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Precipitation Storage Efficiency
during Fallow in WheatFallow Systems

David C. Nielsen* and Merle F. Vigil

Precipitation storage efficiency (PS E) is the fraction of precipitation received in a given time period that is stored in the soil.
Average fallow P5k for Great Plains wheat (I9itieum anctivum .L)’fa.ilow (W-T) production systems have ranged widely (10—53%).
Study objectives were to compare PS’ If in conventionally tilled (CT) and no—till (.NT) W.F systems over 10 seasons at Akron, .O,
a.g.ainsr published values and to identity meteorological conditions that .mav infiu.enee P.5114 Soil water measurements were made

itT U to a ,l’ as , I r ‘ s s ‘ tnt fit ci ol s o es 0 —‘p ng cc nc
summer5,Precipitation was measured in the- pitt area and other meteorological conditions were measured at anearbv weather
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reported far NT at A kron. Dunn the second summer period, PSE was not ditierenr between the two systems. The largest PSh
diffdreuce between the, two syste.ms was seen during the fall—avinter—spring eriod (32 vs. $i%) FaIl,.sw soil water increased an
average of iii mm un tier CT and .188 mm t.nder NT, The .PS.if during the three fallow periods was related to tiiiage, precipitto
non, aIr temperature, vapor pressure deficit, and wind speed, hu.r sometimes eounterdntu itively. A simple linear regression using
Inputs tillage avst si ocrcentagc of follow prcs ipitatlon cam nra sith Ltn nuts betwec, , and 15 mit’ md percent m,,e offalloss
refutation elhedts avinhafadunts> 25 hfdf can he used to estimate P5k and fallow neriod ss-arer storage.
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associated with crop rotation had its origins in Me’direrranea.n
agriculture (Karlen er al., 1994) and continues tts he used
throughout the semiarid and arid regions of \Vest Asia and
North Africa (Ryan cr a!,, 2008), air bough some irnplemeto
rations offallose in these areas are “weedy fallow” in whteh
weeds are allo’sved to gross’ for a nitnal gratIng, and tlittS ITO 500

svatcn is srord dtlring the fallosv period f’allitw in the Great
Plains’ ha.s heeji defined as a farming practice evhcrei n no crop
is grown and all plant rose’ U is eontro-llcd by coiriva don or
chemicals during a season when a crop might normally be
grown (Haas e’t al,, .1974). ,Summer fallow has been praerieed
widely aeros.s the .15 western srat:e.s of the United States a.nd the
farmed areas .fthe prairie orovinces of Canada in respo ns’e
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Greta et al. (1967’: reported a --v as’erage fallosm’ PSF from
systems at three Great Plains ‘canons Stdnev. MT: Ak ron.

CC: North Platte, 441.1) of 22, 30, and 29%, respectively, with
approximately 341 r Isa” of wheat residue present following
harvest. Fallow P8k w:ss hover when less residue ss’as present and
greater with more re’sidoe present. Another 3yr .stody at North
Platte, l.7F (Smik.a arid A ‘i.eks, 196111 faond afalf.ssv period 98£

j) so m:sms:.a ri ted 981* research eoo
du.eterl .io the’ 198 Os .a no IO9Osfre’o e i.ghr loeati,oos across rh.c
Great Plains from ‘I’haas to 5.as’k:stel’iewan - l[lamrv reported PSEs
ranging from 10 to 4414 a.nd that. P1-IF appe-ared to he. indepen
dent of rise climatic’ zooes in which the data were collected,
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fall to earl:5” Iv’I:)-; a.od iii) lare.r period (from spring’ no wh.ear
planting i.n midfaeprernhe.r). The. naean P5k vaiuc.’s averaged
across sires and r’ears far the- three periods- were 12% far the earle
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signifie.aur (J(2
= (136. P 0.13). The small increases in P.SE

indicated by rhr. po.sitive regression coefficients fo.t th:iIiage
arid precipitation paramctcts make sense.. whsle the positive.

c rcss!on cOctfirlcnts mr toe wind speed and sssp’o ptcssnrc
dhcit parameter’ do non

Even though the specific mcreornlogical parameters nsed tn
the regressions for evahiating PSE during the three ihilow periods
dnn’t always make sense as factors controlling or influencing
P5k. the tree wymssions gil en in Tabled do a tidy gyscr job st
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rc”r000ciric itSt: o’cr a ide ranoc n.ttairrcs as did En.
los the endrc fallow period (Fig. 3). However, r>us any of the
four regressions operarionall.y to estimate soil water content at the
end rsf the fallosv tscriod wordd be difficult as most fa..rmcrs. do nor
Fast read> access on

g
daily wtnd speed. rcmpcrarnrc. solar

adiarion. .tnd vapor pressure deficit. On the ‘arbcr band, firm.
do regularly measure precipitation. ‘iherethre, we attempted

another analysis of P76 based solely on the precipitation record.
We hypothesized that PSE might he related to the size and fm
c1ucnev of precipmamnn events. For each oftbe 10 f:dlrsw season’ we
dctermn the penenmage of tomar prce;ptmatioti waists that were
in the nmgc ofO to 5, 5 to 10,10 to IS / 13 to 20, 20 to 25, 5 to IS,
15 ro 2.5, and >25 mm using the fi.rsr five seasons ofdara collected
(190102001). The F5 r relationship was: found by best .ssmhser

