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Research on Irrigation of Corn and Soybeans 

at Conesville and Ankeny, Iowa, 1951 to 19551 

BY G. 0. SCHWAB , w. D. SHRADER, P. R. IXON AND R. H. SHAw 2 

Irrigation in the humid and semihumid sections of the 
United States has increased manyfold since World War 
II. Before this, irrigation was confined principally to the 
more arid western states. Some of the reasons for the 
spread to more humid areas were the development of 
portable lightweight aluminum pipe and couplers, mod
erately high farm prices, occurrence of several drouthy 
seasons, increased use of fertilizers and development of 
better crop varieties . Drouths in various portions of the 
state in 1953 , 1954, 1955 and 1956 have prompted many 
farmers to buy irrigation equipment. A 1953 survey in 
Iowa showed that only 55 farmers were irrigating about 
3,600 acres. Twenty-two of these farmers were in Musca
tine County where irrigation is used on vegetable crops. 
Two yea rs later, in 1955 , another survey indicated that 
2 50 farmers were irrigating approximately 15 ,000 acres. 

Indications are that irrigation will continue to increase, 
particularly along the Mississippi and Missouri rivers . 
Along the Missouri River there are about 600,000 acres 
of bottomland. Most of this a rea needs better surface 
drainage. Without too much additional cost, land which 
is surface drained can be shaped for su rface irrigation. 
Because of good ground water supplies , this area has a 
high irrigation potential. These conditions also exist to a 
more limited extent along other major Iowa streams. 

The purpose of this study was to determine the re
sponse of corn and soybeans to irrigation. The only 
known research on field crops in Iowa was a study re
ported by Davidson:~ on sewage irrigations at Ames. Corn 
yields were increased only 6 percent for the two years, 
1907 and 1911. Several other crops were irrigated, but 
those giving the greatest response were barley, sugar 
beets and grasses. Considerable research on vegetable 

1 Proj ect 124 7. Iowa Agricultu ra l and H ome Economics Experim ent Str. t ic n. 
The authors wish to ackn owl edge the assistance of i\1. \V . Bittinger, R . K . 
F revert , C. R . Weber, Frank Schall er, C. E . Bee r, H. P. John son, Th e. dare 
Horn er, W. F. Buchele, G. R. Peterson and T . L . Willrich. 

This work was made possibl e th rough the co c: peration and ass istance of 
severnl agencies and comm ercial organizat ions. The Alu minum Co mpa ny of 
Am erica provided considerabl e fin ancial ass ista nce and supplied th e alum inum 
pipe for the irriga tion system. Th e Southeastern Iowa Experimental Associ a
tion prov id ed th e la nd on whi ch th e experiments were conducted al Cones
vill e. The Carver Pum p Company a t 1\Iuscatin e and th e Construction 1\la
chin ery Co mpa ny at , va terloo loaned pumps fo r the irrigation system. T'he 
Carver Pump Company also furn·ished coupl ers and fittin gs. Th e U. S. D e
partment of Agriculture, So il Conservation Service and A~ricultu ra l Resea rch 
Serv icr ( Fi eld Crops Bra nch) cooperated in port ions of the study as well as 
the I owa Cooperative Extension Service in Agriculture a nd H ome Economi cs. 
'.! Professor of agricultural engin eering, Ohio State University, form erl y 
professor of agricultural engin eerin g, Iowa State Coll ege; asso: ia te pr (i fes:,o:
of soils, Iowa Sta te College; p roject leader, TSDA, Agricultural Research 
Service, Lompoc, Calif. , formerl y associa te in agri cultural engin eering. Iowa 
State Coll ege; and professor of agricultural climatology, Iowa Sta te Coll ege; 
respectively . 
3 J. B. D avidson . Summary of 6 years of exper im enta tion in sewage irriga
ti on. (Iowa Sta te Coll ege , unp ublished research .) D epartment of Agricul
t ural E ngin eerin g. April 1914. 

crops has been done at the Muscatine Island Field Sta
tion.-! 

The data to be discussed include the results of 2 years 
of irrigation research on corn on a medium-textured soil 
near Ankeny and the results of 5 years of work on sanely 
soil near Cone ville. Soybean results were obtained fo r 
3 years at Conesville only. 

ANKENY FIELD ST A TION 

The Ankeny Field Station is located about 5 miles 
north of Des Moines on land fo rmerly occupied by the 
Des Moines Ordinance Plant. The irrigation experiment 
was conducted for 2 years- 1954 and 1955. A diagram 
of the experimental design is given in fig. 1. Because 

4 L . E . Petersen and E. T. Lana. rrr igation . fertilizer and cult ural st udi ~ 
with sweet potatoes. muskm elons and waterm elons e n Buckn er coa rse sand . 
Tran s. Iowa Sta te Hort. Soc . 88:237-252. 1953. 
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better faci lities became available near Ames, the Ankeny 
studies were discontinued. 

SOIL CHARACTERISTICS 

The experiment was located on Nicollet loam soil 
which is a deep, dark-colored, highly productive soil with 
a high water-holding capacity. Nicollet loam is one of 
the major soils in the Clarion-Webster soil area in north
central Iowa. It occurs on gentle slopes in a position 
between the sloping, well-drained Clarion soils and the 
level , poorly oxidized Webster soils. 

The surface of the Nicollet loam is a very dark , gray
ish-brown , fr iable loam which grades at depths ranging 
from about 12 to 14 inches into a yellowish-brown , 
slightly mottled loam to clay loam subsoil. The subsoil 
grades into a calcareous loam glacial till parent material , 
usually within about 36 inches. 

Nicollet loam is a highly productive soil and is used 
extensively for corn and soybean production. The water
holding capacity is high , averaging about 1.8 to 2 inches 
of available water per foot of soil. Both surface and in
ternal drainage are moderately good. 

SOIL TREATMENTS 

In 19 54 the plots received a blanket application of 12 5 
pounds per acre of an 0-45-0 fert ilizer. In 19 5 5, 60 
pounds per acre of both phosphorus (P2 O;:;) and potash 
(K2 0) were applied. Aldrin was used in 1955 to control 
corn rootworm . In 1955 all plots received 60 pounds of 
nitrogen (N) per acre at planting time, and the high 
fertility plots received an additional 60 pounds when 
the corn was about 18 inches high. 

The corn was planted on top of ridges made with a 

6 ANKENY 
~ 5 
J: 

~ 4 
RAINFALL 

z 3 1954 IRRIGAT ION 

z I 2" 2" 
Q 2 I I 
I- I I 
g I I I 

MAY- AUG. 
TOTAL 
31.18 " 

a: I I 
a: Q,1"---,-- -,-'-"'~.__.,_..,.._IL--~--'-' ...--"' +~-'!-L...l&-,,....J......,.LWL...I 

0 

~ 6 

j 5 

~ z 4 
<% 
a: 3 

~ 
<t 2 
0 

1955 
2" 
I 
I 
I 
I 

A 

2" 
I 
I 
I 
I 

A 

•a.sa" 
MAY- AUG. 
TOTAL 

2 .5" 2.5" 
2

11 
1 1 

I I 
I I 
I I 
I I 

Ql~......,.--,--'--4-LL-,L-.,.........~&-..a1Ji.Jl4..-..+--+-',L-~:L--......J 

I 10 20 31 10 20 30 10 20 31 10 20 31 
MAY JUNE JULY AUGUST 

A RAINFALL DURING PERIOD LESS THAN 

DES MOINES NORMAL 
Fig. 2. Rainfall and irrigation a t An-k eny Fi eld Station fo r May through 
August I 954- 55 . 

246 

TABLE I. OCCURRENCE OF HIGH TE~IPERATURES AT ANKENY 
FIELD ST A TION. 

Number of days with indicated 
(or greater) maximu m temperatures (°F.) 

1954 1955 
lllont_h _ ______ ---'-90 95 100 90 95 100 
- ,lay.. 0--0--0---0--0--0-

Jun e . 9 2 0 2 O O 
Jul y I 2 5 0 I 5 7 I 
August . . . . . . . . . . . . . • . . . . . 0 0 0 I 8 II O 
4-month total . . .. . ... . . ·2 1--7 0 35 18 

modified moldboard plow. Weeds were controlled by 
pre-emergence spraying, by use of disk billers and by 
hand weeding. In both years Iowa Hybrid 4298 was 
planted at a rate to obtain stands of about 26,000 stalks 
per acre and later thinned to the desired stands of from 
about 12,000 to 22 ,000 stalks per acre. Corn was planted 
in 1954 on May 14 and in 1955 on May 21. 

Water obtained from the City of Des Moines was sup
plied to each furrow with a fire hose. Small dams were 
built in the furrow to hold the water on the plot. As 
shown in fig. 2, the plots were irrigated twice in 1954 
(4 inches) and five times in 1955 ( 11 inches). The plots 
were irrigated when the soil moisture dropped to 60 per
cent of the total available to plants5 in the top 3 feet. 
Both the direct and the electrical resistance (nylon 
blocks) methods were used to determine the time of irri
gation. 

CLIMATIC DATA 

The amount and distribution of rainfa ll at Ankeny for 
1954 and 1955 are shown in fig. 2. Rainfall for May, 
June, July and August and the total for the 4 months was 
above normal in 1954 and below normal in 1955. The 
normal 4-month total is 16.55 inches for Des Moines, and 
the normal annual rainfall is 30. 74 inches. Despite the 
greater rainfall in 1954, there were two dry periods dur
ing the growing season. A 20-day period in May and a 
2 5-day period from June 21 to J uly 16 were without 
rainfall. The total rainfall in 1955 for the 4-month 
period was about half of normal. Except for the first 
half of July , the season was very dry. 

As shown in table 1, the number of days with temper
atures over 90 ° F . was considerably greater in 1955 than 
in 1954. This difference resulted primarily from the high 
temperatures in August 1955 , which was a month of 
practically no rainfall. 

RI:SULTS 

Detailed records of stand and yield are given in table 
A-1 of the Appendix. The results discussed here deal 
primarily with average values. 

