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Seasonal Changes 1n Soil Moisture as Related to 

Rainfall, Soil Type and Crop Growth1 

13V R.H. SHAW, J. R. R u NKLE S AND G. L. BARGER" 

In earl y 1954 it was believed that soi l moisture re­
serves in Iowa were at an unusua lly low level and tha t 
crop production potenti a l was seriously reduced . To es­
timate th e supply of soil moisture present at that time, 
a statewide study of so il moisture conditions was initi­
ated. 

An examina tion of these data in relation to crop pro­
duction potential for the following season showed a lack 
of basic information on water use and availabi lity in 
Iowa, a lthough many fragm ents of general informa tion 
were available. To obtain information on these prob­
lems an expanded program was established on soil mois­
ture measurement and water utilization. 

BACKGROU ND AND OBJECTIVES 

Production of any agricultural crop is dependent up­
on an available supply of water during the growing sea­
son. The water needed by crops is drawn from the soil 
moisture supply, which can be replenished either by pre­
cipitation, condensation, irrigation or movement up 
from a water table. Water added to the soi l surface m ay 
be lost either by runoff, evaporation or perco la tion , or 
it may be stored in the soil for future use. Water lost 
from the soi l profile m ay be water gained for ground 
water or stream flow. 

The primary source of moisture is from precipitation. 
Information on precipitation amounts is readily avail­
able for most areas from \i\leather Bureau clim a tologica l 
data. Another source of moisture, which has often been 
considered as adding only negligib le amounts of water 
to the soil , is clew. However, work by Thornthwaite a nd 
Hol zman," and by Harold and Dreibelbis·•, 5 have shown 

1 Project 1276 of the Iowa Agric ult ural and Ho me Eco11omi cs Ex­
peri ment Sta_tio n. T h_c authors. wish to acknowledge th e help o f thos1· 
who have g iven co ns1de rabl c tune and effort to the collection of th e 
so il m?i sturc samp les which made this st_udy poss ible . In particular, we 
a pp reciate th e help_ of t~c area agronomists,. the farn~ supervis~rs, farm 
managers and their ass ista nts who have g iven cons1dcrab J.e time and 
t• ffort in the locat ion o[ the experimental areas a nd the coll ection of 
th e sa mpl es. We es pecially recogn ize the valuabl e ass istance of E . R. 
Dunca n, who has g iven valuable adv ice during the progress of th e stud y. 

:! Professo r of agricultural climatology; formerly ass istant pro fessor 
of soi ls, Iowa State College , now associa te pro fessor o f soil s South 
Dak ota S late College; and Arca Cl ima to logist, U . S. Wea ther ' :Burea u 
a nd associate pro fessor o r agricu ltural climatology; respective ly. 

:.i C. W . Thornthwa ite and B. Holzman . Meas urement of evapora­
\i942 . from land and water surfaces. U. S. D ept. Agr. T ech. Bui. 817. 

' L. L. Harrold and F. R. Dre ibelbis. Agricultural hydrology as 
eval ua ted by monolith lys imcte rs. U. S. D ep t. Agr. T ech. Bui. 1050. 1951. 

5 L. L. H arrold a nd F. R . D reibelbis. 1955 progress re port. So il 
a nd \Yate r Conservation Station ~ Coshocto n, Ohio. 

that appreciable amounts of condensation can take 
place. Although only some of this condensation water 
actuall y gets into the so il , it a ll helps to reduce evapo­
transpira tion losses. When water is evapora ting from 
the plant surface, less water is required for transp ira tion 
of the c rop. 

Precipitation amounts a lone do not provide the pre­
cise information needed for water availability. Actually, 
on ly that which enters into and is stored in the soil is 
avai lable fo r plant use. To estimate stored moisture, 
losses must be determined. 

Runoff losses vary widely with the season and a re 
par ticula rly affected by the amount and character of 
ra infa ll. Browning et a l. 6 determined the average year­
ly runoff during 11 years of study in southwest Iowa 
on a deep loess soil of 9 percent slope. They fou nd an­
nual runoff was 18.9 percent of the annual precipitation 
for continuous corn, 12.6 percent for rotation corn, 9.9 
percent for oats, 3.8 percent for rotation clover and 1.2 
percent for continuous bluegrass. During this period, 
annua l precipitation was 28.9 inches- a lmost 5 inches 
below norma l. Although the highest percentage runoff 
for corn land was in February, greatest actual ru noff 
occurred in the summer months. In oat land the great­
est runoff occurred in late winter and ea rl y spring. 
June runoff was highest in several crops because of tht.: 
high June rainfall. 

Percolation losses in Iowa have genera lly been sma ll er 
than runoff losses. Browning et a l.7 found that, for a 
6-year period, the average percolate from continuous 
co rn and bluegrass ranged from 5 to 13 percent of the 
annual precipita tion. Over 75 percent of the percolate 
from corn was during the 3-month period, April , M ay 
and June. For bluegrass, 65 percent of the total year ly 
percolate occurred in Sep tember, O ctober and Novem­
ber. These resu lts were obtained during a period of be­
low-normal precipitation. During periods of grea ter pre­
cipitation, percolation amounts wou ld be expected to be 
higher. 

Galligan' estimated annual runoff and percolation in 
Iowa to be 5.2 inches, or 17 percent of the annua l pre­
cipitation. This was based on streamflow measurements 

' G. M. Brow ning, R . i\ . No rton . A. G. McCa ll a nd F. G . llcll. 
Jnves tiga ti ons in erosion control and the reclamation of eroded land at 
the Mi ssouri V alley Loess Conserva tion Experiment Station C la rinda 
Iowa, 193 1-42. U. S. D ept. Agr. T ech . Bui. 9j9 . 1948. ' ' 

l Ibid. 
8 W. E. Ga lliga n. Supply a nd use of watc1 in mun 1c 1paliti cs a nd 

ag ricultural industries in Iowa \\la te1 Resourct'S o f Iowa A symposnun 
held at Iowa S tate Coll ege, Ames, Iowa. 1950 

223 



from 13 streams in Iowa. Losses from individual loca­
tions for different periods would vary considerably from 
this average because of soil, crop and weather factors. 

In addition to direct loss of rainfall from runoff and 
percolation, stored soil water may ultimately be lost by 
evaporation or transpiration. These wi ll be considered 
together as evapo-transpiration. 

Estimates of water consumption through evapo-trans­
pira tion have varied. M easurements made in weighing 
lysimeters by H a rrold and Dreibelbis9 show evapo-trans­
piration losses of 17.4 to 24.6 inches for corn from M ay 
through September, 12 to 14.2 inches for wheat from 
April through J une and 18.7 to 26.3 inches for meadow 
from April through August. Rhoades and Nelson10 re­
port that irrigated corn ordinarily uses 16 to 25 inches 
during the growing season. Normal rainfall in Iowa dur­
ing the period April through September is over 22 inches. 
This places Iowa in a favorab le climate for corn pro­
duction . With normal rainfall during the summer and 
a n adequate subsoi l moisture reserve in the spring, the 
production capacity of Iowa soils is large. 

Specific information on soil moisture storage and 
water use in Iowa is not available. A research program 
was outlined to obtain some of this information . 

Specific objectives of the program are: ( 1) to estab­
lish "normals" for soil moisture conditions in Iowa at 
different seasons of the year ; ( 2) to determine the pre­
cipitation conditions at specified times of the year which 
will replenish low soil moisture supplies; (3 ) to deter­
mine the water requirement for producing a range of 
corn yields; and ( 4 ) to determine evapo- transpiration 
losses a nd to relate these to meteorological factors. 

To eva lua te these objectives fully will require data 
collected over a period of years under different weather 
conditions. This bulletin summarizes the data collected 
from 1954-56 and presents information on the first three 
objectives. 

SHORT-PERIOD WATER USE STUDY­
F ALLOW AND CORN 

An experiment a t the Agronomy Farm was set up to 
study short-time soil moisture losses and to evaluate the 
sampling variability involved when Viehmeyer samples 
were used . The latter are discussed by Shaw, et a l.11 
During three of the four sampling periods used, little 
or no precipita tion fell , and water loss could be assumed 
to be due entirely to evapo-transpiration. During the last 
period very heavy rains fell, a nd runoff and percolation 
losses were large. 

FALLOW 

A 100 x 300-foot a rea of Webster silty clay loam with 
a flat, uniform-appearing surface, but with the usual 
variable subsoil of glacial till, was kept free of a ll vege­
tation throughout the growing season. This area was di­
vided into six areas or replications. Three locations were 
chosen at random from each of three replications, and 
three subsamples were taken in the immediate area. 

