 
soybean® was tested, a "t* value of ,95 we obtained, 
The "t* value was not statistically aignifleant at the 
•35 probability level* Th® null hypothesis wee not 
rejected#

A "t* value of T#td was obtained when the difference 
between the asana of cotton and soybean# was tooted* The 
*t* value was statistically significant at the #05 
probability level# The mil hypothesis me rejected# 
Soybeans received wore water per acre than cotton#

There was a significant difference between the 
average mount of water applied per acre in 1959 to corn 
and cotton and to soybeans and cotton# Cotton received the 
smallest mount of water per acre#

n*UtUs*lJU(fc&£&aMOslx*aiUfc^^
muuswojaauuuxJCMUBii na-camsuUB — «»
average physical product attributable to irrigation was
30 bushels of corn* 8#5 bushels of soybeans# and 66 pounds 
of lint cotton per acre# The avert®® prices received by 
Missouri tamers in September# October# and iovonber# and 
Peccnber# 1959# wore 11*00 per bushel for corn: #3W per 
pound for lint cotton# and #1*95 per bushel for soybeans#
The price per unit of output multiplied by' the average
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physical product per acre equaled th# average gross return 
per ear# attributable to irrigation in 1959# The average 
gross return per aero ms 130.3# far corn: ISM* rar 
<*ett®nf and #!#•## for •oyboans#

Th® difference between the average grata return par 
acre of the three crops ma tasted* A *t* value at 1.0# 
ma obtained when to difference batman to mana of 
oom and cotton ma tested* Thia value wan not 

statistically significant at to #05 probability tool# 
to null hypo thesis ma not rejected#

A "t" value of M3 wan obtained mm to 
difference between to means of oom to soybeans ma 
toe to# A value of thia nagnitud® me statistically 
significant at the <05 probability level# to null 
hypothesis me rejected# tore ma a significant difference 
between to average groee return per acre of corn to 
soybeans. Corn received to higher return.

■ Wen to difference between ■ to mana of cotton to 
soybean® ms tested# a ”V value of .50 ma found# It 
ma not statistically significant at to #05 probability 
level# to to null hypothesis ms not rejected.

to analysis revealed a significant difference 
between to average gross return per acre of com and 
soybeans in 1959# to average irrigated aero of corn 

returned 113.70 acre ton to average irrigated acre of
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soybeans

return ow Mn Hirttetmi. M MMH* — Th. »«Mge 

gross return par aero mime the harvest coot of tbs 

additional yield was assumed to equal tbs adjusted gross 

return per aero attributable to irrigation* The harvest 

eoat per bushel of corn was »lS^mr pound of seed cotton, 

*02^, and per bushel of soybeans, ♦W*1 The average 

physical output per aero multiplied by the unit harvest 

©oat equaled the average harvest east per Irrigated more. 

The adjusted gross return per sore was #5,81 for sera; 

117# TS for cotton* and 114,10 for soybeans*

The difference between the adjusted gross return 

per sore of the throe crops was tested* The computed *t* 

values, when the difference between corn and cotton, com 

and soybeans, and cotton and soybeans was tested, were 

,99, &*T5, and *35 respectively# The H* value of s*25 

was statistically significant at- the *05 probability 

level* Irrigated oom had a higher adjusted gross return 

per acre than soybeans. The difference between the

^albert Magen* "Missouri Cuoboa Satos’* (University 
of Missouri Department of Agricultural economics, I960), 
pp, 1* 4* and It* (mimeographed).
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adjusted gross return per Irrigated aero In 1959 wee not 
Munificent for corn and cotton, and cotton and soybeans,

isaMajU-aUUtUstfLUsaM
Teat of independence •*

BOmJolM Computed 
CM 
Square

critical
Chi Square
♦05 Level

Signif­
icant

wot 
Signif­
icant

Site of far® and
(1) Whether irriga­

tion we used 4,20 9*49 X

(2) capacity of 
Irrigation 
system 23*52 25*00 X

Tenure of fare 
operator and
(1) Whether irrign* 

tian system 
was used 2## 5*99 X

(2) Type of soil .31 12.59 X

(5) type of irriga­
tion Byeton 3.32 9*49 X

(4) Whether type of 
aystem has been 
changed .58 5.99 X

Old type system »98 5*99 X
Mew type system 4.7B 5*99 X

Fixed investment in 
irrigation equipment 
and
(1) Sloe of fam >4*93 31*41 X
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Test of difference between mesas when standard deviation®

II^UOM •Computed 
CM 
square

Critical 
CM Square 
<05 level

Signify 
leant

wot 
Signif­
icant

(2) Whether irriga­
tion system 
was used 7*32 9.49 X

(3) Tenure 10*00 15.51 X

Whether irrigation 
system was used 
and
(1) Type or irriga* 

tlon system 1*72 5.59 X

(2) Capacity of 
irrigation 
#y®^<M 5.29 7. Bl X

(3) leer irrigation 
was started 2.97 5.99 X

(4) Type of soil 5.18 7.31 X

are unknown, but assumed ©quel*

Factor# tested Confuted
*t* 
Value

Critical 
"t* Value 
.05 level

Signif­
icant

wot 
signif­
icant

Type of irrigation 
system and
Cl) Fixed investment

In irrigation 
equipment
category X and II 3*38 2*021 .01
Category X and 
nr 1.59 2.021 X

Category ri' 
and XXX ♦.54 2*074 *001
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aaiBMuiil Computed 
"t* 
Value

critical
*t* Value 
.05 level

Signify 
leant

MOt 
Signif­
icant

(2) Capaoity of 
irrigation 
ay nt#®
Category I and 
II 3*30 2.021 .01

Category I 
and ill 1*33 2.021 X

Category II 
and III 3.35 2.074 ♦01

(3) Average east 
per well
Category I 
and II ♦St 2.021 X

Category 
I and III ♦18 2.021 X

Category
II and III .04 2.074 X

(♦) Average east 
per swap

category I 
and. II use 2.021 X

category
I and III 1.14 2.021 X

Category
II and HI .12 2.074 X

(5) Average eoat per 
power unit
Category I 
and II 1.03 2.021 X

category
I and III 1.12 2.021 ■ X
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.amigM C#«W tad.^<#
Value

Oritieal 
“V Value 
.05 Level

signify 
leant

m
Signlf- 
ic&nt

Cattery IX 
and XXI .06 2.074 X

(6) Average cost 
per diatrlbu* 
ties system

Category 
I ana n 3 #44 2.021 .02
Category
I and III 3.46 MM .01
Category II 
aad III ^>X^ 2*074 .001

CM# of Irrigated 
crop Md

(1) AMMM of rater
applied nor aero
Cora and eratm 4# $0 2.991 <001
Cora ant soybrans <95 2.052 X

Soybeans and 
cotton 2.26 2.021 .05

(2) Swas return 
per ®ere
cora and ratten 1.06 MM X.

Cora and soybean® M3 2.052 <05
Soybean# and 
eatton .50 2.021 X

(3) Adjusted gross 
return per acre
Corn and ratten .99 2.021 X

Cora and soybeans 2.25 2.052 ♦05
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«SMiWLJ&O^ Coapuled
*t* 
Value

Critical
*05 Level

signif­
icant

Sot 
signif­
icant

Soybeans and 
ootton ■ #35 »*m ■ X

Capacity of 
irrigation 
system and

(1) Tenure
and part-owner .79 2*oa X

Owner-operator 
and tenant 1*81 2*042 X

MrWwnar 
and tenant 1*47 s*on
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IW8*?IW COSTS ABD ®TI»S

Production costs are important to decision makers 
In all liras* Irrigation costs are no exception* The fam 
operator need# to haw the beat available data showing the 
coat of applying water* The denial#® aa to whether or 

not to irrigate Ma crops in a given year depend® upon the 
information that is available concerning cost® in relation 
to expected return#. The amount of investment in equipment 
has already been pointed out* In a humid region auoh as 
the belt# of Missouri* profitable ©rope ©an be grown in 

most years without irrigation. The question to which this 
analysis will be addressed la whether or not more profit 
can be made by applying water* Many variable# of 
Indeterminate magnitude suet be considered. They include 
the amount and distribution of rainfall, the yield response 
from Irrigation* and the prise of the product*

The costs Involved in the purchase and use of 
Irrigation systems are of two general types—fixed and 

variable* Annual fixed cost# reflect the amount of capital 
invested in irrigation equipment and the length of time in 
the investment period. Variable or operating coats reflect 
prices of varied* inputs such as labor* fuel* , oil* and 
other supplies required to pump and distrlbuw the water 

and to harvest the increased yield.
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B» annual fixed cost per irrigation system included 
depreciation, interest* taxes* and insurance, 9h following 

used to omputo toe individual liens:proeedures were

Depreciation

The useful life of wells and siphon tube® ma estimated to 
be SO years# the depreciation schedule tor pumps* power 
unit®, and distribution systoto# other than sipton tubes* 
was 15 years# Tae annual interest charge was equal to 
one-half of toe original value of to® equitmeat multiplied 
by 5*0 per sent

(towel Interest * LO.fRml.laiue. x ,on

The tax charge was the assessed value multiplied by 30 
cents per 1100 valuation (Taxes » assessed value X. #0*30), 
The annual charge tor insurance me Obtained by tubing 80 
per eant of the original value of toe pw» power unit, 
and distribution system and multiplying toe result in 
thousands of dollars by |5*80 (tomans# Obergs a

a&SAMUiSl^-^^

Depreciation charges sod© up £9 per cent of the 
annual fixed cost for toe three different ' types of 
systems, as shown in Table xxx* interest charges averaged 

17 per cent* which was second in importance, and taxes and

LO.fR
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TABUS XXX

AKAIXSI3 OF FIX® COSTS AS P3BC IMAGES OF FIX® A® 
wax irrigation costs bi mt of irrioahos

STBmS, FOUR SOmmBASWW MISSOURI 
OOWTIW, AS FARMS, 1959

^r cost of -Mr Cent of

xmjom&

Interest
69

®mws and Insursnee 
Total Fixes Coat#

27
4

67-76
21*29
> 5

55
21

4
40*66
16*25
> 6

59*91

Interest
Tams and Insurance
Total Fixes Costa

64*71
25-31
4* 5 3

65

31*62
13*24

2* 5 
45*91

Texes and Insure®©® 
fetal Fixed Coats

0 66*70
26*29
4* 5

30

27*63
10-27

2* 6
33*98

•nine irrigators*
^im irrigawe, 
®Twaty*elgM irrigators*
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l»«mw», fetes* per sent#

Wtad ©barges in 19^ averaged 80 per #«t Of the 
total im#taoa easts far the surfae® eat portable pipe 
at# sprinkler system# and S per sent for the trailer boos* 
giant •printer system (Table «## We relative 
proportion of fixed easts to total costs depended epos the 
mount th® system me wed# The sow use* or the higher 

the variable easts# the lower th® per east of fixed 
charge® in relation to the total# The trailer boomgiant 
sprinkler system wore used more extensively than th® 
other two types* and the per eeat of fixed cost#. In 
relation to total amts# were anaHor# We rang® in fixed 
oasts ae a per sent of the total easts was 59*## b8*91# 
and 38*93 for the eurfam# trailer boomgiant sprl^ler# 
and portable pipe and sprinkler ay stem reopen lively# 
These ranges shoe that one of the portable pipe and 
eprlj&ler system woo mood wore# and as® less than any 
other type of eyst«a# In general# portable pip® and 
sprinkler systems where strawberries were irrigated 
resolved more use in 1959 than system wMoh were used 
exclusively for field eropa#

XwOaUOaBM
After a fam operator baa invests In irrigation 

equipment# and sea apply supplemental water to amps#
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variable coat# wet be «o»Wwe^ We annual flsea coat® 
wet be horse as long ae the equipment is mi< or until 
the east has been charged off regardless of the annual use. 
If the production functions were known and accurate east 
data were available* the decision staler should apply water 
to the point where the marginal coat was equal to the 
marginal revenue fro® the last unit applied in order to 
wataise profit# However* knowledge is not perfect in the 
real world and many uncertainties oust be faced* Therefore* 
on a given fam In a given year* the decision saber should 
consider the variable costs of applying water in relation 
to the expected returns fro® its use* if ho expects the 
return fro® irrigation to equal or exceed the variable 
cost* water should be applied* Irrigation can bo justified* 
as long as the average variable costs are covered* Any 
additional return above ths average variable coat will 
reduce the average flared coot* The decision saber will 
have to receive a return greater than the average 
irrigation cost in many years to sake up for the years 
when the systes was not used* and those in which the returns 
did not pay average variable costs* if the practice la to 
be profitable* It was assigned that famers who had 
purchased irrigation equipment expected returns over the 
tine period of the inreotaent which would equal or be
greater than could be expected fro® invostsent in other
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endeavors. otherwise, the original invsstwsnt in Initial 
epulpBent would not have been logical*

Variable angle as a percentage of th® items in 

tM® slag®, and total irrigation costs war® analysed (Table 
XXXI), ^xpendltur®® for fuel and oil averaged 55# 57# 
and 51 par sent of the variable coat® for the surface, 
trailer M»*giant sprinkler# and portable pipe and 
sprinkler system® respectively# labor oast® were second 
in importance# Thirty*®!## 32# and 41 per cent of the 
variable coat® was attributed to labor charge® for the 
surface# trailer bo»*glant sprinkler# and portable pipe 
and sprinkler systems respectively.