Corn, 1954. Irrigation resulted in a significant yield 
increase on the fertilized plots but not on the unferti lized. 
The response to nitrogen was significant at the 99-
percent level. There was also a significant increase in 
yields at high stand levels on the ferti lized plots but not 
on the unfertilized. The increase in yield with increasing 
stand, as shown in fig . 3 and table 2, is confined to the 
unirrigated fertilized plot. The lack of response with 
increasing stand on the irrigated and ferti lized plots can 
perhaps be explained by the fact that rains in August 

5 \Vater "available to plant.;" is the water held in the root zcne in the soil 
be~ween ~eld capacity (est imated_ from the moisture equivalent) :md wilting 
point (esu mated from wa ter held m the soil at I 5 atmospheres tension). 
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(see fig. 2) resulted in possible damage by excess mois
ture from water ponding in the contour furrows. Corn 
yields were depressed on the unfertilized irrigated plots 
at higher stand levels. This depression in yield indicates 
a severe nitrogen deficiency, a condition that would be 
accentuated by too much water. Responses to different 
treatments are summarized in table 3. 

Without adequate nitrogen, irrigation did not result in 
a significant yield increase. Where nitrogen was supplied, 
irrigation resulted in an increase of 19 .3 bushels per acre. 
Even without irrigation there was an increase of 29 .2 
bushels per acre as a result of using nitrogen. On the 
irrigated plots, the ferti lized corn had an average yield 

TABLE 2. EFFECT OF IRRIGATION, STAN D AND FERTILITY TREAT-
:\IE:--rTS o:,..r CO RN YIELDS AT ANKE:-.rY, IOWA, IN 1954. 

Corn yield (bu.facre) 
Not irrigated I rrigated 

l ~ lliL l~I~ . 
Stand* No fertilizer N / acre No fer tilizer N / acre 
12,000 ... . . ... . ...... . 33.6 53.7 49.5 ___ 84.5 _ 
15:500 ............. .. 40.5 68. 1 48.o 87.8 
22,000 ..... . . 33 .4 73.3 26.0 80.6 
Average all sta nds ..... .. -=3~4.~8---65.0 ____ 4_1.2 84.3 

*Approximate number of stalks per acre. 

of 43.1 bushels per acre more than the unfertilized corn. 
As shown in fig. 2, rainfall was adequate except for 

the first part of July. The second irrigation on July 16 
was followed in a few days by 2 .6 inches of rain, which 
made the second irrigation much less effective than the 
first irrigation on July 8. Despite this condition , yields 
were increased 19 .3 bushels per acre . 

Corn, 1955. Since rainfall was below normal during 
the growing season in 19 5 5 ( see fig. 2) , response to irri
gation was much greater than in 19 54. Average yields for 
different treatments are given in tables 4 and 5 and fig . 3. 
An analysis of variance indicated a significant difference 
at the 99-percent level among the stands and between ir
rigated and nonirrigated plots. Fertility treatment differ 
ences were significant at the 95-percent level. The 

TABLE 3 . CORN YIELD I NCREASES AT ANKENY , FROM IRRIGA
TION A:--rD , ITROGE FERTlLlZER FOR 1954 (AVERAGE OF ALL 

STANDS). 

Response to irrigation 
a. No nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.4 bu./acre 
b . 160 lbs. nitrogen per acre . . . . . . . . . . . . . . . . . . . . 19.3 bu ./acre 

Response to I 60 lbs. nit rogen per acre 
a. No irrigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 .2 bu./acre 
b. Irrigated ... ... ....... .... . .. ............ ..... 43 .1 bu./acre 

24T 



TABLE 4 . E FFECT O F TRRL GA TION. S'TA:s/D AND FERTlLlTY TREAT
i\IENTS O:sl CO RN \"lELDS AT AXKENY, 1955 . 

____ C.:cor--'n~;c.:•i..:cel_:.:d_ (o..::bc::u'-'-./-"a-=cr-=-e'-) _____ _ 
Not irrigated Jrr igatcd 

60 lbs. 120 lbs. 60 lbs. 120 lbs. 
Sta nd* N/acrc ~ / acr'! N / acre N/acre 
12,000 82. 1 87.2 99.5 11 4.8 
16,600 60.9 69. 1 I 14.5 11 2.7 
19,600 ...c5:..::2c..:.3'--------'-5_7 ._4 ____ 1_08_._1 ____ 11_1_. s_ 
Average all stands 65.1 71. 2 107.4 11 3.0 
* Approxi;~,ale nu mber of stal ks per acre. 

TABLE 5. CORN YIELD INCREASES AT AXKEKY, FROi\I TRRIGA
TIOX A:s/D XITROGEX F ERTILIZ ER FOR 1955 (AVERAGE OF ALL 

STANDS). 

Respo nse to irrigat ion 
a. 60 lbs. N per acre 
b. 120 lbs. N per acre ................ . 

Response to 120 lbs. N over 60 lbs. per acre 
a. No irrigation 
b. T rrigaled 

42.3 bu ./acre 
4 1.8 bu ./acre 

6. 1 bu ./acre 
5.6 bu ./ acre 

interaction between stand and irrigation treatments was 
also significant at the 99-percent level. As shown in fig. 
3, the highest average yields on both the irrigated and 
nonirrigated plots at the lowest stand level were obtained 
with 120 pounds of nitrogen per acre. At this stand level , 
where 120 pounds of nitrogen per acre were used, the 
advantage due to irrigation was 27.6 bushels per a.ere, 
and these differences increased with an increase in stand. 
The depressed yields with higher stand levels .on the non
irrigated plots accounted for the greater yield differences 
between irrigated and nonirrigated plots at higher stand 
levels. Responses to different treatments are summarized 
in table 5. 

Because of different climatic conditions and fertility 
levels in 19 54 and 19 5 5, a comparison of the yields is 
hard to interpret. In 1954 the data are for second-year 
corn and , in 1955, for third-year corn. The yields on the 
nonirrigated plots at the high fertility level increased with 
stand in 19 54 and decreased in 19 5 5. The seasonal rain
fall and temperatures for the 2 years varied considerably 
from the normal. 

SOUTHEASTERN IOWA EXPERIMENTAL 
FARM, CONESVILLE 

Irrigation experiments were conducted at Conesville 
for a 5-year period, 1951-55 , on corn and for a 3-year 
period , 195 2-54, .on soybeans. The irrigation studies were 
conducted near Conesville on a 40-acre tract of sandy 
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soil owned and operated by the Southeastern Iowa Ex
perimental Association. 

Irrigation research was started in 1950 to measure the 
effect of additional water on these field crop . Because of 
operational difficulties, the yield trends on the different 
replications for 19 SO were not consistent and are not 
included in this report. 

SOIL CHAl~ACTERISTICS 

The soils in the experimen tal plots are representative 
of relatively large areas of sandy soils throughout eastern 
Iowa. Thurman loa my sand is the principal soil type 
on the farm . Surface textures range from loamy sand to 
sand. Below depths of 1 to 2 feet, textures are sands 

TABLE 6. SUl\DIAR\" OF TREAT)fENTS AT SOUTHEA TERN IOWA EXPERDIENTAL FARM, CONESVILLE. 

Irrigation Corn stand 1 Corn fertility Un iform fer til ity I rrigation 
treatments for corn stalks per acre treatments treatment for corn treatmen ts for 

Year ( inches applied) (approximate) (lbs. N per acre) ( lbs./acre) soybeans 
N p K (inches applied) 

195 1 None \I. Low- 6,900 None 0 40 40 
Irriga led- I 0 Med.- 13,300 V. Low--40 

Low- SO 
i\I ed .- 120 

1952 None Low- 10,000 i\I. Low- 60 s 120 120 None 
I rr igated- 6.5 i\led .- 13,400 l\l ed.- 120 Irrigated-4 .5 

M . High- 16,600 High- 180 

1953 None Low- 11 , 100 N one so 140 Non e 
Irrigated-7.S i\I ed .- 14,200 Low-80 and 10 tons manure I rrigated- 7. 5 

High- 18,000 i\l. High- 160 
V. H igh- 2 I ,000 \/ . High-24D 

1954 N"ne Low- 11,000 None SD 140 None 
Silking lime only-J j\J. High- 16,000 Low-80 lrriga ted -9 
Irrigated-9 j\J. High- 160 

1955 Nonr i\ Ied .- 12,000 N one 0 so 140 
Silking time only--4 :If. Hi~h- 16,700 Low-80 
Irriga ted- 11 \/. High- 23,000 i\l. High- 160 
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except that lenses or bands of heavier texture may occur, 
usually .at depths ranging from 4 to 7 feet . The surface 
soil is grayish-brown, the subsoil , yellowish-brown . 
Drainage and aeration are very good . Infiltration rate 
is very rapid and may exceed an inch per hour. The 
moisture equivalent is about 6 percent, and wilting point 
is about 1.5 to 2 percent. The soil can, therefore, hold 
only about ,½ inch of water per foot in a form ava ilable 
for plant use. Wind eros ion is a serious problem on 
these soils, especially when the soil surface is not covered 
by vegetation. These so il s are low in all major nutrients. 

PROCEDURE AND LAYOUT 

The experimental area at Conesville consisted of three 
crop strips each having one crop of a 3-year rotation of 
corn , oats and alfalfa. The field layout .and a sample 
replicate of the plots are shown in fig. 4 . The plots were 
surrounded on all sides by at least 8 to 10 rows of corn . 
In 195 2, 1954 and 1955-each block was subdivided for 
stand , and the stand subplot was then spli t for different 
ferti lity levels. In 1951 , 1952 and 1953, two levels of 
irrigation were studied. In 1954 and 1955 , a third irriga
tion treatment- irrigation at silking time only- was 
added. There were four replications of each treatment in 
all years except 1951 when two replications were used. 
In 1953 the stand and fertility treatments were com
pletely randomized in each plot. Since the treatments 
var ied from year to year, they are summarized in table 
6 for clarity. 

