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Abst~act. The hydrographic analyses of rainfall-runoff data from storms occurring during 
the period 1945-1957 were used to estimate soil intake rates and rainfall retention. The intake 
rates varied from more than 2 inches to less than .O1 inch per hour, depending mostly upon 
antecedent soil moisture and duration of the storms. Irrigation generally reduced intake rate 
unless accompanied by fertility treatments that greatly increased plant growth. Since the domi- 
nant factor affecting water intake was soil-moisture content, the effects of plant cover and irri- 
gation on intake may be partly attributed to their effects on stored soil moisture. The mean 
values for the initial intake rates (for the first 30 minutes) and average intake rates for the 
29 storms analyzed varied with antecedent moisture, management practices, and aeason of the 
year. The mean values for the final intake rates (at the end of storm) were not significantly 
different for the different management practices. 

Tntroduction. Information relative to soil in- 
take rates for different soil-moisture conditions 
and management practices used on diierent soils 
is of practical use in the design of both irriga- 
tion systems and flood-control structures. The 
rainfall-runoff data available from runoff plots 
and field terraces a t  McCredie, Missouri, pre- 
sented an opportunity to study intake rates in 
relation to various soil-moisture, surface, and 
cover conditions over the 1945-1957 period. 

The method of Sharp and Holtan 119421, with 
s minor modification suggested by Zingg 119431, 
was used to get estimates of intake rates from 
the data. This method of analysis has given 
valuable soil intake information for the Shelby- 
Grundy soils of northwest Missouri [Jamison 
and Thornton, 19591. 

Procedures. Thirty-nine storms were selected 
as suitable for this study; according to the cri- 
teria of Sharp and Holtan [I9421 three were 
classified as type A-2, six as type A-1, twenty 
as type B, and ten as type C. Since the type C 
storms were not adapted to graphic analysis, 
only the average retention rates and retention 
percentages were calculated. 

The soil of the experimental areas studied is 
Mexico silt loam. It is a claypan soil developed 
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in 3 to 5 feet of loess over glacial till. The sur- 
face layer is a friable silt loam, usually of weakly 
developed fine granular structure. The surface 
is underlain a t  about 11 to 25 inches with a clay 
layer (the 'claypan') that is plastic when wet 
but cracks and breaks into fine angular frag- 
ments when dry. This clay layer is underlain 
with layers of silty clay to silty-clay loam de- 
rived from the loess and till. 

The treatments studied for different periods 
are briefly described in Tables 1 and 2. The 
renovation treatment consisted in seeding sweet 
clover and Korean lespedeza each spring in the 
native bluegrass sod. The plot was limed a t  3 
tons per acre and in March 1945 fertilized with 
310 pounds of 0-14-7, and again in May 1947 
with 420 pounds of 5-10-10. The contour fur- 
rows were spaced a t  0.5-foot vertical, or about 
15-foot horizontal, intervals. 

The surface soil of the deeply fertilized plot 
received lime a t  3 tons, rock phosphate a t  1000 
pounds, and sulphate of potash-magnesia a t  850 
pounds per acre before being plowed 10 inches 
deep in the fall of 1949. Lime a t  3 tons and rock 
phosphate at  0.5 ton per acre were then placed 
on the plow sole and mixed in the next 6 inches 
by atbsoiling before each furrow was turned. In 
the fall of 1951 this plot received lime a t  3 tons, 
rock phosphate at  1350 pounds, muriate of 
potash at 100 pounds, ammonium nitrate a t  200 
pounds, and 0-20-20 fertilizer a t  200 pounds 
per acre. The soil was then tilled 12 to 14 inches 
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deep and seeded with a mixture of orchard gram 
a& l& d m .  h a n i t a a  m ztp- 
plied at  125 pound;% per a r e  in November 1952. 

