
nPp~inted  tmm Sun. S ~ T W C E  
Vol. 91 No. 4 April. 1961 
~ol,) .nbht 0 1961 by TIE Williams B Wllk lo l  Go. 

Printed in U.S.A. 

INFLUENCE OF sorL SUR.FACE CONDITIONS ON XET RADIATION, 
SOIL TEMPERATURE, AKD EVAPORATION 

R. J .  HANKS, S. A .  BOWERS, A N D  L. D. BARK 

United Slates Department oj Ayriculturel 

Rowired for ~ u b l i c a t i o n  IS. 1 9 1  

The ~irwticc of soil surfnrc trretmcnt, usunlly 
by some typc of mulch, is probably as old ns 
agriculture itsdf. The usunl purposes of surface 
t rmtn~rn t  new to p r o ~ m t  \rater loss by cvapora- 
tion, to influence soil tm~prrnture, or to mini- 
miae a d  growth. J:rcks, Brind, and Smith (4) 
recrntly published nn pstrnsive rcvicw of litera- 
ture cm this fiuhjcct. E\npurntion rws rcduced by 
a mulch whcrc the soil nioisture contcnt at the 
surface wss mnintninrd rlt a high lcvel, by a 
water t:Me dosc to tlic surfnee, or by frcquent 
r:~ins. In lrss humid rrgions wherc the sttrfacc 
soil nloisturc contrmt WILS not mr~intaini~d a t  a 
high l~.rcl, the il~flumce uf ~nulch on e\-:ipor:~tion 
m u  almost nrgligille. 

The usual cffrct of a miilnh is to l o w r  soil tem- 
perature during the summer and incrensc soil 
trrnlx:mture during the winter. Since the tllermal 
conductivity of a mulch is usually rnuch lonar 
than the soil, the lieat gnin or loss is less undcr a 
mulch. h lmy  investigators liave listed this effect 
on soil trmpernture as one of the reasons why 
evaporation is lrss. Hanks (2) showed that, if 
all other conditions, such as moisture content or 
thickness of mulch, are equal, evaporation wrts 
directly proportional to the temperature of the 
soil. Under field eondilions there msy be no 
dircct rrlat,ionship Letwen evaporation and soil 
tcmperaturc, bccsusc othrr factors heconic lirnit- 
ing. Ganlner (1) 8howed that evilporntion from 
soil rolwxms with a uniform initial moisturc con- 
t rn t  wnld be prcdictcd by an isothcrmnl flow 
equ:ition nith vapor movcniz~~t nrglertcd. The 
experiments w r c  conductr.d under \\11:1t might 
be r:nllrd sub-huinid renditions, i.c., the e!spo- 
rated n~oisture was not replwishcd by a shnllow 
water table or frequent rnins. Diflcrimt evapora- 
tive cnvironmrnts gsre  prxtic:lllg idcl~tieal 
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cvnl~oration rates. Gnnlner (1) concluded that 
c\qmn~t, ion under conditions similar to those 
inrrstizi~.trd was limited by the flow of liquid 
na t r r  witlin the soil. 

Thc gcileral purposc of the prcsmt invcstiga- 
Lion n-:LS to clarify thc rrlationship of uct rndia- 
tion, soil Lctnjxr:rture, and soil surfnce conditious 
on cvapomtion. Thc sprcific investigation rvm 
drsigncd to determine the influence on those 
tlirce factors of widely varying soil surface 
conditions. 

T l ~ c  general p h n  of t,he inrestigntiou called for 
inlensirc mrnsurcmcnts of soil temperature, net 
radiation, and evaporation for a few days rvcry 
month througliout tire groning srason. Measure- 
ments nrrc confined to periods of relatively rlcnr 
wrathrr during 1[158 and 1959. In sumc cacrs in 
1059 troulile with the tcrn]~rmt.r~rc rccordcr and 
pork~ble :LC. power unit prcrrntrd the procuring 
of r~liable mrusuremcnts of all desired factors. 

'The five soil surface conditions studied acre: 
(a) cheek ( h e  soil); (b) 4 tons ~ h c a t  s trsn per 
acre; (c) 1 inch gravel ( x  to  1% inches dinmeter) 
lmintrd xith flat black paint; (d )  1 inch gravel 
pa,iuted aluminum; and (e) plastic-covcrcd 
ridges about 6 inchcs high (about one-half the 
area n s s  covcrcd with pl;~stic). The plots were 
15 fret  square and the trrat,n~ents w r c  replicated 
tiriee. Soil dikes wcre formed around each plot to 
rlirnitmte runoff; in a few inst,anccs, however, 
th?% dikes inilrd, and in 1959 some runoff 
ot:rwrrcd from the check trcstment. Runoff was 
prcveulcd in 1959 by reinforcing thc dikes with 
11u:irds. l'hc p l s~ t i c  usrd in 1958 was elrer 
polgrt l~yl~ne,  srhich disintcgmtcd xliont mid- 
silninirr and lind to  bc rcglnerd In 1959, hlnck 
~~oIgcth~-lcne nas usrd nnd it \\-as morr nearly 
satisfactory. 