P83. :14) -nS.33 + 11.04 a riliage ± 2.161
(p3 t% is) ± 0.8763 a (PEvenr > 25) (3)

and PEscu.s: 25 i.s she perec ii ra.grr of fidiovsr pi.oi.rrTc.7s cveut.s
r.har are >2.5 mm. Tb is simple relationship was fbnnrl to accou.ns
var’: svcll fir she’ widl variaris:sss in P53 ohscrvcd over risc first 5.

uS tim rhe. ruc:saured PSi) values. (a = 0.50. P a 0.01), hum .,yjrla a hiss

toward ova sredicting PSE am va.lues a 3056 and und.erprcd.icring
PSI: at valrmc,s > 304 \lrhosmu.b it nsa> Fe di.fficsmlr mrs dcmcrnainc
s.scmr Lucre moo. p.rr.sipitatiOis mi.iratnctsr .me mu. ‘mm mmdm:c;smma:
m.iemcrmvmirimm:: iSF.. tii!’ cmupmmmm mm rcs:mmm’mmsn icc’: mdc / cry a> a>

method that fimrnscrs c:arm use to csrimuamc srarmmn5 srmd w:mrcr comsrr.ur
a.m. vs:.hc.ar plr.mring. For exa.nmpi:e, if the msre.cipirr.r.icm rsvcr a 14-uso
fallow pcris:a.l 1201 soc)s that SoIls of rh..c cvenrs c.cre in rIsc S to
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al. (1983). EiFac data .sIsorvu in ‘ i’ 1 clr’arly indicate
that ade.qn.atc capacity memo,aiuc.d in the soil to tore
csvldimrcso.al ptcc.imairami’..mP, under (.1I mssanagenscnm.
immmt the 10c m averam:c N P soil reamer12.mofib5‘yesis vet)’

uc:.ar to beinm’ am full s apacimy :mmsd, ims ssamcc years. mlacre
usay Fave. beets soose srrmali ansounms ofprec.iyimarion
s,rousm(c unaccounted too However, since our previous

‘,,.archc sbcwmm amm) s.mmI’mccmalmie . am.cr misc .m.m IfiS cirm. sse
co.uclnde mhsa.m p5cm. i1c im.atioms which nsmssc>: belmsoc miaam
deprfm is lost h:fom the 5763 prcsducrion pore. m i.ms the
5:crose’ sens:e that evaporamia’c’ losses are nor available to.

5 1 Li . pyc

mscuomimssm :ssoamm’ a,nscsomsms: of soil scarer smom’ane nsa> mmmiii.’
mma”c s.scc.rmrrcd P’eio’.c r,cic acm-uvc wheat root z,ouc m:ioes
trot imavalidamc ass analysis of POE in the c.onmea.t of the
525.3 production sys’tcmss -

difffmcu cc hem’s. ‘cc’s ass ai,moc.cerssummd 1’m,nsasssmssspc

usiccs’ )iSomrm a. arc’a) i.rm l::arc j cmmsc :smmd fimsal m%usicm
yield (from a 42-us2aresf, Fraction of s:tandiug and
flat residue was nor quantified.. Percentage residue
cci “cr wa.s raks:n. hrscmS.omiicaibm c.,s:er mIsc isalioss.’ sss:riodl
F:. mIre limit t r:mm msç:cm rm,ct,ssam, o (mis 200 pom msts 15cr plmsm.

PIP ccc an:5v”,”anc

AN0024. iss an effort to hemmer understand the factors control
ling PSE we msscd best subset linea.r regression (STATISTIX
5\j55vL rd55 -‘eF5 Sa>m

rclam’inmssisips lscmwecss PSEa.ssd ssseteonaiogical/nsanagcumenr
faco:srs. We denoted msl lagc a’ .m fisc’mrsm sn mlsc regressisao svodels
(CT = 0, NT = 1). W’c’ then created rise following paraoserer.s far
each of the 10 data sets: moral fidlow period precipitation (mm);
moral fimllow period snow (mm ofwamcrm:and pmceipimamsoss. snow.
a.vcragc solar madiatissss oTIT ss±” dl ‘I, .s’.’crage aim mr:nspemamrsre.

mm a> s mms l o LP sOs us,,ts d [5 U S

sa>) d.oring c:ach of misc’ three fallow period scg.mnenrs.