9 H arrold , op . cit. , p. 3. 
10 H. F. Rhoades and L. B. Nelson. Growing 100 bushel cor n with 

in igat ion. U. S. Dept. Agr. Yearbook of Agricu lture , 1955. pp. 394-400. 
" R. H . Shaw, D . R . Nielsen and J. R. Runkles (unpublished re· 

sea rch ) . Iowa Ag r. Exp. Sta . 1955. 
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Samples were taken with a Viehmeyer tube in 1-foot­
long increments down to 5 feet on four dates, Ju ly 9, 
15, 21 and 29. Each individual 1-foot increment was 
dried for 48 hours at 105° C. and the moisture percen­
tage determined. -These moisture determinations were 
converted to inches of water by the following formula: 

inches of soil bulk 
Jnch(·s of wa ter = Percent on a dry wt. basis X in sample X density . 

100 

A constant bu lk density of 1.3, based on samples taken 
and data available from the literature, was assumed for 
a ll soils. 

The da ta from these samples are summarized in fig. 
l. During much of this period, the soil surface was dry. 
Water loss during the first period was 0.05 inch per 
day. With a few light showers during the period J uly 
15 to 29, loss increased to 0.07 inch per day. By July 
29 the soil surface was very dry, and little loss occurred. 
Average loss per day was 0.05 inch. H eavy rains in late 
August fill ed the soil to its field capacity, and runoff 
and/ or percolation losses were la rge. 

CORN 

An area approximately 100 x 300 feet on the edge of 
a large area of corn on a W ebster silty clay loam was 
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selected for sampling. T hree replications were sampled . 
Within each replication, three hills chosen a t random 
were sampled- in the hill , 10 inches from the hill and 
20 inches from the hill. Each boring consisted of five, 
1-foot-long increments taken to a depth of 5 feet. The 
moisture percentages were conver ted to inches of water 
using a volume weight of 1.3. 

T hese data are summa rized in table l and fig. 2. Ex­
cept for the last period, a ll losses were due to eva po­
transpira tion. On certain da tes the soil surface had a 
moisture content less than the 15-a tmosphere tension 
moisture beca use of surface evaporation. The 15-a tmos­
phere tension moisture percentage was assumed to be 
the wilting percentage. 

Average losses per day, from J uly 9 to 15, were 0.17 
inch and, from Ju ly 15 to 28, were 0.1 6 inch. The soil 
surface was dry most of this period, and only small 
amounts of rain fell. Loss must have been la rgely due 
to transpiration. From July 28 to Aug. 6, wh en soil 
moisture was becoming more limiting, loss per day was 
only 0.08 inch . Losses from fallow soil fo r approximate­
ly the same periods were 0.05, 0.07 and 0.05 inch, re­
spectively. 

Average daily open-pan evaporation losses for the 
same periods were 0.42, 0.26 and 0.26 inch. F ield losses 
would not be expected to equal evaporating pan losses, 
but the ratio between the two would give an indication 
of moisture stress in the soil. Th is ratio was 0.40, 0.62 
and 0. 31 fo r the three periods. 

STATE SOIL MOISTURE ST UDY 

NAT U RE OF THE DAT A 

F ield sampling sites were selected to represent differ­
ent ma jor soi l types over the sta te. At different times 
since the beginning of this study, the number of loca­
tions has varied from 12 to 17. All of the loca tions are 
plotted in fig. 3. Where possible, p lots were located on 
experimental farms. The most level and uniform land 
available in the area was selected for the plot site to 
reduce runoff to a minimum. A 40 x 40-foot area in a 
la rger a rea p la nted to the crop under consideration was 
chosen . T his was divided into two rep lications. P lots 
not located on the experimenta l farms were located in 
farmers' fields. Based on the da ta obtained in the Agron­
omy F arm study, six separa te borings or cores were 
ta ken from each plot a t each sampling time, three in 
each ha lf or rep lication of the p lot. These borings were 
taken in 1-foot increments to a depth of 5 feet. In corn­
fields, the cores were taken in the hi ll , 10 inches from 

T ABLE I. AVAILABL E SOIL MOISTUR E IN I NCHES I N CORN 
LA ND AT AMES O N FIVE SAMPLING DATES, SAMPLI NG 

T UBE DATA, 1954. 

(Average of 27 borings ) 
Depth-fee t July 9 July 15 July 28 Aug . 6 Sept. 2 

0-1 0. 3 - 0.2t - 0.5 - 0.4 1. 2 
1-2 0.6 0.3 0.0 0. 1 1. 2 
2-3 I.I 1.0 0.5 0. 1 1.7 
3-4 1.6 1.5 1.0 0.9 1.7 
4-5 1.4 1.4 1.3 1.3 1.7 
T ota l 5.0 4.0 2.3 2.0 7.5 

P recipita tion 
be twee n 
sampling da tes 0.0 0.40 0.35 14.5 2 

tNega tive values indicate so il moisture less than 15-a tmosphci·e tension 
moistu re. 
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the hill and 20 inches from the hi ll , each distance be­
ing from a different hi ll . On meadow land the three bor­
ings were randomized in each replica tion. These three 
borings were then composited in a soil moisture can by 
1-foot increments and the moisture conten t determined 
by drying a t 105°C. fo r 48 hours. 

Faciliti es were not available to separate ru noff, per­
cola tion and evapo-transpira tion, and they were all 
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F ig . 3. Location of soil moisture plots. 
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grouped together as "water lost." The water lost during 
each sampling period was determined as follows: 

Water lost = wa ter stored + rainfall between - wa ter le ft in soi l 
in :,oi l on dates ,\ and B on date B 
date A 

Data on the amount of water above the wilting per­
centage at each location by 1-foot increments for each 
sampling ela te are available in mimeographed form from 
the authors. The total water loss and precipitation dur­
ing each period, a nd th e loss per clay, a re given in tables 
2 through 8 for corn, m eadow and oats in 1954, 1955 
and 1956. 

So1L MmsTu RE AND vVEAT HER PATTERN 

The gains, losses of soil moisture and amounts of water 
loss a re presented for selected locations in figs. 4 through 
9. The following ection is a brief discussion of the 
weather experienced during the experiment. 

1953-54 

The fa ll of 1953 was very dry with low rainfall and 
low soil moisture supplies in most areas. Average pre­
cipi tation between the February and April sampling 
elates was 6 inches, 2.5 inches above normal. 

From April to early June, precipitation averaged 
slightly above the normal of 5.4 inches. During June, 
precipitation averaged over 1 inch above normal for the 
corn locations. At K anawha over 10 inches of rain fell 
in a 4-clay period . By early July the only plots with 
less than 5 inches of avail able moisture were the Beacons­
fi eld and Albia corn plots and the Independence, Ames, 
Clarinda, Beaconsfield and Albia meadow plots. 

The month of July was very dry excep t in extreme 
north-centra l Iowa. Average rainfall for this period was 

more than 2 inches below the normal of 3.6 inches. By 
early August, soil moisture was largely depleted in the 
top 3 feet of soil at most locations, and some plots were 
dry down to 5 feet. In August, a ll areas had above­
normal precipitatii:,n. Average precipitation for the corn 
locations was 7 inches, with the heaviest amounts falling 
the last half of the month. Ames received the heaviest 
amount, 14. 7 inches. 

Almost normal precipitation occurred in September 
and from mid-September to mid-November. 

1954-55 

Precipitation from the date of the fall sampling in 
November 1954 to April 1955 was 7.1 inches, 1.8 inches 
below normal. Precipitation during the spring was the 
normal of 7.6 inches. From mid-June to early August, 
precipitation was about 2 inches below the normal of 
5.9 inches. Except for locally heavy rains in central, 
east-central and southeast Iowa, the fall of 1955 con­
tinued dry ; on ly 5.4 inches fell from August to November 
compared with a state norma l of 10.1 inches. 

1955-56 

Precipitation during the winter of 1955-56 was over 
4 inches below the normal of 7.5 inches and was espe­
cia ll y low in western and southern Iowa . Good rains 
occurred in north-central , northeast and east-central 
Iowa by early June. During June, much of western Iowa 
had up to 4 inches of rainfall. During July, heavy rains 
fell in southwest Iowa and parts of north-centra l, north­
east and east-centra l Iowa. Northwest and much of 
west-centra l and central Iowa were very dry. During 
August, most stations received near-normal or above­
normal rainfall. September was very dry in most of the 
state except for locally heavy rains in west-central Iowa. 
No rains of any conseq uence fe ll a ft er that until early 

TABLE 2. WATE R LOSS AND AVERAGE PRECIPITATION DURI NG SELECTED PER IODS IN 1954 FOR CORN PLOTS. 