Variable coat® a® a per cent of the total irrigation 
costa were 20 per cent for the surf ace and portable pine 

and sprinkler system® respectively* Th® fuel and oil ©oats 
were about twice as largo for the trailer boo^giant 
sprinkler a® for the other two systoM. Labor cost® were 
seven# 11# and wight per ©ent of the total coat® for the 
three aystems#

Th© labor# tractor# fuel and oil# and minor repair 
coots per acre application of water wore determined, for 
the three different systems (Table XXXII)# The average 
variable coot per acre application for the surface system® 
was ##50# which was ths lowest among th® three types Of
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TABU XXXI

ANALYSIS OF VARIABLE COSTS AS WRCMfMS OF VARIABLE AO 
TOTAL IBRIOATIOM COSTS BT TIPI OF IRRIGATION STSTW, 

four aoupmsTW Missouri coowtils, as farms, wo

Par (Jani at 
Variabla aaais.

Far Cent of

«MtB®2—jSnsij&KMUjHsu

Labor 30 14*57 7 1-19
Trow 4 2* 7 0* 1
Fuel and oil 55 33*87 11 4-26
Maar repair# and
aissallanaoua 5 0*15 1 0- 4

Total Variable Caaba 20 12*52

32 22*41 11 5-20
Tranter 5 1* 7 O* 4
Fuel and oil 57 075 20 6*32
Minor rapairs and
aiaoallanooua 0 0*24 2 0*12

Total variable coats 35 11*52

41 1>W 8 1*34
Tractor 5 1-18 o* 4
Fuel and all 51 21*70 10 1*40
Minor repair# and
nlaeellan«ms 3 0-30 0-3

Total Variable casts 20 2*62

®Hna irrl^tara*
^im irrigators*
eWenty-elght twister®*
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TABLE XXXII
ASALT8IS OF VARIABLE COSTS PM AMS APPLICATION OF WATER, 

ST TTPS OP IWOATIW 3WTM# MOR SOUTHEASTER!!
MISSOURI COWTIM, 46 FARMS, 1059

lmuiOo&mMwM^^
Variable Costs

Gates Pip® and Ditches and
Furrow#**

Mor ♦12*1,24
Tractor cast ♦06 •00* #11
Fuel and Oil ♦87 •39*1*20
Minor ReMira #08 ♦00* .38
Total 1*59 1.00*2.60

Giant Sprinkler and Teller 
Beent®

Labor •33 •45*1.75
Tranter Cost •11 •04* .13
'Fuel and Oil 1.48 *36*2.80
Minor Repair* .16 .00* .56
Total 2.53 1.70*4.60

Portable Pipe and sprinkler*® 
Labor 1.15 .50*2*81
Trester Cost .14 #10* .24
Mel and Oil 1.44 •42*3.22
Minor Repair® •Of •00* #83
Total 2.32 1*37*4*^

aRine irrigators*
^ln® irrigatsrs*

eTwnt/*eight Irrigators.
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systems** The range wo fro® #*0@ to #2*60* The 
ffellewlng lie®# were included? labor, #0*53; treater# 
#0,*06j fuel aM Ml# 10*87# and minor repairs# 40*03* The 
variation In the awerage variable eeat per acre application 
was very noticeable within a given type at system as well 
aa among the different types# The average labor cost per 
aero application ranged from 30*12 to 11* 24 for the surface 
systems* A range of 10.30 to #1*20 per acre application 
of water was found for the fuel and oil coat®.

The average variable cost per aero application of 
water for ths trailer boom-giant sprinkler systems was 
#2*58 with a range from #1*70 to #4*60* All variable costs 
wore higher for the trailer boom-giant sprinkler systems 
than for the surface systems* The labor# tractor# fuel 
and oil# and minor repair costs averaged 10*83# 10*11# 
11*48# and $0*16 respectively*

The portable pipe and sprinkler systems had an 
average variable cost of >2*82 per acre application with a 
range froa. 11*37 to $4*95# This was the highest average 
variable cost among the three different types of systems* 
The labor and tractor costs wore greater for the portable 
pips and sprinkler systems than for the other two types*

^Aa acre application is an acre irrigated one time*
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Hwww, U» trailer bo^*giant sprinkler system Ma the 
greatest fuel and oil, and ainor repair costs per acre 
application.

The difference between the average labor, tractor, 
fuel and oil, and. minor repair coats for the three eye teas 
was analysed. The null hypothesis was tested in all eases. 
The sane classification was given to the different 

irrigation systems as was followed In Chapter III, Category 
I or portable pipe and sprinklers, Category II or giant 
sprinkler and trailer boom combinations and Category III 
or gated pipe and ditches and furrows were used*

Mtaojyim^^^ the
difference between the moans of average labor cost per 
acre application was tested. The ”t* statistic was used. 
The standard deviations wore unknown, but assumed to be 
e$ual, AH" value of *1*25 was obtained when the 
difference between the means of Category II and III were 
tested. The *t“ value was not statistically significant 
at the ,05 probability level. The null hypothesis was 
not rejected,' When the difference between the means of 
Category II and I was tested, a "t" value of *1,42 was 
obtained. Thio value was not statistically significant. 

The average labor cost per acre application of water 
was #0*58 and 11,15 for Categories III and I respectively.
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A *t* value of <6 was calculated# which we statistically 
significant at the #05 probability level* Th® null 
hypothesis was rejected. There we a significant difference 
between the average labor cost per acre application between 
Category III and I* The average labor coat we greater for 
Category X* The average labor cost was greater for 

Category I and the users of this type of equipment had 
difficulty in hiring workers to move the pipe and 
sprinklers*.

Mm&um&ousMjmL&m^ — ^ 
average tractor cost per acre application was 40.14, 10*11# 
and #0.06 for Categories I# II# and III respectively# as 
shown in Table XXXII. The *t" values# when the difference 
between moans of Category XI and III and Category III and 
1 was tested# were 2*13 and *4*40 respectively. The 
former was statistically significant at the .05 probability 
level# and the latter at the .001 level* The null 
hypotheses wore rejected In both testa. There was a 
sign!flcant difference between th® average tractor cost per 
acre application on fams with Category III and Category I 
and II Irrigation systems. The average tractor cost was 
smallest on ferae with surface type systems. A ^t” value 
of 1.28 was obtained when the difference between the means 

of Category II and I was tested. Th® difference was not
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aUththally significant. The null hypothesis was not
rejected*

i^am^a^Mjaidmt^ —
The average fuel and ell east per sere application wa® 
11*44, $1*43, and $0.87 for Categories I, II, and III 
respectively* The ”t* values, when the difference between 
the mans of Category II and III and Category III and I 
was tested, were 2*78 and *2*29 respectively* The Terser 
was statistically significant at the *02 probability level, 
and the latter at the .35 probability level* The mill 
hypotheses were rejected in both eases* There- was a 
significant difference between the average fuel and oil 
costs per acre application on Category III faros and 
Category I and II faros* The average fuel and oil coat 
was the lowest on fares with surface type systeas* The 
water was not punped under pressure on fams with surface 
Irrigation systems, while it was on far®# with portable 
pipe and sprinklers and trailer boon-giant sprinkler 
cystous* A "t* value of *16 was obtained when the 
difference between th® asana of fuel and oil coots of 
Category IX and I was tested* The difference was very 
snail, and consequently not statistically significant* 
The null hypothesis was not rejected*
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iamoj&a®ut^^ *•
The average miner repair east per acre application. we 
10*09# $0*16, ana |0*0d for Categories 1# II, and ill 
respectively* The difference# between the mean* were 
tested* The "t" values were *73, *64, and *06, which were 
not statistically significant* The null hypotheses wars 
not rejected*

i21iO£&LM-I^^
Fixed costs plus variable soots equal total 

irrigation costs* The average fixed, variable, and total 
costs per acre inch of water applied, per acre Irrigated., 
and per acre application for the three different types of 
systeas wore analysed, as shown in Table XXXIII* The 

computations included the cost of all of the irrigation 
that was done on the fame where data, were obtained in 
1959* However, costa of harvesting the increased yield 
were not included in order to hoop the analysis on a 
oonparable basis between the farmers who received a yield 

response and those who did not* The costs of irrigating 
individual crops will bo analysed in a later section of the 
chapter, Sata In Table XXXIII show average fixed, variable, 
and total cost of applying water in 1959 by use of three 
different systems based upon the estimated amount of water 
applied* The farmer® who used portable pipe and sprinkler
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systems applied the milesl amount of water to the 
smallest number of acres, while those with giant 
sprinkler-trailer boom systems applied the greatest amount# 
Differences in system use affected costs* but ths small 
number of cases did not permit further breakdown of the 
data#

^^usauyygx^ — Twentyeight
category I Irrigators applied an average of 188 acre 
inches of water per fere# The range was extremely wide, 
from ten to 1,667 inches# The 1,667 acres inches were 
applied to strawberries# The average cost was $5.00 with 
a range from t>*60 to §99#2? per here inch. The extremely 
low average cost was the result of intensive use of a 
small system while the extremely high average cost 
resulted from limited us® of a large system# The average 
fixed cost was 34#00 with a range from 10*S3 to I97#S3* 
Ths wide rang© resulted from'the same factors that 
affected ths average cost figure# The average variable 
coat was 31#00 with a range of #0*37 to I?*43# Wo 
difference between the high and low average variable cost 
was §?#06, which was the greatest difference in cost 
items among the three systems* Category I farmers had th® 
largest average fixed and total cost per acre inch of
water, but Category II farmers had the largest average
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variable cost,

Kin® Category II farmers applied an average of 486 
acre Inches of water per farm with a range from 86 to 
1.220* Ths average far® In thia group received 2,9 times 
as such water as was applied to th® Category I fares. The 
average coat was 13*35 with a range fro® 11*93 to 114*63. 
The narrower range indicated less variation in system use 
than among the Category I farms. The average fixed and 
variable coat® were #.18 and 11.17 respectively. The 

average fixed cost ranged fro® |0.92 to 113.21. while the 
average variable cost ranged fro® #0.69 to 11.90.