Soybean plots were located near the corn plots. 
Spr inkler lines were placed across the rows. In 1952 only 
the variety Adams (4 replications) was grown , but in 
1953 and 1954 Adams, Hawkeye, Lincoln and Cl.ark 
varieties (6 replications) were included. In 1953 and 
1954 two replicates were located in each of three irrigated 
and three unirrigated blocks. 

A 24-inch, gravel-packed well with an 8-i nch casing 
was installed on the farm in July 1951. In the test drill
ing operation, coarse gray sand was found from 11 to 35 
feet and blue clay at depths from 3 5 to 42 feet. The 
bottom of the 5-foot screen was placed at a depth of 36.8 
feet. Normally, the water table is 8 to 12 feet below the 
surface. At the time of installation, the well was test 
pumped at 60 gallon per minute with a drawdown of 
3.7 feet from a static water level of 8 feet. The yield from 
the well gradual ly increased until the su mmer of 1954 
when it dropped to 55 gallons per minute with a 15-foot 
drawdown . The water had 0. 7 parts per million of iron, 
3.3 grains of hardness per gallon and a pH of 6.5. In 
1954 the water for the soybean plots was pumped from 
l ,½ -inch diameter well points. 

The corn plots were irrigated with part-circle sprin 
klers located on the plot borders as shown in fig. 4. In 
la ter years moving of the lateral lines was reduced by 
mounting the sprinkler head on a 6-foot portable tripod. 
A SO-foot garden hose connected to the tripod and to the 
aluminum lateral pipe permitted the sprinklers to be 
moved from one side of the plot to the other without 
moving the lateral. The soybean plots were irrigated 
with regular sprinklers in 1952 and with a 2-inch di
ameter perforated pipe in 1953 and 1954. 

CLIMATIC DATA 

The amount and distribution of rainfall at the South
eastern Iowa Experimental Farm for 1951 through 1955 

5 

4 

3 

2 

I 

0 

5 

4 
(f) 

w 3 
I 
u 2 z 

~ 
z 0 
0 
I- 5 
<I 
~ 4 
a: 
~ 3 

~2 
<I 

_J 
_J 

0 <I 
Li. 
z 5 
<i 
a: 4 
>- 3 _J 

<I 
O 2 

5 

4 

3 

2 

MAY JUNE 
10 20 31 10 20 

I 

1951 . 

R IINFALL 

1952 

1954 

1955 

30 
JULY AUGUST 
10 20 31 10 20 

MAY - AUG. TOTAL 
21.39" 

CORN 
IRRIGATION 

2" 
I 
I 
I 

•14 56" 
MAY - AUG. 

I 

•9 58'' 

"'MAYrUG"' 

6-1 1/4" IRRIGATIONS 
I I I I I 
I I I I 

.1631" 

"'MAY[AUG 

6 -11/2" IRRIGATIONS 
I I I I I 
I I I I I 
I I I 

•12 .34" 
MAY-AU G. 

11 - I" IRRIGATIONS 

31 

; I : 
Q '----''--Y'-----r-'ua..+--'L-,'---,'--'Lli--'~u.-.,_._-'--'1,...a,'-+--'--.,..___..., 

10 20 31 10 20 30 10 20 31 10 20 31 
MAY JUNE JULY AUGUST 

A RAINFALL DURING PERIOD LESS THAN 
COLUMBUS JUNCTION NORMAL 

Fig. j _ Rainfall and irrigation1 at Soulh eastcrn Iowa Experimental Farm for
,Jay th rough August, 195 1-5 5. 

are shown in fig. 5. The normal rainfall for May, June, 
July and August at Columbus Junction is 3.96, 4.84, 3.72 
and 4.01 inches, respectively. The normal total for the: 
4 months is 16.53 , and the normal an nual precipitation: 
is 34.69 inches. 

The solid triangles in fig. 5 located next to the May
August totals indicate that the 4-month total was below 
normal. The triangles located at the middle of each. 
month indicate monthly rainfall below normal. The 
monthly and 4-month totals were all above normal in 
1951 and .all below normal in 1953. In all years except 
195 1 the 4-month totals were below normal. In 1952 
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TABLE 7. OCCURRENCE OF HIGH TEMPERATURES AT SOUTHEASTERN IOWA EXPERIMENTAL FARM (DATA FOR COLUl\IBUS J UNCTION). 

Number of days with indicated (or greater) maximum temperature ( • F.) 
1951 1952 1953 1954 1955 

Month 90 95 100 90 95 100 90 95 100 90 95 100 90 95 100 
May ...... . .. . 0 0 0 2 0 0 3 0 0 0 0 0 0 0 0 
Jun e · ·· · · ·· ··· .... 0 0 0 11 3 0 8 3 0 13 . 3 0 0 0 0 
Jul y 2 0 0 13 1 0 12 2 0 12 6 0 21 10 6 
August .. 3 1 0 3 0 0 12 Q 2 3 0 0 17 11 2 

4-month total . .. 0 29 4 0 35 14 28 9 0 38 21 8 

TABLE 8. EFFECT OF IRRIGATION, STAND AND FERTILITY TREATMENTS ON CORN YIELDS AT CONESVILLE, 195 l. 

Sta nd, in 
stalks per acre 
(approximate) 

6,930 

13.340 

Fertility 
treatment 
(lbs. N / acre) 

0 
40 
80 

120 

0 
40 
80 

120 

*Results for one replicate on•ly. 

Not irrigated* 

Average 
yields 

32 .5 
56.3 
46.0 
47 .7 

36. 1 
56 .8 
76 .1 
85.0 

June was the only month with above-normal rainfall , and 
in 1955 only August had above-normal rainfall. The 
19 54 growing season was the nearest to normal; May 
and July were below normal, but June and August were 
above. During the 4-month interval in all 5 years there 
were three periods of 20 days or more with less than 0.2 
inch of rain.fall. These occurred in July 19 53 , May 19 54 
and July 1955 . 

The number .of days with temperatures of 90 ° F. or 
more during the 4-month growing season is given in table 
7. The year with the highest temperatures was 1955 
while 19 51 was lowest. In 19 5 5 there were 21 days 
with temperatures over 95 ° F. as compared with 1953 , 
the next lowest year, which had 14 days. Except for a 
hot August in 1953 , the years 1952, 1953 and 1954 were 
not greatly different in the number of hot days. 

RESULTS 

CORN 

Crop yields and stands for individual plots for 19 51 
through 1955 are given in table A-2 of the Appendix. The 
results obtained are summarized in tables 8 to 11 and 
fig . 5. 

19 51. As shown in table 8, there was no response to 
irrigation in 19 51. The season was cool and wet with only 
5 days in the 4-month growing season with temperatures 
over 90 ° F . Three of these days were the last 3 days in 
August. Corn stands were quite low, and nutrients may 
have been limiting. Rainfall was also well distributed 
and above normal , indicating little need for irrigation 
for the treatments studied. Five 2-inch applications were 
given the irrigated plots, but these resulted in no in
creases in yields. Corn yields ranged from 18.3 to 85 
bushels per acre. Because extreme soil variations within 
one replication obscured the treatment effects, only the 
other replicate of the nonirrigated plots was harvested, 
and a statistical .analysis for irrigation could not be made. 
However, an analysis of all the plots showed that yield 
differences due to nitrogen and stand were significant 
at the 99-percent level and the 95-percent level, re-
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Com yield in bu./acre 
Irrigated 

Increase Average Increase In crease du e 
due to N y ields due to N to irrigation 

2 5.0 - 7-.5- -
23.8 33.8 8.8 - 22.5 
13.5 47.0 22 .0 1.0 
l 5.2 47 .9 22 .9 1.2 

Average - 7.0 

19.9 - 16.2 
20 . i 49.4 29 .5 - 7.4 
40.0 72.3 52 .4 -3 .8 
48.9 75 .6 55. 7 - 9.4 

Average - 9.2 

spectively. Yield response to nitrogen was somewhat 
greater at the higher stand than at the lower stand level. 

Typical ear size with irrigation for the two stand levels 
and for O and 80 pounds of nitrogen per acre are shown 
in fig. 6. With 80 pounds of nitrogen , increasing the 
stand reduced ear size slightly ; while with no added 
nitrogen, the ear size was greatly reduced .at the higher 
stand level. 

1952. The average yields for different stands and fer
tility levels for 1952 through 1955 are shown in fig. 7. 
In 1952 rainfall in May, July and August was somewhat 
below normal , but it was fairly well distributed through
out the season. Temperatures were moderate with only 
4 days over 95 ° F. 

As shown in fig. 7, corn yields from the non irrigated 
plots were above average and ranged from 80 .7 to 95.4 
bushels per acre. On the nonirrigated plots, stand and 
fertility treatments did not have much effect on yield. 
Stands containing 13 ,000 to 14,000 stalks per acre pro-

Fig. 6. Ear size for different stand and fertility treatments with irrigat ion 
at Con esville, 1951. (I) Stand, 6,930-80 lbs. N / acre ; (2) stand. 13,340-
80 lbs. N / acre ; (3) stand , 6,930-no N ; (4) stand, 13 ,340-no N . 
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duced the highest yields. Except at the highest stand 
level , vary ing the ferti lizer rate from 60 to 180 pounds 
of nitrogen per acre did not have much effect on corn 
y ield . 

Yields were higher on the irrigated plots than on non
irrigated plots at all fertility and stand levels except for 
the low stand with 60 pounds of nitrogen. Yields in 
creased with stand within the range available fo r a ll fer 
tility levels. Maximum yield increase from irrigation was 
about 45 bushels per acre for 180 pounds of nitrogen at 
the high stand level. 

The average ear weight for all fertility levels from the 
lowest to the highest stands were 0.6 1, 0.49 and 0.35 for 
the nonirrigated plots compared with 0.71 , 0.6 1 and 0.5 1 
pounds for the irrigated plots. Differences due to stand 
and irrigation were larger than those due to fertility. 