Approximatf• period 

10 1:i Vi I 15 15 
Feb. tu Aµr. 1\ p1·. to Ju1w Jun l' July Aug ust Se pt ember Sept. to Nov. 

No. Loss No. l .oss No. Luss No . Lo!--S No. Loss No. Loss No. Loss 
Loca tion days in . <lays Ill. days in. day~ in . days Ill. clays in . dayst Ill . 

P,-img har 63 4.4 54 4.4 21 4 .8 '.B 6.4 32 4.4 26 2.9 6 1 1.9 
Moville 5:i i.0 22 4.5 30 6. 1 35 3.5 26 I.I 6 1 1.3 
Hull 63 4 .3 
H int o 11 63 3.0 f g i"ii:cj 5:ii Kanaw ha 4i 2'l 32 30 4.4 
Saratoga 

ii S:'i 
28 i.9 32 6. 1 30 3.5 

ii"i Inde pende nce 64 40 38 7.2 :11 6.8 2!) 6.2 
27 

3 .1 
Castana 25 5.!I 29 6.4 33 4.9 2.4 63 1.9 
D enison 

iii 
22 2.6 :; 1 8 .0 32 3.9 27 2.0 6 1 2.2 

Am es 62 2.9 55 32 5.8 2R 3.4 27 9.G 
:i'i 

56 6 .5 
Marsha lltown 6 1 3.8 48 4. 1 3 l 7.4 31 4..i 29 3.IJ 4.5 40 2.0 
Cedar Rapids 66 2.G 37 4.6 29 3.6 38 8.0 29 .'i.4 
Iowa Cit y 67 

28 3.5 39 i.'.l 28 4.2 
Clarinda 3.4 3i 3.8 34 5.0 30 5.4 37 J. 8 37 1.3 
Beaconsfi e ld ·5:ri 3:! 5.2 32 2. 7 32 6.0 4 1 3.2 33 1.5 
Osceola 39 3i 5.~ :12 5.4 32 5 .0 39 4.4 
Greenfie ld 3i i .6 'l9 3.8 
Albia 70 3.9 

'.i'2 
21 1.4 28 5.5 

Bloom field 64 4.3 42 :m :1.2 '! '.! :1.0 
':ii Washing ton 66 3. 1 39 3.2 19 4. 1 39 7. 1 :11 4. ~ 4'1 

Mt. Pkasa nl 28 6. :l 36 5.'.3 34 4.8 49 4.1 

Av. total los~ in pc-r iod 3. 7 4.6 5.6 5.6 4.8 2.9 2.6 
Av. No. of davs 65 45 29 32 31 Tl 54 
Av. loss per d3y 0.06 0. 10 0. 19 0 .1 i 0. 16 0.09 0.05 
Av. precipitation at 

sa mpling loca tions 6.0 5. 7 5.8 1.4 7. 1 4.0 4. 1 
No rmal preci_pitat ion 

3.5 5. 4 4 .5 3.6 3.8 4.0 4 .0 (s tate av. ) ... 
Ga in or loss in soil moisture + 2.3 + 1. 1 + 0.2 -4.2 + 2.3 + 1.1 + 1.5 

t indudes data for various jeriods l Sept. to 1 Dec. 
!Based on period 1899- 194 . . 
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TABLE 3. WATER LOSS AN O AVERA GE PREC IP ITATION D U R ING SELECTED PER IODS IN 1955 CORN PLOTS. 

l .oca tion 

Primg har 
K anawha 
Saratoga 
In depende nce 
Castana 
Ames 
M a1·shall tow11 
Cedar Rapids 
Clarinda 
Beaconsfield 
Albia 
Bloomfi eld 

Av. to tal loss in pe.~iod 
Av. No. o f days 
Av. loss per day 
Av. precipitat ion at 

sa mpling locat ions 
Normal prec ipitation (state 

av . ) 
Gain or loss in so il mo isture 

15 15 
N ov. to Apr . 

1\'o. Loss 
days in . 

128 2. 1 

134 3.0 
126 2. 7 
163 4. 9 
140 5. 1 
169 :U 
136 4.:l 
137 4. 2 
187 12. 1 
18'.l I 1.4 

5.5 
150 

0.04 

5.3 

7. 1 
---0.2 

Approx im ate period 

15 15 15 I 
Apr. to June June to Aug . 

No. L oss No . Loss 
davs in. days in . 

68 3.6 4 1 7.5 
54 4. 9 57 10.2 

69 Ki 
50 7.4 
51 8. 7 

iiii i:ii 
37 7.11 

1'i1j 
iij 

53 
7'.l 54 9.8 
76 3.6 48 8. 1 

70 
50 8.2 

7.4 53 10.0 
n 11 .9 46 9.9 

6.7 3.9 
68 49 
0. 10 0.19 

7.6 4.0 

7.6 5.9 
+ 0.<J --4.9 

I 
Aug. to N o \'. 

No. Loss 
days in. 

94 5. 1 
83 5.5 
95 7. 1 
94 5.0 
9? 4.9 

84 '4:i 
94 8.5 
89 6.0 
9 1 6. 7 
84 6.2 
89 6. 1 

5.9 
89 
0.07 

5.4 

JO . I 
-0.5 

TAB LE 4. WATER LOSS AND AVE RAGE PR EC I PITATION DUR ING SELECTED PER IODS IN 1956 FOR CORN PLOTS. 

Locatio n 

Doon 
Primg ha r 
Kanawha 
Clar ion 
Sa r·atoga 
In dependence 
E lkader 
Casta na 
Ames 
?v[arshall town 
Ceda r Rapids 
Tipton 
Maquoketa 
Clarinda 
Beaconsfi eld 
Albia 
Bloomfield 
Burl ing ton 

Av. total loss in pe riod 
Av. No . of days 
Av. loss per day 
Av. precipitatio n a t 

sampling locations 
Normal precipit ation (s tate av. ) 
Gain or loss in soi l moisture 

tAss umcd same as soybea ns. 

15 
Nov . to Apr. 

No. Los~ 
days in. 

155 2. i 
160 3.3 

168 2.:l 
151 1.5 

159 1.5 
168 3.4 
163 3.4 
152 2.9 

162 1.6 
160 1.4 
161 3.2 
161 3. 7 
159 6.0 

3.0 
160 

0.02 

3.3 
7.5 

+0.3 

Approxim ate 

15 15 
Apr. to .Ju ne 

No. Loss 
days 111. 

60 3.3 
63 6. 0 
i i 5.9 
51 5.5 
67 7.6 
51 4.8 

59t 4.1 
69t 6.2 
66 :i .6 
46 10 .0 
44 5.9 
66 2.8 
50 3. 7 
62 2.8 
64 3.0 
64 5.5 

5.2 
60 
0.09 

6.0 
7 .6 

+ 0.8 

period 

15 I 
June to Aug. A ug. to Nov . 

No. Loss No. Loss 
d ays Ill. days in. 

48 6.9 93 8.9 
55 6.9 87 5.2 
54 7.0 87 5. 1 
46 4.3 87 5.4 
53 8.5 90 8.3 
53 6.9 9 1 8.6 
54 7.0 90 9.3 
54 7.5 86 6.4 
5i 6.9 85 6.3 
47 8.2 87 7.0 
56 8.3 84 9.0 
54 8.0 84 8. 2 
5{ 10 .0 84 10.5 
57 9.2 87 6.0 
56 9.0 87 8 .1 
52 9. 1 91 9.1 
52 7.6 89 10. 1 
47 10.4 85 6.6 

7 .9 7.6 
53 87 
0. 15 0.09 

6.7 6.9 
5.9 JO. I 

- 1.2 --0. 7 

TABLE 5. WATE R LOSS AND AVE RAGE PREC IPITATION DUR ING SEL ECTED PE RI ODS I N 1954 FOR MEADOW PLOTS . 

Approximate period 

10 15 15 I I 15 
Feb. to Ap r. A pr. to J un(• j U lll' Jul y Aug ust St·plt· inber Oc1. to Nov. 