An average of 272 acre inches of water per far® was 
applied by nine Category til farmers. Th® amount per fare 
ranged fro® 113 to 570. The average fixed, variable, and 
total costs were §2.12. #0.55. and #2.67 respectively. The 
average fare received 62 per cent sore water than Category 
I faros, but only 56 per cent as such as Cateogry II faros. 
The range we® smaller for all three cost groups on Category 
III fams than on the other two system types. One reason 
for the smaller variation was the design of the system. 
Water can be applied effectively by surface methods only 
after the land bad been graded. The land area that can be 
Irrigated by this method is limited. Also, surface 

irrigation 1® not practiced for strawberries or seed 
germination irrigation in ooet casse. As a result, when
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applied to graded lead, the entire area will receive water# 
unless rainfall ante# the irrigation unnecessary, Field 
eropa normally will require no sore than three applications 
of water during the growing reason# an the range in aero 
Inches applied per fans usually will be narrower than with 
the other two systems#

MUuyaU ted *• Category I, II# md III
fame averaged M# 11# and 0 irrigated acres respectively# 
The range per fare was snallest in Category III. The 
average coat per irrigated acre varied fro® #O#01 on

Category I fams to 311.45 on Category III fams. The 
average fixed and total easts were the largest an Category 
I farms# but the average variable coats were largest on 
Category II forms, category III farms averaged t9.ll, 
O#M# and 111*45 for the average fixed, variable, and 
total eoats# which were the lowest among the three types 
of systems (Table XXXIII).

mL^IL&m^BUm^ - ^e category II farmers 
averaged $21 acre applications of water per fam, which was 
the largest among the three system. Meh irrigated acre 
received two water applications on tbs average on Category 
II fams in comparison with 1.6 and 1.5 on Category I and 
III fams respectively, Is a result# the average fixed
and total coats were |4#B0 and 17,38 for Category II fame#
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which were the mllMt averages asssg the three systems# 
The average variable ©eat was tl#59 on Category III fare®, 
which was the smallest average*

jaoiiaUaajmM^ — ^ absolute dollar 
©oat of irrigation per farm we studied to gain an insight 
into the difference in magnitude of total ©oat® among the 
three systems (Table WCIV)» The average fixed cost per 
fare wee Wl» 11,059 and >578 on category I, II, and III 
farms. These data refleeted . differences in the investment 
in irrigation ©puipment among the three systems.#

The average variable cost per faro was 1157, 3570 
and 1143 for Category I, IT, and HI faros respectively# ' 
Ths absolute variable cost in 1950 on Category II fams 
was $85 per cent greater than on Category III faros, and 
Ml per cent greater than on Category I faros#

When a farm operator decides to apply water, the 
risk involved per thro approximates the expected variable 
©oat of Irrigation# The magnitude of cash loss per fam 
does not appear to be large In light of the average 
variable cost per faro in 1959# The breakeven point 
repaired to cover average variable cost per acre inch of 
water, per irrigated acre, and per acre application will
be analysed later in ths chapter#
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I. COS? OF IRRIMflM SPECIFIC CROPS

The averse fixed, variable, add total east of 
irrigating earn, cotton, and soybeans was determined* Oue 
to the limited number of irrigators, the east of applying 
water to other crop# was sot computed# The proportion of 
the annual fixed cost assigned to each crop was determined 
by the following procedures

iJ4SifMSM-^^ fixed cost *

Fixed cost assigned to that crop*
If the irrigation system was used exclusively to 

water one crop, all of the fixed wore assigned to that
crop# Consequently# the average cost per unit analysed 
was exceedingly largo# where a relatively small acreage of
one crop received water#

Com

SailjaHLamJ^ — S1«M Category I
farmers applied an average of 66 aero inches of water per 
farm (Table XXXV)# The range was from ft to Tit# The 
average fixed# variable# and total cost was It#97# £1«16# 
and #6*13 respectively#

The estimated yield response was IP bushels of oom 
per acre inch of water applied* The range was from no 

increase to 93 bushels# The not return attributed to
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irrigation and the effect of Irrigation on far® income will 
ho discussed in later sections of the chapter*

Five Category■II farmer® applied an average of 598 
aero inches of water nor farm (Table XXXV)* The average 
fliH, variable, ana total east per aero inch was 11*21* 
10*98, and <2*19 respectively*

The estimated yield response was five bushels of 
oom per acre inch of water* The range wa» free no 
inornate to seven bushels.

Three Category III farmer® applied an average of 233 
aero inches of water per fare* The range was fro® 23 to 
551 acre inches* The average fixed, variable, and total 
east per aero inch of water was lower on'fares with 
Category III syatona than on fams with other typos of 
systems*

aiiMJmimaM - Farmer® with Category XX 
systems applied water to an average of 66 acres of corn, 
while farmer® with Category III and I systems irrigated 42 
and 25 acres respectively* The average fixed, variable, 
and total coat per acre was 45,79, #2*59, and #8*38 respectively 

for Category III systems* which was the smallest among the three 
different system® (Table XXXV), The average application of 
water per acre was 2*6, 6,0, and 5*5 inches with Category 
I, XX, and III system respectively* The average yield
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increase per acre ranged fro® no Increase to 50 bushels, 
but th® average yield increase for Category I, II, and III 
systems was 31, 32, and 26 bushel• reapedlively*

£&el~m-am-^^ *•• applied an
average of 1*1, 2#5, and 1*8 tinea per acre on farms with 
Category I, IX, and III ay atm respectively* The estimated 
yield response per sore application ranged from no increase 
to 50 bushels, but the average for Category I, II, and III 
systems was 23, 13, and 14 bushels respectively. Category 

I systems had an average fixed, variable, and total cost 
per application of #11,96, #2,81, and #14,77 respectively, 
which was the largest average cost among the throe systems. 
The close relationship between the per Irrigated acre cost 
and per acre application cost with Category I systems 
re fleeted United use in comparison with the other two 
systems.

mm

m&JBSJBOUjm^ -* Nineteen farmers with 
Category I systems applied an average of 77 acre inches per 
far®. The amount ranged from ten to 255 acre inches. The 
average cost per acre inch was 18,92, The average fixed 
cost represented #7,60 of th® average cost (Table XXXVI), 
The average fixed cost and average cost range was extremely
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wide due to Halted tea of largo capacity system* Sight 
of the 19 farmers applied one to 1*5 lashes of water per 
aero on a Halted number of aoroe to geminate the cotton 
seed* Sinew thia woe the extent of irrigation on soot of 
the fams* the entire annual fixed coat was charged to 
eotton irrigation*

The estimated field response averaged 23 pounds 
of lint eotton per acre inch of water* It ranged froa no 
increase to 100 pound# of lint* A field increase was 
not expected on the eight fares where only seed gemination 
irrigation was applied* In all cases* the total acres of 
cotton* which could have Owen irrigated* did not receive 
an application* and the seed gemination irrigation was 
halted due to rain*

An average of 214 acre inches of water per fam was 
applied by eight femora with Category II system* The 
average fixed* variable* and total cost was 13*42* 11*45, 
and #4*87 respectively* The average yield response per 
acre inch of water was 21 pounds of lint cotton* The range 
S8^^ 8 ^^^^^^8^ no increase to 46 pounds*

The average number of acre inches of water applied 
per fam was 154 on fams with Category III system* The 
amount per fam ranged tress 26 to 450 acre inches. The 
average fixed* variable* and total cost was 12*67* 10*69* 

and 13*36 respectively* The estimated yield response '
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averaged 13 pounds of lint cotton par acre inch of water# 
The rang® was from no increase to 11? pounds*

SgliumU^BLJJX^ — farmers With Category I 
systems irrigated 34 acres per fare* Th® farmers operating 
Category II and III systems averaged 65 and 45 acres 
respectively* The average fixed# variable, and total cost 
was #17>30# 13*01# and #0*31 for Category I systems# and 
♦9*23# 12*33# and #11*61 respectively for Category III 
systems*

The average water application per acre was 2*3# 3*3# 
and 3*5 inches of water for Category I# II# and III systems 
respectively* The farmer® applied less water to cotton 
than to ©ora* The greatest differences were on farms with 

Category II and III systems* Farmers with category II 
systems averaged an Increase of 68 rounds of lint cotton 
per acre# which was a larger increase than was obtained 
by users of Category I and III systems*

Wl^tUmUOSU^ — *a4er *•• applied an 
average of 1*3# 1*7# and 1*4 times per acre with Category 
I# II# and III systems respectively* The farmers using 
Category III systems Md the lowest cost per acre 
application# which was $6*72, 11*73# and $8*45 for the 
average fixed, variable,and total coat respectively* 

farmers operating category I systems averaged an
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Insmae of 4a ^iMi of Hat cotton per acre application, 
which was th® largest increase among the three systems* 
However, the difference in yield response was smaller for 
cotton than for corn.

gglJUmjmsJM^^ — ^ average cost per 
acre inch of water was It#58 for Category III, which was 
the lowest eoat among the three systems, However, the 
average fixed coat was #1,87 on Category II tarns, which 
was smaller than on Category XII tarns (Table XXXVII), 

The average yield response per acre inch of water 
was two bushels for all three systems. The range was 
from no increase to seven bushels on farms using Category 
II systems*

BaMBMaOUya^ll^ • Ormers using Category I, 
II, and III system® averaged 17, 36, and 22 Irrigated acres. 
Th® average fixed, variable, and total cost per acre was 
10*02, 14*10, and #3,12 respectively on farms with 
Category I systems* The highest fixed and total cost 
system was In Category Ill, which averaged 113*38 and 
115*21 for the average fixed and total cost respectively* 
The average variable cost per more was 11*83 on farms 
using Category III systems, which was the lowest cost
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among the three types.

The eitluUd yield response per acre ranged from 
an average of four to twelve bushels on fam® with 
Category I and III systems respectively. The widest 
variation occurred on farms with Category I systems, where 
the range was from no increase to 19 bushels.

&2a£jmLM£S-&2Sai^ — ^^er was applied an 
average of 1.1, 1.7, and 1.3 times per acre on farms with 
Category X, XI, and III systems respectively. The average 
nuaber of acre applications per farm was 19, 62, and 29 on 
farms with Category I, II, and III systems respectively. 
The lowest average cost was #7.64, which occurred on fams 
with Category II systems. The average variable cost on 
fams with Category III systems was 11.38, which was lower 
than the other two system®.

The estimated yield response per acre application 
ranged frost three bushels on fams with Category I systems 
to nine bushels on farms with Category III systems.

II. »TW«S FROM IRRIGATION

In general, returns attributable to irrigation 
result from increased yields or increased quality of 
product. Since this study was concerned primarily with 
field crops, additional returns reflected Increased yields.
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The variation In yield response from Irrigation was

extremely wide in 1959* fields on Irrigated land were 
substantially higher than on non-lrrlgated fields in 
several cases. In other Instance®, no yield increase was 
obtained from irrigation. The variation was a result of 
many footers* Among the® were differences in soil types, 
planting rates, planting dates, time of irrigation,-, 
fertiliser applications, and cultural practices. If all 
of the farming practices except irrigation had been 
controlled, the effect of irrigation could have been 
determined precisely. Since this procedure was not 
practical for thia study, the effect of irrigation was 
estimated under general farming conditions. An estimate 
for one year limits the reliability of the data.