1953. Rainfall for 1953 from May through August was 
about 7 inches below normal. August was particularly 
dry with only 0. 7 inch of ra infall. Temperatures were 
high , with 35 days above 90 ° F. and 14 days above 95 ° 
F. An extremely hot and windy period occurred from 
Aug. 24 to Sept. 4. Since water was not applied to the 
irrigated plots a fter Aug. 1 7 because of a pump failure , 
yields from these plots probably are lower than if irriga
tion had been continued. 

Nonirrigated yields varied from 29.8 to 63.8 bushels 
per acre a nd , in general, decreased with an increase in 
stand at all ferti li ty levels. The percentage of barren 
stalks increased from 6 percent at the low stand to 47.1 
percent at the highest stand level. One plot in replicate 
A of the highest stand had 98-percent bar ren stalks. 
Some of the nonirrigated plots in replicate A received the 
greatest wind damage because they were located on the 
south end of the field. H owever, some p lots in all repli
cates had wind damage. If replicate A is omitted from 
the treatment averages, high stand yields are not reduced 
as much as shown in fig. 7. 

The irrigated plot yields were considerably higher than 
those on the nonirrigated plots at a ll fertility and stand 
levels. The irrigated plot yields varied from 91.6 to 
113. 7 bushels per acre. The lack of yield response with 
increased stand may have resulted from lack .of irrigation 
after Aug. 17 and/ or from more limiting soil moisture 
at the higher stand levels. The lack of response from 
nitrogen is probably due to a uni form application of 10 
tons per acre of manure to all plots. The percentage of 
barren stalks, although much lower than in the nonirri
gatecl plots, varied from 2. 7 percent for the lowest stand 
to 14. 1 percent for the highest stand. Many of the irri
gated plots also had considerable wind damage. Some 
of this damage occurred early in the season from blowing 
sand . Maximum yield increase due to irrigation at the 
160 pounds of nitrogen per acre fertility level was 62.7 
bushels per acre at a stand of about 18,000 talks per 
acre. 

1954. Rainfall from May through August and the 
number of days with temperatures 90 ° F. or over in 1954 
were nearly the same as in 1952. However, in August 
1954 about 6 inches more rain fell than in 195 2. Rainfall 
was low and temperatures high during the first 3 weeks 
in July , but it was adequate from about silking and 
tasseling time until the end of the season. 
. As in 19 5 2, co rn yields from the nonirrigated plots 
were above average and ranged from 7 7.4 to 89 .3 bushels 

TABLE 9. ~~FECT _OF IRR_lGATrOK. STA:s/D A:-.:D FERTLLITY TREAT
ll lfo:-.;TS O:-.; COR" \IELDS AT CO:-.:ESVILLE, 1954 . 

Irrigation 
treaunent 
-='Jo irriga tion 
Irriga ted at 

Corn y ield bu./acre 
Low stand- Approximately High stand- Approximately 

11 ,000 stalks/acre 16,000 slal _ks~/a_cr_e __ 
. Koo Bi° lbs. 1_60 lbs. No- 80 lbs. 160 lbs. 

nitrogen ~ / acre N/acre ni trogen ~i /acre N / acre 
.... 87 .4 88.4 84.6 77.4 89.3 86.4 

silking onl y ..... . 82 .5 87.8 86 .2 88 .9 94.0 85.2 
I rrigated for 
entire season 93. 1 11 3.0 109.2 82.4 11 3. 7 11 3 .1 

per acr~. L~aves on the nonirrigated corn , especially on 
plots w,_th h_,gh stand levels, rolled badly during the hot , 
dry penod m July. The height and color of the plants 
were also noticeably affected. When the temperatures 
moderated and the rainfa ll became sufficient in the first 
week of August, the nonirrigated corn regained its vigor. 
The co rn was planted late enoucrh that the pollination 
period missed the hot dry weathe~. 

C~rn ,vielcls from the plots irrigated with two 1_½ -inch 
apphcat10ns on Aug. 3 and 11 during the silking period 
were nearly the same 2s those from the nonirricratecl 
plots. The average yields are shown in table 9. 

0 

Except for the plots with no nitrogen, the yields from 
plots with full-season irrigation were considerably higher 
than from the nonirrigated plots at both stand levels. 
The irrigated plot yields varied from 82 .4 to 113. 7 
bushels per acre as shown in table 9. 

. A statistical analysis of the data indicates a significant 
di fference amo ng irrigation treatments at the 95-percent 
level and am?ng the fertility treatments at the 99-percent 
level. The difference between stands was not significant. 

The data in table 9 indicate that without irrigation 
there was essentially no response 'to added nitrocren '. 
Without nitr.ocren there w:as only a very small incr:ase 
in yield from_irrigation . However, when both 80 pounds 
per acre of 111trogen and full-season irricration were com
bined , a yield increase of 25.6 to 36 .3 °bushels per acre 
resulted. Essentiall y all of the nitrocren response was 
obtained with the fi rst 80 pounds per a~re. 

Silking dates were taken on irrigated and nonirrigatecl 
plots having low and high fertility treatments and the 
results a re reported in fig. 8. Irrigated corn silked about 
~ ~ays ahead of corn that received no irrigation. On the 
1~ngate~ corn the a mount of ni trogen made no appre
ciable difference on elate of silking. On the nonirri cratecl 
corn the add ition of nitrogen speeded up silk.in~ an 
average of half a day. 

1955. Rainfall in May, June and July was below nor
mal. The rai nfall in August was poorly distributed since 
one storm of 4.2 5 inches was more than the normal for 
the ~onth. In July and August there were 38 days with 
maximum temperatures over 90 ° F. , 21 over 95 ° F. and 
8 over 100° F. , making 1955 the hottest year of the five . 
Three major drouth periods occurred during the year : 
17 clays in June, 20 clays in July and 22 days in August. 
The number of clays with high temperatures was some
what greater than in 1953, but ra infall for the 4-month 
period was 2.7 6 inches more than in 1953. 

Average corn yields are shown in table 10. A statistical 
analysis of the data indicated that irrigation stand and 
fertilizer treatment differences were all significant at the 
99-percent level. The a nalysis also showed that irri cration 
increased the effectiveness of nitrogen fertilizer. Yields 
01: all the_ nonirrigated plots and on the irrigated plots 
with no 111trogen decreased with increasing stand . With 



TABL E 10. EFFECT OF IRRIGATI0:-1, STAND AND FERTILIT Y TR EATMENTS ON COR:-1 YIELDS AT CONESV IL LE, 1955. 

Corn y ield ( bu shels per acre) 
13 ,03 7 stalks per acre 16,727 stalks per acre 23,060 stalk s per acre 

Irrigation No 80 lbs. 160 lbs. No 80 lbs. l '\To 80 lb,. 160 lbs. 
,--t1,--·ea~L~111~e1_1t~ ________ ni trag~en ___ N/r cre N /ac_r_e ____ ~-:,----=-cc-------'c-~--
1'0 irrigation 2 1.6 38.5 3 7.4 

~o lbs. 
nitrogen N / acre 1/ arre nitrogen N / acre :'\ / acre 

13.2 38 .8 24 .6 4. 2 I I .3 13.4 
Irrigated a t silking 23 .0 44.2 55.6 
Irrigated for season 39.3 92.0 11 0 .2 ____ _ 

80 and 160 pounds of nitrogen per acre, high stand had 
little or no effect on the yields of the irrigated plot. 
Yields on the nonirrigated plots were, in general, lower 
than in 1953 , but yields on the irrigated plots with high 
fertility were about the same. 

Irrigation at silking time compared with no irrigation 
resulted in average increases in yield of 8.5 bushels per 
acre for the two highest fert ility treatments at all stand 
levels, but only 2 bushels per acre with no nitrogen. On 
the plots irrigated at silking time, 4 inches of water were 
applied in 1-inch increments on July 31 a nd Aug. 4, 10 
and 14. 

A record of the silking dates for different irrigation and 
fertility treatments with a stand of 13,000 stalks per 
acre is shown in fig. 8. Full-season irrigation speeded up 
silking as much as 2 to 3 days, while 160 pounds of 
ni trogen per acre advanced silking as much as 6 days. 

Comparison of Corn Yields at Conesville ( 1952 thrnugh 
1955) . A summary of the response of corn to irrigation 
and nitrogen for the years 1952-55 at Conesville is shown 

MAXIMUM DAILY TEMPERATURE IN °F 
82 81 85 90 99 92 91 96 98 81 90 100 102 103 103 
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Fig. 8 . 
silking 

Effect 
dates 

17 19 21 . 23 
DAY OF JULY 

of irr igation• and ni trogen (1 3,000 
at Conesvill e, 1955. 

25 27 29 

stal ks per acre) on corn 

14.3 35 .1 28.6 7. 7 19.0 32.2 
30.4 96 .1 107 .8 18.0 95. 0 105.7 
-------

in table 11. Because of reasons previously discussed, the 
yields for 1951 are not included in the averages. 

In most cases studied , as is shown in fig. 7, yields were 
depressed on the nonirrigated plots as stand levels were 
increased. Yields were not depressed by increasing the 
stand levels on the irrigated plots. Thus there was a 
tendency for the yield differences between irrigated and 
nonirrigated plots to be greater at the higher stand level. 
To obtain a measure of the effect of irrigation on corn 
yields it is necessary to compare maximum yields on 
irrigated plots at one stand level with the highest y ields 
obtained without irrigation, usually at a lower stand 
level. This comparison is made in table 16. 

The effect of irrigation at different nitrogen levels 
varies from year to year partly because of differences 
in initial fertility level. As was previously mentioned, 
the addition of man ure in 1953 supplied nitrogen to all 
plots and reduced the need for and response to nitrogen. 

The yield response to nitrogen on the irrigated plots 
is shown in table 11 for 80 and 160 pounds of nitrogen 
per acre. In 1953 and 1954 the 160-pouncl rate gave 
no increase in yield over the 80-pouncl nitrogen rate, but 
in 1955 the average increase was about 13 bushels per 
acre for the additional 80 pounds of nitrogen. 