Two orchard gram-timethy-ladino pasture 
plot8 wera fertiliaed with urea at 30 pounds of 
nitmgea per acre about May 1 and again with 
45 pounck of nitrogen per aim ~bau.t June 20 
eaeh year fax the irri.8;aCiom study. One plot WM 

irrigated w needed; the other ~ c d v d  no irri- 
gakisn. Two other orehard grc~ws-timothy-ldno 
ploh receiv& no nitrugen fertilizcctian. One af 
these w8a irrigated; fhe other reoeivd no irri- 
gation. 

binfall-runoff data for Eour &Id terrwe 
arem were ab&ineil during the period l9SC) to 
date. Twa of the terrrtw were dmpIy treated 
with lime ztt 4 tons per acre in August 1949. The 
lime ww m r e d  on the plow sole in each furrow 
and the submaoil shstkred t~ 14 inchee before the 
next furrow slice WM turned. The %year rota- 
tion? corn-smaIl grab with sweet alover, waa 
grown oa the terraces;. Emh crop WM grown on 

?&%Went Dasotlption Period 

Bmture Improvement over Native Blue@w%s 

f h n b u ~  
furrows 

Emma gem- 
leidino, 
deeply 
fertiliid 

Check 

Native bluegrw inter- 194849 
seeded with 1 e g ; u ~ .  
Modefate NPE fertilim 
tion' 
Native bluegrm fertiliaed 1949-54 
with NPE, 
Furrnws at l&fgot bori* 194-9 
son&! alinWak in nrrtive 
bluqrm. 
time, reek phmpbate, and 1 9 4 W  
sdphate of powb-mag- 
nmh on plow sole, mixed 
.~n 16 inohm by auWt1'i. 
Native bluegw &thou$ 19454% 
fertillsation. 
Raak phmplaab, l i e ,  1952-54 
and NPK frsrtIWfaq 
till& I%IQ inches deep. 

Irrigation Twe an Omhrttd Grass-Timothy-ltadino 
Water +- + FwtiU~ed a d  imigakd. 1955-31 
N alone FerbiEzed wfthout M- 1955-57 

gation. 
Wshr ahnet IrFi&%b& w f b u t  f&M- 1955-57 

stion. 
Check With~tbaut fertidi~e~ nor iQ$S-57 

irrigation. 
- - - - 

TABLE 2. Derrcriptbn of Bow-Crop Treatments - 
- - - -  - ; . - 

Treat .. 
ment Ddcriptioa Period - - 

. - - - . 
Terrttces, GonventIond tmraats Iimd 1990-&7 

deeply abt 4 tons/mm im plow @let 
€mated &xed td 14 inchm by rub- 

soiling, 
Terrace% Conventhnal teFGaaes with- 1950-57 

out subsoil liming, 

a deeply tlreated and an untreated terram each 
p a r  from 1950 to lBEtBn Vmca 1934 the mm 
cmp, Corn Qr soybane, has been grown on dl 
the terracm, 

B8ec.f of 802 mmgem&. h t & e  rake for 
the first %minute period For dl the s toms 
mried between more than 2 h h e s  to few than 
0.1 inch per hotlr. The highierr rate8 urnally 
realized during het dry mmmer month and the 
lower rates during ths cooler wet @ring and fq.11 
periods, Widely differeat r m s  were found  fa^ 
the s~unc plots duri4g tb8 sme yew, In Figure 
1 the results am shown for twa differeat s to rm 
on the pasture plots. The TI* stom occur& on 
April 21, 1087, when the sail was. very wet, It 
WIW estim@&d by the weather data method 
[d&on md Be&, 1988; van Bltz~el, 19561 
that the remaining available water storage c e  
paoit.y in the u p p r  2 feet of soil wa about 0.8 
inc-hb2 fnt& r a w  for this storm wefe leas than 
0.1 inch per hour. The wm samewhat drier 
when the a~her storm oe~urrer9 on June 29. The 
remrzining available atorage eapwiiy was about 
2 s  inches. hta.ke mte8 during the s t~m da 
creased with duration of t h ~  stsm fmm rnorvj 
t.hm 00,7 to about 13.1 inch pr hour, I t  h evident 
that the. differenoe for the two s to rm m y  be 
largely attributed to sdoil-moi&use  condition^. 
Mffemncea in oondition of tb sward, im sntl 
tempersit%tse, and ia s t ~ m  Lkhar~at4tristies on the 

%The total avahble water" 8t.tarage capacity of a. 
soil irr the quantity that cdln k sbrd between the 
"eld aapwity' and the 'wEl&% point' and may be 
eaprmd qa inch@ d mar per given depth BE 
soil. The field apaeity k the ~tartntity u% moisturn 
5 mil will r e h h  d&r it h s  been tRarougbly 
wetted and atllowed to d r ab  until further' drahge 
lmse4 are v+ry mall. The wilting poht i% the soil- 
moisture mntgnt at whioh plttntns ttritk mots thm- 
ou&ly rmifying the soil m m  will dlL without 
recovering in a humid atmmbare. 