In addition to the above factors, normal variations 
in temperature and amount and distribution of rainfall 
affect the. yield response fro® irrigation* In general, 
1955 was a near normal year in regard to amount and 
distribution of rainfall (Table XXXVIII). The amount was 
slightly above the long time average in May and September, 
and below normal in June and August. In June, the rainfall 
was 1.07 Inches less than the long time average* This was 
the greatest deficit in the five month period* Rainfall 
distribution also has an important effect on yield responses 

from irrigation* The amount and distribution of rainfall
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at six selected station* in the oanplo arsa wore analysed 
(table xxxix)# In May# the Malden Station reported only 
a trees of precipitation up to May 11# while the 
Portageville Station recorded .67 of an inch during this 
sane period* Precipitation was United throughout the 
area the first ton days In May*

The relationship between tine of application of 
irrigation water and the oetinatod yield increase per acre 
was studied in an effort to oxplain sone of the yield 
variation* The estlnatod yield inoreaao of oom and the 
tine of application wore plotted (Figure 4)* In general, 
the highest yield increase resulted fron water application 
near June 15 and July 1* The data in Table XXXIX show 
that precipitation from Juno 16-20 and fron June 26-30 was 
low* Therefore* it would appear that the crop was in need 
of nolsture during this period*

Figure 5 Indicates that irrigators who applied 
water to cotton early In May got no yield increase fron 
the one application* The- majority of those who applied 
water near July 15 received a substantial Increase*

Figure 6 Indicates that water applied to soybeans 
near July 1 and 15 resulted in substantial yield increases 
The famers who applied water near August 15 also received 

yield Increases* but not as largo as those irrigating

earlier In the growing season*
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FIGURE 4
YIELD INCREASE PER ACRE OF CORN IRRIGATED AND TIME 
OF APPLICATION, BY TYPE OF IRRIGATION SYSTEM, FOUR

SOUTHEAST MISSOURI COUNTIES, 16 FARMS, 1959
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FIGURE 5
YIELD INCREASE PER ACRE OF COTTON IRRIGATED AND TIME 

OF APPLICATION, BY TYPE OF IRRIGATION SYSTEM, FOUR 
SOUTHEASTERN MISSOURI COUNTIES, 35 FARMS, 1959
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FIGURE 6
YIELD INCREASE PER ACRE OF SOYBEANS IRRIGATED AND 
TIME OF APPLICATION, BY TYPE OF IRRIGATION SYSTEM, 
FOUR SOUTHEASTERN MISSOURI COUNTIES, 13 FARMS, 1959
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th# average fixed, variable, and total east
computation®, a® shewn in Table XXXIII, XXXV, XXXVI, and 
XXXVII, did net Inelude expenses of harvesting the inoreased 
yield attributable to Irrigation, The purpose In that 
section of the chapter was to estimate the boat of applying 
water by different types of systems, Here the purpose la 
to Indicate the relationship between total posts and total 

returns attributable to irrigation,■ harvesting costs are 
included.

the average estimated yield response, shown in the 
above tables, was multiplied by the average prices received 
for the products from September-December, 1559 to compute 
the gross returns attributable to irrigation. The prices 
used ware 31,00 per bushel for com? 11,55 per bushel for 
soybeans, and #0,322 per pound, for lint cotton.

The adjusted gross returns ware equal to gross 
returns alma harvesting costs, which were SO, 15 per bushel 
for plowing and shelling ooms $0,30 per bushel for 
combining soybeans, ■ and 32.00 per hundredweight for 

pishing seed cotton.
The net returns and returns above average variable 

©oats per aero inch, per acre irrigated, and per acre 
application of irrigation water were computed for the three
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different eystoss# Wat return# to Irrigation ware equal to 
total revenue sinus total seats or adjusted gross returns 
sinus average easts# The returns above average variable 
east® ware equal to the adjusted gross returns sinus the 
average variable ©oats# Creator insight into the 
relationship between easts of and returns fro® irrigation 
in 1959 was obtained by analysing both the net returns and. 
the returns above average variable costa, than if either 
had been analysed alone#

III. IMRIMTIOSF WWW FOR SPECIFIC CROPS

^-&mJ&£O£j^M£ — the not returns wore 
positive for the three different systems of water 
distribution used in the area# The average net returns per 
aero lash of water applied ranged fro® St#07 for category 
I to |2*06 for Category II (Table XL)#

The net returns on individual faro® ranged fro® 

•lis.tr to *115.91 (Figure 7 and Table *•!!* in the 
Appendix), fifty# 60, and 6? per cent of the farmers who 
used Category I* II, and III syotmts received positive net 
returns fro® oom irrigation# Forty-four per emat of the 
com irrigators did not receive returns fro® irrigation 
large enough to pay the total irrigation costs (Sable XLI)#

%25e2%2580%25a2lis.tr
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TABLE XL

SET WURM ASS RFTURN A30W AVERAGE VARIABLE COST 
m ACR! I»0» OF WATER# TO ACRE IRRIGATED

AMD -■'" -’•“■’ ; ' RATIOS OF CORM, BY
TY ■ OF IRRIGATION SYSTEM, FOUR 
ms....................................... I '" ' 3,

16 FARMERS, 1959

irrigation. Coat 
aaL-MWa .

type Irrigation iyaiea

Surface 
JxOsiSl—.

Giant 
Sprinkler 
and Trailer 
300®$

■"■or table 
Pip® and 

..Sprinkler®
(Dollars) (Dol I® raj (Dollar®)

TwtJjp.ro _ Inali^fwaMr ■1
Adjusted Gros® Return 4,25 4.25 10,20
Average* ■ ■*> '
Met Return ♦ 2.73 ♦ 2,06 * 2.07
Average Variable Coat .47 1.16
Return Above Avera.se
variable Cost a 3*78 ^ 3*27 ♦ 9.04

Adjusted Grow Return 22 #10 27.23 26,35
Average Coat _13»20
Bet Return ♦15*71 ♦14.00 ♦io#m
Average Variable Coat 2,59 5*87 3.04
Return Above Average
Variable Cost ♦19,51 ♦21,33 ♦23,31

Adjusted Grow Return u.;n 11.05 23,80
Average Coat .^4,77
Met Return ♦ 5*84 ♦ 9,03
Average Variable Cost 1*42 2,32 2.31
Return Above Average
Variable cost ♦10,48 ♦ 3,73 ♦20,99

^Three farrow# 

$Flw farrow#

$®lgM farrow#

TwtJjp.ro
Avera.se


FIGURE 7
NET RETURN OR LOSS PER ACRE INCH OF WATER APPLIED 
TO CORN ABOVE TOTAL COST OF IRRIGATION BY TYPE OF 

IRRIGATION SYSTEM SOUTHEASTERN MISSOURI.
______________________  16 FARMS. 1959*_______________________
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Thirty-seven per cent received net returns from #O»O1 to 
l<»99 per acre Inch of water above the average costs# The 
positive net returns were trim O«0@ to tit#99 for 19 
per sent of the ©ora irrigator®#

Th® returns above average variable costa per acre 
inch of water were 19.04# #3*27# and 93.75 for fewer® 
using Category I* II# and III system® respectively (Table 
H4# On individual fame* the return® above average 
variable costs ranged fro® #*#0 to 118*13 (Figure 8 and 
Table A-uh Mxty*three, 60* and 67 per ©ent of the 
farmers employing Category I# IX* and XII system received 
positive return®#

TMrty*elght per cent of the corn irrigators did 
not cover their average variable coat# (Table XIIIh An 
additional 37 per cent received return® above average 
variable coats between #0*01 and It#99# Th® returns above 
variable coots ranged fro® 115*00 to 119#99 for six per 
©ent of the farmer®#

MtOimmaijamjaaO^ —
Th® yield Increases necessary to pay total Irrigation cost® 
ranged fro© 1#7 to 19#5 bushels of corn per acre inch of 
water (Figure 9 and Table <•!!)♦ Th® wide variation resulted 
fro® Halted employment of some of the systems# Average 
fixed caste per acre inch of water applied were extremely



FIGURE 8
ADDITIONAL RETURN OR LOSS PER ACRE INCH OF WATER
APPLIED TO CORN ABOVE VARIABLE COSTS OF IRRIGA­
TION BY TYPE OF IRRIGATION SYSTEM, SOUTHEASTERN

MISSOURI. 16 FARMS. 1959*
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high for system which received United usage to 1559# 
Th® increased yield requirement ranged toon three to 10, 
two to five* and one to tour bushels for Category I, II, 
and XII system respectively*

Th® yield increase required to pay average variable 
eoat# w# meh lea# than the increase necessary to pay 
total @0#to.

Since average variable eoats were defined a# 
operating or use cost, this ms expected, Category I, II, 
and III system required froa one to four, one to too, and 
one to two bushel® of oom respectively to pay average 
variable cost# (Figure 10 and Table A-H),

,2SlUMta^ — The net return per irrigated 
acre of corn averaged 110*34, 114*00, and #13,78 for 
farmers using Category I, II, and III eyetea® respectively 
(Table H), The net return on Individual fams ranged 
from *#55*41 to 187*08 per Irrigated acre (Figure 11 and 
Table A-I1X), earners using Category I system had both 
the highest and lowest net return per acre*

Forty-four per cent of the corn irrigators failed 
to recover their water application coots* Twenty-six 
per cent lost fron 180*00 to 155*00 per acre (Table aillh 
On the other end of the distribution, 31 per cent obtained 
positive not returns per acre ranging froa #20*00 to 
#29«90«



FIGURE 10
YIELD INCREASE PER ACRE INCH OF WATER APPLIED TO PAY

VARIABLE COST OF IRRIGATION, INCLUDING HARVESTING
COST, CORN BY TYPE OF IRRIGATION SYSTEMS, SOUTH -

_____________EASTERN MISSOURI. 16 FARMS, 1959*_______________
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FIGURE 11
NET RETURN OR LOSS PER ACRE OF CORN ABOVE TOTAL

COST OF IRRIGATION BY TYPE OF IRRIGATION SYSTEM,
SOUTHEASTERN MISSOURI, 16 FARMS 1959*
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IT*
The return aW® average variable costs for Category 

I# II, and III systems averaged >2%31# $21*33# and #19#51 
per aere wawttwly (Table XL)* On indldlvual fame# 
the range we Treat *$8*4? io 136*25 (Figure 12 and Table 
A*IIXh

TMrty*soven per sent or the tarsiers applying water 
to corn failed to weaver variable irrigation cost®* The 

lease® ranged from #0*01 to 19*99 per acre (Table XLIV)* 
Sixty-three per cent obtained yield increases large enough 
to pay average variable costs and all or a share of the 
fixed cost®* Twenty-five per cent Md a return of 130*00 
or more above the average variable costs*

ly^LAS^IMlSJSffiyj^^ —
The yield increase needed to cay total coats of irrigation 
ranged from five to 55 bushel# 4 Figure 13 and Table A-III)* 
Limited ayst®# use we the major cause of the wide 

variation*
The yield increase needed to pay average variable 

costs ranged from two to eighteen# two to twelve* and one 
to nine bushel® of corn for Category I# II# and III 
systems respectively (Figure 14 and Table A-HI)*

BMWUatSOLl^^ — Average net returns 
per acre inch and per irrigated acre were positive for 
farmers using all three systems in 1959* The average net
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returns per irrigated acre »vw*^4 110*5*# 114*00# and 
#3*72 far farmers using Category I# II# and III systems 
respectively#

When returns an individual farms were analysed# it 
wee found that 44 per cent of the operator# did not receive 
enough increase from irrigation to pay the total east of 
applying water# However# 62 per cent of the com Irrigator# 
obtained enough return to equal or ewooed the average 
variable,costs# Since Ohly 62 per ©ent Obtained a yield 
increase large enough to pay variable costa# the conclusion 
was reached that the actual yield increase was leas than - 
expected on 58 per cent of the fame# Otherwise# the 38 
per cent would not haw applied water to oom in 1959*

mm

mu^iaUimMjate — ^* return# averaged
•11#93# #1*23# and 10*74 for farmers using Category I# II# 
and III ays teas respectively (Table SV)* Average net 
returns per acre inch wore smaller for cotton than for 
earn* earners using Category I systems got average returns 
that were negative in 1969* This naans that the average 

fawner employing a category I system in 1959 had a loss of 
11*93 per acre inch of water applied to cotton* Th® primary 
reason was limited system use during the year* In many 
eases# a small acreage of cotton was charged with a large
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xa® 
eMr© of the annual fixed east®# In fee I* eight of th® 
8$ catton Irrigators made only on® application of water to 
a limited cotton acreage during' the first part of May* 
Moa# of these men obtained a yield response*

The net returns per acre inch of water on individual 
farms ranged from *399,22 to 425*61 (Figure 15 and Table 
A*IV), Sixty*five per cent of the cotton irrigators did 
.not obtain a yield increase sufficient to pay total 
irrigating costs (Table XXVI)* Thirty*five per ©ent 
obtained a positive net return* Wine per aent of th® 35 
per cent received net returns ranging from ,420*00 to 
#9*99 per acre inch of water applied*

Returns above variable hosts averaged $5*67, H*75# 
and #3*41 for farmers employing Category I, II# and III 
ayeteas respectively (Table XXV)* When average fixed costs 
were not considered, average returns from irrigation more 
than Mid the average variable coats for all three system®* 
On individual farms, th® return® above average variable 

costs ranged from *52*20 to 332*17 (Figure 16 and Tabi® 
A* IV), TMrty*seven# 62# and 29 per cent of the farmers 
employing category I, II# and III system respectively 
obtained positive return® above average variable costs, 

Fifty-seven per cent of the cotton irrigators did 

not obtain a yield Increase large enough to my average 
variable costs (Table XXVII), Fourteen per cent obtained



FIGURE 15
NET RETURN OR LOSS PER ACRE INCH OF WATER APPLIED 

TO COTTON ABOVE TOTAL COST OF IRRIGATION. SOUTH­
EASTERN MISSOURI. 35 FARMS. 1959*
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return® from >20,00 to 132# 17 above average variable 
costs,

XMUJuamB&jamm^ —
The yield increase needed to pay total Irrigation easts 
per acre inch of water ranged fro® 3 to JOS pounds of lint 
cotton on individual far®# (Figure IT and Table 1*W)# 
The required increase for farmers with different type# of 
equipment was fro® 5 to W# 8 to 45, and 3 to 52 pound# 
of lint for Category I, II, and ill systems respectively.