RESULTS AND DISCUSSION

riosm dssriug misc first sonsmsser criod ranged frorms 92 mo 2.60 momim
(average 158 mm). Pracipimarii:su during the fial56sviurca>sprinp
peri.s 0. ran ci.1 icons O.l ro 21 1. sssus (acccra e 118 mus.(. Prccip.i

fdhoc.. lae:riocl rangy Si 1rom 407 fiyes o.sm (sss./c’rau. 5505 rum):’.
Puscipiraris:mn srorrsce efficiency rslso ranged widely from. year

s sr ,a>oc 1 r a> psi 5Pym sgc

c:an.rc fmighss’r) P a I 5.05) than amsder 1,056 in oc,ly rhrc of thel 0
ym bo.m nmansc’ric.csily higher in 9 yr. i’hc 10-yr average 353( was:

dl 0 sand mp25r I des \ s russ f ‘P — 001) e skis
omi ss.stsr s:nram’c si-il ntis ss’mmis CT assd firs u.s:ss

Is di: ri mis’ tsmm,rsr c’.1r s’m mci,c Iass.cec snob.

Ocring. the fisll—vrhm irc.r—sprirmg pcris.sd, P53 ranged t.Ocsns
2u 56’ 5° s mr ‘I 4 fin ( m 560 n 255m 12’m

Ii s ‘sO “ F r form
, ems m bsu m is

fsoss: ‘ic bcc.s : ‘sc ,sf m hsc :1:0cc-,. :smcb. is Sm: puts srmi .5 of sma 15.1 sssg

Agrononsy Journal Volume 102, Issue 2 2010

0_fl 0_i 02 03 OM 0i 02 03

Voium.etric Water (mt rn’5) Volumetric Water (ma m3)

crop rvsidn.e d.uring s:nrsw smomns s with strong vvinds (Nielsen,
1998). The PSE under NT was: significantly higdsem (C e 040)
Os se’s’cs’s ofmbc’ 11) cm. hssm msurss.cm- seal!)’ Issyner iii, :all 11) yr. lEe:
.svemage P5.30 far mhis’ pcmsssd was significantly higher under NI”
mlsan CT OP a 0.01)’, mcsnimiug sn an average soil seater storage of
38 mns with CT and 94 snm with NT during this period.

Dorissg the second summer period, P5k ranged from —2.096 mc
srms 56 10( 1om T snd from Ia 2 to s2706s

12.0.°.s’.) for N l’. As’er:sgs’ scsi1 svamem storage drsning this period
e. as shout 73 mm ss liar horls CT md NT 0[ise lSF, under NT was
signifis:msmmmly higiser mhams under f.).T in only 1 yr (2003—2004),
bum svas numnenicall higher in 6 of 10 y’r. TEe P5E. under NT was

,ss s m mF lsm( mu3 inca 5 a>rmr
ms -a sa.f Iii s r. lmcsa’. be mb,st mlsis ±swe’r POE. rsnscmimsscs sabsemscd.

N I ca 5cs :55 iii sat mmmc c:ssssd timaiss’,essc-mc’ misc ‘oil. pno.n he
seas nsosmiy filb’sl mrs capar:ity sucfs mham mls,s: scsd stmr56cestaved
wetter is.suger foilowing precipita.rsou eves:sts res’ulrirsg i,n hig.Fer
c’cssOoraLIVc lo:::ss:s of w:im.’c:.’ (Pemcrs’oss an.4 \X4smfislh. 2004). Bond

di ryiug vcc.ulsi 1)1:: )Cmighc.ri.”(mini a soil coves 0 svimh .vai.80 k.g 4cy1

cif residrse than fr’cmns a hare s-c’il, ans’l rensai.u substc,utiahi higher
s’isarm fsa:a is harm: srsi I i.E dm’c iss. cc:’s’irinued f7.:s’ auod’scs’ 2. vvk:. :5.r’l,3i

ofth.c cssm’irc: 0’. 0:’:. 180-cm:’s s:oil pm’ofiie to ficiai capac’ity bc.fiarc’ the
c’ssd of mIsc falloss’ period such mha.r somse d.eep percislamion and.
srs’smapc msfpmccfissmamioms c’ccssmmed below mhe lowest scsil xvsstcr mdc

s-,:rd:sscssm slcnm)’1 111. mss.e NT ‘iom:s..”Iise soil sr’:smcm;’rs.mfiles dsosems

c sider (Ii’ m:ssamsagcuscum. But mdc avcrrsgc c.n.ding seamer cosstcnm
am. mv’h cam plaumimmy i’s: idsase on the 14CC und.c.r N’”T. a:ud’ hIde theme:
:l’i-se sc’s sc vc.ssrs scbcr’m 0.ss:s’c nss.s’ ba,ve Fer:s’m rouse ps’c’cipita.mhon

sm api’ rsm m:scc’:cs used Iris. .7s stared earl its’. ss:hr:miser preei pimatirsn
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Table 2. Best subset regression analysis summary for