PASTURE PLOTS 

WATER IN'I 

JUNE 29,1957 

APRIL 21,1957 
VERY WET SOIL 

TIME IN HOURS 

Fig. 1. Changes in intake rate with storm dura- 
tion for stonns occurring on pasture plots at  two 
different moisture conditions. 

two dates may also have contributed to the 
intake rate differences found. 

Intake rates a t  the cessation of runoff for all 
the storms analyzed varied between 0.15 and 
.005 inch per hour, Since these values were not 
significantly affected by pasture or row-crop 
management practices, they are not included in 
the tables. 

The results for the various management prac- 
tices tested on pasture plots are shown in Table 
3. The renovation treatment, which involved 

. interseedig of native bluegrass with legumes 
! : I  together with moderate fertilization, did not 

sigmiicantly increase the average retention per- 
centage or the average intake rate. However, the 
average intake rate for the first 30 minutes of 
the storms was increased significantly. The con- 
tour furrows also significantly increased the 
observed initial intake rates. This was probably 
the result of abstraction due to water-trapping 
by the furrows, which effect was included in the 
computed intake rates. The increase in per- 
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TABLE 3. The Influence of Various Pasture 
Management Practices on Rainfall Retention 
and Soil Intake Rates for Mexico Silt 1;oa.m 

Intake Rates 
Reten- 
tion, F i t  
per 30 Min, Average, 

Treatment cent inches/hour inches/hour 

Bluegrass check 56.1 0.48 0.25 
Renovation 60.7 0.56* 0.26 
Contour furrows 61.7 0.56* 0.26 

Bluegrass check 59.6 0.37 0.34 
Bluegrass, 

fertilized 76.2* 0.47 0.37t 

deeply ferti- 
lized SO.lt 0.49 0.391 

*Witbin the .05 to .O1 probability range and 
considered significant. 

t Less t h n  .O1 probability and considered highly 
significant. 

centage retention approached significance. Fer- 
tilization of bluegrass sod significantly increased 
percentage retention and average intake rate, 
though the increase in the initial intake rate was 
not significant. 

Deep treatment with lime and the establish- 
ment of a brome grass-ladino sod significantly 
increased percentage retention and average in- 
take rate in comparison with surface-fertilized 
bluegrass. The increase in the initial intake rate 
approached significance. 

The average intake rate and percentage of 
retention were not significantly greater for 
orchard grass pasture that had been deeply 
tilled before seeding than for native bluegrass 
sod with fertilization (Table 4).  Deep treatment 
with lime did not significantly increase average 
intake and retention under row crops in field 
terraces. Subsoiling without deep fertilization 
of this claypan soil was found to  decrease crop 
yields [Woodruff and Smith, 19461. This effect 
may be attributed to some mixing of acid clay 
subsoil with the more fertile silt loam of the 
surface and possibly to some breaking up of 
subsoil structure. Adding lime to the subsoil 
seemed to offset these detrimental effects. 

I t  appears that deep tillage, with or without 
deep liming treatments, has little over-all last- 
ing effect on rainfall retention by this soil. There 
were appreciable increases in the intake rates 
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TABLE 4. The Effeot of DBap muage and 
FerMlinrm anRlJtm$h 

asd Intake R s h  
- 

InWw Ratea 
l%ten- 
tion, First 
per 80 uin, Avaragb, 

Th&ment aent h#b~/houu incha/hour 

Fsture 
Blue$rms, 

fertilized 93x4 2.25 0.89 
Orchard gram, 

deeply tilled* 95.8 9.50 0.71 

Row Crops on T e r n &  Land 
None 82.0 1.49 0.49 
Dwply treated 82.4 1.49 0.46 

(lime mixd 
to 14 in.) 