Effect of Climate on Corn Yields at Conesville. Max
imum corn yields from 1952 to 1955 varied as much as 
20 percent even with irrigation and fertilization. There 
are many fac tors which may affect yield , but climate 
appears to be one of the more important. Although, as 
previously discussed, rainfall and the number of clays 
with high temperatures appear to be important in de
termining yields, a more direct means of determining 
moisture stress in the plant is desirable. To make such 
an evaluation, a balance of the plant available water in 

TABLE 11. CORN YIELD RESPONSE TO IRRI GATION AKD FERTILI
TY TREATMENTS AT VARIOUS STAND LEVELS AT CONESVILLE, 

1952-55 . 

Sta nd in1 
Response lo irrigation Response to N with 

1.000 
in bu./acre* irrigation (N in 

stalks 1\ .. ilrogen aoplication in lbs. /acr" lhs./acre) 
\ 'ear per acre None 40 ~o 120 I OU ;u 160 -
1952 12 14 19 20 

15 25 25 3 1 
18 49 38 49 

1953 12 43 44 45 47 47 17 
15 52 53 55 
18 68 65 63 

1954 1 ~ 6 15 24 24 24 2 l I 7 
15 7 16 24 25 26 27 26 
18 8 17 24 25 27 34 34 

1955 12 13 32 51 61 70 50 71 
15 19 37 55 66 77 60 74 
18 17 37 57 70 82 68 78 
21 14 43 73 79 86 74 83 

Avcraget 12 10+ 23:t: 34 38 40 29§ 35§ 
15 13:I: 2 7:t: 39 43 48 44:j: so+ 
18 13t 2n 46 50 55 51+ 56:l: 

* Yield increases are only approximate sin ce they are interpolated from stand
yield curves (see fig. 7). 

t Data for 195 1 not included in averages. All unm arked averages are for 
1952 through l 955. + Average, for 1954 and 1955 only . 

§ Averages for 1953, ! 954 and 1955 onl y. 
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Fig. 9. Estima ted water balance at Conesville for 1952. 

the soil was determined. The soil-water balance pre
sented here should be considered as a pilot study only, 
but it does show considerable promise. 

The soil-water balance for the irrigated plots in 1952 
is illustrated in fig. 9. To obtain some measure of the 
effect of radiation, wind, atmospheric humidity (factors 
which were not measured at Conesville) and temperature 
on water loss, evapo-transpiration was estimated from 
class A evaporation pan data recorded at Iowa City 
- the nearest station with such data. Class A evaporation 
pans are uncovered pans with a diameter of 48 inches. 
Pan evaporation was multiplied by 0.4 for May, 0.5 for 
June and 0.6 for July through September to obtain esti
mated daily rates of evapo-transpiration . Evapo-tran
spiration is the water lost by evaporation from the soil 
surface and transpiration from the plants. Penman6 has 
estimated evaporation from bluegrass as 0.6 to 0.8 that 
of open-pan evaporation. The pan correction factor 
varied from month to month because of a changing root 
zone depth from which water could be extracted and 
because of the changing area of crop surface. As long 
as any water was present in the root zone, evapo-tran
spiration proceeded at this rate. When the moisture in 
the root zone was zero, no water loss was assumed . 

The root zone depth was taken as 1 foot up to planting 
time, then increased linearly to 5 feet by July 20, where 
it remained constant. Available moistu re-holding capac
ity of the soil was estimated at 0.5 inch per foot. 

On May 1 of each year the soil moisture content was 
assumed to be 1.5 inches in the top 3 feet. All rainfall 
and irrigation water was assumed to enter the soil, and 

6 Penman , H. L . Natural evaporation from open water, bare soil and grass. 
Proc. Royal Soc. London. Series A, 195. 1948. 
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the excess above the water-holding capacity of the root 
zone was lost as deep seepage or percolation. Shortly 
after May 1 each year enough rain fell to fi ll the 5-foot 
profile to its moisture-holding capacity. 

The period of study was from May 1 to 50 days, after 
the silking period. Evapo-transpiration losses were esti
mated for each day during that period . When all soil 
moisture was depleted from the root zone depth, evapo
transpiration was assumed to be zero until more surface 
water was added. 

A dry day was arbitrarily defined as one in which 50 
percent or less of the available moisture was present in 
the root zone. This SO-percent moisture level is com
monly taken as the time to start irrigation. In 19 51 
Pettis7 used a dry day method of estimating yield, but 
he used a constant rate of evaporation for given periods. 
In the present study the dry days during the growing 
season were weighted as shown in table 12. 

The number of dry days was doubled when the avail
able soil moisture was depleted to the root zone depth 
or below. The weighted number of dry days for each 
period for the 4 years is given in table 13. 

A comparison of various climatic factors with corn 
yields is shown in fig. 10. Data for a stand level of 14,000 

7 Reported in : Cunningham, Gl enn. Are lit tle " dry" days the real corn 
robbers? Iowa Farm and Home Register, Page 3-SH, Dec. 2, 195 1. 