Location No. Loss No. Loss No. Loss No. Loss No. Loss No. Loss No. Loss 
d:iys in. days in. d,ys in. days days in. days in . days in. 

Kanawha 69 3.:, 23 10.3 32 4.0 :m 4 .4 
Sara toga 28 6.2 33 5.4 29 3.9 
Sa ,·atoga 

20 
31 6.3 31 '.l.6 

In dependence 65 31 3.6 29 3.3 
I ndependc 11ce 38 8. 2 3 1 3.3 29 8.0 83 5.5 
Castana 25 5.9 29 6.4 33 5. 7 27 3. 1 63 1.8 
Ames 62 2. 9 

i6 ii ·4::2 34 "f3 30 C larinda 67 3. 1 40 5.3 38 3.5 36 1. 6 
Lorimo1· 42 6.5 

33 33 'iii Beacon sfi eld 44 6.5 7.3 32 1.4 31 4.7 41 3. 7 
Albia 72 4.6 21 1.4 28 3.8 30 0 .9 
Bloomfield 42 8. 1 30 4. 1 33 2.2 

Av. to tal loss in period 3.2 6.2 7.0 3.8 4 .7 2. 7 3.0 
Av. No. of days 67 42 31 30 30 34 54 
Av. loss per day 0.05 0. 15 0.23 0.13 0.16 0.08 0.06 
Av. precipitat ion at 

4 .9 5. 1 6.8 1.6 6.4 3.7 3.1 sampl ing locations 
No rmal precip it atio n (s tat e av .) 3.5 5.4 4.5 3.6 3.8 4.0 4.0 
Gain o,· loss in soi l moisture + !.7 - I.I --0.2 -2.2 + 1.7 + 1.0 + 0.1 
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TABLE fi. WATE R LOSS AN D AVE RAG E PRECIPITATION DU RI NC SELECTED PERI ODS IN 19:i5 FO R M EA DO W PLOT S. 

Location 

Kanawha 
Sa ra toga 
l nde pendcncc 
Casta na 
Anws 
Cla r inda 
Bt•af'.,o nsfic ld 
Albia 
Bl oomfield 

Av. tota l loss in period 
Av. No. of days 
Av. loss per day 
Av. p,·cc ipi ta tion al 

sa mpl ing locations 
Normal precip ita tio n (s tate av. ) 
Ga in or loss in soil moistu re 

15 15 
Nov. to Apr. 

No. 
days 

°i26 
i:ii, 

iii7 
183 

Loss 
in. 

Approx imate period 

1.5 15 
A pr. to Jun e 

No . 
days 

54 

69 
79 
60 

70 
72 

8.6 
67 
0 .13 

7.2 
7.6 

- 1.4 

Loss 
in . 

6.4 

"i;"_j 
8.0 
8.9 

,o:o 
11.9 

15 
Ju ne to Aug. 

No. 
days 

57 
50 
50 
43 
38 
48 
50 
53 
46 

7 .2 
48 

0. 15 

4.9 
5 .9 

-2.3 

Loss 
in . 

9.8 
8.6 
6.2 
4.8 
4.7 
Ii. I 
6.3 
9.8 
8.4 

Aug. to Nov. 

No. 
days 

83 
95 
94 
92 
95 
89 
91 
84 
89 

6.0 
90 

0.07 

5.4 
10 .1 

--0.6 

Loss 
I ll . 

6.4 
6.1 
6.0 
.'i.4 
6.9 
3.8 
5. 7 
7.6 
6.0 

T ABL E 7. WATER LOSS AN D AVE RAGE PREC IPITATION DU RI NG SELECTED PERIODS IN 1956 FOR MEADOW PLOTS . 

Location 

Doon 
Kanawha 
Sa ra tog a 
I ndcpendc nce 
Elkader 
Castana 
Ames 
Cedar Ra p ids 
C larinda 
Beaco nsfi el d 
Alb ia 
Bloomfield 
\-Vashington 
Burl ington 
D onn ell son 

Av. tota l loss in pe riod 
Av. No. of days 
Av. loss pe r day 
Av. precipitat ion a t sampling location!-l 
No rmal precipitation (sta te av. ) 
Ga in or loss in soil mo istu1 c 

I 15 
Nov. to Apr . 

No. 
days 

160 
168 
151 

159 
169 

162 
160 
161 
161 

j59 

2. 1 
161 

0.0 13 
3.0 
7.5 

+ 0.9 

Loss 
in. 

l.8 
2.2 
1.2 

1. 2 
1.8 

"f4 
2. 3 
2.5 
2.4 

4.4 

Approxima te 

15 15 
Ap.-. to June 

No. Loss 
days in . 

70 ·i:2 
51 7 .2 
67 8.3 
51 6.5 
51 5 .1 
63 6.3 

74 "ig 
59 5. 1 
62 5.5 
64 6.4 
63 7.6 
f,4 8.~ 

6. 4 
62 
0. 11 
4.9 
i .O 

- 1.5 

per iod 

15 I 
Ju ne to Aug. 

No. Loss 
days in. 

48 5.8 
46 7. 1 
53 7.6 
53 7.5 
54 7.1 
55 5.6 
53 3.9 

57 7.8 
56 8.6 
52 8. 1 
52 6.7 
47 4.6 
47 8.3 

6.8 
52 
0. 13 
7.0 
5.9 

+ 0 .2 

TA BLE 8. WATER LOSS AND AVERA GE PRECI PITATION FOR SELECT ED PERIODS FOR OAT PLOT S. 

Locatio n 

Primghar 
Movi lle 
K anawha 
Clario n 
Saratoga 
Indepe ndence 
Elkader 
Castana 
Ames 
Marshalltown 
Cedar R a pids 
Iowa Ci ty 
Beaconsfie ld 
Albia 
Mt . Pleasa nt 

Av. tota l loss in period 
Av. No. of days 
Av. loss per day 
Av. precipi tation at sampling loca ti ons 
Normal precipita tion (s tate av. ) 
Gai n or loss jn soil moisture 
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15 
Apr . 

No. 
clays 

54 
!j3 

45 

40 

55 

37 

35 

1954 

I 
to June 

5.8 
46 

0 .13 
6.0 
5.4 

Loss 
in . 

4.4 
7.0 

7. 1 

5.6 

ii:i" 

3.5 

4.6 

+ 0.2 

Approxi mate period 

1955 

15 15 
Apr. to Ju n,: 

No. 
days 

50 
60 
65 

10.0 
58 

0. 17 
6.7 
7.6 

- 3.3 

Loss 
I ll . 

"ii:ii 
9.9 

10.3 

I 
A ug. to Nov. 

No. Loss 
days in . 

93 7.5 
87 7.3 
90 9. 0 
91 7.6 
90 9.8 
86 6.U 
84 7. 7 
84 9.2 
86 7. 7 
87 8.2 
91 9.1 
89 8.2 
85 4. 1 
85 5.3 
88 8.4 

7 .5 
88 

0.09 
6.5 

10.1 
- 1.0 

1956 

15 15 
Apr. to Ju,w 

No. 
days 

63 
51 
65 
51 
59 

69 
66 

sii 
62 

6.8 
60 
0 .11 
5.8 
i .6 

- 1.0 

Loss 
in. 
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November, shortly after most of the soil moisture samples 
were taken. 

SEASONAL CHANGES 

Little information is available for Iowa on how the 
amount of soil moisture changes with different amounts 
of rainfall during the year. Browning, et al. 1 2 have 
reported 10 years of soil moisture data from the Missouri 
Valley Loess Conservation Experimental Station, 
Clarinda, for the period 1931-42. Some of these data 
have been summarized by Shaw and Runkles. 13 The 
best data on seasonal changes in soil moisture would be 
obtained by having a number of years of data for each 
location, which could be used to determine the relation 
for that soil condition. Since such data were not avail­
able, the data from all locations with various soil types 
were analyzed together. Considerable variability should 
be expected in data from such a wide range of soil types. 
The regression analysis of these data presented in the 
following sections must be interpreted with this in mind. 

CORN 

WIN TER- EARLY SPRING 

In 1954 the data covered the period, February to 
April. No attempt was made to separate these points 
into wet or dry surface soil. Water loss for the period 
was computed as: 

Yw 2.04 + 0.28x 
where Yw = water loss (scale on left side of graph ) 

x = precipitation between sampling dates. 
The correlation between water loss and precipitation 
was r = 0.69** 14 

The above-normal precipitation for the period resulted 
m considerable increase in soil moisture (fig. 10 ) . 