Net radiation was mmsurcd brith the "Eco- 
nomical iYct Radiometer" (Agmet Produuts Co., 
hlidrllrton, Ws. )  ns dc,srribcd by Suurni and 
Ruhn (7). I'mliniinnry tests uf the rconomionl 
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RG. 1. Influence of uoil surfnce conditions on 
net radiation (1959). 

net nrdiometcrs were mnde in rvhich thcy were 
cumparrd with II more precise, veiitilated net 
rndiunwter ( G ) .  Vcry close agreement was shown 
hctwwn the two. 111 ~iddition to the lorn cost of 
t,he "Jlronomieal Kct R:diom~t,ers," their use 
was adv:~nt~ngernls hrcnusc the measurement 
made w s  t~c~npe~nture,  n hirh permit Led loeasurc- 
n r n t s  of net r:idi:itioo nnri soil t,tmlirl-nturw on 
thc sanw rrcorder. 

Soil t,cmpcmture h'ns measurcd a t  depths of 
1, 4, 16, 64, and 152 rm. with colill,prr-const,antan 
the~mocouplcs. Far depths of 1, 4, and 1G em., 
t lme  thermocouples of equal length w r e  at-  
tac11i.d in par:~llcl to give a bettcr average of the 
tcml,cmtllrr. The ther~~~ocouple junctious were 
coat,cd nith an insulating paint ("Insuldip"). 
1fe:tiurt.rncnts ncre mndc in regard to tlre soil 
~llrlace on all treatments ~ n d  not the surface 
of the n1ul6h 111 1959 trlal)rraturr mensurcmcnts 
n ~ m  madr in the air immediately nbove the 
surf:~ec $1 ith a thcrmocou]~le. shivldrd but11 ahove 
and below by two aluminum ylates. 

Two nlethods were used to mmsurc c\ apora- 
tion. Frrqumt mcasormm1ts of soil moisture 
contiwt w r c  madr r~itll  the "Xrutron" soil 
moisture meter (d/m-gauge of Kuclc~rr Cl~iaigo 

Curparation). Continuous mensurcments of 
cvnporation werc also made on the check nud 
straw trcatmcnt using floating Igsirneters similar 
to those drscribed by King, Tanner, and Suomi 
(5). 

The espcriment was conducted on the Kansas 
State University Agronomy Farm near Man- 
hattan, Kansas. The soil was a Gcary silt loam. 
The rainrdl in 1058 rvxs 43.55 inches, and in 
1050 30.47 inches; the long-term Incan is 31.73 
inches. 

RESULTS AND DISCUSSION 

Figure 1 shows hourly recorded net srrd total 
r:~dintion for a rcpresentativc day from Mny 
tlirwgh Anglrst, 1958. The nvcragc daily totals 
for tach period arc s h o w  in table 1. Net r d i a -  
tion was grcatcst ovcr bhck-paintcd gravel. Net 
radiation was nest Iargcst on the clcar plnstic 
plot in 1055 and the black plnstio and check plot 
in 1959, followed by the stmw and aluminum- 
l~aintcd gravel ylot. During the carly part of the 
season net radiation mas lowcst on the straw 
plot, hut a t  the end of the scuon it \\.us higher on 
tllc straw plot than on either the aluminum- 
painted gravel or the chrrk plot. This ,\-as due 
to the darkening of the straw with time. 

Rgure 2 shows average tempcrnturcs a t  a 
1-cm. dcpth for thc same day as in figure 1;  the 
clesr plastic-eorerrd trcatmcnt had the highest 
tcmpernturc during the day and the check treat- 
ment the next highcst, fullowd by black-painted 
gravel, :rluminum-painted gmvel, and straw. 
Figurc 3, wiblr soil t,cml,cm,turcs a t  16 cm., shows 
the snrnc gcncml Lrcnrls, of course, but with less 
ilillc-~t.nce bl+wrn trrat,nicnts. 'l'nhlc 2 shows the 
a\-mige trml~crat l~rrs  computed for the hourly 
mmsurcnirnts for all of the dcgths measurcd; 
ayerage temperature was lows t  at all drpths on 
the straw-mulch treatment. The difference in 
average temperature in 1958 bc twen plastic 
and straw ~x-as about 19°F. a t  1 cm., 15°F. a t  
4 cm., 1l0F. at 16 em., 6°F. a t  64 em., and 
2.5"F. at 152 em. The relative diffcrcnccs in 
1959 w r c  similar to  1958, except that  the trm- 
peratl~rcs under the black-plastic t.rr:~tnwnt were 
murh Iowr  in 1050 than under the clear plnstic 
usrd in 105S. .GI t*.mpcr:~.lure abu\.c the plots 
was highrst by ohout 4°F. ovcr the black-painted 
gr:irrl but was about the s m e  31,ove thc rcst 
of the surfxcs. 

