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ISRAEL
During 1989 the following objectives were accomplished and manuscripts
were written (sce Appendix),

*
1) Slope and Phosphogypsum Effects on Runoff and Erosion

ABSTRACT

The effect of slope on runoff apg @rosion has been studied mainly in
stable soils. Loamy soils from semiarid regions have unstable structures
and tend to seal during a rainstorm, The Permeability of the seal is
sensitive to water quality, The effect of slope angle (5 - 30%) and
addition of phosphogypsum (PG), which changes the water Quality, on the
infiltration rate (IR), runoff and erosion frow ap unstable sandy loap soil
material (Typic Rhodoxeralf) wys studied using o raig simulator, Increasing
the slope slightly reduced the amount of runoff and increased the fingl
Infiltration race, The increase in final IR was dye to seal erosion, The
PG application increased the permeability of the seal, tripled the final
IR of the so0il sample and decreased the volume of runoff by 50%,
Phosphogypsum application also reduced erosion by 60% at the gentlest slope
angle, Change 1in slope angle froy 5 to 25% doubled soil loss in the
PG-treated soi] samples byt increased by seven-folg suil loss fron the
untreated soil sauplers, Gypsum treatment releases electrolytes 1nto the
percolating apd runoff water, Ity effect on soil erosion is due to
decreasing the fraction of runoff water, Stabilizing the soi] structure at
the soil surfce, and increasing the rate of sediment deposition, The
dramatic effecy of PG in reducing erosion from Steep slopes may be used in

stabilizing so11 structures on Steep slopes,

* The ranuscript will be published in Soil Sci. Soc. Am. J. (1989) Vo1, 53
July-August issye (see Appendix A).
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2) Slope, Aspect and Phosphogypsum Effects on Runott und LEroslon

ABSTRACT

The effect of slope, aspect (windward and  leeward sides), and
phosphogypsum (PG) application on rain amount, runoff, and erosion from a
grumusol soil (Typic Chromoxererts) was measured in small field plots (1 x
1.5 m) exposed to natural rainstorms. The amount of clfective rain on the
slopes, as measured with small ruingauges with orifices in a plane parallel
to the slope, increased slightly on the western (windward) aspect as slope
increased to approx. 58% and decreased thercafter. On the leeward aspect
the amount of effective raln dropped steadily to half of the meteorological
rain at a slope of 100Z. The amount of runoff was not affected by the
slope on the western aspect and decreased sharply on the eastern aspect,
PG application reduced runoff to about 25% of that in the control and soil
losses to 1-3%Z of that in the control, The dramatic effect of PG on
erosion increased with slope steepness.

PG releases electrolytes into the percolating and runoff water. It
prevents dispersion of the particles at the surface, stabilizes the soil

structure and reduces soil erosion.

The manuscript was accepted for publication in Soil Sci. Soec, Am, J.

(see Appendix B}
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*
3) Water Infiltration as Affected by Soil Crust and Moisture Profile

ABSTRACT

The effect of wetting front depth on the infiltration rate (IR) of the
Culcic llaploxeralf and the Typic Chromoxerert soils wus studied under
ficld conditions using o rafnfall stmulator.  In both solls the IR
decreased more  sharply when the wetting front was deeper but this
difference becomes smaller us the rufnstorm contlpued. The infileration
rate of the solls at the end of the rainstorm (SxIU_z m) was 8.5x10~3,
6,310, und 5.0x107° w 071 for the Culcle Haploxerall soil prewetted
with water at amount cquivalent to 0, Bxlﬂ_z, amnd L’xl()—l m, respectively,
and 1.5x10_3, and 1.0x107 w h~! for the Typic Chromoxerert soil prewctted
with water at amount equivalent to 0, and leﬂ"l m, respectively, When the
dry soil surface was covered with mulch, however, the steady state value of
the IR was 3.5x107% w h™! for both s0ils,  ‘The high permeability of the
soils during the rainstorm in the presence of mulch, and the similar low
steady state IR values for the various prewetting treatments suggest that
the moisture regime in the profile had a negligible effect on the IR in the
presence of soil crust,

*
The manuscript was accepted for publication in Soil Science (see

Appendix C)
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4) Effect of PAM and Gypsum Application on Rain Infiltrution and Runoff

ABSTRACT

Seals, formed at the soil surface during rainstorms, reduce rain
penetration resulting in runoff and erosion. The effect of surface
application of anionic polyacrylamide (PAM) at rates of 10, 20 and 40
kg.ha”l

Haploxeralf) and a grumusol (Typic Chromoxerert), during simulated

on the infiltration rate (IR) of two soils, a loess (Calcic

rainstorms, was studied. The interaction between PAM and electrolyte
concentratlon at the soil surface was determined under 4 simulated rainfall
of distilled water or tap water, and by spreading gypsum, Electrolytes in
the soil solutions, which flocculate the soil clay prior to cementation by
the polymer, enhanced aggregate stability and greatly reduced water losses,
Complete drying of the polymer-soil surfaces improved the binding action of
the polymer,

Treatments with PAM under the optimal conditions increased the final IR
of the loess form 2.0 to 23.3 mm.h_1 and increased rain intake of an 80 mm
ruinstorm from 12,3 to 65.0 mn, PAN treatment of the grumusol increased
the final IR from 3.0 in the control to 29,1 nuu.h~l and the rain intake
from 22,8 to 60.8 mm. As solls from semi-arid regions are unstable, form
crusts and produce much runoff (50%) during ralnstorms, the use of PAM to

reduce runoff should be cousidered.

The manuscript was sent for publicatlon in J. of Soil Science
(Appendix D),
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L] 'l‘ur RAFID DROP in the IR of soily during ruine
b1 storims i maiily duc 1o seal furmabion v the
52 soil surlace. Breukdown of the suii structure and lor-
33 mation of 3 sedl are enhanced by the impact CHetgy
34 of the raindrups and the low conventrations of clec-
S trolytes in rainwater (Aguss ¢t ul., 1981, 19834). Agarat
56 et a', {1581) propused that seal Tormation was due to
57 two complemcatary mechiannn: () physical disin-
S8 tegratian of soil @ ggregalea caused by he unpact of
59 waler drops; and (1) chemical dispersion which de-
(] pends on the soll eachangeatle sodium iventuge
6l (ESP) and on the clucuul)w.conu'nu.mon ol the ap-
62 phied water, When water of high sahvity was used,
6 chemicul diapersion was Iulucl)‘ prevented and a seal
64 with high permeability was formed mainty by the
63 physical mechanisii, ]
66 The water crusivn process requires a stope, Level
'Y lund is croded slowly becauae the unoll velocity 13
68 slow. As the slope increases, runoll velocity and cro-
69 30 ahw anceease, The effect of stupe on the 1R and
0 runoll'is complicated when considering unstable soils
n which tend 1o eal (Poesen, 1986). Since the wal iy
n be croded, it is possible thal, with an increase in slope.
I3 and scal crusion, the soil IR may meresse and runoll
74 decrease, Foesen (1986) found thay increasing the slope
75 resulted in greater {Rs and lower runotl, and that shear
76 strengih of the seal decreased with an increase in stope.
7 He concluded that the decrease 1n runotl wath increase
74 in slope was mainly due 10 increased splash and sheet
19 crosion which removed the scal. Other processes which
80 may feduce runoll with un increase inslope are; (i) a
81 decrease in the number of raindrop impacis per unit
82 su.rlucc areas (i) a dccrcasc. i the normal conipunent
8) ol drop impuct foree; and (i) the oceurrence of a thn
84 filin of water—through which the compactive furee of
[$] e raindraps can be inccased =bang educed (e
86 Wik Y00}
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The ebjectives of this work were o study the ellect
of slope and PG application on the IR of rain water,
runotf, and crosion from a sandy loam soil which has
an unstable structure and tends to scal. The cilect of
changing the waler qualily way ubu investigated.
Phoaphogypautn apread aver the suil surtace increass
the electrolyte concentration in the rainwaler, piee
vents sull dispersion wnd crust {usmahion, scredscs
i penrtration, und Maintaine Larger upgicgaies al
the soil aurfuce (Kazmaa et al,, 1983). The wduced
umount of runoll and the larger particles at the soil
surfuce should reduce eronon. The benehicial ellects
of PG in reducing crosion from slupes of various
slcepness were asseased 10 this study.

MATERIALS AND METIIODS

A sandy loam sotl material from the cuastal plain of sracl
was used in thay study, The clay, silt, and sund components
of the soil matcnal were 18, 7, and 75'%, respectively, ol the
whole, The CLC was 117 cool, kg ', the LSP was 2.2, and

the vrganic matter cuntent was U.3%. The saturated hye
draubic cunducuivity and the imtial IR ol the saturaied sail

- materul, as medsurcd with 2 nust with mtemsily of 150 wm

h'Y, were approaimately 100 ma b 2,

Disturbed samples were collected, air dricd, crushed
Ppass & 4-nuns sicve, and shoronghly nuacd. Layers of the sail
matenyl, 2 cm deep, were pached 1l peitaraied aictal buaes,
30 by 30 cm, uver an B«an layer of voarse sand. The sand
allowed {rce drainage of water 10 an vullet pipe st i the
buse ol the bua, The buaes weie plaved in 3 rantall simu.
Latur (Monn ctal, 1967) ot 3 suppurhing ltamework which
could be inchined a1 slope angley 10 the hontontal in ihe
range U to U

Scven slope angles were caanmnaed (8, 1.9, 10, 19, 20, 29,
and JUn) for buth unticated soil samples and lor sl saim-
ples treated with PG ground 1o <31 i and spread wver the
soul surface at 4 rate cquivaleat 10 S wn ha ' The PG, a by-
product of the pliosphate leridieee indusiry, has a dry cume
postion of: CaSO,, 9%, MgSO,, I'n, 110, V.o, lluuras
patite and Si0;, LA,

The sampley were hrst saturated with tap water {tom the
base, alter which PG way cpplivd o e teated trays. The
amples were then subpeocd 19 sunuiaied ramlall with an
wnkensity of 40 me b tor 90 v, Distidled waler was used
twaunulate ranwater. Typwal micchanical paramvicrs of the
apphed tain were: median tasndiop doineier, 1.9 mm; e
dean drop veloity, 6.02 108 Y, wind Lotal kincuic encigy, 470
I bt m A soon g cunull way observed (o cummene,
samples were cullected at fegular inicivals, The volume of
rutioll and the masy of 1he suib 1t Cartd wore mcasuicd.
The vuluime of the eillucnl was incaauted ot 2a9mn iicivaly
and the IR was calcutaicd.