Ys = - 1.28 + 0.60x, r = 0.82*"· 

12 Browning, op. cit. , p. 3. 
1 3 R. H . Shaw and J. R. Runkles . Soil moisture and water utilization 

in Iowa . Agron. Jour. 48:3 13-318. 1956. 
14 In the following pages , 
* means significant at the 5-percent level of probability. 

** means significant at the I-percent l,evel of probability. 
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where Y s = soil moisture change ( scale on right side 
of graph ) . 

With normal precipitation of 4.1 inches, an average 
increase in soil moisture of about 1 inch would be 
expected. 

During the period, November to April, no water is 
usually lost from corn by transpiration. All of the water 
lost from within the soil is by percolation or evaporation 
which is a soil-surface process. Subsoil water is little 
affected by evaporation. The data for 1954-55 and 
1955-56 were classed into two groups according to avail­
able moisture in the top 2 feet of soil at the beginning 
of the period. Those in the dry group a had less than 1 
inch of available moisture in each foot, or over 1 inch in 
1 foot but a total of less than 2½ inches in the top 2 
feet . Under these conditions, surface evaporation was 
believed to be somewhat limited. Those in the wet group 
b had more than 1 inch in each foot, or 2 ½ inches or 
more in the top 2 feet. 

Linear regression equations ( fig. 11 ) and correlation 
coefficients were computed for each group. For water 
loss: 

Group a 
Group b 

Yw = 1.41 + 0.35x, 
Yw = 2.92 + 0.27x, 

r = 0.68** 
r = 0.19 

Water loss was much smaller in the dry group a than 
in the wet group b. Two locations, Albia and Bloom­
field, 1954-55, were not included in the regression be­
cause their precipitation was considerably above any 
other location and because they both represent locations 
with very tight subsoils. 

Soil moisture increased more when the period started 
with low, group a, soil moisture than with high, group b, 
moisture. 

Group a 
Group b 

Ys = - l.22 + 0.64x, 
Ys = - 2.79 + 0.70x, 

r = 0.84** 
r = 0.43 

With normal precipitation, locations in group a would 
be expected to have an average gain of over 3 inches of 
soi l moisture, while those in group b would gain about 
2 inches. However, more data with normal to above­
normal precipitation are needed to evaluate this interval. 
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SPRI NG 

The data covered the period from mid-April to early 
or mid-June and were divided into two groups (fig. 12 ) 
in the same manner as the winter-early spring period. 
Water loss was ½ to over 2 inches greater for the group 
starting with good soil moisture in the top 2 feet. The 
relationships were : 

Group a Yw = 0. 72 + 0.57x, r = 0.83** 
Group b Yw = 0.63 + 0.8lx, r = 0.86** 

Most locations had some gain in soil 
ing this period. The relationships were : 

Group a Ys = - 0.72 + 0.43x, 
Group b Ys = - 0.54 + 0.16x, 

moisture dur-

r = 0. 74-x--x­
r = 0.30 

With normal rainfall, an average gain of 2½ inches 
would be expected for locations with low soi l moisture 
in the top 2 feet, wh ile those with good moisture would 
be expected to show a small average gain. However, 
the correlation in the last group was very low. 

LATE SPRI NG- EARLY SUMMER 

]une. In J une 1954, a ll data were grouped into the 
wet class. Only one location was classed dry, and it 
was a borderline case. , ,Yater loss was expressed by the 
regression equation: 

Yw = 2.12 + 0.56x, r = 0.59·X· 

Soil moisture change was expressed by the equation : 

Ys = - 2.12 + 0.44x, r = 0.50 

With normal precipitation of 4.5 inches, the average 
change in soi l moisture was almost zero, but the correla­
tion was not significant. Only with above-normal pre­
cipitation was soi l moisture increased . Kan_awha, which 
had over 12 inches of rainfall between sampling dates, 
was not included in the regression because. of excessive 
runoff there compared with the other stations. 

]uly. , ,Yater loss was similar at most locations re­
gardless of precipitation, except for Ames, Albia and 
Beaconsfield. Water loss a t these locations was low 

because of low moisture supplies. These were a ll group 
a, or dry stations. For the other stations: 

Y11· = 5. 70 + 0.36x, r = 0.41 

All locations showed. a decrease in soil moisture. Little 
change occurred at Ames, Albia and Beaconsfield be­
cause there was li ttle to lose. At the other locations: 

Ys = - 5.61 + 0.65x, r = 0.59* 

With normal precip itation of 3.6 inches, an average 
soil-moisture loss of 3.5 inches would be expected. 

Mid-]une to early or mid-A ugust. During the latter 
part of this period corn roots had penetrated to a depth 
of several feet. T he data were classed in to two groups 
on the basis of the 5-foot p rofi le: group a, dry, total 
available moisture less than 4 inches; group b, wet, 
total available moisture 4 inches or greater. T he com­
puted linear regressions (fig. 13 ) were : 

Group a Yw = 4.95 + 0.42x, r = 0.70* 
Group b Yw = 6. 73 + 0.46x, r . 0.55** 

As expected, group a had a 
2 inches lower than group b. 

For soil-moisture change: 

Group a Ys = --4.81 
Group b Ys = - 5.93 

lower water loss-almost 

+ 0.58x, 
+ 0.39x, 

r = 0.81H· 
r = 0.44** 

O nly with above-normal rainfall in group a was there 
an ave rage increase in soil moisture. At low levels of 
precipitation, group a soils lost an average of 1 inch of 
soil moisture. At high amounts of p recipita tion, the 
average of group a soils was a gain while the average 
of group b soils was a loss. Although the correla tion in 
group b was statistically significant, there was still con­
siderable scattering of the data. 

LATE SUMMER- E ARLY FALL 

Augu! t. The data were not divided into groups for 
computmg the relationship. M ost locations would have 
been in group a. Average water loss in 1954 was little 
different for varying amounts of precipita tion, and the 
correlation was very low. 

Yw = 3.81 + 0.12x, r = 0.1 8 
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Most of the locations had 6 to 7 inches of rainfa ll. Ames, 
wh ich had 14. 7 inches, was not included in the regres­
sion equation because of the obvious difference in the 
relationship between precipitation and water loss. Water 
loss of over 9 inches occurred at Ames. 

As precipitation increased, soil moisture increased. 

Ys = 3.81 + 0.88x, r = 0.79·X··Y.· 

With normal precipitation soi l moisture decreased 
slightly, on the average, but when precipitation was sev­
eral inches above normal, increases of over 5 inches 
occurred. 

September. The data were divided almost equally 
between group a and group b, but were analyzed with­
out separating the groups because of the relatively few 
locations. The correlation between precipitation and 
water loss was low. 

Yw = - 1.86 + 0.29x, r = 0.53 

Soil moisture increased as precipitation increased . 

Ys = - l.86 + 0.71x, r = 0.83H· 

Generally the locations in group a were above the re­
gression line, while those in group b were below the line. 
Normal precipi tation of 4 inches would be expected to 
give an average increase in soil moisture of about 1 inch . 

Earl)1 to m id-August to November. The data were 
classed according to soil moisture in the 5-foot profile, as 
was done for the previous period. 

The linear repression equations for water loss (fig. 
14 ) were: 

Group a 
Group b 

Yw = 3.68 + 0.41x, 
Y11· = 8.08 + 0.05x, 

r = 0.80·:+·X· 
r = 0.13 

There was li ttle relationship between precipitation and 
water loss in group b, but a high correlation in group a. 
However, there was a close relationship between precip­
itation and soil-moisture change. 

Group a Ys= - 3.67 + 0.60x, r = 0.90·:+ ->:· 
Group b Ys = - 8.07 + 0.95x, r = 0.93H, 

At low levels of precipitation, soil moisture decreased 
over 3 inches more in group b than in group a. At 

11 

:310 
n 
ll: 9 
ll: 
<J) 8 
U) 
0 
...J 7 
a: 
"' ~ 6 

" 
NORMAL STATE PRECIPITATION 

AUG. I - NOV. I 

32~~3-~4-5...__6...__7..._~8--'-9--"IO'--..,_l l-..,_12_..,_13_..,_14--'15 _ _., 

PRECIPITATION IN INCHES BETWEEN SAMPLING OATES 

-2 z~ - :, 

-3~~ 
zo -4r~ 

-5 

Fig . 14. \tVater loss and soil moisture c hange. Corn , la te summer-early 
fall , 1954, 1955, 1956. 