Th® yield increase needed to pay operating or 
variable ©oats ranged fro® 3 to 24 pounds of lint cotton, 
when harvesting coat# were included. An increase of 1 to 
8 pounds would .pay average variable costa per acre inch 
of water applied by all aystone, if harvesting costs were 
excluded (Figure 18 and Table A*nh

ISUMUBMjftOd — »H returns per irrigated 
acre of cotton averaged *#,^, #4,12, and #.57 for 
farmers employing Category I, II, and XXI system 

respectively (Table W), On individual faros, the net 
returns ranged fro® •#99,22 to 155,<3 (Figure 19 and 
Table !•¥)• Individual faraers using Category I systems 
had both, ths highest and lowest not return per acre,

Fourteen per cent of the cotton irrigator® had net 
losses of #30,09 or aoro per aero (table xivxxi), An



*Each bar represents one farm.
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VARIABLE COST OF IRRIGATION, INCLUDING HARVESTING 
COSTS, COTTON, BY TYPE OF IRRIGATION SYSTEM, 

SOUTHEASTERN MISSOURI, 35 FARMS, 1959*

FIGURE 18
YIELD INCREASE PER ACRE INCH OF WATER APPLIED TO PAY

A. Surface - Gated Pipe or Ditches and Furrows
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C. Sprinkler - Portable Pipe and Sprinklers
*Each bar represents one farm.



FIGURE 19
NET RETURN OR LOSS PER ACRE OF COTTON ABOVE TOTAL 

COST OF IRRIGATION, BY TYPE OF IRRIGATION SYSTEM, 
SOUTHEASTERN MISSOURI, 35 FARMS 1959*
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aMiUftitl 51 per mt had net l«ww m«H ranged fw® 
#♦01 to 129*99 per acre* Mghteen per cent obtained 
positive net return# which ranged free 10*01 to #19*99# and 
17 per cent had net return® of 130*00 or nor®*

Returns above variable neat# averaged |12*M# 
115*33# and #11*80 for farmers employing Category I# II# 
and III system® respectively (fable XIV)* On individual 
fame, the range was fro® •16.40 to #6*05 per irrigated 
acre (Figure 20 and table A*V)»

slaty per cent of the cotton Irrigators did not 
obtain yield increases law enough to pay average 
variable costs (fable WUh Six per cent had losses 
ranging free $5.00 to #9*99 per irrigated aero* An 
additional 56 per sent had variable coats ranging fro® 
#♦01 to 14*99, which additional yield increase® did not 

pay#
Forty per sent of the cotton Irrigators obtained 

yield increases that raised, iaeane* sore than average 
variable coats (Table mxh 81® per sent received return# 
which were #*00 to 0*99 above the average variable coat® 
per acre* wentyeight per cent paid the average variable 
coat per acre# and had sore than 130.00 per acre remaining*

iidO.oasmaiJBmtaOa-^^
The yield increase® needed to pay total irrigation ©oat#



FIGURE 20
ADDITIONAL RETURN OR LOSS PER ACRE OF COTTON ABOVE 

VARIABLE COSTS OF IRRIGATION, SOUTHEASTERN 
MISSOURI, 35 FARMS, 1959*
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m^«d fm 20 to 508 pow^li of lint cotton per aero 
(Figure 21 and tabi© A*V)# They ranged fm 24 to 308# 23 
to 98# and 20 to 104 pounds of lint cotton for fawners 
using Category I, II, and XII eyeless respectively*

Average variable coats could have been paid by a 
yield increase of 3 to 67 pounds of Uni cotton (Figure 22 
and Table A-V), Farmers using Category I, II, and III 
systems needed fro? & to 67# 5 to 6? and 3 to 48 pounds of 
lint cotton respectively to pay average variable costs*

.JaHnXmMJxaMllia — Aprtyine water to 
thia crop was not ns profitable as irrigating eon in 1959* 
The average net return par no re ms >4*12 on fams where 
Category XI aysteas were used and #*57 for Category III 
ferns# Mt those where category I ayatsna were used had 
average net losses per acre of #4*66#

3iwty-five per cent of th® cotton irrigators did 
not obtain yield increases sufficient to nay total 
irrigation ousts* Fifty-seven of th® # per sent oould 
not pay average variable seats iron the Increased yields#

A modest yield increase would have paid the average 
variable costs for all ayeteas# However, 1959 was an 
excellent cotton year in the Delta area without irrigation# 
The average yield per acre was 613 pound® of lint, which



FIGURE 21
PER ACRE YIELD INCREASE REQUIRED TO PAY TOTAL COST 

OF IRRIGATION. INCLUDING HARVESTING COSTSCOTTON
BY TYPE OF IRRIGATION SYSTEM: SOUTHEASTERN

MISSOURI. 35 FARMS. 1959*
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FIGURE 22
PER ACRE YIELD INCREASE REQUIRED TO PAY VARIABLE 

COST OF IRRIGATION COTTON BY TYPE OF IRRIGATION 
SYSTEM. SOUTHEASTERN MISSOURI. 35 FARMS, 1959*

C. Sprinkler - Portable Pipe and Sprinklers

*Each bar represents one farm.



*»« 1<S pound# greater than tee average in 1958* ®

aej^mumoo^ ** »•* row** wr® <.^i 

$o*37» an® $0*79 far fnraer® Mtn# Cattery I# II# ant XII 

•yaUas reopooUvoly (tme 14# The net par aore inch 

at water was loo® far eoyboano thus far earn and cotton* 

On individual fm® it ranged fata •#t»88 la #5*99 

(Figure S3 and Table A*W»

The revenue attributable la irrigation <14 net pay 

the total wale m 48 par oeat of the ferae where water woe 

applied to thia arap (TOM# It>« Sight par wot of Iha 48 

had net loanee ranging from #10#00 to 114*99 for each aero 

imh of water applied* Fifty*fmr per ««nt obtained net 

returns in excess of ooeta free irrigating aoybean®* The 

gain ranged frm >0*01 to 14*99 and B*oo to I9»W for 46 

and 9 per cent of the operator® respootively#

The return® above variable eosto averaged 11*67# 

#♦94 and #»O for famore enjoying Category I# IX# and 

III oyatona respectively (Table M*

On Individual farao, the return above variable wet 

ranged from *13*33 to $8.91 per acre inch of water (figure

#tatlitl<m l#0 (WaeMnglon: Ooverwont Printing Offi<M3p^ 
19*1# page bl*
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?» L

SET REWRR AMD ROTHS ABOVE AVOW WOOLS COST WE 
ACRE ikor OF WATER, m ACHE irrigated aid per

ACRE APPLICATION SOTBSARS, BI TYPE OF 
IRRIGATION SOWN FOUR SOUTHEAST™

MISSOURI COUNTIES, 13 FARMERS, 1959

Irrigation, coat 
mA..Maars...... ..... ~... ......-,......,

Type of Irrigation System

surface

Giant 
Sprinkler 
and frailer

Portable 
Pipe and

HalSral flotfarif**
Adjusted Ore## Return >•30 3.30 3*30
Awrag® cost 
Met Return

♦ ^^ •*il^
Average Variable cost 1.06 1.63
Return Above Average 
Variable Cost ♦ 2*99 ♦ 2*24 ♦ 1.ST

JMOiOBJija^^
Adjusted Grose Return 19*80 14*85 0*80
Average Cast 
Set Return
Average Variable cost 4.77 4.10
Return Above Average 
Variable Coat MTt» ♦10*08 ♦ 2.50

Adjusted Gross Return IMS 8.25 4#ff
Average cost 
Set Return

♦ T^tS>

Average Variable Cost 1.38 #♦78 3*80
Return Above Average 
Variable cost «aM7 ♦ 5*49 ♦ 1*29

•war famre* 

Wwr famer®# 

•rive Tamer®#
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FIGURE 23
NET RETURN OR LOSS PER ACRE INCH OF WATER APPLIED 

TO SOYBEANS ABOVE TOTAL COST OF IRRIGATION BY 
TYPE OF IRRIGATION SYSTEM, SOUTHEASTERN 

MISSOURI, 13 FARMS, 1959*

A . Surface - Gated Pipe or Ditches and Furrows

r
B. Sprinkler - Trailer Boom or Giant Sprinklers

C • spriiikler - Portable Pipe and Sprinklers

*Each bar represents one farm.



201



set

>4 and Sable A*VI). Thirty<*on# wr eant at the soybean 

irrigators did not obtain a yield Increase sufficient

to pay the variable costs of applying th® water (tabla Lllh 

Thirty-eight par cent obtained returns which wars fro® 

|0.01 to 14.99 above variable costs# An additional 31 

per cent obtain# returns above variable coats ranging 

fro® M«OO to $9*99*

Xl&lOagmMJKOj^^ **
The yield increases needed to pay all irrigation oasts 

ranged from 1 to 7 bushels of soybeans on individual fame 

(Figure 25 and fable A*VI). The increase rocwired to pay 

average variable coats was les® than that needed to pay 

total cost®. Xt ranged from J. to 2 bushels per acre inch 

of water applied (Figure 26 and Table A*7Ih

»^L4X£Ua3^ — ^ returns per irrigated acre

averaged 11*64 and #4.59 for farmers using Category XI and 

III system® respectively* Farmers employing Category I 

systems Md not losses per acre, which averaged 16*52*

On individual faro®, not returns ranged from •122.06 

to #3*69 (Figure 27 and Table 4*911). Forty*®!® per cent 

of the irrigators had net losses fro® irrigating soybeans# 

Twnty*tw per cent of the 46 lost fro® $0.01 to 19.99 per 

acre (Table LHI). to additional 24 per cent lost fro® 

#0.00 to 124.99 per acre. Forty*#!® of the 54 per cent
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FIGURE 24
ADDITIONAL RETURN OR LOSS PER ACRE INCH OF WATER 

APPLIED TO SOYBEANS ABOVE VARIABLE COSTS OF
IRRIGATION. SOUTHEASTERN MISSOURI. 13 FARMS,

1959*
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FIGURE 26
YIELD INCREASE PER ACRE INCH OF WATER TO PAY

VARIABLE COST OF IRRIGATION, INCLUDING 
HARVESTING COST, SOYBEANS, BY TYPE OF
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A. Surface - Gated Pipe or Ditches and Furrows

B. Sprinkler - Trailer Boom or Giant Sprinklers

C. Sprinkler - Portable Pipe and Sprinklers

*Each bar represents one farm.
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FIGURE 27
NET RETURN OR LOSS PER ACRE OF SOYBEANS ABOVE 
TOTAL COST OF IRRIGATION, BY TYPE OF IRRIGATION 

SYSTEM, SOUTHEASTERN MISSOURI. 13 FARMS, 1959*

A. Surface - Gated Pipe or Ditches and Furrows

B. Sprinkler - Trailer Boom or Giant Sprinklers

C. Portable Pipe and Sprinklers

♦Each bar represents one farm.
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obtained set return# per ore whieh rosed fro #*01 to 
10*99* The other 8 per cent Md net return## ranging fro® 
#0*00 to #4*99 per aero*

Returns above oarage variable eoat# per aero for 
fewer# employ Ing Category I, II# and III system# averaged 
19*50# #10.08# end 117*99 roew#lively (Table U* On 
individual fame# net return# ranged fro® *#10.00 to 
129.04 per aero (Figure 28 and Table A-VII).