Curves were fined to the inbitration data unng the NLIN
proceduie 0F DAY (SAS Inshute, 182, p. 15-37) lur Wi
Huttumien 1y equatiun:

L=+ U = Lap=py) {1}

where J, = the infiltration rate at tune ¢
, = nutial mdlraion rate
I, = the Lnal ililltabion caie
P = sainballimensiy
¥ = 4 cumstani
[
RESULTS AND DISCUssION ____—— bf

Etfccts of slupe wngle und 1°G [m inhitrutiun und

runwil,

The eifeets of slope angle (5 and 25%) and the PG
treatment on the LR and sank foss are illusiratedn Fig.
b las evadent (rom the rapad dreop in the TR of the
untreated sual (Fig. 1a), that the Typic Rhoduaerall s
very suscepuble to surface seuling. A sinular obyers
vahion was made by Uen Hur et al, (1985), who fuund
that soils with modetaie (13=20N) cluy pereentppe and
low content of organic matier are most sosceplible w
crusting. The tmpact of tie raindraps, combined with
u low cuncentrabion of clecirolytes in the vater, caused
the IR of the soil to full fram the imitial rate of up-
proaimately 103 mm b7 10w hnal IR o 2.9 mm h?
and 4.5 oun bt for the S and 25 slopes, respectively,
following 25 to 30 mum of rainfall, The infiliution
curves fur Lue other slupes ranged between thow ol
the 3 and 25% slopes. The final IR and runotl pere
centages for the seven slopes aie presented an Fig. 2,
Ditlerences between slopes =515 are insignificant. Ay
slope angle increased 1o 20% and over, there was
significant increase an the final 1R, Tae increase in
hnal IR iy associoted with increase in soid erosion (Fig,
| and ). A sharp increase in soul losy occuried only

at slopey 2 18% (Fig. 3). Our resulty are in agreement
with thuse of Poesen (1980), eacept that hie used ar-
Wbl matores of sand und sill W prepare cousi-pione
whunenly, dod those nuniores were muse soswepulile

Ie \“-("
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10 scaling thun our soil samples,

The IRs of soil samples treated wish PG dropped
much less rapidly than thuse of the unireated soil same
ples. The drop began alter a grealer cumulative fain-
fall, and the tinal IR were higher (Fig. 1), Also, in the
case of the untreated soil samples, the final R was
eatablished aficr 25 10 30 mm of rain had fallen, com-
pared with 60 mm of ruin for the PG-treated suil sam-
ples. 1t has been shown (Gal ¢t al., 1984) what PG
reduccs surface sealing by raning the clecirolyle con-
centralion i Bhe solution at the suil surface, thus fe-
ducing the dispension of the suil aggregates and the
suil clays and preventing the formaten of the “washed-
in" layer. Thus, the crust formis more slowly un the
surface of soil wreated with PG, and 13 moie permeable
than the crust of untreated soil, teducing Wi rate off
runoll.

As slope angle increased, the final TR of the PG-
treated s0il samples also increased (Fig. 2). The etlect
of slope angle on the propertics of the scal, as deter-
mined by the final IR, was similas iy both treated and
untreated soil samples, in spite ol the fact that PG-
treated 30ils are lesy suscephible 1o scaling and are less
crodible thun untreated suil, A posaible explanation 1y
that mechanical disintegration ol suil 2ggicpdies caused
by the impact of raindrops, which is the main mech.
anivn that operates in PGetreated sotly, is quite aens
silive 10 the slope ungle,

Thete was no obvious relativialip between stope
angle und cither tie total amount of water inhltrating
into the untreated soil sample or runoll percentage
during the storiat (Fig. 2). Cumulutive intirauon and,
hence, the umount of runull are allectey by the rate
of seal formation, tinie 10 ponding, and changes m the
FIR. The interaction ol these relationships duey not
produce a simple trend in cumulative wlihiation and
the resulting changes in the amount ol runoll uy a
tunction of slope are small. by the case when PG &y
added 1o the surface, a delinite relationship (linear
correlation cocllicient ol 7 = 0.73) between stope angle
und cumulative inhltration eaists with 4 decrease in
runoll a3 the slope angle incredses.

I is evadent from Fig. 2 that PG s sery ellecuve in
increasing the hnal TROof the soil and decreasing the
total runotl, PG treatments incicased the hinal IR by
a facwor of 2.7 and decreased the amount of tunoll
from 66% 1n the control to 19 in the ticated soil
sample {average of the seven slopes). The eliect on
crop production of doubling the fraction of rain that
penctraies into the sul by PG trcatment 1n scimiand
areas hay been evaluated in uihier studies (e, Agasi
et al. 1985b), The elfect of PG ttcatments on soil loss

- is discussed in the following seehion.

Effeet of slupe ungle and 1'G on soil tuss

Soil loss as a function of rain depth is preseated in
Fig. Ib. Both the elleet of slope and the ¢iect of the
PG treatment are very pronounced. Increase in slope
angle lrom $ 1o 25% resulted i soal luases increasing
by 700 for the untreated suil samples and 200 for
the PGetreated soil samiples. The relationshup between
the total antount of soil loys dunng the storm and
slope angle 15 shown in Fig. 3. The fullowing obser-
vations should be noted: (1) The rapd inerease in sud
erosion of untreated soil samples dues not occur unil
the slupe increases above 10, At stupey > 10N, rapd
increases 1 soil crusion tuhe place, (u) Only a small
nerease 10 soil luss vceurted between the 25 and J0%
slopes.



Soil losws were not geeatly atfected by slope angle
at the gentle slope range, At fow slopes, and therefore
low averland low velocitics, detachaent of sedimeny
from the soil surface is due Lo rainfall detachment
alone. As rinfull detachment is relatively insensitive
toslope (Rose, 1985; Walker ctal., 1977), there is only
a slight increase in erosion with increasing slope at
slopes below a critical level. The results obtsined in
our study suggest that the range at wineh famfail "
the main agent of sedunent detachment and at which
surluce Nlow acts simply 10 transport and not generate
wdiment, is a1 slopes gentler than 10N, As thie slope
angle increases abuve 10%, the veloaily of overland
How eaceeds the critical value, nlly are formed, and
€rovion 1 generated Dy surface and nll llow. Al slopes
greater than 25%, the incresse in the amount of soil
luss with slupe angle was slawed down (Fig. 3). Thiy
SURZesis thal some form of hnu s being approached,
pOssibly feduced avalability of crodible sediments.
However, it 15 also possible that this i an antilact which
results from the setup of the suil lays, The very ine
temsive nifl eroston that took pluce at the 30% slupe
(sce Fig. 4), and the lowenng of the suil surface below
e edge of the trays, caused sedunent precipuanion ai
the outlel and lower soil loss values. As there was
more coalidence an suil foss data at the 2% slope,
these data are presented in Fig. | and are considered
in the following discussion.

Treatment wuth PG reduces suil Joss dramaticaly
(Fig. | and 3). The elfect of PG i feducing erosion
increases wilh increase 1n slope angle. At the % slope,
the amount of soil loss from the untieated and (reated
s0 samiples was, respectively, 0933 and 0,414 kgm ?
and the treatmient ralio (the rabio between suil losy
from suil samples treated with °G 10 s0il loss ftom
unlreated soil samples) was 0443 (Toble 23, AL e
23 slope, the amsunt of soil losy from the untreated

&nd ireaied soil samples was, fespechively, 6.2 and 0.5
k¥ m'%, und the treatment ratio was 0.2, The elfect
of PG on crosion should be compated with ity ellect
on runoll. Treaiment with G decicased runotf ay the
3% slupe from 65 10 32% (realment ratio of U.49),
and at the 2% slope from 63 1o 23% (treatmicnt fatig
0l 0.35). Whereas the etfeet of 1'G on runull dejaends
only slightly on slope, the ellect of PG Healinent un
s0il 1oty 13 more pronounced ay the slope angle ane
creases. This inding indicates that PG treatment an
sleep 30ils reduces runoll 10 33% of the control but
reduces crosion to 12% of the control, Thus, P35 abso
teduces the concentration of sedinienty 1o the tunoil’
volutie,

The cfect of PG on the micra-reliel of the o] exe
posed to in s presented an Fiy, 4, Following a 60
mim ra:nstorm, the surface of the untrested soib at the
3 slope 1 smouth, An unsieated soth wall, at the be.
pinning of u runstorm, forn Pty as aresult of the
unpact ol the randiopy (Hardy et al, 1933). Ay the
stornn proceeds, a crustis formed, and runotl 2ad e -
sion take place. Seal formation ndieases the tesnlange
of the suil surfave 1o furihier Mg, and the crosion
removes the loose sol pariicles. The final gesult of
these provesses 1y the development of o simooth suil
surlace (Fig. 4a). Sarl teated with PG continues 1o it
throughoul the raimtorm, probably because the
stecnugih o the seal 1s not sullicient to resist the mpact
of the ramndiops (Fig. 4b).