TABLE 12. WEIGHTING FACTORS USED FOR DRY DAY DETERMI
N ATION. 

~~~---,--------:~Period Weight 
I. P lanting to 30 days af ter pl anting . . . ...... . 0.5 
2. 30 days after planting to 5 days before silking ....... 1.0 
3 . 5 days before to 5 days after silking period .. . ... .. 2.0 
4 . 5 days after to 30 days after silk ing period .......... . . .•...... 1.0 
5. 30 days after to 50 days af ter silk ing period ... .. . .. .... . . .. . . . 0.5 



TABLE 13. WE IGHTED NU MBER OF DRY DAYS 

Period 1952 1953 1954 19 55 
1 . . . , . . ..•. 5 6 7 12 
2 . . . . .•. .•. . ... . 3 4 3 3 
3 ...• • .• . .•.• .. • . • . . .. 0 2 0 0 
4 ... . ..•..•. . . . • ... . . 4 7 0 9 
5 .. .... . .. . . . . . • .. •. .. 5 10 8 17 
Total 17 29 18 41 

to 16,000 stalks per acre with nitrogen fertilizer, but not 
over 160 pounds of nitrogen, were used. Irrigated corn 
yields were inversely related to the weighted number of 
dry days, although the relationship was not as good as 
for high temperatures. 

Yields were also compared with May through August 
rainfall and with the number of days above 90 ° (fig. 
10b). The relative ranking in order of decreasing yields 
is 1952 , 1954, 1953 and 1955 . This is the same ranking 
as the number of days above 90 ° F. but is different from 
the rainfall ranking. One would expect that under a 
proper irrigation program high temperatures should be 
related closely to yield if other factors , including water , 
are properly controlled. 

Nonirrigated yields showed a much wider fluctuation 
from year to year. The number of dry days was closely 
related to nonirrigated yields except in 19 5 5 when the 
highest number of days above 90 ° F. occurred (fig. llc) . 

The yield reduction and increase in dry days from the 
irrigated to the nonirrigated plots are shown in table 14. 

The greater reduction in yield for each dry day in 
1955 may have been because of the more frequent occur
rence of days above 90 ° F. 

Although this method of estimating dry days must be 
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TABLE 14. COMPARISON OF YIELD DIFFE RE NCES AN D NU MB E R 
OF DRY DAYS FOR IRRIGATE D AND NONIRRIGATE D PLOTS AT 

CONESVILLE. 

Yea r 
1952 
1953 
1954 
1955 

Irrigated-nonirrigated 
y ield difference (bu./acre) 

22 
51 
2 5 
64 

Average . . . 

Difference in dry days 
N on irrigated-irrigated 

42 
II 2 

60 
94 

Yield decrease 
(bu ./ acre) 
per dry day 

increase 
0.52 
0.4 6 
0.4 2 
0.68 

0.52 

considered as only preliminary, it is believed that the 
results do give a measure of the yield reduction which 
occurs in sandy soils because of shortages of water. 

SOYBEANS 

Soybean yield summaries for 1952 through 1954 are 
given in table 15. A summary of the irrigation treat
ments is given in table 6. 

1952. Preliminary studies on soybeans were started in 
19 5 2 by irrigating two 1;trips each 40 by 150 feet in a 
soybean field. Thus, the plots were all planted at the 
same rate, and no fertilizer was applied. They were irri
gated with three 1,½ -inch applications on July 7, July 12 
and Aug. 1. 

The irrigated strips were apparent by the increased 
height and fullness of the plants during much of the 
growing season . Eight 2-row plots each 13.1 feet long 
were harvested . The average yield of the nonirrigated 
plots was 29.3 bushels per acre compared with 42 .9 
bushels per acre for the irrigated plots. The increase due 
to irrigation was 13.6 bushels per acre. 

1953 and 1954. In 1953 and 1954 four soybean vari
eties with time of maturation ranging from the early 
maturing Hawkeye to the late maturing Clark were 
planted with six replications. The plot size was one row, 
16 feet long. Total irrigation applied was 7,½ inches in 
1953 and 9 inches in 1954. The last irrigation in 1953 
was Aug. 17 and, in 1954, Aug. 12 . 

Average yield , protein content and oil content for 1953 
and 1954 are shown in table 15. The early maturing vari
eties, Hawkeye and Adams, responded better to irriga
tion than did Lincoln and Clark. This difference may be 
due partly to discontinuance of irrigation in the middle of 
August. A statistical analysis of the yields showed a sig
nificant difference due to irrigation and to varieties at the 
99-percent level in both years . The average increase for 
all varieties was 6.4 bushels per acre . In 1953 the low 
yields were probably due to the long period of high tem
peratures which appeared to adversely affect yields of 
soybeans even when irrigated. 

Irrigated soybeans had slightly lower oil content and 
slightly higher protein content than beans grown without 
irrigation . Differences in protein content between irri
gated and nonirrigated soybeans for all varieties were 
less in 1954 than in 1953 . 

DISCUSSION 

Although the number of years of 1rngation data is 
limited, the results appear to represent a wide range of 
climatic conditions. The two soils represent extremes in 
water-holding capacity. Therefore, interpolation of irri
gation results on soils of intermediate texture may be 
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TABLE 15. SOYBEAN YIELDS AT SOUTHEASTER N IOWA EXPER TME'.'-!TAL FARlll , CONESVILLE, 1952-54. 

Yield in bu. per acre Not irrigated Irriga ted 
N 1t Inc rease due A verage Percent P ercen t Percent Percent 

Variety Year irri 6a tcd Irrigated to irrigation increase p rotein* c.i l* prote in * oil * 
H awkeye 1953 10~8 14. 2 3.4 43.3 19. 1 46.2 18.0 

1954 20 .2 32 .9 12. 7 8. 1 Jl9.0 22. 7 40.6 24 .1 

Adams 1952 29.3 42 .9 13.6 
I 953 , 12 .8 I 5.8 3.0 8. 7 40.3 21.6 43.4 20. 1 
195 4 21.9 3 1.5 9.6 40.6 22.5 40. 2 22.5 

Lin coln I 953 8.8 9.0 0.2 43.5 19.0 45.2 17.2 
1954 28.S 36.6 8.1 4. 2 40.3 22 .8 40.0 22.4 

Clark 1953 8.4 8 .1 - 0.3 3 .8 44.8 17.4 4 7.8 I 5.1 
1954 32.0 39.9 7.9 41.0 22.9 40.4 22.5 

Av~rape all 
vaneties 19.2 25. 7 6.4 41.6 21.0 43.0 20.2 
* Chemical analysis by staff of U. S. Regional Soybea n Laboratory , Urbana, Illin ois. 

made with considerable confidence. Maximum response 
should normally be expected from sandy soils since they 
have the lowest water-holding capacity and cannot carry 
the crop through a drouth period as well as a medium
or fine-textured soil. 

The results at Ankeny with corn planted on ridges may 
raise the question as to the applicability of these results 
to surface-planted corn. Yields at Ames, with ridge
planted corn on Clarion-Webster soil, averaged 4.5 bush
els per acre less than surface-planted corn. These yields 
are for 1952-54 and were reported by Buchele, Collins 
and Lovely. 8 One of the major advantages of ridge
planting on sloping land is the saving in soil and water. 
Because of reduced erosion , the long-time effects may 
diminish the reduction in yields. Also the response to 
irrigation is likely to be less on ridge-planted corn be
cause of greater moisture conservation and less need for 
additional water. 

Although the data presented on the effect of climate on 
corn yields show considerable merit, the relative impor
tance of rainfall and high temperatures could not be 
evaluated. Soil moisture deficiency should logically be a 
better measure .of crop yields than rainfall. The water 
balance procedure was developed only for 4 years of data 
at Conesville and should be considered as a preliminary 
study. Further modification and checking are necessary 
before it can be used extensively. Continuous soil mois
ture records and long- time yields are needed for this 
purpose. Such records would provide a basis for estab
lishing the recurrence of moisture deficiency and make 
possible better estimates of long-time responses to irriga
tion. This information along with unit costs and crop 
prices would facilitate the economic evaluation of irriga
tion. 

Although actual yields of soybeans were not increased 

8 W. F. Buch ele. E. V. Collin s a nd W. G. Lovely. Ridge farmin g for soil and 
water control. Agr. En g. 36:324-329, 33 1. 195 5. 

as much as those of corn, the percentage increase for the 
early varieties was as much as 40 to SO percent for the 
3 years. The yield response (Hawkeye and Adams) due 
to irrigation in 1952 and 1954, years of near-normal 
rainfall (May through August) , was three to four times 
greater than in 1953. The lack of response in 1953 may 
have been caused by the hot , dry period after the last 
irrigation on Aug. 1 7. Continued irrigation later in the 
season might have increased the response to irrigation in 
all 3 years, particularly for the late-maturing varieties. 
Soybean response to irrigation should be interpreted with 
caution since data were obtained only on sandy soil and 
for a period of only 3 years. 

SUMMARY AND CONCLUSIONS 

This study includes the results of 2 years of irrigation 
