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A C[_ed-Zom Equa_o= forP_ the Zi_lrzuIic Conduc_ivit7 of UnsaturatedSoih_

1_ TL vAsC,z_ca_z_z

ABSTRACT theunsann-atedhydraulicamduc_vi_haveabe b=en
d_lop_ _=rLa_ srooh.ad Cer_ (Z._)

• ==_ -,.a ,,_,_ a,,;,i_ ,,_.,,- '- _ _*.._ _ andJcppson(1974)caEhreed _ amdydad _prusmnm_ iu_d e_m sot), b _ ta thisp=pt. _=s
euum_ ====em. _ =.eL-,m. = ,a,_. d_ f= ii= ¢Jmductivi_/b_ o_ the Burdlne

•t=7,x. _ ,,h,__._--'_=..,I.- Immatw cmdummy mmm sained &iriy acre-ate p,rcmcuom mm mesr equauom,
=zW.T.am='_ =i.T. _ _ m-.,.:..: ,=lxm,hm a,r eve= d_ugh = d_n_tmuit 7 h Fre=ent in the d=pe _
g,_) _ Ihme _ par'am= whids may. be . of ]_th vJ_e I_i_wal_" re_.ennon ctJTVt =d _" =

_,,! I_/_ tin ta,q,med maml_r semsemsmmcl m rzred hydrtuli¢ cunductivicy curve a_ mine negative
__.-- lm_ =audaedwt_ m, d,.=a,_=..=_---__. value o_ the prm_e head (rJ_ poiat h often re.
i=J uqmJams I=u=d.- _ afu_an them78rzt_mpmd wlm h=rred to = the bubl:_ng _presnn'e_), Such a disco_-
olm_al _u/k ceaducd_ ea- _ _.e_ wire • _ dnuicy mmetimes prevents s_id convcrsen= i= nu.
rum _ h_i _ T_, mmtmtat b_t_zlk m,_ marital uturtted-umacurated flow prpb_. It sdm
duce_yb pmliaed_nlfour _ofawcum. nb_==l _F_=rs thatpredictiom bated on _ _ anddua • s'.-_--,lilZ _ _ the _wa_r _tmUo_mt_t
st lm__=ca =m,__.i===_=t==_i=r-,,a_m._t_predlakmo_ Catty equ_gml _ tomewhz_ less 8ccunue thzu throe

_ I._i.,_ amd=a_/. .obmln_with v=iom f_.,s of the (modified)l_fill.
I,=. • n.l_uirkmethod._ Wm_. mil_a_ _, _ _ u_no_.._ u.,._., n.?5-_ _.4._. new m-_-_ _-

dlMq me Itymvatilt¢ _'m_a.t_t'_ _1 umat_ ram. amt l_ zl_tn'at_at_t- Mnl]_'l eUet,_l'a_ _,lId.q _ • ai'ntt.llt,

kt. _ Am.J. _4:ag_lS_ inu_-_ula'_due_a'mra_tcd hyd_atdlc"--_
ductivity which enables ant to d=ive cimed.l_a.
zn_iytic=leXl_Om, provided mimble equ-_em _or

elPl_ us==r m_m.tc_ _m=z=.sfor sim_zd._ fluid the soil-water _etenckm curv_ as* av_tbre, h is the -
Jk flow trod mass tramporz in r,he=at_rstec_ =e pur_c_ O| this ]_apcr m derive _ ex_,;_= =il_
h_s become inn_ti_ly _p_pu/ar che lan few year=, an equation for the roll-water rccmdau c-ur_ whlc/i
RCcmc llceramrc indeed demonstrates chz_ much el- is bach continuous and has a co_t/nu_m slope. Tba
fort h put into the devcI_crjm___t of'such mode3| (Ke_-Wl resuh_n| cm_uctivi_y modeh gen_tlly cm_tmn
and Duguic_ 197_; Sqlu_ 1978; Vtuel;_ ecaL, 1979). independent parameu_ ,which may be ohudncd by
Uu_ormnately, it Ippe.an chat the abiliw to _ly matting theproposal se_t.waterxele_tin_ curve to
chzrac_ the =imula_.d system ha= not kepc pace ' _p_rim,-nnd dam. ).esu]t_ obtained with the dread,
with abe numerical _ medeltng er4ae_" e. Prob- form equations based on _e Mualem vheory wgl be
ably the single most. im_tant factor }ira/ring the campaz_ w/th ob_crved dam for a few rail, havi_
I_ tpp/ication o_ umac_rat_l flow th_,y' t= widely varyislg _dx'tu_c ]_rop_ies.
tcmtt nero prootz_m it thc lack o_ inmrmx_iou re,
_g rheparsmsemn e_tes_ the govern/ng cramfzr .rsr__O_.rrlrnt?.
t_qua6om. IL_ble e_dmat= of the unsltunt=1by- .......