Thirty*two per eent of the soybean Irrigator# tailed 
to obtain yield inoroaeae large enough to pay their 
variable eoat# (table UVh Thirty per eent net their 
variable neat# and received additional return® per aero 
ranging fro® #5.0$ to 114.99* An additional 38 per eent 
obtained return® ranging fro® #15.00 to 129.00 per aero 
over variable ooete*

xisUUaamujuiiUa&JUjaxj^  ̂
teat# — The yield increase needed to pay the total cost® 
of irrigation ranged fro® 4 to 14 Mabel# (Figure 29 and 
Table A*vn).

Average variable eoat® oould have been paid, if 
laureate# of 1 to 5 bushel# had been obtained (Figure 30 
and Table A-vn)*

aMMXJttJUKSMnJJXU*^ — Ramere Ming 
Category II and III eyetone obtained average net return#



FIGURE 28
ADDITIONAL RETURN OR LOSS PER ACRE OF SOYBEANS ABOVE 

VARIABLE COST OF IRRIGATION, BY TYPE OF IRRIGATION 
SYSTEM SOUTHEASTERN MISSOURI. 13 FARMS. 1959*
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FIGURE 30
PER ACRE YIELD INCREASE REQUIRED TO PAY VARIABLE 

COSTS OF IRRIGATION, SOYBEANS SOUTHEASTERN
MISSOURI, 13 FARMS 1959*

*Each bar represents one farm.
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per or* of U*64 and |4»59» bat Jbwwm uilag Category I 
•jrHtai had Umm that averaged HtSf an aero#

?Wtjr*ih par eant at the soybean irrigators did 
net ©Main yield increases that were sufficient to pay 
total irrigation oats* severer# th® additional returns 
warn equal to or larger than variable coat® on 69 per oent 
of the fams*

Farmers employIns Category III systems had higher 

net return* per aero than those using the other type* 
of eyatoss*

Hi CROP fISM» XI WK MWA ARM

The average yield of cotton has been increasing 
rapidly during the past ton year® (Table A*VIII)# In 
1950# it ma 230 pounds of lint per aero# In 1959# the 
average was 613 pounds# The la year average# 1950*1959# 
was 420# Thia inareaae has resulted, primarily froa use 
of nor® fertiliser and superior varieties# Irrigation 
has had wry 'United influence for several reasons# One 
is the snail percentage Of turners who have used irrigation* 
A large proportion of the farser® with irrigation e^uipnent 
obtained it between 1953 and 1956* Another reason is 
variability in rainfall, Supplemental water to not 
needed every year* The rainfall in 1957 was oxtreaely 
heavy# It appear* that irrigation eould have boon used in



W, Mt erop yields la 1^59 on fam where irrigation 
ms mt used were only slightly lower than tn Irrigate 
farm (Table IV).

The estimated yield pea am for torn# ootton, and 
soybeans on the forty fame where irrigation was praetioed 
in 1959 ms 86 Whois* 663 pounds of lint* and 29 Mahals 
res pee lively (Table IV)« The 19 tamers, Mo had 
Irrigation equipment but did not Irrigate* reported 
estimated yields of 30 bushels of oom, 655 pounds of 
lint cotton, and 25 bushels soybeans* Those nan oould 

. have irrigated if they had deeded it neooseaiy*
corn and soybean yields throughout the state 'have 

not increased as rapidly as notion (fable d»VXH)« The 
average yield fro* 1950*1959 ma M bushels per novo for 
oom and to bushels for soybeans* fields of those ©rope 
wore particularly low from 1953 through 1955# when the 
weather was abnormally dry during a large part of the 
growing season*

V* EFFECT OF IRRJOATIOII OS FAM 111001*1959

isOsimJ^J^
The net return free worn* option* and soybow 

irrigation on AO faros was aonputod* The individual tamer 
ms concerned with the influme of irrigation upon net 

tana Inoose* which eneoapamod «U of his fm enterprises.
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TAM W
estimated yield per irrigated act® of cobs,

COTTON AMD SOWARS. 40 IRRIGATORS
■ AMD 19 mN-IRRIGATORS» POUR 

SOUTHEAST®® MISSOURI 
C0UMTIE3, 1959

T»e of Crop

BwOTT^Susnels

JklXliO&ra
Average Yield 36 668 29
Rang® 55*180 500*900 15*54
lumber 16 55 15

la&Madm-
Average Yield 80 655 25
Range 70-99 5OO-9OO 17*50
Braver 9 15 14
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Fer this mason, mt return* fra earn* cotton, end soybean 
irrigation were added together to determine Umi effect on 
net fare Ineme,

Forty-three per cent or 17 of the to famere 
obtained net gain# free irrigation# and 57 per cent had 
not leasee (Table X»W* The average mt gain per fern was 
1761 and 1316 for fewer# using Category IX and XIX system 
respectively* Farmers employing Category X system had 
an average act loss of #3*00#

Fifteen per cent or 3 of the to farmer® had net 
losses ranging free |l*m to It*499 per fare (Table tvil 
and figure 31)* The net loss per farm ranged fra 11*00 
to IW on 48 per cent of the farm* Fifteen per cent 
had net returns ranging, fra 11*00 to 11*499 per far®* 
Twenty per cent obtained net gains varying fro® 11*500 to 
M» 999# and 3 per cent had not return® greater than 11*000* 

accords fra forty of the 46 farmer® who applied 
water In 1959 were used in the calculations* The other 
6 fewer# did not apply water to corn* cotton* or soybeans* 
Sines 40 of the 46 irrigating fsmers applied water to 
com* cotton* and soybean®, it was estimated, that 53 of 
the 65 fro® who® records wore obtained were potential 
irrigators of the ease crops* The sample proportion* p* 
of farmers obtaining a net return fra irrigation was 
17/53 or #29* Ths «mi#« p was considered the best



wo m
as

TOTAL RETURN FRO* IRRIGATION PER FARM MINUS TOTAL COST 
OF IRRIGATION AND TOTAL RETUM FROM IRRIGATION MINUS 

TOTAL VARIABLE COST OF IRRIGATION PER FARM FOR 
COTTON, COM, AMD SOWAS IRRIGATION, BX 

TOE OF IRRIGATION 3XSTEM, FOUR 
SOUTIIEASTiM MISSOURI 
COUNTIES, 40 FARMERS,

WiSOTOSFlIW
Loss Leo

ma
Variable

Total Total
Total variable Total Variable Total

Uhm

Wt... . ..Coat.......... Coat..... .  Coat........... Coat......... Coat.
Sollara‘ 
fW^©J#

Dollars 
Pip® and.

Dollar# Dollar®
Giant spriaiar 4

Dollars Dollars 
Gated Pipe and

wJSsMI&J^IkL JtllilSlS&^
Dollars Dollar# Dollar# Dollars Dollars Dollars
♦2,231 ♦2,855 ♦4,284 ♦5,399 ♦2,350 ♦5,270
♦1,986
♦1,830

♦2,5# ♦1,999 ♦2,989 ♦1,958 ♦2,479
♦2,032 ♦1,948 ♦2,763 ♦ 659 ♦1,266

♦1,689 ♦3,857 ♦1,673
♦1,613

♦2,177 ♦ 579 ♦ 825
♦1,493 ♦1,826 ♦3,071 • 194 ♦ 617
♦ 571 ♦1,194 ♦ 489 ♦1,095 • 503 - 104
♦ 47 * 677 •1,263 • 126 • 629 • 81
- 199 * 90 -1,716 • at • 671 • 60
♦ 409 ♦ 102 •2,185 • . 780 • 702 • 237
* 443 
* 463 
• 499 
♦ 532 
* #7 
* 588 
• 610 
* 660 
• 514 
* .979 
*1,041 
*1,538 
•1,786

SMB

• »
* 193
* 11
• 66
• 37
• 97
• 66
• 21
• 78
• 81
• 109
• 364
• 35

Mean Mean Mean Mean Sean
♦ 65 629 761 1,320 316 380

0

aTwnty-two farsare* 
^Wim towers.
°»ine fareara.
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FIGURE 31
NET RETURN FROM IRRIGATION, BY TYPE OF IRRIGATION 

SYSTEM, FOUR SOUTHEASTERN MISSOURI COUNTIES, 
39 FARMS, 1959*

C. Sprinkler - Portable Pipe and Sprinklers

2000

1000 
w

a 0
g -400

-800
-100Q

4000.

3000.

2000.

1000co
rtf—4
o 0
Q

-1000.

-2000

2000-

1000.
co

^ 0-
o
Q

-1000.

-1800.

n
—

UUUUU
A. Surface - Gated Pipe or Ditches and Furrows

r1

— —

B. Siprinkler - Trailer Boom or Giant Sprinklers.

ni

— —

J LI U U u u u u u lj

♦Each bar represents one farm.



m 
estimate of th® population parameter, or proportion of 
fawer# in th® population of rawer® with irrigation 
equipment who received a not return from irrigation in 
1959* Th® 0*95 confidence interval was fro® *17 to *41* 
which want the probability that th® universe proportion 
of irrigator® was within the interval was *95*

Th© relationship between the type of Irrigation 
ayatom employed and whether a net gain or a net lose was 
obtained in 1959 was studied* Th® hypothesis of 
independence was tested* A oM square Of 3*5 was 
calculated, which was net statistically significant* The 
hypoth®al® was not rejected* There was no significant 
difference between th® type of irrigation system and the 
number of irrigator® obtaining a gain or a lose*

The difference between the average net gain or leas 
per fam, according to type of irrigation system used, 
was studied* Ml hypotheses were tested in all oases* 
The "t* statistic was used* As stated earlier# average 
net gain® or losses were 1761, $316* and *#65 for farmers 
using Category 11, III, and X systems respectively* When 
the difference betwow the mean®' of Category I and XI 
was tested, a "t* value of 1*34 was obtained* When 
Category X and III, and Category XX and XII difference® 
were tested, *t" values of ,91 and *5® were computed* done 
of the *V values were large enough to be statistically



significant* Th® mil Grothes©® were mt rejected* There 
was no significant different® between the average net 
return or lose per far®* Recording to the type of 
Irrigation eyeten*

mmotaiJMd&iajL>ii^^

The average gain® per far® above variable
irrigation coat# were 1629* 11*320* and #33 for farmer® 
using Category I* II* and III system respectively (Table 

IM*
Forty*eight per seat or 19 of the 40 irrigators 

obtained returns which, were larger than the variable 
irrigation coat® (Table IBUS and Figure 32) ♦ Flfty»two 
per oont did not obtain a return fro® irrigation which 
we as large as the variable irrigation boats* These ©oet® 
for 50 par cent of the irrigator® were fro® 11 to $400* 
Sineteen per cent obtained return® above variable east# 
per Tara# which ranged fro® 11*00 to 11*499* An 
additional 20 per cent received returns ranging fro® 11*500 
to 12*999 above variable costs* and seven per cent obtained 
returns greater than 0*000 per far®*