234 

10 

9 

8 

z7 

<J) 6 
U) 

0 
...J 5 

a: 
~4 

1 
3 

...J 
<I 

b2 ... 

WINTER • EARLY SPRING - MEADOW 

54 54 · 55 55·56 
@ 0 - TOTAL WATER LOSS 
" • --SOIL MOISTURE CHANGE 

/ 
Bloomfield 

o NORMAL STATE PRECIPITATION 

FEB.l·APR.15 NOV. 15 · A:~v.l~APR.15 

~ 

0 ~~-~2-.... 3,----'4L--5...___._6 _ __.1 ........ _e.___9..____._10--'11---'12'---' 

PRECIPITATION IN INCHES BETWEEN SAMPLING OATES 

+5 

Fig. 15. Water loss and soil moisture chang(•. Meadow , w intc r-ea d y sp1·ing , 
1954, 1954-55, 1955-56. 

above-normal levels of precipitation, there was little 
difference between the groups, both showing increases 
of several inches. With normal precipitation, the aver­
age increase in soil moisture in group a was 2½ inches; 
in group b it was 1 ½ inches. Above-normal precipitation 
in this period would be expected to give relatively large 
increases in soil moisture. 

MEADOW 

WI N TER- EARLY SPRING 

In the early stages of the study, emphasis was placed 
on corn land, and in several cases, only a few meadow 
plots were sampled. Although the combining of data for 
several years might be questioned on the basis of repre­
senting different soil moisture-precipitation patterns, the 
data for the early spring of 1954 and winter-early spring 
of 1955 and 1956 were a ll combined, except for Albia 
and Bloomfield, 1954-55. 

For other periods where more data are available, 
meadow data will be divided into two groups-those 
with less than 4 inches of available soil moisture at the 
beginning of the period and those with more than 4 
inches. In this case, nearly all the data fell into the class 
of less than 4 inches. As can be seen from fig. 15, Albia 
and Bloomfield were the only sampling locations having 
heavy rainfall for this period. The regression equations, 
excluding these locations were : 

Yw = 1.02 + 0.45x, r = 0.62** 
Ys = - 0.99 + 0.55x, r = 0.68** 

The data for Albia, where there was low soil moisture 
to start the period, falls close to the regression line if 
extended to high rainfall; the data for Bloomfield, with 
over 4 inches of soi l moisture, deviates widely from the 
extended line. With soil moisture above 4 inches and 
above-normal rainfall, the relationship, as shown, may 
not apply. More data are needed to determine this rela­
tionship. 

Infiltration during this time is dependent upon the 
distribution of precipitation, whether or not soils are 
frozen near the surface, the amount of water already in 
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the 0-1 to 2-foot zone, and plant cover. These data indi­
cate an average gain of about 3 inches with normal pre­
cipitation, but considerable variation might be expected 
in soi l moisture changes because of these factors. The 
gain under meadow land has been very similar to that 
under corn during the period of this experiment. 

SPRI NG 

Both water loss a nd change in soil moisture will vary 
depending upon the avai lable soil moisture at the start 
of the period . Since established meadow has a root sys­
tem developed, the roots should be able to use the soil 
moisture wherever it is located. The same grouping, 
less than 4 inches of soil moisture (group a) and above 
4 inches (group b) , was used as previously. For this 
period: 

Group a 
Group b 

Yw = 2.29 + 0.63x, 
Yw = 4.37 + 0.58x, 

r = 0.86*·•· 
r = 0.80** 

Those locations with low soil moisture to start the 
period (fig. 16) lost about 2 inches less water than those 
with over 4 inches of soil moisture. 

For soil moisture change: 

Group a Ys = - 2.33 + 
Group b Ys = -4.35 + 

0.38x, 
0.42x, 

r = 0.70* 
r = 0.70*'' 

Most plots had a decrease in soi l moisture. \,\1ith com­
parable rainfall there was about 2 inches less decrease 
in soil moisture where the soil started with low soil mois­
ture. Except for very few plots classed as group b, all 
plots had below-normal rainfall. 

U nless good rains fell during this period, particularly 
late in th e period, a decrease in soil moisture would be 
expected, as meadow uses relatively large amounts of 
water at this time of year. 

During this same period, with average precipitation, 
corn land showed gains in soil moisture ranging from 
slightly less than 1 inch in 1955 to 2 inches in 1954. 
With average rainfall , meadow would be expected to 

show a very small increase when soil moisture was low 
to start the period, but a loss of about 1 inch when the 
period started with over 4 inches of soil moisture. Dur­
ing much of this period corn land is either bare or only 
partially covered wrth vegetation, and transpiration is 
low. M eadow crops are growing rapidly during this 
period, and the heavier vegetative cover transpires 
larger amounts of water, except immediately after cut­
ting. 

LATE SPRING- EARLY su~!MER 

Although meadow still uses considerable water in 
early summer, in the 3 years of the experiment, the use 
has been less than that of corn. The two groups of data, 
a and b, showed considerable difference in water use 
(fig. 17 ) . 

Group a Yw = 3.62 + 0.39x, r = 0.86·X- ❖, 
Group b Yw = 4.68 + 0.66x, r = 0. 72.;:--::• 

Those plots with over 4 inches soi l moistu re to sta rt 
the period lost from l to 5 inches more water than those 
with less than 4 inches of moisture. 

For soil moisture change: 
Group a Ys = - 3.63 + 0.61x, r = 0_93,H:­
Group b Ys = --4.58 + 0.33x, r = 0.45 

·with equal amounts of rainfall , those plots in group a 
averaged from 1 to over 4 inches smaller change in soil 
moisture. ( At higher amounts of rainfall this was an 
increase.) With norma l precipitation of a lmost 6 inches, 
areas starting the period with low soil moisture would 
be expected to show little change in soil moisture ; those 
with over 4 inches of soil moisture to start the period 
would have an average loss of about 2½ inches. 

LATE SuMMF.R- EARLY FALL 

Since the experiment was started in 195-1-, precip ita­
tion has generall y been below norma l during this period. 
No location starting the period with over + inches of 
soil moisture has had normal rainfa ll. The relationships 
found for water use were: 

Group a Yw 3. i5 + 0.-1-6x, r - 0. 70-x--;:-
Group b Yw = 3.38 + 0.68x, r - 0.68+:-

EARLY SUMMER - MEADOW _,, / 
14 o-Gro..., •b , 

® -- TOTAL WATER LOSS • ,(' a 

13 

(/)12 ..., 
X 

ti 

er 8 ..., 
,-
p 
gs 
,- 5 

4 

® - - SOIL MOISTURE' CHANGE / • 
/ 

® . / fl/ 

/ 

/ ® < 
.,,/ 

Group o ...--.-,._ / ® . / . 
/, @ • "'® 

/ 

® 
+3 

-7 

30.__.....__2.___3..____4..____5_.______,6..___7.._____,_8 _ _,_9 _ _,_10--'--11--'-12_1_._3_·14 

PRECIPITATION IN INCHES BETWEEN SAMPLING OATES 

Fig. 17 . Water loss and soil moisture c hange . M eadow , late spring-cady 
summer , 1954. 1955 and 1956. 

235 



13 

12 

4 

MEADOW - LATE SUMMER · EARLY FALL 
Group 
a b 

® --TOTAL WATER LOSS ' 
® - --SOIL MOISTURE CHANGE 

NORMAL STATE PRECIPITATION 
AUG . I -NOV. I 

3o~-'--~2--'3'--4'---'-5-.l..6--'-7---'8--9'---I.ILO_.J..l l--'-12---'l'-3__Jl4 

PRECIPITATION IN INCHES BETWEEN SAMPLING DATES 

Fig . 18. \Vatcr loss and soi l moisture change. Nlcadow, late summer-ea rl y 
!all , 1954, 1955 , 1956. 

Water use in group b (fig. 18) ':"as ½ inch to over 
2 inches greater. 

Soil moisture mcrease was greater for group a than 
for group b. 

Group a Ys = -3 .76 + 0.54x, r = 0.83•x--x­
Group b Ys = -3 .43 + 0.3lx, r = 0.55 

With normal prec1p1tation, plots in group a would 
be expected to show an increase in soil moisture of al­
most 2 inches; those in group b, little change. 

OATS 

For the sprmg period the oat locations were classed 
m the same manner as corn. Only four locations were 

TABLE 9. YIELD DATA, SOIL MOISTUR E PLOTS (BU./ACRE ). 

1954 

Location Actual Adjusted 

N orthwest. 