* Tilled abu t  14 inchw deep befom seeding; to 
paolturs. 

on the dmp1y treated amaa o ~ w  the untreated 
during short perioriodes when meet clover 

was grown in rotation with row crops, For the 
period July 12, 1961, to April 4, 1962, while 
sweet clover was on the land, the deeply treated 
plots retained 783 per oent and the cheek plots 
74.4 per cent of the 26.0 inch= of rain that fell 
during the period. However, since retention was 
a litt;lti Im for the treated pIoQ during; other 
periods, when clorn, oah, and corn stdk.s were 
on the land, there was IIO dgdicant average dif- 
ference in rainfall =tention. The me& &ver 
roots were observed to penetrate somewhat 
deeper into the tmted subsoil. This may have 
resulted in some improvement in mil structure 
and in &n incr~ase in moisturn intake. Reduction 
of the m ~ m m d  runoff throu* interception by 
the clover crop would dso aEet  the intake rates 
obtained. Probably the mmt important facW 

of intake rates w the 
reduction in soil moisture by the orop, 

In  general, those fertility treatments and plant 
species which resulted in improved mard quaI- 
ity with more vigorous tap and mat powth were 
associated d t b  higher intake rates. Increased 
abstraction by increased plant cover and im- 
provement in soil structure through increased 
roo$ growth may be g d y  responsible for the 
differences. It is also p d b 1 e  that differenem in 
reail-moisture content at the time of rainfall re- 

sulted from the treatments. An actively growing 
sward wiU remove more mnkture Prom the so3 
pro@@ than s s p a w  and dmmant plant cover. 
This &odd be  pa^-ticutctrly true if rooting depth 
and ra.mi%cation in the soil are incrmd.  

The efict  of i~t+gai%n. The &wt d h i g ~ -  
tion on retention ad intake for pasture is shown 
in TabIe 5. W$fRr without the &ppHcation of 
nitrogen f d z e r  reduoed the mGntion per- 
centage of rainfaII sigdl~ebaaty*. Fertilization 
with nitragen appeared ta overcome to some 
extent the egect of water application, This effect 
may be partly attributed to improvement of 
mil structure thra* increased root permtra- 
tion and growth. However, improveraent in 
extent of cover wad plmt trigor probably de- 
c & a d  mtemdent soil m o h m  through in- 
creased evzbpotranspiration from the soil and 

water a b r p t i m  by the soil. 
owth would also increase rain- 

fd abstxaetion, reduce ~unoff, and consequently 
inerease the et3timrat.d intake rates. 
Tk effect of 8e t~am~ Boil intake rats wem 

w t e r  in the summer thdtn during the coofer 
8easo113. S i a r  result8 h ~ v e  been reported 
for M a m U  silt loam in Iowa [Bertoni, 
Larson, & S~T&, 19581. l%%&m of the in- 
crease in fluidity of water wit6 tempemure, the 
rate art which a soil will absorb moisture should 

roximately doubIp: for a temperature ia- 
of 25°C [Fkt&hw, 194Q; Wtlclr d 

Bmksr, 19401. 
g ice  grazed pWm would be Iem subject 

to differen- ia ground cover WB other crops, 
the data from the native bluegram pshsrture were 

TABLE 5. The Effect d T&$ation and Nitrogm 
Pertilkation on Feriwaw Rir'iaU Retention 

by Pasturn on ~tsxico Silt h a m  

l [ n ~ e  Rataa, 
aetan- . 
tion, Pimt 
per 30 Min, Average, - 

Treatment cent inchea/hour h&ea/hour 

None 80.0 0.76 0.23 
Nitrwn alone 79.7 0.87 0.24 
WaW &alone 68.2* 0.74 0.18 
W ~ t w  plug 

nitrogen 74.7 9.78 a21 

* Less tban .91 prubabflity level. and aonsidered a 
highly significant &rewe for i&%;sttion. 

- 
- - 
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tures, the available soil moisture contents, and 
the fifirst 30-minute intake rates are shown in 
Table 6 for the 29 storms analyzed. The water 
fluidity values were taken from published data 
on changes in the fluidity of water with tempkra- 

), inches/ inchas/ The method of least squares was used to ob- 
hour tain the exponential equation f, = 0.0018 P"O/ 

WmJ where f, is the average intake rate for the 
0.30 first 30 minutes of a storm, F the fluidity of 

: water in reciprocal poises, and M the computed 
1.4 antecedent available soil moisture content in the 
0.18 upper 2 feet of soil. For the data used, the multi- 
0.40 ple correlation coefficient for f, with F and M 
0.20 was 0.82 and for f, with M, -0.79. Since there 
0.40 were 29 samples these values are highly signifi- 
0.46 cant a t  the 1 per cent probability level. The 
2.2 correlation coefficient of f, with F was 0.45 and 

signiscant at the 5 per cent probability level. 
From the equation, values of f, at 10°C are ap- 
proximately half those at 35OC for the same M 