conductivity =re e.=g_,',';-_ydifficuh u_ e_ Xquadom ]h_ed oa Muah=a', Model
ca/n, pa/tly became of ia ex|__.ive variability in _
l_fj.. I_d tutti, Iv hefsmP menu_In_ th_ _=mprpr ;, T.hc ,fo_0wing.cquafl== wlut dmv_. b*/.MIIIlem fli_kt) I_
3Z___-£ r_-,_--T--7_ "_-----_o ---; c_---.-_. - l_di==ng me _at_v¢ h_lnmUcco_actiw_/ (£,} lmm Imm_.
umc-cumummgann expetuxq_,aevcr&_mvelC_gators. _ of m__l._ate_ mmatlm gurve
have., for _ _=__,,,m=,u=ed medeb for calcula_g _ _,
the umam__;_ _d_cy from the re=re cL_y x =e_ Ire I _ ]rz t _], ..,
==,=_ ,,_.,,,,_-_====-===,,,= v_ eow=_, ' LJo_ °,/J. _T_='J ""
•_ m,=emode],hm be=_r.he_i_-_drk ............ ' . .
m._k_l /1ur;ll;,,.m,...,, ....I f't..I.t. 3_'P, ...... t.--.--.. _'l_J_ ill It _ ]}I'_•UE ]_l_, _ ]1_ IS st _ OK H
a_J.t_t_d, _6Ui664rdl alddq_ 16d,6-_ 4_U6_1 e V_4.4_t._l _1600 "..... ,P"'" .._y ._ . _immutmsl_mr= mmmt,
o=wmc_ hue =sen appam wtm mine I,,__,_-_m •
=-,-b= of studies(c£ ] __c_L___.,t=d., 19_; ]-,'V,on, =. ' "4, ,..
197Z; _ tud Con_y, 1911; Bru_ 1972). Un- "-_'. "_

tabm_ ream= which, for =pie When up-_ .t eu=._l-wa_r enu.nt, if), .nj_--U.v_.l_To ml_ 1_ IlL tn
pltm W nonnomog_ema soil, i= mul_di,-_crmonil -pr_o_ ._s_r._. _mens_. =_sa ==.m==.=_d=e
unnrm_ted flaw n_deh, are qm'tetedi'ousw use. . ,_ ,,=m ,, ,.u't': ._m._F.,_ um w. mV,y.t_,:_m,.

c.==,_.a.tor=.=_=_ ,=F==iomfor pred=tinS ,i._ = = '_' "_"= w =. _ m,.,= ,,is

== u.=i _,.-=.,...=. ,.r , _
"_-"-,_,,.'---,_-;!=-_'_'='-.="_--=--'=_ _ ,,9,=z...,,,, ,=d.,,,=,._7,,.====_,.=.,==T. I

"..."--'='L.'.__'_.','%'_.._.'_.._.-___?_" l_._=t__.l_b._ __ -,=m_ m--, a ;,, lq, CI) b mumed vob* pmidve. ,_
r__m-_,,==u. = ""_'_t _ ._uo_,--m= m.. =uv=m,_ Zq.=.=,,, (l| _,.i, ,,-=i i _ _y, id" .i.m#
..... it i dl'be mll._mtet i li il_ i i
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v,m+cxmmmt']_" _ TMI rt=l.,tUt.xc comm_'c_tn'_ OlrOlmiA'_ lOllS lig.q i

}'lpze l. ]am. unz • .Jm,ny__-_ _]v'_. '_"?"._" (1_]

_ clmaHorm_ _ Z,(@an Iz _

nwh_ mrl_ _nAr'd_m m Ul_tmm lq_ me uJ'ualatm"_t,,_ [3]. 5ohr_lr ,au E'_] m"
¢_ ai_ fm _,,;Ke)_ mt_uztq t(@ = r_• a,. _L_l

_,,nnltinl eqmm_mlain?.q.[;]

x_(e) LlmJ .,,(_=.,,J_" ),.._,_l--#md),
where

u, Alan It h nmum_tMt _ _t t_ _ Ill i_I. [18]
lfe).r_F_.._l ¢_. -[S] X_mc¢m'_'-_/', ud Zq, [1']"-P'_'-"

,/v L e - J

lubudt___Jmol s'_" tn= P.q.IS] t..-d,m l(O)= t - (1...ev')". [11]

IR_)= m y_ {l_)-u.d_. [61 (m---I-3l-) [11]
_nm.uim_e]_mm • _ bm _t .,- _ xa) = e' [:-(_--e_'] (o<.,<_;,,>s)

.p..Mt_ a_d, in its ram( IFammsurn. zm.r.mm-m_.
,_-_ d_Jw_. JIIknmvel':k Ammay.mamm__r.mr .oz.,LoIGm of Ib_ _ bad,

oat ,,l_om _ac_tl_,. ]rar.1,-w,r_cz_r _z ,m.., ,i, 1-_.0.)" t'_'H',,_"J

/ill) - z--_-e_)", (m-t-_l.) if] D+(_)']

nd brim _(1),. l. tq. |4] tm=mu TI,= --II-w'_r dlffudvlwIor dsb_ b

1_ ,,._,,,_,' _ t ,..u(r-4-Xl,,)
za) - o,,[x--(s-e',"{]'. (o<,, <x) [m]

tam _ _z ImS,ur, _ud _ymm,'mU_ _, in) GR.4.PHICAL __T/ON AND
Co. ¥.4_,AMZTY.B. 3STI_ATION'

x,_= (_-("_ Iz'Ha_,M) (,,,=_-_1.)P] _l"_d_" [g] _ flU, based_ d_ Mu_m
_-_.. a:c mt_wn IF'-_phlr_y _,, _g. Z a_t $, respep