~ 
Primghar 
Moville 
North -ce ntral 
Clarion 

108 
72 

Kanawha 11 2 
North east 
Elkader 
Independence 72 
Saratoga 54 
W est-ce nt ral 
Castana 100 
Deniso n 68 
Ce,itrol 
Ames 71 
Marshalltown 126 
East-ce 11tral 
Cedar Rapids 91 
Iowa City 99 
Maquoke ta 
Tipton 
Southw est 
Clarinda 49 
Sou.th -cen t ral 
Albia 12 
Beaconsfi eld 35 
So utheas t 
Bloom[ield 85 
Burlington 
Mt. Pleasa nt 65 
Washington 62 

96 
64 

102 

73 
74 

l 13 
68 

65 
100 

86 
85 

53 

14 
43 

91 

64 
61 

1955 

Actual Adjusted 

65 

92 

5 1 
26 

30t 

53 
85 

78 

40 

67tt 
43 

107 

58 

84 

52 
35 

34 

48 
68 

73 

43 

81 
53 

11 5 

t Plo t cut for silage. Yie ld estimated from nearby corn . 
+ Serious rootwonn inju ry . 

1956 

Actual Adj usted 

35 
30 

30 
78 

55 
85 
55 

35 

28 
85 

69t 

93 
100 

40 

60 
67 

83 
89 

38 
27 

28 
71 

53 
86 
75 

39 

25 
68 

76§ 

85 
89 

43 

72 
83 

89 
87 

~ Yield rai sed 15 percen t to account for r·ootwonn inju,·y, thc 1_1 adjusted . tt Seco nd-year corn. Fi rs t-year corn, l 2 bu. 
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in the dry group; a ll other locations were in the wet 
group. The rela tionship between precipita tion and water 
loss was: 

Group b Yw = 1.3 7 + 0.89x, r = 0.56·X· 
There was lftt le relation between p recipita tion and 

soil moisture change. The linear regression was: 
Group b Ys = - 1.42 + 0.12x, r = 0.09 

The only two locations in this group in 1955 and two 
of the locations in 1956, had a very high soil moisture 
loss. Three of these four locations had periods with no 
appreciable rain for 2 to 3 weeks just before sampling. 
Other stations had appreciable rain a short time before 
sampling. Locations with no appreciable rainfall for 2 
to _ 3 weeks just prior to sampling would be expected to 
show a loss of several inches in soil moisture. Apparently 
locations with rainfall more evenly distribu ted between 
the sampling dates will show li ttle change in soil mois­
ture. M ore data a re needed to evaluate this period. 

YIELD DATA 

The soils of the sampling locations have different 
yield potentials. Any yield comparison will involve dif­
fe rences due to yield potentia l and varying weather con­
ditions. Considerable variabili ty must be expected be­
cause of this. 

Yield estimates were obtained in two ways. In most 
cases an area of 4 rows x 25 feet was harvested from the 
actua l soil moisture plot. \ !\1here this was not possible 
the yield of the bulk a rea in wh ich the plot was located 
was used as the yield estimate. The yields obtained a re 
summarized in table 9. 

To place these yields on a comparable basis, the period 
1940-44 was used as a reference. Township yield da ta 1 5 

were readily available for this period . T he average state 
yield for the period was 54 bushels per acre. For each 
location, the yield for the township in which it was 
located was determined for the 5-year period . The ad­
justed yield was: 

Ad . . Id = av. state yield ( 1940-44 ) X plot yield. 
J. yie av. twp. yield ( 1940-44 ) 

The adjusted yields are a lso given in table 9. 

The water-use figures, as determined, include runoff, 
evapo-transpiration and percolation. In some cases it 
was known that excessive runoff occurred . Whenever 
over 2 inches of rainfall was reported for a day in the 
climatological data for Iowa, the amount over 2 inches 
was considered as runoff and was deducted from the 
water-use figure for that location. The following stations 
had adjustments made for excessive runoff in 1954: 
Kanawha, Saratoga, Ames, Clarinda, Beaconsfield and 
Mt. Pleasant. Excep t for K anawha and Ames, these ad­
justments were less than 1 inch. This was a quick pro-

1i'i Iowa D epartment of Agricu lture. Di vision of Agricultural Statistics. 
A gra phic summary o f crop y ields and land product ivity by townships, 
1940-44. Bui. 925 . 1947 . 

TABLE JO. WATER USE AND ADJ USTED YIELD, APRIL 15-NOV. l. 

Water use ( inches) 

< 17.5 
17.5-20.0 
20.0-22.5 
22.5-25 .0 

> 25.0 

Yield (bu ./acre) 

30 
48 
64 
75 
88 
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Fig . 19. Daily rate of water use . June 15-Nov. I and corn yield . 
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Fig. 20. Daily rate of water use. Jun e 15-Aug. 1 a nd co rn yield . 

cedure to account for some of the excessive runoff. The 
water-use-yield data are given in table 10 for the period 
April 15-Nov. 1. Yield increased with water use during 
this period. There was considerable variability within 
groups. For a mean of 10 p lots the LSD10 was 13 
bushels. As water use increased, water was no longer 
the principa l limiting growth factor. At high levels of 
water use, yield was influenced by management to a 
greater degree than at the lower levels. 

For shorter periods water use was computed on a daily 
basis. The relationship for the period June 15 to Nov. 
l is given in fig. 19. The linear regression was: 

Y = - 48.4 + 1035.6x, r 0.69•x-.;:-
where x = wa ter use for period . 

For the shorter period, June 15 to Aug. 1 (fig. 20 ) 
the r:elationship was considerably closer. The linear re­
gress10n was : 

Y = - 22.3 + 543. l x, r = 0.81-x--x-

Yield increased rapidly with increased water use. Many 
weather factors a re not considered when relating water­
use values of this type to yield. Distribution of rainfall 
and temperatures would be particularly important in in­
fluencing yield. Alst> management practices would have 
an influence on the yield with a given amount of water 
use. The corn;lation within years was low, except for 
1954. In 1954 nearly a ll locations had good to very 
good soil moisture in June. July was generally dry, but 
good rains fell in August. Water was available to some 
extent in a ll areas for the period June 15 to Aug. 1, but 
some areas were quite dry by Aug. 1. Water use was 
closely related to yield. This was probably because low 
soil moisture was not serious enough to drastically re­
duce yields, yet was low enough to cause some limitation 
on yields. 

In 1955 the locations represented by X 's to the right 
and below the regression line in fig. 20 largely fell into 
one group-dry at silking with not enough rain later. 
Wa ter available early in the season produced a corn 
plant, but later shortage of moisture reduced yield . 
Other points in 1955 did not differ much from the re­
gression line. 

In 1956 locations represented by circles to the right 
of the regression line were generally low in soi l moisture, 
which limited water use early in the season, and had 
low rainfall later which seriously limited yield. Clarinda 
( coordinates, 0.161 , 43.0 ) had good rains before Aug. 1 
but accumulated very li ttle soil moisture. There may 
have been temperature injury a lso. Locations above and 
to the left of the line ( 6 out of 8 ) generally had good 
moisture throughout the season. In certain cases, these 
locations were relatively dry at silking time but had good 
rains generally before and after silking. The availability 
of water after silking resu lted in high yields for the 
amount of water used from June 15 to Aug. 1. July 
was a cool month, and water use during this period 
for these plots was limited by the weather, not by the 
availability of moisture. 

As more data become available it may be necessary 
to represent the relationship between yield and water 
use by a curve rather than a straight line, or possibly by 
a series of lines representing different conditions. How­
ever, considerably more data will be necessary before 
this can be done. 

DISCUSSION 

These data cover a relatively short period of time, 
much of it drier than usual. The statements which can 
be made are limited because of these conditions. Much 
of th is information, however, can be of immediate use. 

The amount of water used each day at any particular 
time of the year was about the same in all of the years 
studied. These amounts are summarized in table 11. 

Year 

1954 
1955 
1956 

TABLE I I. WATER USE IN INCHES PER DAY (RUNOFF, 
PE.RCOLA TION, EV APO-TRANSPIRATION ) . 