The sample proportion of irrigators obtaining 
returns lasher than variable costs was 19/58 or *53* The 
sample P w® ths best available estimate of the number of
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FIGURE 32
ADDITIONAL RETURN OR LOSS ABOVE TOTAL VARIABLE COST 

PER FARM BY COTTON, CORN, AND SOYBEAN IRRIGATORS, 
FOUR SOUTHEASTERN MISSOURI COUNTIES 40 FARMERS 

1959*
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*Each bar represents one farm.
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famer® Sa the irrigation population who received a return 
abate variable coats* the 0*95 confidence interval we 
from *20 to *45# The probability that the universe 
proportion of irrigators receiving a return above variable 
oasts would be within this interval was *95*

The relationship between the type of irrigation 
system employed and whether or not a return above variable 
costs was obtained* was studied* The hypothesis of 
independence was tested* A chi sonars of 2*66 was computed* 
which was not statistically significant* There was no 
significant difference between the type of Irrigation 
system and the number of irrigators who obtained a return 
above or below variable coats*

The difference between th® average return or loss 
per faro above or below variable coats* according to the 
type of irrigation system employed, was studied* Mull 
hypotheses were tested in all cases* when the difference 
between the man® of Category I and IX* Category I and III* 
and Category II and III were tested* "t* values of 1*96, 
*50 *M 1*12 obtained* Hon© of th® *t* values were 
statistically significant* The null hypotheses wore not 
rejected*

mumtmjUUOiuiiiEi
Bineteen of the 65 fawers from whoa data were 

obtained did not irrigate in 1959# The average annual



fixed east, attributable to the investment in irrigation 
equipment was 1490# The amount ranged from 1173 to ll#l©3 
per fans (Table LI a and Figure 33 h The annual fixed cost 
should be considered a net lose from irrigation# TMe 
loss reduced net far® Income an average of 1493 on the 
19 fams#

atn w teatmt ar iirtetoimM hro imw 
let income per farm was increased 1761 and 1316 for 

farmers using Category II and III systems respectively# 
but farmers employing Category I systems reduced their 
net farm income by $65#

Twenty-nine per cent of the farmer* who provided 
information for the study obtained a.net return from 
irrigation# It was estimated that the universe proportion 
of irrigator* obtaining a net return was between #17 and 
#41# The conclusion was reached that irrigation was not 
profitable for the majority of the farmers who had 
equipment in 1959* .

The probability was #95 that the universe proportion 
of irrigators who obtained a return above variable costa 
was between #90 and #45# Consequently, it was concluded 
that less than 50 per cent of them obtained a return equal 
to ths variable irrigation costs#

The monetary returns from irrigation in 1959 were 
below expectations of ths majority of irrigating farmers

a.net
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FIGURE 33
ANNUAL FIXED COST ATTRIBUTABLE TO INVESTMENT IN 
IRRIGATION EQUIPMENT BY 19 FARMERS WHO DID NOT 
IRRIGATE, FOUR SOUTHEASTERN MISSOURI COUNTIES, 

1959*

♦Each bar represents one farm.
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who had Gqulpat for this pwotloe* Otherwise# the 
irrigation syete® would not have been employed and variable 
irrigating wet® incurred*

Test of Independence *•

mimJmiM computed Critlo&l lot
CM CM Square SlgMf* Slgnlf* 
Square .05 Level leant leant

Type of irrigation 
ay etea and
(1) Net return or

lean per far® 3*32 5*99
(2) Return above 

variable cost
per few 2*66 5.32

Teat of difference between man whan the standard deviation®
aw unknown, but aesuaed equal*

Sudm-UUsA Coasted 
sir 
Value

critical 
”t* Value 
*05 Level

Signify 
leant

wot 
Signif­
icant

Type of Irrigation 
ayetea and
(1) Average labor cost 

per acre 
application

category I 
and II 1*42 2.042 X

Category I 
and III 2.60 2*042 *02

Category II 
and III 1*23 2*120 X
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Factera .tested Computed 
*t* 
Value

Critical
*t* Value 
.05 Lewi

Signify 
leant

MOt 
siga* leant

(2) Aver*## tractor 
cost per a#r® 
application
Category I
Ml II 1*23 2.042 X

Category I 
and XXX ^<40 2.042 .001

Category. IX 
and 1X1 §•13 2.120 ♦05

t» Average fuel 
and oil cost per 
acre application
Category I and 
II' •16 2.045 X

category 1 
and III 2.29 2.045 X

category II 
and III 2.78 2.120 .02

w Minor repair
■cost per'acre 
appllaatlon

Category I 
and II .64 2.045 X

Category I 
iH nx .06 2.045 X

category II 
and III *78 2.120 X

(5) Wei return or 
lota par far®
category I 
and II 1.34 2.045 X
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gag.tara,.toatad coaputed•*•
Value

CMtlMl 
•V value 
,05 Level

Mgalf* 
leant

sot 
Slgnif- 
leant

and 111 •81 2*0*5 X

. Category XI 
and III •52 2*120 X

(6) Ra turn aW» 
variable eoat 
per fM

Category 1 
and XX 1*05 2*0*5 X

Category X 
and XIX •5@ 2*0*5 X

category It 
and 2*120 X
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AHBX
The Uta for the analysis were obtained from farmer® 

rhe Mat er controlled. irrigation. equipment In Dunklin* 
Waisoot* Sew Madrid* and Mttalwip# counties* A made® 
staple «f 0 operator# ms selected fro® a population of 
18^ tamers* rhe were town to haw Irrigating equipment* 

wells were the najor source of irrigation water* 
Swentymewn per sent of th® farmers free whoa data were 
obtained used wells exclusively, IS per cent used ft 
combination of mils and drainage ditches, and five per 
cent used drainage dittos® exclusively*

Sprinkler systems were the »3©r method of 
distributing water* Thro different type# were used* 
Hfty*four per cent used the portable pip® and sprinkler 
ayaten exclusively* Eleven per cent used the giant 
sprinkler system and nine nor cent used the trailer boo® 
method*

Two nethoda of surface irrigation were need in the 
area* Fifteen of the 17 per cent used gated pipe and two 
per cent used ditehee and furrow®*

Twentymix per cent of the farmer® from whoa data 
were obtained Md changed their method of distributing



m 
water aim# the original investment in Irrigation equipnent 
we made* Only has Ml changed from using gated pine, 
the others changed from portable pipe and sprinkler system® 
to other sprinkler or surface methods. The primary reason 
for the change was the labor requirement for portable pipe 
and sprinkler eyate®®# Eighty-eight per cent of the 
farmers made the change to reduce the labor requirement or 
to be able to hire personnel to work with irrigation 
equipment.

Th® fixed investment In Irrigation equipment 
averaged 17,122 per far® or #56 per capacity acre for the 
65 farmers.

Farmers with trailer boom systems had an average 
investment of 113,200 with an average capacity of 290 acres 
per fam# The investment per capacity acre was practically 
constant, ranging from Its to 156, with a mean of |46.

Farmers with giant sprinkler systems had average 
Investments of $6,344 per fam. The average capacity was 
144 acres. The average investment per capacity acre 
decreased from #74 In the 50-99 acre grow to 150 in the 
200-259 acre group.

Farmer® with portable pipe and sprinkler systems 
had an average of 16,810 invested, and average capacity of 
118 acres. The average investment per capacity acre 
decreased from 1360 for the 19 acres or less group to 152



>34
ter #• 140*17$ acre group#

Farmers with gated pipe and ditch and turn# systems 
had awerage laveataeatc of 15*518 and #4*100 respectively# 
The awerage capacity was 87 acres on the 11 ferae with 
gated pipe systems# The average investment per capacity 
acre was $63 and Hi? far the 60*99 and 140*179 acre groups, 
which wee approximately twice a# large as the ditch and 
furrow systems* When the sane matter of acres could be 
Irrigated#

The average investment per capacity sere deelined as 
the capacity increased for the portable pipe and sprinkler 
and the giant sprinkler systems# but remained approximately 
constant within the surface and trailer boon systems.

Forty*slx or 71 per cent of the 65 tamers applied 
water to £,637 acres# The average masher of acres per fam 
was 57* Cotton was the major irrigated crop# An average 
of 2*9 inches of water was applied to 1,523 acres* Cotton 
accounted for 58 per cent of the total irrigated acres* 
The average yield response was 66 pounds of lint per aero* 
even though 57 per cost of the cotton irrigators did not 
obtain a yield increase#

Six hundred and fifty*nino acres of corn received 
an average of 5*25 Inches of water per acre in 1959* An 
average of 41 acres per taro was irrigated with an average
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yield increase at 30 bushels, Sixty-three per eeat of the 

earn irrigator# obtained a yield increase*

Thirteen farmers applied an average of 4,4 inches 

of water per acre to 316 acres of soybeans* The average 

acreage per far® was 24* Sixty-nine oer cent of these 

irrigators reported average yield increase# of 3,5 bushel© 

per acre,

Fixed coats averaged 80 per cent of total irrigation 

coat# for the surface and the portable pipe and sprinkler 

aystems, and 65 per cent for the trailer boon-giant 

sprinkler system. The averages varied frost 59*91# from 

48*91# and fro® 38*98 .per cent for the surface* trailer 

booa-giant sprinkler# and portable pipe and sprinkler 

systems* respectively# depending upon the amount of use. 

Variable costs averaged 20 per cent of total 

irrigation costs for surface and sortable pipe and sprinkler 

system®# and 35 per cent for th# trailer boon-giant 

sprinkler types*

Thore was a significant difference In the average 

labor* tractor, fuel and oil costs per acre of application 

among th# different types of system. The average labor 

cost was significantly higher for th# portable pipe and 

sprinkler system than for th* surface systems, The average 

tractor, fu#l and ©11 easts were significantly higher for 

the trailer boost-giant sprinkler and sortable pipe and
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sprinkler «y8t®w than for the surface ijritan*

The average eeat per irrigates acre of cotton was 
§20.51# 115#96# and #11.61 for portable pipe and sprinkler, 
trailer boom-giant sprinkler# and surface systems 
reepeelively. Set returns per-irrigated acre were -14.66# 
14.12# and 12#57# and returns above variable eoats 112.64# 
115.33 and #11.80 for portable pipe and sprinkler# trailer 
boom-giant sprinkler# and surface systems respectively#

The average costs per irrigated acre of oom were 
116.01# 113.20# and #8.38 for portable pipe and sprinkler# 
trailer boom-giant sprinkler# and surface systems 
respectively, wot returns wore 110.34# 114.00# and 113.72# 
and returns above variable costs 123.31# 121.33# and $19.51 
for the portable pipe and sprinkler# trailer boon-giant 
sprinkler and surface systems respectively.•

Average costs per irrigated acre of soybeans was 
113.12# 113.21# and #15.# for portable pipe and sprinkler# 
trailer boon-giant sprinkler, and surface systems . 
respectively. Mot returns were *16.52# 11.64, and 14.59# 
end returns above variable costs 12.50# 110*09# and 117.99 
for portable pipe and sprinkler# trailer bow-giant 
sprinkler, and surface systems respectively.