I,.- _, _..,c =M.=_ _ ,_.,..-,-_,',,,.'-eh" .-. in )'_. I. ,_ canbem= from_r, • dU_n_
cus_ on_ mT Qm derim u uprz,_on mr me wtl.ws_.r ms. h_ral/_ic colldtlc_v_ IC&Tt_ OUt wtr_ • _r._,_ i_ope I_

I_I_I_. whichis d_l_"d Im _ held. _I _ _. but th_ _ oJ__ :

• ,mr+=x(,_1_. [m ausi,,g_np_ u _ dcac,_ The,oil.wa,_._...fmiyi_, on the othe_hand, mmEm (asdoesrbea;d/.
' w'_c_ _u:=r.i_ c',a'_) t _lxly s_m_;meuical"$"-ahaped

_ _ = ,__ _= _, m): cm-w.Note,_I__(I).becom,;-_-;_ when#
(l.-m_i['.l....m, -4 ,, G-,l? &t, mt:cl'tl_|m wdum of (smartly

_e) = _ e ,.,,o- ((m--e"-) + O--e_) -_) PU be,,a:n 0._ and 0.iS _'/_n' in F_')) doesthe
v_ x, r_ x/x,) _, _e _Tdr_,_ =ao'_a_y ;,__t,a,,_. _. di£h_viey ar.qui_e the ofn= ummai __dsl de.

mu_,q _ t-_,-l+llm.O ", 14. 1_;3.0-.,'.-,- m._ om,_ i_e mlJ.wamr a;f.,.;_ty w_=_ abo obtaJaed by Ahuja
r_,,._., er_m._,, _ _ =mr= _l_e, _ k. ]_ _-1. -_ Sw_e=d_mb& (19_ _ re/Mu_U eta_ (197£1).

-- -' moc_ _ cmduc_vi_y_t dimaivicyz,(e) = o", Is--re(s--e--) + (n-.-_)(l-e"_ ;. -_.. _ _ _xc-_=.n_ s_. s =.l ¢
(w_-Zl_) [z_ equauomwm_. in _m_ ram, in lamer _ withthis/m'tfo._r _md_lh motonlymorn_ompl!_ than

m,..:Is;,;...,,t,.._,,,,p,,,,,,..o,.t,_• ,,_u, _,,,,,..t_,,,+Z,_, _m_mt'.+,.tdam,m.,,.d_.M.slm.bledcqnIm-.
_u.. _ _lce, _. p_j _,m _+ _ ,- -.,-_,, (1975@_b_ _o=dud_ r,ba_ _l_om based_ I_,_a,,dve be _I. tel sad w_ not be di_cm,ed_,rd_. _ _ an _ _ o£ _. Mmdm

r_o_t.J.e..based_r,:_?on._, [1] ..by--,.. o_
curate ma= tame bared _ variom hnmm b_ the Bin..

s_-,-- ...z. ,, .tin. _ e. u.._,. ,_,_ .., ._o _, diuetheory._l.di__ theMililn_-Quirk,,,-dud).ot,a,b_ _..., _e ilurdlat _tbeo__b .-_-., u a poim ot de,

mei_ huther, _ad tttmdm/ is focm_ on1?
=@, r e I _/rt l£,RI) JO Th_ mil.wamr m=_t u t function ot the pram_

",m.=.,__ _ ,+..,,.. ,,,y . i,d,.._m,,,-,+,,,, Jm._is ._mmby_. [e] ..a IS],L_
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t_4 sins.m. me.asz._..wn.44.1980

* -Q,O01i(I/m;

_. \ --=

'6' _, J_, L, '

o, (-uo) i,d ,.¢ ). t,_ e_=t _ which_ padiem (_/_dA)tx:mnm

, ,.+ 11(_(_).1, 1,I] ,_,_=,)_)=k_.i==_i_Wlmt-v_',,,t_mffic_ tod_-mt& u taewau_wnu:ntu
l=sencs=i_ valueof_ wm='e head,,e-I,,u _

wbae.,u _ itisunderstomlthath ispo_ilic, l_u-zmuumlwildl_[_,t (h=.--15.000¢m_. _.v_..uS
and where for r.heMualem model that _ bow_cr, _t ¢sccmml in a are .uw.?

m = l-l/n, [_1 to ruuk m furu"uu'clcwrpdau of wum', _pecl_. y m.fine-textured scdls. It m _ m,=:hfu:_:_r _