W inter- early 
spring Spri ng 

Late spring- Late summer-
early summer early faH 

Corn M eadow Corn M ead ov-., Corn M eadow Co1·n M eadow 

0.04t o:iii 0.10 0.15 
0.02 0.1 0 0. 13 

0. 18 0. 17 
0. 19 0. 15 

0.09 0.09 
0.07 0.07 

0.02 0.02 0.09 0. 11 0.15 0. 13 0.09 0.09 

t Winter season beg inn ing February of 1954. 
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Water use consisted of runoff, percolation and evapo­
transpiration. Except for a few locations and times, 
runoff a nd percolation were low. During periods of 
normal rainfall , water use wou ld be higher because of 
more runoff or percolation. The summer water-use 
fi gures are probably lower than would occur in ma ny 
favorab le crop seasons when soil moisture is more avail­
able. This was believed to be particul a rly tru e in many 
~reas in 1956 when midsummer da il y use wa: only 0.15 
mch. At the_Ag_ronomy Fann in Jul y and August 1954, 
evapo-transp1ra t1on losses of 0.16 a nd 0.17 inch per day 
were measured over short periods with the so il surface 
being dry much of that time. 

\ 1Vater use during the cold seasons of the year is low, 
because of seasonally low radiation, li ttle if any transpira­
tion , and for the particular years being considered, be­
low-normal precipitation. Wa ter is lost, though, by 
evaporation and sublimation if pre ent in or on the soil 
surface. 

The relationsh ip between water lost by transpiration 
and evaporation is not constant. During periods when 
the soil surface is wet, evaporation lo ses may be quite 
high. During the period, July-August J 954, daily evap­
oration from a fa llow area was 0.05 and 0.07 inch for 
two different periods. Th e soil su rface was quite dry 
much of this time. For a lmost identica l periods, evapo­
transpiration from a corn plot was 0.17 and 0.16 inch. 
If we assume th e same rate of evapora tion from the fa l­
low and corn plots, surface evapora tion was 29 and 4+ 
percent of the total dail y water loss from corn. Since 
there is considerable shad ing of the ground in the corn 
plot, th is probably overestimates the evaporation from 
this plot. Soil surface evaporation under corn then was 
somewhat less than 29 and 44 percent of the tota l loss in 
these two cases. 
·, •. The possibility of repl enishment of subsoil moisture 
'will vary with the season. Information obtained on this 
'factor is si.tmmarized in table 12. 

The change in soi l moisture during a period is re­
lated to the amount of moisture in the soil a t the sta rt 
of th ~ period. More soil moisture is gained when th e 
s?il is dry to start the period. With normal precipita­
uon, corn land would be expected to show som e aains 
in soil moisture, except in mid-June to August ~hen 
normal ra infa ll does not suppl y the moisture require­
ment. August wou ld be expected to fall in this period , 
though da ta are not available to verify this. 

TABLE 12. EST IM ATED AVERAGE C HA NGE IN SOIL MOIST U RE 
WITH NO RMAL PRECIPITATION. 

Initial >iorrn al Estirnatl'd c hangl' in so il 
111o isture wit h nurrna l 

Pc, iu<l 1·ai11fallt 
soil st a l t' 

c:0 11di - rain-

Feb. 15-rnid-April 
~Ov.rn id-:\p1 ii 

Mid-Ap1·.- 111 id-Ju11l.' 

Early /\ug 11 st-Novl'mbL•1· 

tion 

Dry 
W,•t 
D, y 
\-\fl'l 

D, y 
l \'t-t 
Dry 
Wet 

fa ll 

4. 1 
7. 1 
7. 1 
7, (i 
7.6 
5.8 
:1.8 

10.2 
10.2 

Corn M eado w 

+ 1. 2 
+ :u1: 
+ I .J 
+ 2.5:t 
+ 0.2 
--2.4* 
- :l .7 
+ 2.4~ 
+ 1.6 

+ 0.6~ 
- I.I 
-0. l j 
-2.7 
+ 1.ss 
-0.2 

t •Estim ated from linea r regress ion eq uatio n for each set of data. 
:t D ry- less than 1 inch available moistu re in each of top 2 feet 01· over 

1 inch in l foot but a to tal of less than 2½ inches in the top 2 fe et. 
\'\'e t- more than 1 in ch availabl e moistu re in each of the top 2 fee t or 
total of m o 1·e th an 21/1 in ches in th e top 2 ft'ct. 

§ Dry- to tal ava ilable moistu re less th an 4 inches. 
\,Vet- total a,·a ilablc moisture more than 4 inches. 
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TABLE 13. ESTIMATED WATER USE BALANCE FOR COR N IN 
IOWA, USE = EVA 1:,~lltl'1'.rm~TlON, R UN OFF AND 

Period 

April 15-30 
May 
J une 
July 
August 
Seplembt'r 
O ctobL'r 

Normal p1·ccipitatio 11 

1.4 
4. 0 
4.5 
3.6 
:J.8 
4.0 
2.:l 

Ave rage use 

1. 2 
2.8 
4 .5 
6.0 
5.5 
3.0 
2.1 

25. 1 

Th e only period where the co n ela tion be tween pre­
cipita tion and so il moisture change was not significant 
for corn land was from mid-April to mid-June, when 
the soil tarted the period wet. 

During the winter period, meadow land wou ld be 
expected to show a sma ll average gain in soil moisture 
with normal precipitation. M eadow land had a smaller 
average gain in soil moisture than corn land durina this . I b penod. n the few cases where heavy rains fell, the 
meadow showed a larger gain. During the spring period, 
when meadow land is covered with an extensive, trans­
piring crop· surface, water use is greater than for corn 
land. Where corn land would be expected to show a 
good gain in soil moisture with normal precipitation, 
especia lly when the soil was dry to sta rt the period, 
meadow would be expected to have a small gain or a 
loss in soil moisture. 

In the mid-June to August period, meadow land ap­
parently is not transpiring as much as corn land , pos­
sibl y because of cutting and previous use limiting water 
availability, and the decrease in soil moisture was less. 
From August to November, meadow would still be ac­
tively transpiring while corn land wou ld be transp iring 
water only a limited amount in the latte r part of the 
period. M eadow a reas starting thi s fall period with low 
soil moisture wou ld be expected to have a smaller gain 
tha n corn land, whi le those starting the period with 
severa l inches of soil moisture wou ld be expected to 
show li ttle change. 

These data indicate that soil moisture wou ld most 
likely be replenished under corn la nd during the fa ll 
and spring periods. Precipitation is low during the winter 
period, and much of this time the ground is frozen. Soil 
moisture would be reduced during the summer months, 
even with normal ra infa ll. M oistu re under m eadow 
land would most likely be replenished during late fall 
and early spring and, if soil moisture was low, in late 
spring a nd early fall. R eplenishment would not be ex­
pected to be as much as for corn land. 

Water use during different periods was rela.ted to 
yie lds, although considerable variability in yields was 
found . This should be expected, since the plots repre­
sented a wide range of so ils and fertility conditions. Av­
erage yield increased with increased water use. v\1ater 
use under 20 inches from April 15 to Nov. 1 produced 
average yields less than 50 bushels. The highest correla­
tion with yield was obtained for use during the period 
June 15 to Aug. 1. Distribution of available moisture 
during the year is very important in influencing the 
final yield. 

An estimated water use balance for corn for the pe­
riod April 15 to Nov. 1 is given in table 13. This would 
represent average to above-average yields with good 
spring moisture but not excessive runoff. 



SUMMARY 

A series of soil moisture samples from 0 to 5 feet were 
co ll ected at some 20 different locations in Iowa over a 
period of 3 years. 

Average daily wa ter use for 1954, 1955 and 1956 
from corn land for the period mid-April to mid-June 
was 0.10, 0.09 and 0.08 inch ; for mid-June to mid­
August, 0.18, 0.18 and 0.1 5 inch ; and for mid-August 
to November, 0.09, 0.07 and 0.08 inch, resp ectively. 
Daily water use consisted of runoff, evapo-transpiration 
and percolation. 

At Ames in 1954 for a 19-day period in July, an av­
erage evapo-transpiration rate of 0.16 to 0.17 inch was 

measured. Soil moistl,lre was probably limiting the rate 
of water use. 

Soil moisture change was measured for different 
times of the year. With normal precipitation, some in­
crease in soil moisture occurred under corn plots, ex­
cept during the summer period when, even with normal 
rainfall, soil moisture was reduced. In all p eriods, ex­
cept the summer, soil moisture gains averaged less un­
der meadow than corn. or actual losses occurred. 

Yield of corn increas~d with increased water use. The 
highes t correlation between yield and water use was 
found for the period mid-June to early August. 

239 



II I II llllll l~~jijf 111]ii~1f 1~~11m11~1m1111111 111 
3 1723 02103 9342 