Increasing the slope angle increases the selocity of
the water flowing over the suil surface. When the ve.
locity and turbulence become Lurge enough, nll for-
mation tkes place, In our study, casily discerned nily
were formed along the entise leagth of the tray on
slopes greater than 10%. On the 3u' slogx, at the end
of the storm, rills were up 10 0,75 e deep and 2 em
wide (Fig. 4¢). PPhosphogypsumarearcd soil did not
develop nils even at the 0% slope tFig. 4d).
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The dramatic clfsct of PG on crosion and its de-
pendence on stope angle may be caplamed as fullows.
According to Ruse (1988) and Fosier (1982), thive
processes alleet sediment concentration in the runoll
water continuously and sinultancously: (i) rainfall de-
tachment of soil partictes, in which raindropy splash
soil particles (rom the soil surlace into the water of
averland flow; (i) suil panticle entrainment by overs
land flow (oe runotl detachiment); and (bi) sediment
deposition, 4 continually ovcurring process owing
sediment settling out under gravity, This process de-
pends on sediment size and fall velocity. The sesultant
sediment concentration is determined by the relative
magnitude of these ditferent rates.

Rainfall detachment is the main transpon process
at tow slope angle (Walker ¢t al,, 1977). The ellect of
applying 1'G on raintall detachment is telatively smali,
and soil losses are similar i treated and untreated
soils.

The capacity of water to cause sheet crosion de-
pends upon 1ty veloculy and turbuleace which, inturn,
depend upon the slope angle, e depih of the runotl
water, the tortuosity of s peib, and the roughness ol
the soil surface. As the size of the soil paiticles in.

_creases, it is more diliicult for overtand flow to Ll the

particles (rom the soil surface. Treatment with PG al
fects cach of these lactors; PG reduces the volume off
runoll and muintains the roughness of the surlaee,
thereby decreasing the velucity ol overland tlow,
Phosphogypsum treatiment alswo increases e clectio-
lyte concentration in both the runulfl water and the
percolating water. lacreasing the clectiolyte cascen-
tration prevents aggregate dispersion (Agass ¢t al,
198 1) and bigger particles are less crodible, Thus, it s
concluded that crosivn by oveddand tluw iy reduced
ctlectively by PG ieatment. Siee averdand tlow be-
cumes the donunant smicchamism ay the slope angle
increases, it 1y 10 be expecied tha, he ellectivencess of
PG increases as the slupe angle increases.

The third process that atlects the scdinient concens
ration in the runull water s sedinient depusition, Sed-
inlent depusinion depends an the s ol the panticle,
1n e PG reatment, the concentiation of clecholyies
in the runoll water 18 ligh and the clay parucles tloe-
culate and are deposited, Miller (1937}, analyzing the
etlect of PG on sediment pasticle siees in the runolf
water, found fur the conteol suily 15 10 30% clay and
60 10 75% silt, whcreas PG-amended suils showed no
clay in the cunoll water. PG treatinents always en-
hance sediment deposibion,

CONCLUSIONS

Seal formation at soil surlaces eapuacd 1o raimlaldl 1y
due 1o two mechaniams: (1) bicandown of the sol ag-
gregates caused by the impact ol randrups, and (1) &
physiochenical dispersion of the clay, wiieh can then
migrate and clog pores nnmediately beneath the suie
Jace. When PG was apicad over the suld sample, it
dissolved and prevenied clay dispersion, tnpled the
final [R of the soil, and decreased the depih of runoif
by SO, I'G applicatiun ulse tedaed crosion by 6U'n
ul gentle slope angles.

luncreasing the slupe angle of the soil thal way eae
poscd 1o vertical ran {rom ' 1o JU%y, almust doubled
the lina) L4 ol buth tcatzd and uniteated il same
plestnipled soil erostun from PU-treated sumples und
increascd by sevenlold soit loss from the unireated
saniples. The increase 1 Bl TR was attnbuted towal
crosion.
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Phosphogypaum treatment and the release of elec.
trolytes inlu the percutating und runoll sulutions t¢-
duced soil crusion by the folluwing ciechanisimg:

=[ncreasing the fraction of rain that penctrated into
thie 30il, thuy deercasning the depth of runall waier,

=lncreasing the mlu?ny of the soil aggregates at the
surface, thus detaching fewer suil pariicles by raindiop
impact and overland flow,

~Maintaining 4 rough soil surfuce (cumpared with
the smouth surface ur the untreaied saal), thus des
creasing the velocily of the overland llow of runotl
waler,

—Mamummu a high concentration of elecirolyles
in the runoli’ waler, thus enhanang the Hocculaion
and depositien of the clay parucho.
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Abstract

Thr  effect of slope, aspect (windward asnd leeward sides), and

phosphogypsum (PG) application on rain amount, runoff, and erosion from a
grumusol soil (Typic Chromoxererts) was measured in small field plots (1 x

1.5 m) exposed to natural ruinstorws. The wmwount of effective ruin on the

slopes, as measured with small raingauges with orifices in a plane parallel
to the slope, increesed slightly on the western (windward) aspect as slope

increased to approx. 58% und decreased thereufter., On the leeward uspect

the amount of effective rain dropped steadily to half of the meteorological

rain at a slope of 100%4. The amount of runoff was not affected by the

slope on the western aspect and decreased sharply on the eastern aspect,
PG application reduced runoff to about 25% of that in the cuntrol and soil
losses to 1-3% of that in the control, The dramatic effect of PG on
erosion increased with slope steepness,

PG releases electrolytes into the percolating and runoff water, It
prevents dispersion of the particles at the surface, stabilizes the soil

structure and reduces soil erosion.

|



Introduction

Soils from semi-arid regions are characterized by poor structure and

relatively high sodicicy in the soil profile. A major consequence of the

lack or non~-stability of aggregation is the tendency of these soils to

display rapid surface sealing during rainfall, which 1induces excessive

runoff aad soil erosion,

Breakdown of the soil structure and formation of a seal at the soil

surface are enhanced by the impact energy of the raindrops and the low
concentation of electrolytes in rainwyter (Agassi et al,, 1981, 1985u),

Agassi et al, (1981) proposed that seal formation was due to two

complementary mechunisms: (a) physicul disintegration of soil aggregates

caused by the impact of water drops; uand (b) chemical dispersion which

depends on the soil [SP (Exchungeable Sodium Percentage) ond on the

electrolyte concentration of the applied water, When water of high

electrolyte concentration was used, chemical dispersion was largely

prevented and a seal with high permeability was formed, mainly by the

physical mechanism,

The beneficinl effect of surface application of phosphogypsuam (PC) 1in

maintaining high rain Penetration, reducing runoff and preventing soil loss

has beeh demonstrated in the laboratory (Agassi et al., 1982, 1985b; Kazman

et al,, 1983; Warrington et al., 1989), When PG 1is spread over the soil,

it dissolves and releases electrolytes which prevent clay dispersion. By

preventing clay dispersion, surface-applied PG increased the permeability
of the seal, tripled the final infiltration rate of a typic Rhodoxeralf,
reduch the amount of runoff by 502, and reduced erosion to 10-40% .f that

in the control (Warrington et al,, 1989). The objectives of this work were

17



1) to atudy the effect or slope and aspect (windward and leeward sides), on
raln amount, runoff and erosion from a grumusol soil in small field plots
(1.5 m2) exposed to natural rainstorms. 1i) To study the effect of PG

spread over different slopes and aspects on runoff and erosion.

Materials and Methods
Geography
The experimental sites were located in the northern Negev of Israel
near Kibbutz Bet Qama. The soil type was grumusel (typic chromoxererts)
with clay, silt and sand contents of 48%, 257 and 27%, respectively, The

cation exchange capacity (CEC) of the soil samples ranged around 37

cmole(+)kg"1 and the ESP around 18. The CaCO3 content was 13,4%,

Annual rainfall at the site 1is approx, 265 mm, with a coefficient
of variation of 38%7. The meteorological rain is measured with raingauges
whose orifices ure horizontal, However, the intensity at which a given
rain flux is intercepted on the ground depends on the angle of incidence
(Sharon, 1980), It is greatest when rain falls normal to a surface, whence
it decreases to zero for rain falling parallel to it, such as vertical rain
fa.ling near a wall. The angle of incidence depends on the position (i.e.,
aspect and inclination) of the sloping ground, relative to the direction
from which rain 1is falling. Thus, ‘for a glven direction of rain, the
proportion of rain actually intercepted on the ground will vary with aspect
or 1inclination or both, It is this quantity that 1s significant in
rain-dependent processes tuking place at soillsurfaces.