The higher soil trmlirrat,urr under llre blnek- 
p:lintrd gr:tvcl, in comparison nilh the alumimrm- 



TABLE 1 
Infli~encc oj soil surjaace condition on net radiation 

I R a d k t i m  (h Laqxglqr/day) 

Sept. 5-7.. . . .  . 527 - 394 
370 (57)' 401 (57)' Are., 1959. , . . . 587 I 1 

Pcr cent of totnl radiation. t Clcar. f Blnck. 

Aluminum 

over the plastic plot. Thc highcr soil tcnipera- 
turc of the chcck plot in comparison with the 
LkC!i-paintcd gravel plot \ms probably due to the 
~ f f r d i v ~ n e s s  of the gr;~rel  mulch on the black 
l~lots  RS an insulator. l'liis influcncc wns sufficient 
to counteract the incrclrsed net rndintio~l of the 
bhrk  plot. 

The nm.sul.cment of evaporation !\-as not 
sufiicicntly prccise to  distinguisli any diffrr~%ee 
among trcatmrnts, ni th the exception of the 
check trentmmt. Figure 4 shows the soil rnois- 
ture content of the trentmcnts with time in 1958. 

FIG. 2. Influence of soil mriace conditions I 

soil temperature at 1 cm. (1958). dm- - -- - - 
51 I 

peintcd grevd, rrns ul~douht.cdly n rosult of the ------ 
in~reascd nct mdi:~tion on thc blnck~pninted 
tn.ntmcnt. Tlic highcr t ~ m i ] ~ ~ r : ~ t o r e  under the .4 0 3 6 9 1 2 a a a a  

clc;~r plastic rorn]~nred nith the chrrk \\-:IS prob- hta 

:ibly dtlc to thc "grccnliousc ifkct" produwd JCCV 14 1958 

1111drr Clre pl:tstic, thc drcrc:iscd \-cr~libt'iun of FIG. 3. 111Rucnee of soil svrinee conditions on 
tlrc soil surf:irr, rind thr incrn~sid net r:~di:ition soil tcanpci-zrtnrc rrt 16 cm. (1058). 
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Thc lower moist,ure content of tlie check is due 
to runoff in some illstances as well as increased 
evaporation. In 1959, when runoff wns clirninnted, 
the same gcneral diflerences were evident, but the 
totGI difference in moisture content vas about 
% inch of water bctween the check nnd other 
trcatmmts. Lysimctcr mcasurrmcnts of soil 
~noisture loss due to evaporation ttre illustrated 

in figure 5. Thc data s h o s  that the cilmulntive 
evaporation loss from the bare chcck plot was 
about 0.06 inch more in 6 days than from the 
straw-corcred plot. Thc precision of the lysirncter 
mcnsurements is illustrated by the data of figure 
5 ,  whcre a 0.14-inch rain occurred on August 25. 

Some evidence regarding the mechanism of 
moisture flow vithin tlie soil can be deduced from 

1958: 
Mny 28-30. . . 
June 17-19.. 
July 12-14.. . 

Aug. 2.530.. . 
Ave. 1958.. . 

1859: 
June 68.. . . . 
sept. 5-7. . . . 

Ave. I959 . . 

June 17-19 . . 81.4 
July 12-14.. . . 86.2 
Aug. 2.530 81.0 
Ave. 1958. . . 62.5 

1959: 
June 6 - 8 . .  . . . 86.3 
Sept. 5-7. . . .  . 85.8 
Ave. 1959. . . 86.0 

4 o n .  depth II 

16 o n  P p l h  

1958: 
May 28-30 . . . 77.8 76.4 70.3 
June. 17-19.., . 80.4 79.6 17.1 
July 12-14 . . . 83.3 XI 0 78.7 
Aug. Z - 3 0 . .  . 79.6 78.4 76.2 
Are. 1956 . . . . 80.3 76.9 75.0 