(_,,_., e, _ n). whichhave_tooz _.tu_.u_ n'omo_ fn'ob|mJ. In face the?wouldbe iucbmia_tw_m
=fred mil-wv.erreten,_ondauc t,'t mete zour,_ ilz j_.aI shapeof the _(k}¢urve__,m-al by Zq.
ssturztcd wamr con_i: (#_ is probabl? _wa_. aV_."- [_l ] and p,"oba_y.;,,val/d_te the coaczpc of a lre_klum_
able u i_ is easily obs_d _uu.ty..a.tm" me soil,.wate_couumtluelL ,
residual_m_ _t,_ (_,)"-'Y.be.me.um_ expai- Assumingfor r_ nomcnt that e, u mwl)l.def==t
menud/y,farexzmple,by detmmn_ ,-e warn"con. pzramem"Z_t thu .u_fi_endyaccu_arzes_m m
umt on verydr7soilUngurtumtely,0tmmurtm.enu hods _, mudO, arc available., thentheioIlowiug

not always made routinely, in which _c_. _ cedu_e on be used to obtain mr_m:,,'t of d_ j_m-
havetobe esdma_clby extrapolatingava/lablesoil. ing_.,ametersa mud _,
warn" retention, d_ta wwards lower wstzr couumu,. D_Hcrcnciacion of Zq, [21] g_ves
The residual wttcr co=trot Is d_l._i hcrc as the wa-

• _ whcrz therlilht-hmddd_ Js aprencd in a d O,
_er auus_. so],inzzq.IS]for._ ,,,,tUn'more

i,, f :::'",0_ , , m o., .z .9 a .q -_ _ .4o'._,o • ,I & ..I .4 .11,

..4:_m.M,_m._.,_ d,, p,q,mama "_m.,ek
I_. _ of _h__ _ w. _ .'.-....,, tmuasmm)wJthzm'vmob_/m_byspplyi_dth_b_lduj.

o.
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v_ _: lm_No _ _UL_ comr¢c_vr_y or _lA't'm_m _ 8_

hl (e_u, , _j)u,. [24] _ the ,lo_. d rJ_ cu_,e at r is abmu o.S/. Frc_G

Sr b about 0._. I.knce _ Zq. [311 we ntw m
Sut_,_mdag rut. [24] tam 3[q. [_] results in 0.5. =,a from Zq. [_] a .- 2.0. To obtain an uttmue

 .tu t. [g] mt [113,it is =ecaarrw
. d_ --m(8,--|,) _l 9s_ 2J] have 8n esumate [or h_. ]rzom Fig. I it fo)lows that

= l-,, -' - "" ( tot, h.) hen= ss. Fiwlh,,
The _ilht.hami a_deof _ equationcon•tim oal?.r_ _. [29b] one obmim 8 ,.., o.oos.

pa___eu_ m (both e, and 8, ,re ass_ect to _kz _--_ caJ_ no clearl7 dzrmed or._--,ured..w_. _
be _owo). Hence it is pmslblz m ob.tai_, an _t=_._ _or rbJ:z=idutl mll.wau_ co=m_ w._ _c n= ._mc
o_m by dcu:rm_n_ _be product ot me stope (dS/_..) In th= case |, must be es_m_mi by _Uapolsting
and the p_rc_urzhead _K) _ some po_t on the _(_ mcasu.-_.dwil-wam- retczstioss a.t.m _ _ water

S_l.wat_ ream•ton azra are oz_en ptot_,a o__ contort• One p__ "hie way for d_ _ is _._a_the graphical method dimmed " •.rove using_.
a _a_/OFafithmlc scale. One sm_y take advan_ of values /or 8, and subsequessuy |elect [l_.t v_sue o.c
this fact-by noting that . e, which gives the best fit of _ [2.1] to _ expert-

o[ the mt_-wat_ x_-,tendoncurve is memm_l. An ILl.
Let &be _e absolute va3ue o[ the slope _ • with re- tom•dye •pprmch would be to me a lemt4quam.
spectm loll _, Le_ curve-fic_- u_._d'quz, ch=cby allowinz one to

dmuhaneom esumatcs o/_,, ,_ and n. An addit/mud

susdy, is thsc now the ,.,,tire _. _.,_ca carve can oe

o_, equivzlmdy, m.ed in the paramztzr<sdmau_..pmced..m_. & de.mlai dcscr/pd_n and lisdng ot mc non,ear rust-

& = _ ' &svenby van _en (1978).

Gom_g _.q. [2_], [26], and [27b] lesd_ to the
following expresnoafor $ COMPAIISON _ _ _d_lOILqGO_ZY MOnU,

$ = _.q0S _ 8(1-8_'=). [_8] lz is n_c r_ imenc of this paper._ gi_c .,=c._a.c_ ,-- com_zrisc_ benve_ vaxiom clmed4orm s_uydc__
cnnducd_ W exprmdon_ Only a brief discu.ul6n of

The best location o_ thz _(k)-cur_ for evaluad_ the the equadans dcrlved by_Brooks and Cm't'y (1964)
slope $ b •bout halfway berwcen _vand &. I_ .P will be g/yen hc2_, dnce _ model of the ms_.wster
be _ point on the mit-wau:r _t_tion curve for retention curve ceprm_u • _![ case a_ the re-
wlfich 8_--_ (sec Fig. 1). From Eq. [2] and [24] it tentian model dhcuued in this study.
follows tha_ the ammlnat_ o[P ue given by Brooks and _ (]964. 1966) candud_ from com.