quinunt wind direction during roinfall varies in the region, but at

least 502 of the rain comes from s narrow scction of only +20-25° around

|8



the azimuth of 240° (dominantly west-southwest winds) (Sharon et al,,
1988). As a result of the prevailing vind, ruin falls mostly at a
ccnsiderable inclination. Resultant angles of 40°-60° (measured from the
vertical) have been found in storms with wind speed of 10 m/s (Sharon,
1980). As a result, the effective depth of ruinfall that is actually
incident on the windward and leeward side of sloping ground, also deviates

widely from measurements made in conventional ralngauges with a horizontal

orifice,

Runoff plots and instrumentation

Runoff plots (1,0-m wide and 1,5-m long) were constructed at two
sites, 2 km apart, One site was on natural wadi wall (Plate 1), The
prevailing aspect of the slopes at the site was toward southwest, The
runoff plots were constructed on natural consolidated undisturbed slopes of
12Z, 31.5%2 and 65%. The soil at this site is quite variable, with ESP
ranging between 10 and 20, thus another site, on a nearby roadcut, was
chosen (Plate 2). Slopes of 8.7%, 57.7% and 100% were constructed at this
site on the western (windward) and eastern (leeward) aspects. Well-mixed
undisturbed soil from the wadi wall was used to form the uppermost S-cm
layer 1n these slopes (Plate 2),

Raingauges were of the small-orifice (=6.4 cm2) type. The gauges on
the slopes were inclined, with the orifices on a plane parallel to the soil
surface, Runoff water together with the suspended solids in the runoff
water were collected in containers. After each rainstorm raln, runoff
water, and the suspended solids in the runoff water were measured. Two soil

treatments were applied: bare untreated (control) and PG spread over the



soill surface at the rate equivalent to 5 ton hu-l. The soil surface at

the undisturbed slopes was cultivated just to break the previous crust and
then smoothed by hand., Each treatment was replicated three times; thus the
number of plots at the roudcut site was 3 slopes x 2 treatments x 2
aspects x 3 replicates = 30 plots, and at the wadi site it was, 3 slopes

x 2 treatments x 3 replicates = 18 plors.

Results and Discussion

Measurements for the present study were conducted during the 1987/88

ralny season, Observations  from five (disturbed soil) and six

(undisturbed soil) consccutive rain storms from January to Murch 1988

totuled about 240 . Earlier storms Jare not presented, because

plots were not prepared yer.

A complete listing of rainfall, runoff and soil losses for each storm

is presented in Tables 1 and 2, The scason sum of rainfall, runoff and

erosion is presented in Figures 1-3,

Rain measurements

The depth of rain measured with standard raingauges with horizontal
orifices at the wudi and roadcut sites (consolidated and disturbed
surfaces, respectively) was 240 and 249 mm, respectively, The amount of
effective rain on the slopes, as measured with inclined raingauges with
orifices on a plane parallel to the soil surface is presented in Tables 1
and 2 (for each of the single storms) and in Figure 1 (for the total season
rainfall). It is evident that the effective rain is a function of both the

slope and the aspect of the sites. Since the dominant wind direction



during rainstorms 1s from the west-southwest (azimuth of 2400. Sharon et
al., 1988), the amount of incident rain is higher on the western than
on the eastern aspect. The maximum amount of incident rain on the western
aspect was at the intermediate slope (57.5%) and the effective rain
decreased as the slope increased further to 100%. It is at the moderate
slope that the incident rain was probably perpendicular to the soil
surface. At slopes less or greater than the moderate slope, the effective
raln decreases. At the leeward slope (eastern aspect) the amount of
effective rain decreased continuously with increase in slope. At slopes of
57.5%2 end 100%, the effective rain dropped to 0,77 end 0.50 of the
meteorological rain, In this study experimental rupoff and erosion are

related to the effective rain as measured with the 1inclined raingauges

(Fig. 1),

Runoff measurcments

The amounts of runoff (mm) as o function of slope und treatment for
each storm at the two sites and the two uspects are presented in Tebles )
and 2, The fruction of runuif (from effective rain) us u function of slope
is presented in Tig, 2, The following characteristics should be noted:

1) On western-aspect slopes the effect of gradient on the percent of
runoff was smsll, Whereas on the -consolidated surfaces the percent of
runoff increased with an increase in slope, in the plots with disturbed
soll surfaces the percent of runoff decreased with an increase in slope.
Averaging runoff percentage for both surfacés, the percent of runoff in the
control was about 60 percent of the effective rain. The high runoff (and

low rain penetration) was due to seal formation at the soil surface (Agassi



et al,, 1981), The 1impact of ruindrops, combined with the low
concentration of electrolytes in the water and the inherent low stability
of the soil Structure, caused the IR of a siwmilar grumusol to drop to low
final IR values of 2-3 mm.h~! (Agassi et al., 1985a) and a high percent of
runoff was obtained,

With an increase 1in slope, runoff is expected to increase because
surface storage decreases. However, with un 1increase in slope, soil
erosion also increased and the seal at the scil surface was eroded. A high
rate of seal erosion leads to an increase in rain infiltration and
decreased runoff (Warrington et al., 1989). ‘The net effect of the two
opposing processes was that runoff was affected only slightly by slope.

2) The effectb of treatment with PG on runoff percentage was very
pronounced (Fig. 2). ‘The percent of runoff in the PG treatments was
approx. 15, about one-fourth of that in the control. It was already shown
(Agassi et al,, 1982, 1985 a, b, and Gal er al., 1984) that PG reduces
surface sealing by raising the electrolyte concentration in the solution at
the soil surface, thus reducing the dispersion of soil clays and preventing
the formation of the "washed ip" layer. Since the senl forms more slowly
on soil surface treated with PG and is more permeable, runoff in PG-treated
soll surfaces is reduced. As 1in the control, the effect of slope on runoff
from PG-treated surfaces was small,

3) The difference in runoff from a natural slope ("consolidated") and that
from a disturbed or cultivated soil layer was small (Fig. 2). Since seal
formation determines the rate of rain penetrhtion and seal is formed at the
surfaces of both disturbed and consolidated soils, the properties of the

soll underneuth the surfuce uffect only slightly the rate of rain



penetration, and thus the difference in runoff between the soils at the two

gites is suwall,

4) The amount of effective rain on the leewsrd side of the dominant wind

(eastern aspect) decreused with slope (Fig, 1), On this slope the percent

of runoff (from effective rain) decreased sharply from 7° x 70 at 8.5%

slope to approx, 2° x 20 ut 100X slope (Fig. 2), The low values of runoff

from the steep slope suggest thut the seal was not fully developed on the

eastern aspect, In u study of the effect of impact energy of raindrops on

seal properties of a loess soll, Agassi ot ul, (1985a) found that the

impact energy of raindrops was essentiul for seal formation and when rain

without energy was applied, high IR's were maintained. In the leeward side

of the dominant wind, both the amount of rain and the impact energy of

raindrops were low, thus a seal with high permeability was formed, and the

percent of runoff was low,

5) On the castern aspect, the relutive efficiency of PG 1in preventing

runoff was high at the gentle slope and diminished as the slope increased,

The beneficial effect of PG was most pronounced in dispersed soils exposed

to the beating action of raindrops, As the impact of raindrops decreased,

the formation of the seal decreased and the beneficial effect of PG was

less pronounced,

6) Finally it should be noted that-no runoff data are available for the

control treatment of 100% slope on the western aspect. Total collapse of

the surface layer with localized "landslides took place in the three

replicates of this treatment (Plate 3), Conversely, no landslides occurred

in the PG treatments in spite of the fact that more rain penetrated this

treatment than the nontreated plots. It seems that the low concentration
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of electroltyes in the rain and the dispersivity of the soil (high ESP)
lead to soil slide, When PC was spread on the soll, the relatively high
concentration of electrolytes in the soil solution prevented clay

dispersion and soil slide in spite of the greater rain water percolation,

Soil Erosion

The effect of slopes on soil losses for the two sitey is shown 1p
Tables 1 and 2, The effect of slopes on the season soil losses (240-249 mm
rain) is presented in Fig., 3. The tollowing should be noted:

1) On the western aspect (Table 24), increases in slope had a dramatic
effect on s0il losses. The effect of the topographic fuctor (length x

slope) was quite similar to that calculated by Wischmeier and Swmith (1978),

There was no significant difference in soil loss between the disturbed ang

consoliduted plots,

2) Treatment with PG reduced soll losy dramatically (Fig. 3). The effect

of PG 1in reducing eroston increused with slope steepness, At the gentle

slope, PG treatment reduced soll losses o 0-10% of that in the control,
whereas at the 60% slope, PG treatments reduced erosion to 1-3% of that in

the control, At 100% slope, landslide occurred 1in the control and

comparison between PG treatment and the control was lmpossible, The effect
of PG on erosion should be compared with that on runoff, Treatment with PG
. reduced runoff from about 60% 1in the control to about *15% in the treated
soll, and the effect of PG on runoff depended only slightly on the slope
(Fig. 2). These observations suggest that‘the beneficial effect of PG in

decreasing erosion is not only by decreasing runoff but also by diminishing

24
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soll erosion directly, Similar observations were obtained in laboratory
studles using rain simulators (Warrington et al., 1989),

3) In Plates 3 and 4, the effect of PG on the shape of the soil surface at
the steep and gentle slopes, respectively, is shown., Following 140 mm
rain, the surface of the untreated soill at the 8,72 slope was smooth and
the aggregates were completely destroyed., Naked white sand grains from
which the clay particles were removed by clay dispersion, glve the white
color to the surface (Plate 4), Soil treated with PG maintained part of its
original structure, the surface was not as swooth, and no naked sand grains
were observed on the surface, The well developed crust at the soll surface
of the control caused the high runoff and erosion. Increasing the slope
angle increased the velocity of the water flowing over the soil surface and
intensive rill and interrill erosion took place (Plate 3), PG- treated
soils did not develop intensive crosion or rills even at the 100% slope
(Plate 3), It is hypothesized that the presence of electrolytes in the
runoff of the PC treated soils decreased rill formation and rill erosion,
This process which supplements the decrease in runoff may account for the
dramatic effect of PC in reducing erosion,