2.7 values. This is in general agreement with the 
0.7  work of Fletcher [1949], who found a relation- ::: ship between the first 15-minute intake rate and 

5-22-53 74 107 0.9 2.0 the temperature of the surface 3-inches of sev- 
1.2 eral Arizona soils. His derived curve indicates a 
2.0 doubling of intake as the temperature increased 

by about 35°C. 
Concl&w. The dominant factor determin- 

ing soil-moisture intake rate for the Mexico silt 
loam studied is moisture content. The tempera- ' .' ture of the soil surface during a storm also infiu- 
ences intake rate, and perhaps soil fertility does 
also. With the exception of irrigation, those 

the relationship of water treatments that improve plant growth also ap- 
to the air temperature pear to increase intake rates for Mexico silt 
and the estimated avail- loam. These increases may be due in part to 

structural improvement of the soil surface and 
in part to a reduction in soil-moisture content. 

d be soil Also, increased plant cover will increase rainfall 
re. These were not meas- abstraction and decrease runoff and thereby in- 

ff plots at McCredie. crease the apparent intake by the soil. Over the 
However, weather records including air tern- range of conditions provided by the various 

i 3' peratures are available. By arauming that the treatments during the period of these studies, _ I 

soil surface temperature at the beginning of the soil conditions resulting from different manage- - 
storm would be proportional to the average air ment practices have played minor roles in de- 
temperature for the day a given storm occurred termining intake rates. 
and by estimating antecedent available moisture 

ul-r~ content for each storm by the use of other REFERENCES l2+ 
- 4.1 weather data [Jaaidon a d  Beak, 1968; urn ","&JG?~,r:&~iO~~a~ from ,og and rainfau &z%D@i BaveZ, 19561, both factors urn be evaluated rea- recor&, Bdl Soi. 

sonably well. The average daily air tempera- SOC. Am, P ~ O C . ,  ggJ 571474,1958. 

.<;>. if,--: ,+ , q%,f$ ;$+ n. . 3 c,' ''~fl~~.7+' --I' fll5a~! - * m r . #  I 

& , . L . - - -  - . - :;-:(;-.C - 7 - :  ;-- . . * - k =  ;+ -,$i.- - 'f,n,&jh&*A$ B .,&i 

'. I , ,  :u:-.. - - - .r -, .. . 



r3 
1860 JAMISON AND TRORNTON 

N 
Fletcher, J. E., Some properties of water solutions van Bavel, C. H. M., Estimating soil moisture con- 

thst in3uence infiltration, Trans. Am. Geophys. dftions and time for irrigation with the evapo- 
Union, SO, 548-554, 1949. transpiration method, U. S. Dept. Agr., ARS 4- 

Hodgman, C. D., Handbook of Chemistry and 11,16 pp. 1956. 

f 
Physics, 36 ed., Chemical Rubber Publishing Wisler, C. O., and E. F. Brater, Hydrology, John 
Co., Cleveland, Ohio, p. 2002, 1954-55. Wiley & Sons, New York, p. 183, 1940. 

Jamison, V. C., and 0. W. Beale, Irrigation of Woodruff, C. M., and D. D. Smith, Subsoil shat- , 
corn in the eastern United States, U. S. Dept. tering and subsoil liming for crop production on 
Agr., Agr. Handbook 140, p. 8, 1958. claypan soils, Soil Sci. Soc. Am. Proc., 11, 53% 

Jamison, V. C., and J. F. Thornton, Water intake 542, 1946. 
rates of Shelby-Grundy soils from hydrograph Zingg, A. W., The determination of infiltration 

' 

analysis, Am. Soc. Agr. Eng. Trans., 9, 92-94, rates on armall watersheds, Trans. Am. Geophys. 
1959. Union, 24, 475-479, 1943. 

Sharp, A. L., and H. N. Holtan, Extension of 
graphic methods of analysis of sprinkled con- 
trol-plots and small homogeneous watersheds, (Manuscript received January 14,1961 ; 
Trans. Am. Geophys. Union, 93, 578-593, 1942. revised March 10,1961.) 