on corn at the Ankeny Field Station ( 19 54-5 5) , S years 
of irrigation on corn at the Southeastern Iowa Experi
mental Farm near Conesville (1951-55) and 3 years of 
irrigation on soybeans at Conesville ( 1952-54). The 
Nicollet loam soil at Ankeny has a high water-holding 
capacity while the soil at Conesville is Thurman loamy 
sand with a low water-holding capacity. 

A comparison of the best nonirrigated corn yields with 
the best irrigated yields is shown in table 16. At Cones
ville the average response to irrigation for the 5-year 
period was 34.3 bushels per acre, while at Ankeny it was 
21.1 bushels per acre. At Conesville moderate yields and 
lack of response to irrigation in 1951 probably were due 
to a cool, wet season, low stands and a possible shortage 
of some plant nutrients. A summary of the response to 
irrigation and nitrogen at different stands is given in 
table 11 for Conesville. Figure 7 shows the average yields 
for the years 19 5 2 through 19 S S. A comparison of the 
yields for given stand and fertility levels at Ankeny is 
given in tables 2 to 5 and fig . 3. 

TABLE 16. COMPARISON OF THE BEST NONIRRIGATE D CORN Yl ELDS WITH THE BEST IRRIGATED YIELDS FROM EXPERil\IEN'TAL PLOTS, 
195 1-55. 

Difference du e 
B est nonirrigated Best irri gated to irrigation 

Stand N Yield Stand N Yi eld N Yield Irrigation amount 
Year plants/ acre lbs./acre bu. / acre plan ts / ac re lbs./ acre bu. / acre lbs ./acre bu ./acre inches 

Conesv ill e 
195 1 13,300 120 85.0 13,300 120 7 5.6 0 -9 .4 10.0 
1952 13,600 60 95.4 16,600 180 130.8 12 0 35.4 6.5 
1953 11 ,100 80 63.8 14,500 240 113. i 160 49.9 7.5 
1954 16,000 80 89.3 16,000 80 11 3. 7 0 24.4 9.0 
I 955 18,000 80 38.8 13, 100 160 110.2 80 71.4 11.0 

Average 74.5 108.8 34 .3 8.8 
Ankeny 

1954 21,900 160 73.3 16,100 160 87 .8 0 14 .5 4. 0 
1955 12,000 120 87.2 12,300 120 114 .S 0 2 7.6 11.0 

Average 80 .2 101.3 21.1 7.5 
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The data indicate that for maximum yields on irrigated 
land higher stand and ferti li ty levels are needed than on 
nonirrigated land. 

It should be noted that maximum corn yields under 
irrigation were not extremely high, averaging only 
slightly over 100 bushels per acre. The cause of this 
relatively low ceiling on corn yields under irrigation is 
not clearly understood at present. Maximum nonirrigated 
yields varied from 39 to 95 bushels on the Conesville 
farm, but, even with irrigation and fertilization , maximum 
corn yields varied as much as 2 5 percent over the 5-year 
period . To explain these yield fluctuations and to better 
understand the causes of the relatively low top y ields, 
various climatic studies were made. These studies indi
cate that the to tal rai nfall from May through August is 
not a good indication of yields without irrigation. 

The number of days with temperatures of 90 ° F. or 
above during this 4-month period appeared to be closely 
related to yield for both irrigated and nonirrigated corn. 
For 1952 through 1955 at Conesville, a soil moisture bal
ance was computed each year by using pan evaporation 
records to estimate evapo-transpiration. When the soil 
moisture was depleted to SO percent or less of that avail
able in the root zone, the day was called a "dry day." 
The number of dry clays throughout the growing season 
gave a good indication of irrigated and nonirrigatecl corn 
yields. These calculations, while too limited to permit 
definite conclusions, indicate that corn yields even on the 

irrigated plots are affected by climatic conditions. T he 
correlation between yields under irriga tion and number of 
days with temperatures of 90 ° F. or above, however, 
indicates that yiel~ may be limited by high temperatures 
regardless of the soil moisture supply. 

1 he response of co rn to irrigation in both 1954 and 
1955 at Ankeny should be noted. In 1954 rainfall was 
above normal for the entire season, but , even under these 
conditions of abnormal rainfall on a soil that has a high 
water-holding capacity , it was possible to increase yields 
slightly with irrigation. 

Response of corn to irrigation was studied on both high 
and low water-holding capacity soils under rainfall con
ditions that ranged from 58 percent to 110 percent of 
normal. It therefore appears that the findings , limited as 
they are, can be used with some confidence in predicting 
the probable response of corn to irrigation in Iowa. 

It appears probable that some increase in corn yields 
can be expected in most well-drained soil s in most years. 
The magnitude of the response will be greater on sandy 
soils than on medium to heavy textured soil s. 

At Conesville the average yield increase for soybeans 
due to irrigation was 8. 1 and 8.7 bushels per acre for 
Hawkeye and Adams varieties, respectively. Compared 
with the yields from nonirrigated plots this is an increase 
of about 40-50 percent. The irrigated soybeans averaged 
4 percen t lower in oil and 3.3 percent higher in protein 
than the nonirrigated soybeans. 

APPENDIX 

TAB LE A-1. CORN YIELDS AT A:--JKENY FIELD STATIO:--J WITH SELECTED STANDS IN STALKS PER ACRE AND YIELDS IN BUSHELS PER 
ACRE. 

Nitr~gen Replicate A R eplicate B Rep I ica te ·c R eplicate D Average 
lbs./acre Stand Yi el d Sta nd--Yield Stand ___ \" ield Stand Yi eld Stand Yiel d 

Not irrigated 1954 (2nd yea r corn) 
- ---

0 ··· ············· · · · 9,54 1 3 5.5 ll ,616 27.8 12,03 1 26.3 10,994 45.0 11 ,045 33.6 
160 7,882 44.4 10,3 71 29 .4 12,03 1 58.6 14 ,520 82 .3 11 ,2 0 1 53.7 

0 ··· ······ ··· · · · · ·· ·· 17,21 6 40.5 16,179 49 .5 16,387 20.0 13,482 52 .0 15,8 16 40.5 
160 .... . . .... . 14, 105 74.0 17 ,216 86 . 7 15, 764 34.5 13 ,2 75 77.2 15,090 68 .1 

0 · ··· · ·· · · ·· ·· ····· · 18,8 76 44.6 24,89 1 2 5. 9 22,401 20.5 22, [95 42 .5 22,09 1 33.4 
160 17 ,2 16 67. 3 23 ,024 70.4 21,572 80.8 25,72 1 74.8 21,883 73.3 

Irrigated 1954 (2 nd year corn) 
0 ··· ·· · · ··· ·· · · · ·· · 10 .3 71 45.2 12,238 48.7 13,482 48.8 12,860 55.4 12,23 7 49. 5 

160 12,03 1 86.2 13,2 75 83 .0 12 ,446 85.4 13,690 83 .5 12,860 84.5 

0 ···· · · · · ·· · · · ··· 16,38 7 55.4 14 ,520 50. 2 16, 179 34.8 15,764 51. 5 15,7 12 48.0 
160 16,387 92. 1 17,2 16 89.5 I 5,972 9 1.6 14, 727 78. l 16,075 87 .3 

0 .. ... . .. . .. . .. 22,8 17 26. i 21,365 22 .4 21.780 21.2 25,72 1 33.9 22 ,9 21 26.0 
160 21,780 82 .4 16,386 74.6 20 ,950 91.6 21,572 73.8 20, l 72 80.6 

Not irriga ted 1955 (3 rd year corn ) 
60 11 ,9 79 85.9 12, 197 74.4 10,672 88. 1 l l , 761 80. 1 11 ,652 82. I 

120 12,632 77.6 12,4 15 94.8 11,108 89.5 11 ,76 1 86.8 11,972 87 .2 

60 16,335 62 .0 18,295 79.8 16,33 5 51.5 17,860 50.3 17,206 , 60.9 
120 16,77 1 56.7 16,988 88.5 16,55 3 71.6 16, 771 59.4 16,771 69. 1 

60 23,305 59. I 19,384 58.6 17,206 54. 7 19.384 36.9 19,82 0 52.3 
120 · · · ··· · · · ·•· 19,602 58.3 19 ,384 68 .5 16,77 1 5 7 .6 19,602 45.2 18,840 57.4 

Irrigated 1955 (3rd year corn) 
60 · · · ·· ·· ·· · ···· 11, 76 l 108.4 11 ,543 102. 7 I 1,76 1 95.4 I 2, l 97 9 1. 5 11 ,8 16 99.5 

120 12 .4 15 115 .2 11,979 100.0 12, l 97 123 . 7 12,4 l 5 120.2 12,2 52 11 4. 8 

60 ... . . .. .. ... 15,246 120.2 17 ,424 117 .3 18 .077 I 16.6 15,682 103.9 16,607 114 .5 
120 ··· · · ·· · · · · •······ 14,593 123.2 18, 51 3 110.7 16,335 104.2 14,8 10 112. 7 16,063 11 2. 7 

60 .... . . . . ... 20,473 119.3 20 ,473 108.2 17 ,424 112. I 16,335 93.0 18,676 108.1 
120 ... . . . . .. . ... . .. . . 20 ,69 1 129.9 22 ,651 121.7 18,949 90 .6 I 9,602 103.8 20,473 111.5 
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TABLE A-2 . CORN YIELDS AT SOUTH EASTERN IOWA EXPERIMENTAL FARM, CONESVILLE, WITH SELECTED STANDS IN STALKS PER 
ACRE AND YIELDS IN BUSHELS PER ACRE. 

Nitrogen 
lbs./acre 

Replicate A 
Stand Yield 

Replicate B Replicate C 
Stand Yield Stand Yield . 

Not irrigated (1951) 
0 

40 
80 

120 

0 
40 
80 

120 

6,970 
7,405 
7,623 
6,098 

13,286 
13,286 
13,286 
13,286 

32 .5 
56.3 
46.0 
4 7 .2 

36. l 
56.8 
76.l 
85.0 

---;;0- . -. -.. - .-.-. -. -.. -.---- - 6~, 7~572---2~4~.8-----6-,3-1_6 __ _::::I ;r!g;ted (1
9 51

) 

40 6,752 32.2 6,752 35"4 
80 . . . . . . . . . . . . . . . 6,316 46.o 6,752 48·o 

120 . . . . . . . . . . . . . . . . 6,534 51.0 7, 187 44:7 

0 . . . . . . . . . . . . . . . . . . l l ,543 

1g : : : : : : : : : : . . . . . . . . . . l1Jii 
120 . . . . . . . . . . . . . . . . 12,4 14 

2 l.4 
57.6 
78.5 
76 .6 

13,504 18.3 
14,157 4 1.l 
13.72 1 66.0 
13,286 74.6 

Repl icate D 
Stand Yield 

Average 
Stand Yield 

6,970 
7,405 
7,623 
6,098 

13,286 
13,286 
13,286 
13,286 

6,534 
6,752 
6,534 
6,86 1 

12,524 
14 ,375 
13,6 13 
12,350 

32.5 
56.3 
46.0 
4 7.2 

36. 1 
56.8 
76.1 
85.0 

25.0 
33.8 
47.0 
47.9 

19.9 