8r = (S,+|,)_ [29•] _F_om with • )argo numb_ of ezl:_i_n__ ud dauihat the soU-water retention curve co_d he d_:s_bed

= [gb] =aoy ,amme qu,em
= e =

and F.q. [28] reducesm where A, is the bubbling pressure and ), a _ char_.

sv(,,,) = _.1_z _ (l-_-s_-), [so] o_ sea _t Zq. [9] n_uces t_ _. (SZ] ,_
velues of the prmure beret, i._

.The tulm_'ipt P/n these equafiom indicated Cs_lua- 8 = (ah)"m'. [|a]
no• at P. _luat_m (._0] nut? be used to obc,_u an
es_matefor m once the slope Sv is determined IFzphi- For the Muglem theory onc ha• mffil--l/n, md h_cz
cal/y hum the exl_rimenta[ mil-wsmr reu_don curve. _---n-I, whilc fnr. the Bu_llnetheory(mfl--2/n)
For _ it it more cooven/e_t to express m u • runt- one find• that ),:_--_. The par•metre _ hwt]_r.
don of &_ The foUowing empirical ]nvenion Icrmula more. b inversely related m the bubbling premu_ h**
can be used fur that purpose: Brooks and Corzy mid _he BurmnP _ to predict

the rchtive h?drautic anutucdvit? and the mtlmate_
(1 - _p(-0.8 S,) (O<Se_)) diffudvit?. They derived abe fol]mvin8 ezprmimss

m. L o.5755 0.1 0.0_s [sU u,(e) = e '*m [s4t]

As an fllmwative esample, let m apply the _n:soing E, _*s_. [9_]pru_edu.v, to the hypgc_cficsl "ex_h.hnmud" _ .o(e) =m J_Sg.l, The point P an _ curve is lot•ted had/-
way betwzen |, _ _, (the roiduld water c_ntmt il T]_'ot_ substitution 1)[ Eq. [l_] Jam [I], sindlar
assumed to be known). One may verily grtphir.ally equaciom can be derived _ the Mmlem
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x.(h) = (.A)-,-._ [56b] row_ _bud,,. =,_,ll the_w-,.- _.-
• c=. TableI shows,h,z • ,_a,/',_]7 .hishvalueof 10.4

D(e) = _ e'--,,_. of the ,u__ curw (n/: -_ inazas/_ func,/on "oLthe
4 _ the diffcrust _prea{'om S/yen slope S,). The value of a wu found to Ix: 0.079 (I/

zbow with the ea:1_ ob_aed xe.L_oa.t[c_ the ra_* cm),'.mpl_:i=." a_y rJz i=vcn_ M _ prmwn_ lu=d
d._clv;_/.rid d/t_iv/_ (_/. IS]. [9]..rid []1]). -, whichd_ _u=._oncurvet._mna the m=elx_"
The Per•me,as- andn ire ql_ ,he samea, be_'e (Fig._) _ of _u_, follow,_7 tram _l.
(z=0_0S),rid ,,=2), whileXb equalto (.-I). The [Zg•] W_ch,fo_vzlua of ,n closeto m_c{i.e.,_ x
_mil-wau_re_e_dm__ forallthreecma beco=_ Im'_):'ed_ :oh, = I/..In that_ hv bemma

id:ndQ.1w
tb.-/don_icalfor_fidendy low,ffilu__/e. ___ _ bub_ pn__u_, k,,_ in the

cur_ sppro.ch= the curvzbasedon _mq.[_] _m:spm,. smnvp.,a nr.,r_ c_a= _ Of _ re.Inureb_-
,{call,/+hcu I dca=u_ However, lirgc devia-mm d,raul/c condncci,d_p, _ mml_:mine,,,;_or dct-iadom
bcrw_._ the two _ occur when # Appm.ach= occurringa_ the _ mnducd_/_/_._ue_
unn'a_/on. The _ basedon Eq. [$2] te_chm P, R,esu.l_ ob_cd for Toucher Silt Loam G,Y..$
at • much lower WLIueof h (-200 c_n)r.ha_ the curve ('Brooks .,.,a C,orey, I_4), _d_wn in Fig, 6, are
buat on P.q. [_! ]. The _o,t JmlX_tam devla_om _u m cho_ ot'H_l_ene S_ib_=. The cm'vin in
betwem r._ conductlvic,/ curves arc abo prcscnt at this. case are alto _ u eel. (,=?..09, Tzb]e .I.),and
.or near the bubbl/ng pressure (Fig.4b). DiHerence_ _ .z/p_d.p0r_,,i'cnonof the_.]•w_e h_raul/c _-
netwam th© _ curvestt the _v_ X-wlu= _._ aualvw/h obtained.
re.iati,_y _1 _ ot no im;_-umce far mo,c prfc. Figure _ p_.nu n:mlu ob=_d for Sik