4) On the eastern aspeet, soil losses decreased with increase in slope.
The decrease in ruin intensicy (Fig, 1) which wag followed by a decrease in
runoff (Fig, 2), brought about o decrease 1ig soll losses. It should be
noted that us the slope increwsed from 8,7 to 100%, the amount of effective
rain dropped to 125 mm (52% of the horizontul rain), the runoff dropped to
26.3 mn (15% of the umount of runoff at 8.5% slope), and the soil losses
droppe§ to 210g (9% of soil loss at 8,7% slope). A similar relationship was

obtained at the intermediate slope, The similarity in the effect of slope

29
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with eastern aspect on runoff and soil loss suggests that these two
processes are related. We can assume that the lmpact energy of raindrops
on soil surface in the leeward side of the wind diminished even more than
the rain intensity, With the decrease in impact energy, both seal formation

und soil detuchment were alse diminished,

Summary und Conclusions

There 1y u consideruble difference in the amount of rain falling on
leeward or windward aspects of steep slopes. This fuctor must be considered
in soll conservation plans. The effect of PC on soil loss reduction
operates by several mechanisms (Warrington et al,, 1989). (1) PG spread at
the soil surface dissolved and released electrolytes into the percolating
and runoff waters. The high concentration of electrolytes 1in the
percolating water ulowed down and prevented the formation of the seal and
increased the fraction of rain that penetrated into the soil, thus
decreasing the depth of runoff water. (2) Increasing the electrolyte
concentration at the soil surface also Prevents the breakdown and
dispersion of the aggregates at the soil surface, Stable aggregates are

less transportable by raindrop detachment and overland flow, (3) Rill

formation and rill erosion are slowed down by presence of electrolytes,

Finally in the presence of electrolytes in the runoff water, deposition of
clay particles from runoff water is enhanced (Rose, 1985). The dramatic
effect of PG in reducing runoff and erosion from steep slopes shows the
important effect of water quality and soil proberties on erosion and may be
used in stabilizing soil structures with high slopes. This study has to be

extended to include other unstable solls from semi-arid regloens,
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Figure Legends

Rainfall amount as affected by soil slope, aspect and location,

Percent of runoff from effective rainfall as affected by soil
slope, aspect, location and surface treatments.

Soil loss amount as affected by soil slope, aspect, location
and surface treatments,

Plate Legends

Runoff plots on natural Wadi wall,

Runoff plots on the roadcut (only the 57.7% and 100% slopes are
seen),

Effect of phosphogypsum on the soil surface at the steep
slopes. Note the soil collapse in the control (100% slope),
compared with the phosphogypsum treatment,

Effect of Phosphogypsum on the soil surface at 8,72 slope,
(note the white PG aggregates),
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Table 1, Rain, runoff, and soil loss from 1.5m2 field plots on
consolidated grumusol (windward slopes),*

12% slope 31.5% slope 652 slope
Date
Rain Runoff Soil Rain Runoff Soil Rain Runoff Soil
loss loss loss
-2 -2 -2
mm mm g.m mm wn g.m mn mm g.m

5/1 Control 28 4.1 42,6 28 13,5 97,8 27 8.4 297

PG 3.3 5.4 3.0 6.8 3.1 8.4
17/1 Control 47 25,2 78.2 45 22,3 346 40 26,2 2640
PG 6.9 9.7 7.5 36,2 4,5 47.4
3/2 Control 4] 20.2 50,0 42 22,7 235.4 43 27,3 397
PG 6.7 7.4 9.5 50.0 4.6 14
18/2 Control 58 30.8 110.3 58 35.5 375.6 49 34.8 3607
PG 7.7 5.1 10.8 28,5 5.3 57.5
24/2 Control 52 23.8 44,9 54 30.8  32.3 44 30.0 988,2
PG 6.1 2,9 11.8 47,2 9.3 35,5
7/3  Control 23 11,2 19,6 23 7.9 58.6 20 10.5 2928
PG 1.9 0.9 1.0 2,8 1.4 5.0

Total Control 249 125.3 345.6 250 132,7 1437.2 223 131.6 8429
PG 32.6  31.4 43.6 171.5 28,2 183.8

¥ The results presented in the table are means of 3 replicates. The
standard deviations of the means were always below 10%,
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)
Table 2. Rain, runoff, snd soil loss from 1.5 m~ field plots on disturbed
1,rumusol , *

8.7% slope 57.5% slope 100% slope
Date  Treat-

ment Rain Runoff Soil Ruin Runoff Soil Ruin Runoff Soil

loss loss loss

1988 o n 9
mn ) g.m © (i) g.m °  mm um guan =

Western Aspect

S.1 Control 20,7 18, 110 28,5

5.8 11,0 200 23,7 3.9 40
PG 2.5 0 2.1 0 2.0 0
17,1 Control 73 44,2 410 82,0 35,0 1130 78.0 (a) (a)
PG 9.5 10 9.3 30 5.0 0
3.2 Control 29,7 24,6 200 44,5 35,8 1600 41,2 (a) (a)
PG 10.1 10 9.8 20 6.7 80
18.2  Control 55.5 46,7 310 60.0 44.5 2000 51.5 (a) (a)
PG 13.3 30 10.1 10 10.1 0
24,2 Control 46.5 37,2 400 53.0 42,3 1000 51,3 (a) (a)
PG 12,2 20 14,5 0 12,2 10
Total Control 241, 170.0 1430 268.0 168.0 5630 245.0 - -
PG 47.6 90 45.8 70 36.0 90
Eastern Aspect
5.1 Control 27.0 12.8 170 23,2 6.6 30 18.0 1,2 0
PG 1.8 0 1.4 0 1.6 0
i7.1  Control 70.0 45,7 1000 50.0 14.7 160 27.0 4.5 10
PG 12,4 50 5.5 10 2.2 0
3.2 Control 40.7 29,9 380 33,5 17,1 160 20.7 3.6 170
PG 7.9 10 5.9 10 2.9 0
18.2 Control 56.5 44,0 350 51,7 24.3 370 39,0 9.6 10
PG 9.4 10 6.5 10 5.1 0
24,2 Control 45,7 138.6 410 33.8 21.2 210 20,8 7.4 20
G YA 0 . 5.0 U 3.9 0

Total Control 239.0 171.0 2310 192.0 83.
PG 40.9 80 23.

N O

930 125.0 26.3 210
30 15.7 10

(a) Landslide

* The results presented in the table are means of 3 replicates.
The standard deviations of the means were always below 10%,
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Abstract

The effect of wetting front depth on the infiltration rate (IR) of the
Cacic Haploxeralf and the Typic Chromoxerert soils was studied under field
conditions using a rainfall simulator. In both soils the IR decreased more
sharply when the wetting front was deeper but this difference become
smailer as the rainstorm continued. The infiltration rate of the soils at
the end of the rainstorm (8)(10'2 m) was 8.5x10'3, 6.3x10'3, and 5.0x107%
h'l for the Calcic Haploxeralf soil prewetted with water at amount
equivalent to 0, 3x10'2, and 2x1073 m, respectively, and 1.5x10°3" and
1.0x1673 m n7d for the Typic Chromoxereret soil prewetted with water at

amount equivalent to 0, and 2x10'l m, respectively. When the dry soil

surface was covered with mulch, however, the steady state value of the IR

was 3.5x10'2 m h'l for both soils. The high permeability of the soils

during the rainstorm in the presence of mulch, and the similar low steady
state IR values for the various prewetting treatments suggest that the

moisture regime in the profile had a negligible effect on the IR in the

presence of soil crust,
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Introduction

The significance of the infiltration process in the hydrological cycle
is well known. It has long been recognized that the driving force for the
water entering the soil is the gradient of the water potential between the
wetting front and the soil surface, and therefore the decrease in
infiltration rate is an inevitable consequence Jf the decreasing water
potential gradient during the infiltration process (Baver et al., 1972).

Horton (1939) suggested that the reduction in infiltration rate with
time, during the infiltration process, is controlled largely by factors
operating at the soil surface. A gradual deterioration of the soil
structure and the consequent partial sealing of the profile by the

formation of a surface crust may occur in some soils under certain

conditions.

Crust formation is due to the combined effect of the raindrop impact
energy and the.dispersion of clay particles at the soil surface (Agassi et.
al., 1985). The formation and permeability of a soil crust depends on the
exchangeable sodium percentage (ESP) of the soil and on the electrolytes
concentration of the percolating solution, tending to decrease with
increasing ESP and decreasing electrolytes concentration (Agassi et al.,
1981, 1985).

The infiltration rate therefcre depends on the following factors:
(1) hydrau]ié conductivity of the rain affected surface layer and of the
bulk of the soil, (ii) initial water content, and (iii) water potential
gradient in the soil profile. Using a rain simulator, however, it was
observed that the infiltration rate is independent of the depth of the soil
profile (Morin et al., 1981). Thus, the objective of this work was to

{r
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study the relative importance of crust formation and hydraulic gradient in

the soil profile on the infiltration process in soils exposed to rain.

Relevant equations

Following Darcy’s law and the Green and Ampt mode) (1911) the vertical

infiltration rate in isotropic soil is described by

HS + H0 +L
g L ()

where It is the infiltration rate at time t, KL is the average
hydraulic conductivity of the soil, L i5 the thickness of the soil layer
from the soil surface down to the wetting front, H  is the average suction
at the wetting front, and Ho is the thickness of the water layer on the
soil surface.

It was assumed that the change in water content at the wetting front
took place in a layer of negligible thickness, and the water potential at
the wetting front has a constant value, independent of the position of the

wetting front.