49.4 
72.3 
7 5.6 

60 90
_
0 

Not ir,igated (1952) ________________________ ~ 

m .-::::.-::.-::.·· ··· :rm 95. 1 rm---~u ---i:m it~ l ~:m ~t~ :g:g
0
:i
8 

8
9

8r
8
-

13,286 106.8 10,454 94.8 10,672 88.4 10,019 89.0 11, 1 . 

60 . . . . . . . . . . . . 14,375 91.9 12,850 98.3 13,939 11 2.3 13,286 79.2 13,6 12 95.4 
120 . . . • . . . . . • . 15 ,028 89.0 13,068 97.9 13 ,504 103.7 13,286 86.5 13,722 94.3 
180 . . . . . . . . . . . . . . . . . 13,286 91.6 15,899 106.5 13,286 90.6 13,068 87 .1 13,885 94.0 

l~g · · · · ·· ... ·•·.. .. . . 15,028 81.4 13.939 74.4 17,206 81.7 16,988 85.2 15 ,790 80.7 

_ 1_80 __ .. _._. _. _ .. _:_:.:_: '--_. :c.::_:_:.:_· .:... c.:. · _:_·.:_· --'-': ~::_,:.:..~7'--
1f:.._ __ -_i:_:L-_i ___ _:}Hg9_

8 
-- ~u l ~:1_1_1 ____ lL5

:_ _ __ ___:c}~::_,:
3
=-8ic.:i ___ .:_~~.:_:.:_i ____ l.:_~:'--~-~r ____ ~_~_:i 

Trr igat.;,r-(I 952) 
60 . . . . . . .. . . . . . . . . . . . . 8, 712 79.8 10)37 102.4 ___ 9, 148 60.4 8,494 

120 7,84 1 86.8 10.019 109 . l 10,454 103.7 10,672 
72.8 

114.2 
113.5 

9, 148 
9,746 
9,855 

78.8 
103.4 
108.0 180 . . . . . ..... . . 9 ,147 99.9 9, 148 104.6 10.672 113.8 10,454 

l~g 12 ,632 121.2 11,326 98.6 13 ,068 89 .7 12, 197 
... . . .. .... 13,286 110.0 13, 721 93.5 13 ,939 118.0 13,068 

109 .4 
130.7 
125.9 

12 ,306 
13,504 
13,548 

104.7 
11 3.0 
120.1 180 . . . .. . .. .. 14,375 11 9.3 14 ,593 122.7 ll,979 11 2.6 13 ,286 

60 . . . . . . . . . . . . . . . . . 13,286 77.9 16,553 136.4 16,335 11 8.6 15 ,899 
120 . . . . . .. . . . . 16,11 7 98.3 18,295 132.li 17,424 122.l 17 ,642 

11 6.4 
135.S 
133 .2 

15,51 8 
17,370 
16,606 

112.4 
122 . I 
130.8 _ 1_8_0 __________ 16_.,.:_1_1 7 _ __ 1_:_2.:_2.:_.4 ___ ___::1.:_7 ,206 13 2 .3 16,33 5 ___ 13._:S.:.:.5:.._ _ _ __:1:_:6, 77 1 

--Not irrigated- (1953) 
0 .. . ... .. . .. . 

80 
10,23 7---39.3 
11 ,326 60.3 

11 ,543 -- 52.5 --- 10,454 50.5 
11,108 60.3 11 ,545 67.7 

10,890 50.7 
11 ,108 63.8 

1(32_6 ___ 60.6 
10,454 66. 7 

80 . . . . . . . . . . . 13,721 52.3 13,939 68.2 13,939 58.3 14,593 63.9 14,048 60 .7 
160 14,157 69.5 13,939 38.4 15,246 56.9 14,3 75 46.3 14 ,429 52 .3 
240 . . .... . .. . . ... . . 15,682 21.9 13,286 42.2 12,850 61.6 13 ,939 62.S 13,939 47. 1 

80 18,077 25.4 16,553 29 .8 17,642 40.0 17 ,860 57.7 17 ,533 38 .2 
160 . . . . . . . . . .. .. . . .. . 15,246 15.4 17,424 45.6 19.820 45.0 19,602 52.0 18,023 39.S 
240 17,424 5.7 18,077 56.6 16,335 32.7 18,077 56.9 17,478 29.8 

_1_1_g ___ · ._:_:_: _: :_:_:_: _: ·_·_·_· _· · _ _ i_i:_i_6i ____ ?_:g ___ ___::~_:_?'-':i-=-i-=-~-----=~-=~.:.::i=------=-~-=-g'-':8-=-j-'-i __ ___::j_:_~.:_:! ___ __:~c.:g-'-:~:..:.i_: ___ ~_?_:~'-------~-g'-'-:
8
_s~_i _ __ j~:i 

Irrigated (1953) _ ______________ _ _ _ _________ ~ 
0 

80 

80 
160 
240 

80 
160 
240 

160 
240 

10,672 
13,068 

14,593 
14 ,8 10 
14.157 

19. 166 
17,206 
18,5 13 

99.0 
120. 1 

11 8.S 
129.3 
123.9 

118.2 
103.5 
117 .2 

20 ,255 127. 1 
21,998 100.9 

11 ,543 
10,890 

14.3 7 S 
14 ,8 10 
14,593 

16,771 
18,295 
17,206 

18,295 
22,65 1 

85.2 ___ 10,454 96.2 10,454 85 .8 10,781 91.6 
106.4 11 ,108 104.5 10,0 19 102.1 11 ,27 1 108 .3 

102. 7 
121.S 
12 9.0 

71.3 
82 .4 
74.2 

13.504 
13,504 
14,464 

19,166 
18,949 
18,73 1 

64.3 20,691 
95.5 23,087 

95.2 
65.1 

I I l.8 

106.7 
99.4 

11 6.5 

119.4 
70. 7 

13,504 I 15.1 13,994 107.9 
14, 157 111.8 14,320 106.9 
13,939 90.l 14 ,538 11 3.7 

18,73 1 11 5.4 18,459 102.9 
18,5 13 123.4 18,24 1 102.2 
18,077 104.8 18, 132 103.2 

21,344 86.9 20, 146 99.4 
20,473 100.9 22,052 92.0 

Not irrigated (1954) ___ ______________________ ~ 
0 . . .. . . .. ..... 12,197 ___ 8(3 ____ 1(543 96.4 - --107'54 80.8 11 ,325 91.2 ll ,380 87 .4 

80 . ... . . . . .. . 11 ,107 97.9 12,414 88.7 12 ,197 83. 1 9, 148 84. 1 11 ,2 17 88.4 
160 . . .. . .. . . ... .. .... 11 ,979 93.3 ll ,9 79 78.3 10,237 82.4 10,890 84.S 11 ,271 84 .6 

0 . . . . . . . . . . . . . 15,464 94.2 16 ,335 88.5 13,72 1 68.2 16.335 78.6 15 ,464 77 .4 
80 15 ,682 85.0 16,117 104.6 16,11 7 85.4 17,424 82 .4 16,335 89.3 

_ 1_6_0_ . _· _· ._._._· _· ._. _____ l_4c._,8_1_0 ___ 8_2_.3 _____ 1_5-'-,4_6_4 ___ 9_8.;:S ___ :..:l 6::_,,;.:S5:.::3~-~.:..7 ,:..:- ·.:.2 ___ _.:.l_:_,7 ,c..:.4=-24.:..._ __ _:8.:_9:..:.4 _ __ ___::1_:6,::,0c:6.::_3 __ ___:8c.:6.:_:_.4 

0 
- ---------~----------=l:..:.r:..:.ri""ga::..:t.:_ed=--=-=at silking time only(! .:_:..:9c.:5_4.,_) _ _ ___ _ 

. .... . ... . .. . . 10,672 74. l 11 ,3 26 99.6 9,365 72.8 11,543 83.4 10,727 82 .S 
80 10,019 100.2 11 ,326 84.4 10,890 79.4 9,801 87.3 10,509 87.8 

160 .• .. •.. . . . . 10,237 92 .S 10,890 89.3 11 ,326 77.3 10,890 85.6 10,836 86.2 

0 15,028 101.2 15,682 68.2 13,068 79.4 15 ,899 106.8 14,9 19 88.9 
80 . . . . . . . . . . 16,33 5 11 8.8 16,988 83.6 16,988 84. 7 16,553 89.0 16,7 16 94.0 

_ 1_6_0 _ _________ 1_3'--, 7_2_1 ___ l 0 l. 6 15,682 78.0 16,335 ___ :_:78:..:·.:..7 ___ _.::.cl 5::_,,.:_02:..:8:....__ __ -=.8=-2 ·c:_7 ___ __::l .::_Sc::, l-'-9=-2 __ __:8c:.S_.2 

0 
80 

160 

0 
80 

160 
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11 ,979 
11.543 
12,632 

l 7,860 
17,642 
16,553 

102.6 
11 9.4 
120.8 

12 5.3 
124.0 
12 l.9 

Full seascn• irrigatio n (1954) 
10,672 85.8 11 ,543 
11.593 !OS.I Jl ,76 1 
11 ,979 101.8 11 ,543 

15,899 
16.988 
16,553 

35. 7 
109.3 
109.0 

16,988 
17.206 
I 7,206 

81.l 
11 2 .4 
101.9 

76. 1 
99.2 
84.1 

11 ,979 
11 ,76 1 
12 ,197 

16,335 
17,642 
16,988 

103.1 
11 5.2 
11 2 .4 

92. 7 
12 2 .3 
137.6 

11 ,543 
11 ,652 
12,088 

16,770 
17 ,3 69 
16,8 25 

93 .9 
113.0 
109.2 

82 .4 
113.7 
I 13. l 



TABLE A-2 (Continued) 
Replicate A Replicate B Replicate C Replicate D Average Nitrogen 

lbs. / acre Stand Yield Stand Yield Stand Yield Stand Yield Stand Yield 

------------~----- -------N_ o_t irr.~ig~a_te_d_ (l_9~5-5~) ------------- -----------~ 
0 .. ..•.. • . ...•. . .... 13,068 29.3 14,810 12.4 12,850 18.9 12,632 25.9 13,340 21.6 

80 . ... . .........•. . ... 16, 11 7 43 .0 14,8 10 33 .5 14,8 10 15.3 • 12, 197 62.2 14,484 38.5 
160 . . . . ....... . . . . .. . .. 12,632 51.4 14,374 3 5.2 13,068 21.S 12,197 41.S 13,068 37 .4 

0 . . . . . . . .. .•. . • . . . . . . 8,7 12 11.3 20,03 7 13.5 15,898 20.7 17,420 7.3 
80 .... . .. .. . . . . . . . . ... 17,859 38.0 18,513 60.3 I 7,637 38.0 17,855 19. 1 

160 ... . . . .. . .... .. .... . 19,602 28.8 16,335 39.7 18,289 19.6 16,1 16 10.5 

0 .. . ... . . .•..• . ... . .. 25,047 2.7 24,829 10.0 23,305 1.8 22,638 2. 1 
80 ... . .. .. .... . . .. . .. . 23,9 58 6.5 21,126 29.5 26,572 0.3 20,464 8.9 

160 ... .. ....... •. . .. .. . 25,9 18 24.5 23, 740 19. 1 22,2 03 1.7 23 ,522 8.2 

15,51 8 
17 ,966 
17,586 

23 ,955 
23,040 
23,846 

--=-o- . . -.-.-. -. . -.-.-.-. -.. -.-. -. -. . - .--,-I ~I ,-=-
54

cc
3
,----,-

1
-=-
9

.~
4 
____ 

1
_,./ ~,;;ig_a_ted_ a_t_;!l.~ing t ime 

1 
;:~~

8 
(1 955) 

16
_
0 12,4 15 28.0 12,9 59 

80 11 ,979 47.8 13,939 50.5 14,8 10 3 1.9 11 ,326 46.4 13,0 14 
160 ..•.. • ....•. .. .. 11 ,108 61.6 13,285 52.2 13,068 35. 1 13,72 1 73.3 12,796 

13 .2 
38.8 
24 .6 

4.2 
11.3 
13.4 

23.0 
44.2 
55.6 

0 . . . . . . . . . . 19,602 13 .9 17,206 17.7 15,246 12.8 14,810 12.9 16,7 16 14.3 
80 . . . • . . .. . . . . • . . . . . . . 16,988 50.2 18,077 39.3 18,07 7 24.2 16,985 26.6 17 ,532 3 5.l 

160 . . . . . . . . . . . . . . . . . . . . 13,285 45.9 13,2 85 24.6 18,941 21.9 17,63 7 22 .2 15,787 28.6 

0 . . . . . . . . . • . . . . . . . . 22 ,869 8.9 28,532 2.3 23 ,305 14.5 25,047 5. l 24,938 7.7 
80 . . . . . . . . . . . . . . . . . . . . 18.949 50 .3 26, 136 4.1 25,047 13.5 22 ,638 8.3 23, 192 19.0 

160 . . . . . . . . . . . . . 21,562 57 .4 21,225 18.9 23, 74~0 ___ 4_2_._1 ____ 2_2~,8_5_s ____ 1 o_._1 ___ _ 23~,_84_6 ____ 3_2 ._3 
Full season irrigation (1955 ) 

--o-=---.-. -. -. . -.-.-. -. . -.-.-. ---I0,-,767cc2c----c-4cc-9.-c6----1,c-2 .~4714 _ __ 3 5.8 13,285 
80 12,850 102.3 13,286 94.1 11 ,9 79 

160 . . . . . . . . . . 12,632 11 2.4 12,8 50 135.4 13,285 

0 . . . . . . . . . . . . . . . 15,028 33.3 18, 730 
80 15,899 123.2 14,810 

160 . .. .. . . .. ... .. .. . 15,463 111.1 17,859 

0 .. .. .. . ... . ..... 19,602 30.6 25,482 
80 ... . .. .. ... .... . .. 25,047 11 8.4 23 ,304 

160 ...•. . ...•..•....... 20,473 11 7.3 22,433 

27. 1 
78. l 

132 .i 

9.5 
68.8 
92.4 

18,289 
15 ,028 
17,420 

19,594 
15,680 
16. 11 6 

3 1.0 
84.0 
92.3 

26.0 
91.3 
92.9 

13.9 
108.8 
11 l.5 

11,9 79 
11,979 
13,504 

16,550 
18,94 1 
13,721 

24,829 
27,878 
18, 507 

40.9 
87.6 

100.7 

35.2 
9 1.8 
94.4 

18.0 
83.9 

101.6 

12,088 
12,524 
13,068 

17 ,149 
16,170 
16,11 6 

22,377 
22 ,909 
19,382 

39.3 
92 .0 

110.2 

30.4 
96.1 

107.8 

18.0 
95 .0 

105.7 
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