dun_fie'_fie.ld .;m_e;am,. The di_|vi_/d/Lrt,nm_curv_atboth_i_'the4,:)in. G.F._ _,';,e.uauer', 1985). Note _a_ onlT z li_ir_,dtheir m_t _m_t por'{on the mil-wate_ _tendon curvewasme,_
,='_,dh_e and h;S>m=valu= ol the warm" con_e.u_. The c_Ic_a_d value d 0.1Sl hx- #,{"Table1) hence
Note that the dLK+usNit_curva based on F_q. [311] __ma_no,.be _ accurate. Yet it il the bcst._t value
renudn fiaice (D,=S0,000,-,,,S/da_)wben pspl=osch= -, .sccn ___P.,,cj..[211 when matched Slpdm, the ac-
e,+ v_e me ml/d _ne (Zq. [1o]) _ Inf_,c paunenud_u3 -,,c_•pparasdysdll ra_u in -,, z-
at nmr_on. It is m be ,',,,ph_ized hc_ chat Fi_. ,_-untep__ of r_ umam_ed h_draulic _dur.-
4 was included only to d.-,,,-mcraze typical p__cs _vicy. The predicted curve in F/_. 7 WaS found to
of the ,-a.,-'iou.conduc_vity and diff_.uivi_ models, r.t,LU_ only ++K_rl:ttywhen _, w'+s forced to van be.
-,,d thatthe tip,we '+'ottld n_c bc viewed as an zc- rwzea 0.05 and 0,15. No_e that the curvcs in .1_. ?
cuncy evaluation of any one model, zre less steep ,h,,, fer th_ +p_,vlous two exzznpt_ n_-

._..._.m_",m,=uch _'_tue of, (T,.WeI).
C_MI"AX_ON WITH F.XI_KLIIKENTAL DATA zne _r_c _ mmp1a each showai _t

,a_em. emt benvun ob_ei,ved .and predicted mnd_.

In this section, comparisons are given berweea oh- _ty _ P:zdJcfimu obt,_.,,-_" far _cit. Netol:aand c_lcudatec[conduct/vity curves /1_ five _a.y O_aw_. lgf+)' were fmmd to be less acc_ale
,,'a,e, 'The obscrv_ data for each cast, with the ex- (_Jg. 8). "The b.il_ vonductivi_/values are sc:iom]y.cepcionof the lajt one. _ taken hum the stub cata-

logueof Musle_ (lg76b). Table I nunmzri_,, som_
of the mfl.physind preperdes _ the five sm)'-- _d. '!' Xawt_ _. "r_e l-mut_ or • n--_,___or e_ua.

inma_thii°ftal:_e.Param"tmthee,, m and n arc -1,o included _seorc_{,s-n+. mum,+mcm Univ.. g_m_ot, l,he.l.

Kmuhs for H_ime Ssudsmne (3rooks and CoroT,

.,,s:' ..... -I ,o'[ ....__ 1 I "mu,'.m"s,..,co+m I ,#I------_

""- +' t 1,l
.30_. S,t,JiOSYONE K, .d

_._

kw,v l_l_mi

: 4"
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v._ 6lu_._fs_v:. Ira3mlCTSNG"n_ xyD_t_z.tCCONDtZCI3Vt_O7t.qeL4._ _ 19"i

•iF ' ' ...... *F .......

I "x ,e .\ ."%

O I I i ' - f I l I I I I , ._ . i

k {¢m) h¢cml 5 _ml blml

yq. ?-.ol_=wst (_hm d_t,,) _d _lml, tat _,es (mUd /_ a.-O_ (*di,mrindS) amt mlada_! zm_m(mi_4

unde_zed.tcted,and_ the_nazl shapeof_ p__ .si' , ' • _, t_ ....

sccms rbst snu_ of the poorpr_dic_iom can bc a_c_ ,sI- -% -I _, / • • /

residual water co=tent _ esdmami co be _ _i- -._ w_,_
hie l), z rather s_S mult since c;_T _Is l_s_
gane_ ly h/_h= _,-_alue, chzn com_ soils (_ sam-
rated h_d_aullc conductivity of rJxissoil is only 0.082 -
an/day). _-d da_ _t t,_ low= w-u= cmstm_

lez_s some doubt sbauc the sccuracy of the fictca

'-°'-'-'-"'"-I,,_.-,_,!"I//,.,o! havin_ some indc'_ procedure for u_n_ ._
the residual wz_r conten_.