The suction Hs at the wetting front can be calculated using Mein and
Larson’s (1971) method

] .
Hg -_th dK (2]
where Kr - KL/Ksat' h is the soil suction and ksat is the saturated
hydraulic conductivity.



An infiltration equation for bare soil exposed to rain was proposed by
Morin and Benyamini (1977), which is similar to Horton’s equation (Horton,

1939) 1t is given in Eq. [3]:

It - If + (li'lf) exp(- ¥ pt) [3]
where I‘ and If are the initial and final (steady state) infiltration
rate, respectively, t is the time from the beginning of the rain, ¥ is the
soil coefficient, related to soil stability, and P is the rain intensity,

Combining Eqs. [1] and [3) and solving for KL yields:

Llg Her(ly-Tg Jexp(- Y pt))
L+t +iT, RN

(4]

By changing the depth of the wetting front (L) and measuring the
corresponding infiltration rates it is possible to evaluate the relative

importance of the matric potential gradient and the hydraulic.

conductivity of the crust due to changing in pore geometry.

MATERIALS AND METHODS
Sojls

The experiments were conducted on two soil types: (i) Calcic
Haploxeralfs ( a silty loam lToess) from a region where the average annual
precipitation is 2.6x10°! m y'l, and (ii) Typic Chromoxererts (a dark brown
vertisol) from a region where the average annual oprecipitation is

4.6x10'l m y'l. Some physical and chemical properties of the two sofls are
presented in Table 1.

Raipn_Simulator Experiments

The field experiments were conducted at the end of the summer on a

soil profile that was dried by wheat during the previous winter and spring
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seasons. The fields, with a slope of 5%, were cultivated by disk harrow to
provide a smooth surface before the rain application. Three prewetting
treatments were selected: (i) no prewetting; (ii) prewetting with 3.0x10'2
m of water; and (iii) prewetting with 2.0x10'] m of water. The soil in
the plots was mulched before the wetting in order to prevent crust
formation during the simulated rain. The prewetting was done 24 h before
"the sofls were subjected to a simulated rainstorm of 8.0x10°% m. The
prewetting treatment provided different wetting front depths. Prior to the
simulated rain application, the mulch was removed and a layer of 1x10'2 in
of dry soil aggregates (<5x10'3 w) was spread carefully over the wet soil
surface. In order to minimize variability, the dry soil aggregates were
taken from one spot in the field. Spreading this dry uniform soil over the
wet soil surface of the three prewetting treatments ensured that the
various wetting time length had no effect on the soil surface aggregates,
There were three replications of each treatment.

A portable rainfall simulator (Morin and Cluff, 1980) was used. The
main characteristics of the simulated rain are as follows: median water
drop diameter is 2.3x1073 m, median water drop velocity is 6.74 m s'],
the sum of the Kkinetic energy of the water drop at a depth of 1 m per
square meter of the surface is 22.9 KJ, and the rain intensity is 1.11x10'5
s (40 mm hY).

Runoff'rates from a 1.5 m2 area within each 2m by 2 m plot were
recorded during the application of rain-on the bare soils. Soil samples
were taken just before and immediately after the !3)(10'2 m rain on the bare

soil for gravimetric soil moisture determinations.



RESULTS AND DISCUSSION

The water content before and after prewetting and after Bxlo'2 m
rain for both soils is given in Fig. 1. The moisture in the upper layer was
high and decreased graaually with depth, down to the wetting front, The
depth of the wetting front gf%er the prewetting treatment was 0, éfg;io'l
and ;;;5:1 for 0,;5:;0'2 and 5;{6'1 m of rain, respectively, for the calcic
Halpoxeralf soil, and 0 and S.xlo'l m for the Typic Chromoxerert after the
prewetting by 0 and leo’1 m of water, respectively (Fig. 1).

The calculated water volume that penetrated the Calcic Haploxeralf
soil during the rain of 8x1072 (the lined areas in Fig. 1) was 3.96x10'2,
3.2x10°% and 2.49x10°2 m for the prewetting treatment of O, 3x10°% and
2x10'1 m, respectively. The total volume of water that penetrated the soil
surface as obtained from the runoff measurements were similar (3.93x10'2,
3.32x1072 and 2.6x10° m, respectively). [t is_eyident that: thestatal,/
volupg afaMater-that.penetrated- into ‘the-bare soil decrﬁaﬁed.Q§;§h§.ﬂ£££iﬂﬁ.a:

ufront. depthedncreased. Since the crust formation rate for the soils was
independent of the depth of the wetting front (a layer of lxlo'2 m of dry
soil aggregates was spread over the wet soil surface after the prewetting),
the difference in the total amount of water that infiltrated during the
t!xlo'2 m storm was probably due to the effect of the hydraulic gradient

which controls the infiltration during the crust formation and before
reaching its final form.

The infiltration rate (IR) of the. calcic Haploxeralf and the Typic
Chromoxerert bare soils as a function of accumulated rain depth for the
three prewetting treatments are presented in Fig, 2. The lines in this
figure represent the values calculated from Eq. [3) using a non-linear best

fit correlation analysis. In both soils the IR decreased more sharply when

Patd
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the wetting front was deeper but this difference became smaller as the
storm continued (Fig. 2).

Close examination of the infiltration data at the rain depth range of
5.5)(10'2 - 8:(10'2 m (Fig. 3) indicates that steady state infiltration rate
was obtained only at the prewetting treatment of 2)(10'l m for both soils.
The infiltration rate of the soiis at the preweiting treatments of 0 and
3x10'2 m of water was above the steady state values, and were approaching
this value with the increase of cumulative rain. The steady state IR of the
Haploxeralf and chromoxerert were 5x10°3 and 1x1073 m h'l. respectively
(Fig. 3). The lower final infiltration rate value of the Typic chromoxerert
soil is probably due to the higher ESP of this soil compared with the
Haploxeralf (Agassi et al, 196 and Table 1). When the dry soils were
covered with mulch, the steady state infiltration rate was 3.5x10°% o b
for both soils at the end of 2x10'l m application of water. This valve is
in agreement w{th the IR values obtained for the same soil, using a double
ring infiltrometer (Ben-Hur et al., 1987). The high permeability of the
soils in the presence of mulch on the surface, and the low steady state IR
values for the various prewetting treatments suygest that the reduction in
the hydraulic conductivity of the crust on the soil surface controls the

IR, and the wetting front depth has only a slight effect on it.

Hydraulic nafamotvrﬁ changes_during water pepnotration in crusted soils

Assuming that a trapezium shape of the moisture profile represents the
moisture profile during the rainstorm (Fig. 1), an equation that relates

the depth of the wetting front to the applied rain can be derived, based on
the Green and Ampt model,

“% { N
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A schematic drawing of the trapeze profile situation {is presented in
Figure 4, where the symbols are defined as follows: La is the wetting front
distance immediately after the rainstorm; a-(auA - GuB) is the volumetric
soil moisture difference in the upper layer, wheve 8 g4 and auA are the
volumetric soil moisture before and after the rainstorm, respectively;
b-(00A - 008) is the volumetric soil moisture difference in the wetting
front layer, where oou and oDA are the volumetric soil moisture before and
after the rafnstorm, respectively, and « is the angle in the arbitrary
right-angle trapezium (dotted Vine) which has the same area as the moisture

trapezium.

The depth of water which the profile gains from the rainstorm (Fa) can

be calculated by the following equation:

(a+b)L 5]
a )
Since b=a- (L/tan a) (6]

Rearranging Eq. [5] and introducing Eq. (6] yield
law2F [22- (L/tan 0y} T
Thus, for any depth L
(L/tan a ) - 2aL + 2F = 0 (8]

where F is the depth of rain which penetrated the soil (the integral of
Eq. 3).
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t
Fa {1t dtepty + [(- ¥p"H(1;-T) exp(- ¥pt)-exp(- ¥pt)del (tot ) (9]

p is the rain intensity and tS is the time from the beginning of the
rainfall when It > p, until the stage that p = lt assuming that p is

constant; the other terms were defined above.

So]viﬁg Eq. [9] for any time (t) during the storm, one can calculate
the water depth L, using Eq. [10].

L= (2a = [(20)8 - (or/tan ))/%(2 tan oy [10]

Equation 10 can be used to calculate the change in the wetting front depth
during the water {nfiltration process and crust formation. The calculated
depth of the wettiny front as a function of the accumulated rainstorm depth
for the varfous prewetting troatments for both soils is presented in
Figures 5a and 5b. The relation of the hydraulic conductivity to the
accumuiaved rainstorm depth (calculated from Eq. [4]) for both soils is
also presented in these Figures. The saturated hydraulic conductivity, K_,
of the two uncrusted soils (with the presence of mulch) after applying
2x1071 m of rain was 3.5x107% o h'l, whereas for the cases where the crust
was formed (bare soil), the final KL values for the Calcic Haploxeralf and
Typic Chromoxerert soils are in the range of 4x10™° - 5x1073 @ -1 and
107 - 6x10°% n nd, vespectively (Fig. 5). 1t is evident that the
wetting front depth has an insignificani effect on the average hydraulic
conductivity in the presence of crust on soil surface. Since smaller flux
ratés dictates lower moisture content in the profile (Bresler et al., 1969,
and Rubin et al., 1964), the hydraulic conductivity of the crust dictates

the water front movement rate, forming a trapeze chape of moisture profile.

y0



- 11 -

and Rubin et al,, 1964), the hydraulic conductivity of the crust dictates
the water front movement rate, forming a trapeze shape of moisture profile.
Green and Ampt’s piston model, however, is only an approximation of the
reality. It is likely that L as a function of F advances slower than in the

trapezium model calculation. In this case, the conversion of the KL values

will be even faster.