Twenty-nine per cent of th® farmers increased their 
net faro incomes by irrigating cotton# oom, and soybeans, 
irrigation was not profitable for the majority of farmers





m 
controlling irrigation equipment in 1959# Thirty*three 

per teat of the tamer# obtained a return which was greater 

than variable irrigation cost#* Consequently* lone than 

50 per cent of those who had irrigation equipment obtained . 

increased return# which were large enough to pay variable 

Irrigation coats*

Mineteen or 99 per cent of the 55 farmer# did not 

apply water in 1959# The average fixed cost attributable 

to investment in irrigation equipment was 1490# A# a 

result* net tarn income was reduced this amount on those 

fams*

Met fam incone wee not increased on the majority of 

fams whore oom* cotton* and soybeans wore irrigated in 

1959* Thom was no significant relationship between the 

number of farmer# obtaining a net return from irrigation and 

the method of distributing water# There was a significant 

difference between the adjusted gross return per aero of 

com and soybeans* Irrigated oom had a higher return 

than soybeans*

The average cost of irrigation and the yield response 

required to pay irrigation costa are influenced by many 

factor## Probably the most important in humid areas libs 

ths Delta of Missouri Is the amount and distribution of
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rainfall# Other factor® include the amber of acres 
irrigated, number at irrigation® during the year# mount 
of water applied, price of the preduct, the price of the 
variable inputs and the managerial skill of the far® 
operator#

There was a significant difference in the average 
labor, tractor, fuel and oil cost® per acre application 
among the different methods of distributing eater#

I large yield response from irrigation was not 
needed to pay variable coat# of applying water to oom, 
cotton, and soybeans#

Farmers in the Delta Area of Missouri have been 
shifting fro® the portable pipe and sprinkler sethod of 
applying water to other sprinkler and surface Bethods. The 
high labor requirement associated with portable pipe and 
sprinkler systems haw been the major reason for changing 
to other types#

Ths data contained in this study cover only the crop 
year of 1959# The yield responses reflect returns to a 
random sample of irrigators wider general farm conditions 
for a single year# Weather conditions were favorable for 
crop production. The year was near normal in rainfall, and 
distribution throughout the growing season was bettor then 
usual. In fact, the average cotton yield, without 
irrigation was the highest ever obtained in the area#



?M»a mot# should Be considered when evaluating the results# 

Careful attention mist bo given to varieties and 

stand® of crop®, levels of fertility wed control, and 

other managerial practice®, if profits are to be made. If 

careful attention la given to these details# irrigation can 

be profitable in many years#

The result® of this study point to the need for 

additional research, studies of the type reported here 

should be repeated over a period of years to Increase the 

reliability of the findings. The intensity and frequency 

of drought should be.determined to establish the frequency 

of need for supplemental water. Thia wont would require 

an analysis of longtime weather records in the area. A 

detailed analysis of the managerial practice# on farm# where 

irrigation has been profitable over a period of year# should 

be mad® to identify th® procedures that need to be followed 

to make irrigation profitable.
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TABU A-I 
MISSOURI LAMS CUSSES

Land class is the grouping of soils according to 

their inherent fertility, physical properties, slops, 
erosion, and desirability for agricultural uses* Seven 
classes have been determined* They are:

SJd&lLjLX-.^^ ^i8 *• permanent
high-quality land* AU conditions of soil and topography 
are highly favorable for crop production. All of the 

following qualities are present: high productivity and 
optimum conditions for crops from the standpoint of drainage, 

safety from erosion and flooding, ease of tillage, and 
slopes of less than five per cent. It produced dependable 
crop yields and is adapted to a wide variety of crops.

£UlMLs-aSKS_2ffiE_tal- Al” 1' S'"* '•" J"*, 
but less desirable in one or more respects than Class 1. 
It may have a wider range of soil and topographic conditions 
or other factors. Crop adaptation is not as wide as with 
Class 1. Inder good management, a high state of 
productivity can be maintained, lolling areas have slopes 
of less than ten per cent.

CUW 3 - Medium Crap Land. Land in this class 
requires good management for best results. It is either of 
medium productivity or subject to erosion, poor drainage 
or overflow. The limits from soil properties, topography,
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and other factors affecting its use are wider than with 
Claes 2. Erosion control and soil improvement practices 
are necessary for maximum yields and soil maintenance. 
Rolling areas do not have slopes of more than 15 per cento

ifttiiiAMiag. ta tout- »*• i»«»iwm 
class of land suitable for cultivation* It includes land 
of aany limitation® due either to soil properties, erosion, 
overflow or other factors* Low fertility or poor physical 
properties of the soil results in low productivity and 
hasardous farming* As a result, low yields are the rule 
and only the exceptional farmer can get fair yields under 
favorable weather conditions* Slopes of the foiling areas 
may go as high as 16-17 per cent. In the bottom land the 
hasards of heavy texture, poor drainage, or frequent and 
prolonged overflow often exist.

ftM^lhlMM^^ W* is or Should ba 
permanent grass land. It is unsuited to cultivation 
because of one or more of the following conditions: 
steepness of slope, saver® erosion, poor drainage, stone 
content, low productivity or very high percentage of non­
arable land. The classification as grass land is based 
largely on topography. Since Class 5 contains that land 
which is too steep for cultivation, its fertility is often 
equal to Class 4 and even Class J,
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flw 6 - MurginU ftitatriaiit-lMi. This land

is similar to Glass 5» but with more unfavorable soil 
properties and Hence lower productivity. The soils are 
usually shallow, light in color, of poor structure, often 
with a high gravel and stone content, and the vegetation 
on it is highly susceptible to changes in moisture 
conditions. Vegetation cover is hard to maintain on this 
class of land.

gto-Zjlfftfi M- U«a with charaatsriatica 
which make it unsuitable for crops and pasture production 
and hence its highest usage is classed as forest land. It 
includes both cleared and uncleared areas which are better 
suited to tree growth than to pasture. Low fertility and. 
high stone content are the main factors which separate it 
from Class 5 and Class 6.

Source) Kev to IdenUfving Soils of Missouri, 
University of Missouri Agriculture sxj^^ 
Progress Report 12, October 1950, pp. M*
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Ted Le® Jonos# oldest ton of Mr* and Wo* Julian W< 

Jono# was Mm  on a fam northwest of 
Warrensburg# Missouri* Thirteen year# in the early part 
of Ms life ware spent on tenant farms in Johnson and 
Saline Counties, Missouri,

In Marsh 1M3, the family returned to the how® . . 
oosaunity north of Warrensburg and purchased a AO aero far®, 
IM father worsted for a neighboring farmer# so the faming 
operations were the responsibility of the eon* Ted parried 
this responsibility and completed Ms elementary school 
training in 19*3 as the only graduate of the Foster Grade 
School* In the autuan, he entered Farnam High School# a 
consolidated rural district in Johnson County#

In Marsh 1944# the family purchased a 110 were far® 
in the same eosaunity whieh is still the hows of the 
parents, The father wonted in a coal sine Swing the 
winter months and farmed the rest of to® year* Ted warned 
on the how fam during the sumer months between his first 
and second years in high school, Suring toe reBainlug years 
in high school# ho worked for a neighboring tamer when 
school was not in session*

After graduation trow Famom sigh school as 
valedictorian in 1947# Ted entered toe College of 
Agriculture# University of Missouri on a soars Roebuck



#58 
Scholarship, To earn a najor tMr# of M# ssll^ expenses, 
ho worked in a drag store, In a cafe, and as a student 
laboratory assistant in the Salla Department, In limo 
1951* he received a Bachelor of Selanne degree in 
Agriculture and a reserve cowl so ion in the 0, 3* Amy*

On May 1* 1951# Ted w® employed by the Missouri 
Agricultural Extension Sowlee as Assistant County Agent 
in Livingston County* a® entered the o, 3* Amy in August 
1951 a# a second lieutenant for a two-year tour of active 
duty* sixteen of the M months were spent In Germany* 
Ka was released July #9, 1953*

In December 1953* Ted and Betty lose Sethoff were 
married, A son, Ted Lee II, we born in February 1961, 

Ted was employed as an insurance salesman fro® 
August 1953 to Say 1954, In June 1954, he returned to the 
Missouri Agricultural Extension Service so Assistant County 
Agent in Casa County# Re left extension wort in June 1956 
to return to the University of Missouri for graduate study 
in Agricultural Koonosics* From Jun® 1956 until May 1958* 
he me a Graduate Assistant in Agricultural Economics* and 
attended the Land loonmics Institute at the University of 
Illinois during the sumer of 1958* The Master of Science 
©agree was received in 1958#

In June 1958* Ted was employed by the Tara Soononlos 
Research Division* Agricultural Research service* United
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States Bepartawit of Agriculture ana me made a research 

associate at the Unhenltj of Missouri. a® has continued 

to conduct research for the Far® Seonoatoe research

Division until th©'present tine. silications and 

manuscript# include ^ESSHSM ^ St&PBlr. Sstabllabad. to 

□&3&Au» Hatu.ro, #e .^tent &£ Irrtoatlon to Miaaourl. 

University of '‘tosour! Agricultural :^-eris©nt station 

Besearoh Bulletin 735, April I960 and im^U» JHMMMB' 

&M £aaM M »MtoMOi ^lamEb i2^

Ted has maintained Ms affiliation with the Military 

Service and at present holds the grade of Captain in the 

Ar»y Reserve. His present aesignsent is Assistant 

Battalion s*3# with the 4th Bowltsar Battalion# S4th 

Artillery st CotoBBia# Missouri.



IRRIGATION PRACTICES ATO COSTS IN 
SOmBltW XI3S0UHI - 1959

Tod Le« 'Ones

FranM Miller* Dissertation supervisor

ABSTRACT

Field crop irrigation is a relatively new production 
technique in Missouri* Prior to this investigation# only 
United information was available concerning costs and 
returns* The research reported here was assigned to 
'determine (1) Whs oasts of installing and operating various 
types of irrigation systems* (#) change® in yields rosultim 
from applying water to spoolfie crop#* and (3) ths effect® 
of irrigation on farm Income*

A random sample of 65 farmers ms chosen from a 
population of 186 farmers who owned or controlled 
irrigation equipment in Domain* Pemiscot* Rew Madrid* and 
Mississippi counties in ths Delta Cotton and Com Area* 
MM fam operator was interviewed three time® in 1959 to1 
obtain the fixed investment In Irrigation equipment* the 
operating costs* the acreage and crop receiving water* and 
ths estimated yield response*

The data obtained showed that the farmer® were using 

five types of irrigating equipment* The fixed investment 
in all types averaged 17*123 per farm or 156 per capacity



mr» It was highest for trailer boo® types *1^ outlay# 
of #13*200 par tarn and lowest for ditch and furrow types 
at 14,100.

Th® cost par acre of land irrigated varied widely 
with ths type of equitant used and the number of acre® to 
which water was applied. Fixed items made up mor© than 
on®-half of the average cost per acre far all types. 
Variable costa averaged 20 per sent of th® total for 
surface, and .portable pipe and swindler systems, and 35 
per cent for the trailer boom-giant sprinkler system®.

There was a significant difference in the average 
labor, tractor, fuel and oil cost per acre application of 
water with the different types of systems. The average 
labor cost was significantly higher for the portable pipe 
and sprinkler system® than for the surface systems. 
Average tractor, fuel and oil easts were significantly 
higher for the trailer bow-giant sprinkler type and for 
the portable pipe and sprinkler systems than for the 
surface systems, but considerable leveling was required 
for use of gravity distribution.

Cotton, oom, and soybean® were the principal crops 
irrigated in 1959. Th® average yield response of cotton 
was 66 pounds of lint per acre, but 57 per cent of th® 
irrigators got no increase. The average yield response 

of corn was 30 bushels per acre, and 63 per cent of the
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irrigator® Mi yield increases* Soybean yield® were 

increased an average of 8»5 Wabels nor aero, and 69 per 

cent of the farmers reported gain®.

Only 1$ per cent of the farmer® increased their net 

income by Irrigating cotton, corn, and soybeans, Ose of 

supplemental water wo not profitable for the majority 

of the ata who Md equipment in 1959, However, the data 

were obtained in a year when weather conditions were 

favorable for cron production. The average cotton yield 

without Irrigation was the highest ever obtained in the 

Delta* The fast that nor© than one*fourth of the farmers 

increased their net Incom In one of the soot favorable 

crop year® on record, suggest® that the practice ha® 

merit, but must be applied under conditions of superior 

management to bring satisfactory returns in relation to 

coats*
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