P,.=ulu for Guelph Loa= (X_ick and Bow,--,,)
1964) auneWen in Fill. 9. ThJa c:UUnl_ _ts • °o° -to' -I=* " .¢ ..3. /I ._
cmein which h_sceresu b pr_uc in cbe soil.watzr re- _m_ _ cm',m')
tendon curve.. The obse_d da_ o_ tl_ a=npk " _q. e--o_,,m_ (,_da) m_ c,Sc_,_t mr,. (mU__ ,_
were take= d/recdy _rom the oris/=a] ,cud¥ {Fig, 2 _ ,_ _,_ _ .,' G_ _ _
and _ of ElrJck and ]low, an, 196_). For the wetting md waxiq br_=_ o_die _ Imlzs.ll= a,nducdvm
brznch a ,,_,-';,,,_z= ("szcu,ramd")valuc o_ 0.434 wu cm_ _ pralla.d _mm kmmlal_ -_ _ m_,e4Smdbr_ndm o/ ds- mll.wassr _tSm

was matc_d m _ _csc value ot X. mcsstn.edc_u:. X./TE_ATUM.Z _ !;
inl wet_n_ (Fig. 9). T/_ va_ue of _,, fu=chcrmo_ was _. _ujz, x.. so..=ut D. S_ad_ba. Ira. _m_,wst

was ob_n_ from d_ dryin_ _ of the curve. _ i_-._-s4.
• o_hthe dryinz sad w_zinl_bnnch=, of rJ_rcu:n, z._,_. _,._.. ,_ x. "r.r,m_,su4. x_tn._ p,_.pa_..pontusmzdl_ l_tn_o_y Paperno. l, G_I _ ..
_imscurve ar_ adec_uatciydesaibed by Zq. [2L]. lqace D_p,,Ca_oradoat,a= Usm'.r=i coll_ Colo.
that so_e hyste;'z_ kpredicu_ in the z_lau_e by- l. )nk_u. I_, 14.s_LA. T. Cm__.IreS. _ ot
dnulic con_ucciv/_y. Ald_ou_h th/s is scner_y t. _ m,c_z add bw. I- Xrrq.nn_n. z_'. ,tam.aaccsvu zq. n _-u,
bc zxpec._-d_when two different x_t_ndon curves are 4. )n_. _. L _ Hyd=ulk _ ev=/ua_mat z_,
lcu'ls'm_,_..q. [8] li]lo IhoWi that d._fer_t r_tenr.io_ ,aft p_fi/e b_z_ m_iwatersvtusdm_relsfimu.SoLtSci, t,oc. '_

l_l_t _el'a_ _ llme coltdUCr;,,r;.L__ Lq Am-_pruc.16'..SSS--5|1.
S, Bun:ilne. N, T, 1|S.% Ib_._ _l_m_l_lty almlsdam

,.,,.... -. . -- -, .. _-. -'-- ,-. =.....
""'-" ,. ,, x, • •

Y. ]r._d-_---_ lr. I. G, L _P.Mox, ,T:]L ]_, ]L M. _ _ ,
-- ,,-'_=' -- _ m-' IL zm=w, _. Z. _qo_hnsp,_ p. G..llaa_q_. Ill'4, The

_it, m s._ L;Sl I=I_ Uo_ ;o.4 ""h _'m__"_ m°dz__r_ol mZ/'mms'mu_lP=P_aomal.
'X'eezimtllflt_-,,,,,-O.,g.a0.--"_ o,_tmam,o won _.ol S_i4_P-_4-L OskKNSvNss/msslLabmstm-y,OeklUdlv,
Ih Lmm(LL| 0.1HI00J.qi 4.m nO04_ _ Temt.
Omilpbdtds_W_ 0.HI0 tl.qXi ILA O.0tZl L08 8. Os'_c_L Lalad]. C.Caz_. _1. _lcu_i ed_b_bruls-

Wmm_ 0.414 Ulil - 0_S0o L_ lk amdUr.dvirF.• tuzthe_euiuldoa of mine /r.a',-_
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898 sou.._z. _ _ .L,vm.. 44, 1980

c.,V_ud. zwn.A _ _. uum__, m u_._,m _vk7 - _ mmmt z_uki_ Auw..,)',500.sum.zT:
.161-14_hmodcbbr mm,dUnemkm_iuXU_Uom.Sail S_. _ Am.

J'.4z:m.r,._ 17.Xemu, _ ud J. Q. Dupe. lrlrk _UzmuCl_ _tml._wdmzu_,_zmd__ _ & R.,_
to. ymek@on,x.D.ducd,,s_,_ ski.ZZ_'lior-Oazhj _ d h/e_xdkm_-Am._ ZB:RD-I_ e_r_m_tILzlr.e_m_l_ OIZ_L4S_. OzlzIUdlWNzaeuz

18.RJaJmm,,u._ k.z'_, ._r.dwd,_r m_,e W,obZemdIX.Jzclu=_It. D.,L ]. _ z,,,__ 11.zL _n _-,. ,_=. z_bm'_cml,.Ch_k , Tenn.
C_.,pz_.. of mmmmd_ mmAm)Imtmtby4mu,Xir._'--'-'!"- mu]l,i,.dlaz_de__y nimrod eumdy_ _m-""

mmde.lh_rtllz as_ w_sol _utmtum mmn _rtta

ml_ "rmm.Z'Z:,zclzySot.57:II00.-lMIIL !_ _m. _m_..oZWeL_Zim,C:m_14.1t4hm_mm.Y. 19'/_.A n_q¢model J_ _th_ T" _0.,,m,aO_L IS'/I.Cm/cuimti_lr_ mmmsw_ h_"
clt_ul_,smd,m:elv4_Eyof_memsmd posfiumm_h_. Wau= dmuUcamduahd_y with • Mw, _Jomul.io_.mutt]mr_