Conclusions

The results from field experiments presented herein indicate that the
hydraulic conductivity of the soil surface was reduced sharply during the
rainstorm, controling the infiltration rate of the soil. The wetting front

depth has only a slight effect on the infiltration rate in crusted soils.

ACKNOWLEDGMENT

The experimental work of this study was carried out by Miss. Laurence’
Pochard, a graduate student at ISTOM College (Le Havre, France). We thank

her for her contribution.



- 12 -

References

Agassi, M., J. Morin, and I. Shainberg, 1985. Effect of drop impact

energy and water salinity on filtration rates of sodic soils. Soil Sci.
Soc. Am. J. 49: 186-190,

Agassi, M., I. Shainberg, and J. Morin. 198). Effect of electrolyte
concentration and soil scdicity on the infiltration rate and crust
formation. Soil Sci. Soc. Am. J. 45: 848-851.

Baver, L.D., W.H. Gardner, and W.R. Gardner. 1972. Soil Physicé, 4th ed.
John Wiley & Sons Inc., New York, NY. Vol. 10, 3065-374,

Ben-Hur, M., 1. Shainberg, and J. Morin. 1987, Yariability of infiltration
in a field with surface seal soil. Soi) Sci. Soc. Am. J. 5): 129%-1302.

Bresler, E., W.D. Kemper, and J.R. Hanks. 1969, Infiltration,
redistribution and subsequent evaporation of water from soil as affected by
wetting rate and hysteresis. Soil Sci. Soc. Am. Proc. 33: 832-840.

Green, W.H., and G.A. Ampt. 191). Studies on soi) physics, 1. The flow of
air and water through soils. J. Agr. Sci. 4: 1-24.

Horton, R.E. 1939. Analysis of runoff plot experiments with varying

infiltration capacity. Trans. Aw. Geophys. Un., Part 5, pp. 693-694,

Mein, R.G., and C.L. Larson. 1971, Modeling the infiltration component of
rainfall-runoff process. Water Resour. Res., Gen. Bull. No. 43.

Morin, J., and Y. Benyamini. 1977.
Water Resour. Res. 13: 813-817.

Rainfall infiltration into bare soils.
Morin, J., Y. Benyamini, and A. Michaeli. 1981. The effect of raindrop

impact on the dynamics of soil surface crusting and water movement in the
profile, J. Hydrol. 52: 321-335.



- 13 -

Morin, J., and C.B. Cluff, 1980. Runarif calculation on semi-arid
watersheds using infiltration equations determined from the Rotadisk
Rainulator. Water Resour. Res. 16: 1085-1093,

Rubin, J., R. Steinhardt, and P. Reiniger. 1954, Soij water relations
during rain infiltration. II. Moisture content profile during rain of Jow
intensity, Soil Sci. Soc. Am. Proac. 28: 3-5,



- 14 -

Elgure Legends
Figure 1: Moisture profile of the soils before and after a rainstorm.

Figufe 2: Infiltration rate of the loess (a) and vertisol (b) soils at

various prewetting conditions.

Figure 3: Infiltration rate of the loess (a) and vertisol (b) soils at

various prewetting conditions for the rain application range of
51072 - 821072 m.

Figure 4: Schematic presentation of the moisture profile situation.

Figure 5: Depth of the wetting front and hydraulic conductivity of

Calcic Haplexeralfs and Typic chromoxererts soils as a function

of the cumulative rainfall.
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Table 1: Some physical and chemical properties of the loes: and vertisol

soils used in the experiments.

Soil Particle Size CaCO3 Sat, paste
type sand  silt  clay EC  pH SAR ESP  CEC  Water Hs*
content average
at sat. suct,
------------ Yhemmmmmmmeneee dS/0 % cwole % n

(+)/kg
Loess  34.0 40.0 26.0 18.0 0.4 7.51.0 1.6 17.7 60  0.13
Vertisol 23.8 28.4 47.8 17.4 0.6 7.82.0 3.7 352 68  0.10

*  From Russo and Bresier, 1977.
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SUMMARY

Seals, formed ot the s0l)  surface during rainstorss, reduce raln

Penctration resuleing in runory any

Crosion.  The effeect of surface
application of anlonfc polyscrylanfde  (Pant) ot Fates of 10, 20 and 40
kg ha=d op the infiltration race (IR} of two solls, & loess (Calefe
Heploxeralf) and & Lrusuzol  (Typic Chrocoxererey, during simulated
ralnstoras, was studled. The interaction Létucen PaN  and ¢lectrolyea
concuntration at tha sotl supg

“Cu Waub deterilned under 3 sluulated rafnfsll
of dist{lled water or Cap Water, and bye

“Preading pypsua, Electrolytes in

solutions, whicl flocculate the soy) clay prior to Cetentation by
the polyger, ¢

thy voil

nhanced apprepute stabtlity apg ereatly reduced water losses,
Complute drying of the polywer-so1l surfaces luproved the binding acticn of
the polyamer,

Treatoents with PaM under the optizul  conditions increased the final
IR of the loecss frog 2.0 1o 23,3 pg.g.

and increased rajn {ntake of an
s, PAM treatment  of
final IR fros 3.0 in the control 1o

80wa rainstorn frog 12,3 o 65,0

the gruausol
{ncreased the

intake frow 22

29.1 g2 h™Y und the raln
2.0 to 60.u wu,

A% 50ily frow seai-arid regfons are unstable,
foru cruscs and produce wuch runoff (5o%

) during rainstores, the use of PaY
to reduce runoff chould Le considered,
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The formation of & seal at the sofl surface, €Specially dug to Lhe

also ag a resulc of sprinkler irrigation (harstad
» 18 & couwon feature of many
arid and seai-arig

action of raindrops byt

and Hiller, 1973)

s0ils, Particularly i1 the
Fegions. Surface

Characterized by greater

seals gre thin ((2-3 Br) and

density, {iner Feres,

are
and lower Saturated
conductivity than cthe underlying soils., spj)

Seals have ap iaportant
effecty op bany so0fl Fhenomena,

€.8. the reduction of infileracien and

and interference With seed Bermination, °

increase in runoff and €rosion,

Seal formation in soils exposed to Jraln is due o tWo complementary
mechanisgs; 1} physical disintepration of =oil akprepates ang their
Compaction caused by the iupace of the raindrops at the soil surface, and
{1) cheatical dispersion ang Rovement of clay particles {nto 3 reglon of

11,0 ng depth  beloy the .soil surface, whepe they lodpe and clog the
conducting pores foruing the “Washed  jpn Yayer (Agassy o al., 1981,
Helntyre, 1958), The Chéuicyl Lechanisy ¢

uppleuents the physical one under

dispersiye conditions (... in  sodic 50ily

with 1oy electrolyta
concentrations ip th

¢ 5011 solution),

Haturally occurring wsoj) Polyuers, tileclally huwie substances ang
polysaccharidcs, Play an luporeant rolg I proncting ang Raintaining sof}
Structure, Since the incroduction of

conditioning ip the carly 1950's, there

Synthetic  polymers for sofl

has been concsiderable Interest {p
the nechﬁnisms LY which these Baterials bing ¢ the s5o0{) colloida)
canstituents ang in the wechanics of ‘Stubilizipg apgrepates, Ip teneral,
goil éondition:rs Here not cost effectiye for peneral agricultural purposes
where Stabilization of the plough layer wag required, However, Polywers cap
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be effectively used a5 anti-crusting agents where it ig Nécessary only to

stabiliza the apkrepgates at the sofl surface,

In this Study, the ékfecc of application or an anionic Polyacrylagide
With a high molecular Welght (PamM) ac Fates of 10, 20 and 40 ki ha=? o the

infiltration rate (1K) during rainstorus was studied,
Foilouing Bradficly's (1935) Statemwent  that “granulation is
flocculation plus”, ft was 4Siumed that stable aceregate forwation reqqires
the cementation by the polyuer of flocculated soil colloids, The assumpflon
Has  tested by coubining pan applicdtion with raln which contalined
electrolytes and by spreadinp Phosphopypsun (FC) on the soil surface prior
to distilled water rafnfall, g ic 4 byrroduct ¢f the Fhosphate fertilizer

industry wicth a dry coaposition of 97% CiaS0.4  3nd 0.6% P.o,, pg digsolves

concentration above § @ol.a@
Since the adsorpction of polyanion

readily ang raintalns ca=~ and S04z~

=3 (Agausi
et al,, 1986), by clay minerals depends

on dehydration of the clays {Theng, 1982), the effect of complete drying

Prior to the rain application wag also studied

.

HATERIALS AND METHODS

The ¢4 ng ageregates of a typical loess (Caleic Haploxeralf) ({rop Bet

Qapa and of a dark brown ETunusol (Typic Chrouoxereare) from Sede Y

0av wWere
used in this study. Some ch

enical and Physical properties of the soils are
civen in Table 1.