1959: 
June 6-8 . . , . 81.4 81.2 75.9 
Sept. 5-7..  . . . 82.4 82.0 50.2  
Ave. 1059 .. . . 81.9 81.6 78 0 

-. ~- 

1':ilues nre :ivcr,figes of l w l ~ r l )  rr:idings 

64 on. dcplh 

I/ Air lemycralure above mrfice 
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FIG. 4. 111flwnce of soil surfsce conditions on moisture content (1958) 

the dntn in table 2. The d i r t~ t ion  of mntcr vapor 
movement within the soil can be deduced from 
vapor pressure grndimts. If the soil moisture 
eolltcnt is greater than 15 atmosphere pcr- 
crntage, t,he relative humidity a t  equilibrium is 
greater than 93 lrpr cmt, and t.he soil vapor pres- 
sure is spprosimately equnl to the saturated 
vapor pressure. Since saturated vapor pressure 
incrrascs with temperature (air pressure con- 
stnnt), rwtcr vepor would move from a high 
tcnqmsture to a low tcmpersture. 

The d:~t,a (t,ahle 2) shoiu that  the :average 
timlmxt,urc dvcnmcd with depth for nll trcnt- 
ments ti~ro~igliout the summer. This iidicntes 
thnt net nnter xapor movement was donna~ard 
throughout the summer st~ison. The :issumption 
of 100 pcr cent rclntive h~in~id i ty  w:is prol~ahly 
not d i d  for t,he surface 1-em. mcnsurcmcnt 
b r a e ~ ~ s e  of surlnce drying, but soil moisture 
mcasurrmenls made tl~roughout the sensons 
indicated thnt the nssomption \\.as n~asonnble 
below a depth of 4 em. Co1~8equ~ntly it appeared 
that  \\-atm morcment f.4 the soil surface, in 
response to rvapornt,io~~, vns in the liquid phase 
: ~ n d  nut ns vspor. Pnpor ino\wnent was prob:ddy 
of iml,arLancc only within the soil srlrfilee. 'rhus 
i t  appcnrs that cvnporntion, whcre nioisture is 
not readily available a t  the soil surface, \rould 
have littlc rrlntion to soil tcn~pcrnturc but ~ o u l d  
be limited by liquid u t c r  movcmcnt to the 
surface. 

This confirms the lrrhoratory studies on soil 
drying of Canhe r  (I), who showed that  evnpora- 
ti011 could he prcdieled quite accurately from the 
soil by considering only isothermal liquid flow 
within the soil. It shi~uld be emphasized that  this 
cunelusion is valid only under sub-humid condi- 
tions, ~rhcre moisture is not rcadily available at 
the soil suriace. In  humid areas n-here moisture 
is readily avuilsble, evaporation would depend 
on the energy available, i.e., thc net radiation (5). 

25 26 27 2 8  29 30 
A U G U S T  

Fra. 5 Relative moisture conlcut vs. time on 
strnw tn111rl1 :ind check plots :is mensored by float- 
ing  lysimclers. 



It is apparent from the data that, even in 
1958 when the soil was comparatively wet, mois- 
ture was not readily available for any appre- 
ciable period of the year. Visual observation of 
the cheek plot follo\ving a rain indicated that  the 
surface soil dried uithin a fern hours after the 
rain. Once the soil dried a "soil mulch" was 
for~ned. Hanks and Voooodruff (3) showed that  a 
"soil ~nulch" may be much more effective in 
decrrasing water vapor Row than ,%her a straw 
or gravcl mulch. 

SUllX4RY 

Invcstig~~tions wcrc made to  dckrminc the 
influence of straw, black-pnintcd grxvrl, nlumi- 
num-p:lintcd gravel, and pl:ist,ic mulchrs on net 
rndiation, soil tcmpcrature, :md evq~oration. 
Nct radiation was liigl~est on the blrtck treatment 
followed by the plastie-covered, check, straw- 
covered, m d  nluminum-painted gravel t r e a t  
ments. Soil tcm]xmture ans highest undcr the 
clear plastic treatment, follon~?d by the clicck, 
black-painted, oluminum-painted, and straw- 
corcrrd treatrncnts, r~spcctivel].. Evaporation 
was greatest on the ehcck plot but was about 
cqual on all of the othcr treatments. The total 
diffrrenar in e~aporation over the p a r  betmwn 
the chwk and other trc.ntn~rnts ~ : l s  no more 
tllan 1 inch of \\ntcr. 

There was no direct relationship nndcr the 
conditions of this experiment brtween nct 
radiation or soil temperature aud evaporation. 

This is probably due to  the great limiting in- 
Rurnce of soil moisture within the soil alter the 
soil surface dries. 
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