_, u,-,,=tur_zedmib. _.e_c_r._P_m no, w_z,
ls_tut_ el T_m/olDr. _lai_. Iznte.L _1.VltilcUa,M..I_ llavmqtam_msd_. VulsaulL lg?_.,

16. Mm/L V.,_. & It. lCri_ Mufti.and A, 1LStm_t.JilT/I. luziun_u_u_riqucd'unee_stlmx _ _amimx zumnommc.
No_con _h_thra_.pam_z_ /un:_nmIksrroll w,_x _ _ Um_miz'_ _ _m_bk.

Ni_'aze Movement wlzh Zero4xtd_ Dcnitzifscation in 8 ,q_otl]p_rol_, s

Zt. & X_vw,.s, J. L. _ _ 1'. Joasms, _n D.

A]_r_,_CT _ the qu_ of w_ mouz_ Om_'lpmmd

A _sms_zsl sm,17ukd _e _mz _Zzd_za h, zmm- _ fzte.a_ N al ut_ below r.hcaem-J_cis _t,d
•,._m,.m,I_ _ mm,.m',la'e.,._.._r_.-,d,=b Wmc,_L 'ram by a v'='iel? _ in_zz_l and c_xxz]zlc:x

,q,,._ _ _ _ m ...,_ m 'The ,,,zrio_ mo:'g-dnic (Z_Z;4",NOD-, _(_,", and N@_/ • 6eld_usnu (i.e.,m_ _ N _. a,. mm_
ha ,_ - mu,_, ,_may _ _ _ ,- a, pore,), zsut erpmc fara_ czis_ stmulumemaly tnd unda_

_ _u_ b an.in4. I'm p,m ,s_m _ _e _ :,..verdb]e zUdlor ir:cvznibk trmss_nnadom dtw_l-
I_, _,z ,,s.t, w_._, _ u_ n_ _ ev ,las_- in, on _m_d_ _i_'_ak_rbml ix_q_. ' _.

d]anuu 6ma. £-_pwben _ publbb_ em_ ismade mul mua _.no_y z_ exr.nau:qp:a_m are occurrmj. Mct.a_
Ltmere that emeeumn_catn.lu&mubipIlu n,, dmamummb _ (]_, 1970, 1979) hw premted m_LIwis /or
ly _ steady and _zam,;_nt,mtm _ur _xmdJcd_ _ distribu-

4_ _ W.rd_ _ ud _ a_s/m, don of Nil,', NO,-, and NOn- formia • mfl that
t,mm,h_ _ _r mu_zau_m_ had been _u_u._ y _ _.ah_u _um

mttt solutiou in thc rob/onceof io_ exclumb.c ud ionic
lg_. /qicmtz_z with _mlar dmiLrWeu_s in •
me p,,e_ _Z S_ Sec._m. J. _l.at-_. tire u-_mporp ot smmomum iow to include not oaly

sim_dtaneout!y omm'i_' niu'Uicadoa and chudatfi.
r.afio_, but also r._ in" _ _ aad to_
•.cu. mm ,z.(zs;4)pmm enua

T_ qu_n_s _r Ar m_r_-m_ are being used evidence to support, his th_ comidehtiom f_r
JL., for crop w_u_ou.._ uucknumcU_ of _ N uammrmsuom _ moilsdu'riu4_._. •

of mmspm_ _d _tiom o£ tbad: One of the N t:musformatlaus that is not _ um-
.f_._,_;-,'q in m_ nysuum isnecem_ to develop and _ is de=itrtfu:adem. De_triS_a.ti.,,, hat
trap/anent farWizc: l_mqpunent _,_, for eHi.
d_c _q use with minimum envi_nmental haza_ a¢,icmm./,u, nsivd sueueouia
zone o/phmn, usury in the form of NOrH, is an aa minifactms Lr_luc_ " de_iu'Lficafioa (_'mdbmt
eamon_c laa to _he hnna as we_ as pmstblT de. _ Clark, 19_). _la "L/?_TUt_ data m tv-n-_!-_

._wev=, to m _ n.t._canct of __ston

m _.,p. _ _pouomy,x,,,,, sin,, c'_m-n, Am_ _ tom. _uu_. s_ move. m_m._ _mu_. lSmLl
,,,,!o,,, =d z..u,=,z=. _ tmMnmsummar__l_tmt-ac8muan,_ Immt.I_mj_t_e. lt0_lL1_ • ur.suu'_ucauua.1,, a_muOa to • I_lz_ at.q_m,_ ! _=. jrm. 6p3m,v,_tto_y Imem .

__q, _ o__g,muma .za_ea_, mt mmam_ am an indirect mflu .c_e aa orJ_m.;,,uu-mCdq
_ru_,d rr,,, _---- ot _ ,_d ]'s_a, n,pe_, z_atect/ac:cus. Wha_ poor _ dr_al;e nsudu Lm•
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