(INSERT TABLE HERE]
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Soll samples were Packed to a depth of 2 e in 30 x 50 ¢p perforated
metal trays over 8 cp of coarse sand ({our replications),  pay solutions

Hith 0.5 g,1=» concentration were

Sprayed onto tha soil uniforaly. Pay
solutions of highep concentration could be Prepared but thelr viscosity was
too high to be hand Sprayed conveniently, pan solutions were applied in 2.0
l.g== bortlons (equivalent wo 10 kg.ha=2y with 4 period of drying (*1 hour:
batween applications. This wethod of application as

Sured that the polymer
Ha3 concentrated {n the surface layer of the 5011,

In @est treatments, the sojl tréated With Pa

1 solutions was allewzd to
dry coapletely by placing

the trays for 24 1 ip the sun, The effect of

complete drying was evaluated by comparing this “dry*

treatmeny, with 3
partially dried treatuent in which the

soil was lefr to dry for 24 h in the
shade,

Following the applicaticn of pay solution, the trays Were placed in a

tMorin et ay,, 1967) 4t a =g}
the trays was saturated

rainfall sirulator ope of S4, and tha soil {n

slowly frow below. ar e end of tha Baturavion
Procesd, the s0il was' subjecred 80 a simulated rafnfall With an {ncenaicy
of 37 mu.h=s, The dusipned “rainstoryg® depth was 80 . In most studies
distilled water (pH) Ras uged to siwulate rainuater. Typical mechanical
parameters of che applied "rain" were: raindrop wedian diaweter = 1.9 n@,
median drop velocity = §,02 n.27%: the kinetic ENErpy was 19.3 J.an=ig-a,
The voiume of effluent yas keasured during the rainstorm and the
infiltration rate (IR) and final IR were calculated,

The depth of water
which percolated {uto the so

il during the application of 80 nm of rainfall

(cuoulative infiltration), was calculated from the infiltration curvas,

&y
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Sawples of rupoff Halel wWerée  taken during

the rainstorn and the
electrical conductivity (EC) was Leas

ured. In order to Study the effect of
elactrolyte concentration on the Ik powdered FG at 3 rate of 5 ton.ha"t was

Spread over the soi] prior to the distilled Watel rainstora, The EC of the
percolating water was eitinated frow the ke Beasurcments of the runoff
HaTer (Apassi e« al., 1930), In snother CXPCPiWGnT,  tap water (T {EC =
0.97 dS.u=', sSaR = 2.5) was

rained on the soil instead of DU, as Wwill be
shown, the

effect of PC and T treatwents opn IR was similar,

The stability of the treatuent with Pan g Subsequent  storus was
deternined by exposing the treated 501l sauples o three consecutive storas
with a drying tnterval of one week

betHeen rainstoros, The Second and third
rainstoras were of 60 nu each,

RESULTS AND DIScussion
Infiltration Studies

(INSERT FIG.1 HERE)

The effect of Pam application on the IR of the loess is presented in
Fig.1 for the control and PG treated soil. Frow the rapid drop in the IR of
the unt}eaked soil and the low value of the final IR (2.2 pg h=%) it is
evident that the loess i susceptible 1o surface cealing, Soils which
contain 197 clay, 1low organic natter

and  have an exchangeable sodiun
Percentage (ESP) of 5 arc knoun to be unstable and prone to sealing and
crusting (Ben Hur et al, 1988y,

The iwpact of the raindrops cembined with
the low concentration of electrolytes in tha rainwater caused the IR of the

soil to fall froa the fnitial rate of approximately S0 mp,h=» to a final IR
of 2.0 ma.h=s, The IR of the soil treated with PG dropped less rapidly than

56
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that of the untreated soil and the final IR was

higher (Fig.1}. fq reéeduced

surface sealing by raising the electrolyre concentration {n the solution at

the sofl surface, thus reducing clay dispers

ion and the formation of the
"Washed in* layer (Gal of ay.

« 1984 Apassi oo al., 1985). Thus, {n the PC
the seal is slow to fore and is umore Perueable thap the
of the untreated soils,

treated sofls

seal

Application of pad increased the infiltration of rain (F{:.l)w
APPlying 10, 20 and 40 kp.pa-s Pam increased the final IR of the soil frog
2.0 wa. k= {p the control to $.9, 6.5 'gnd 8.5 na,h=t, respectively. PAH
increased the Cunulative infiltration of the soil from 12,3 mg {n the .
control to 29,3, 38.6 and 35.0 nw at PAM rateg of 10, 20 and 40 kg ha=s
respectively, at rates above 20 ke ha=y | ohe clfecy of additional PAM was
insignificant (the Curves are not precenced).

The dragsatic ¢ffuct of PAM In coubination with PG is also presented {n

the final IR of the loe
PAM from 5,9 to 1507 wu b~

Flgure 1, Ppg increased 53 treated with 10 kg, ha=s

o ahd that of the  oil treated with 20 kg.ha=s
PAM from 6.5 to 23,3 mw. by, Siwilarly, runort froa an 80 g rainstorg
dropped from 84.07 in the control to 39.3% and 63.3% in the 10 kg.ha=v pay

treatnent with FG, respectively, Likewise

and without o Tunoff{ percentages
in the 20 kg, ha-s FAH treatuents dropped to 15.06% and £1.0%, respectively,
It ig gvidcnt that PAM is wuch wore elffective in the presence of pypsun at
the soil surface, Siuwilar Phenowena were observed by Shaviv et 41, (19858},

PC spread at the soil surface dissolves and increases the €lectrolyte

concentration in the soil solutions to values above the flocculation valus
of the clays (Oster

et al, 19a0), Flocculation of the soll clay is &

n,
)
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precondition for the cementin; and Stabilization of aggregates at the sofl
surface (Bradfield, 1938).

(INSERT FIG.2 HER?)

The beneficial effect of PAM on  the IR depends upon the application
conditions, In Fig.2(a and b), Pam at the optimal rate of 20 kg.ha=* wis
applied to the loess under the folleowing conditions: {a) PAM was SErayed on
to the soil and the Lrays were éither cowpletely dried op only partially

dried, and (b) pw or TH rainfa

11 was applied. The following is no:eax 1)
swpleta drying increased the

beneficial, effect of the polymer, Hheress the
final IR and the cumulative infiltration of the incoumplete drying treatoent

were 11,2 an.h=' apd 27.7 un, respectively {compared with 2.0 wm.h=' ang
12,3 um for the control treatwent), these values for the coumpletely dried
treatment were 23.3 gn,h-» and €5.0 o, It iy cvident  that complete drying
more than doublel ihe efficiency of the FoOlymer in stabilizing the

apgregates and Préventing crust formacion. The effect

of dryinz is
explainable by che bonding wechanisg between  the anlonic polyelectrolyes
and the negative clay (Tatye and Theng's chaprer ip Theng, 1979), Tate and
Theng sugpested two types  of Cation-bridping as being responsible for the

Polymer adsorption and the binding of clay platelets, In the first type, an
anionic group of the polyuer interacts with an exchangeable cation through
4 water molecule to yield an "outer-sphere” complex, This mode of bonding
is obtaiped in  aqueous Svstems. The second type of cation bridging may
occur under dehydrating conditions. In this instance, an  anionic group of
the pglymer is directly associated ufth an exchangeable cation to forn an

“inner-sphere" coaplex,

%
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Inner-sphere complex formation involves

the displacement (frem tha
interface to

the bulk solution) of nuacrous water wolecules by a singla
polyanion chain. The resultant vain in entropy (0,3-0.5 kJ.mol,=1K~

') has a
promoting effect

on adsorption. In addition, the uncharged seguents of the

adsorbed chain way {nteract with cach other and with the surface through
van der Haals forees. Drying induces inner-sphere complex formation and van
der Haals interactions and

this would explain why aip drying leads to a

warked increase in the Hater-utobility of soil agpgrepates.
11) The electrolyte effect on PaAM effeetiveness is demonstrated by the PG
treatuent and by the effect of raining with TW (Fig.2),

The concentration
of electrolytes in TH increased the IR values of the control (no PAM) (Figa.
2b). However, PC was more effcctive in increasing the IR than TH. The
electrolyte concentration in the effluenc of FC-treated solls wae 1.2 - 1.4
dS.u", comparcd with an EC of

0.97 d2.w=* {or the TH. The

in the PC rtreated
partially explains the increzse in the IR values

increase in
€lectrolyte concentration

soil compared with TH,

(apassi ot al,, 1581), In
addition to the electrolyte concentration effect, Agassi et al, (1988) also

sugpested that PC treatwents interfere with the continuity of the =cal and
Bay act as a wmuleh, and thus {ncrease the IR of the soil beyornd the
electrolyte effece,

In the PAM treatwents the effect of TH  wos nore pronounced than that

in cthe. untreated sofl, Whereas in  the untreated soil TH increased

cumulative infiltration from 12.2 ww in DY to 16.8 in the PAH treatuent,

cunulative infilcration in DN uaé 23.0 om and in TH 56.2 mm. As the

concentration of electrolyte in TH exceceds the flocculation wvalue of the

clay, the polymer acts efficiently as & cementing apent which stabilizes



the soil aggregates, prevents seal formaticn and maintains high Ik values.
It should be noted that in the PAM treatuent, the effects of TH rain were
quite similar to those of PG treatments. The zwall differences may be due
to the fact that in the Ppo treataents the predominant cation in the soil

solution {s €a?~, whereas in TH Nav anl Cuo -

cations are present {n similar
concentrations,

The flocculation effect of  the electrolyces  in the TH suggests that
only under natural raingtorus wust G be applicd to soil treated with PaM
to ensure stabilization of the soil

applicd by sprinklers, PAM ulonc Will

arEreates. When irrigation water {s

Provent =il formstion and will be
effective in

@alntaining high water Pefctration. The IR of the grumusol as
a function of cumulative rain i

S Presented in Pipure 3, The following
should be noted:

1) The grumusol Iy less dispersive thap the louss, Whereas the final IR of

the louss dropped to 2.0 ww b oand the

cuwulative inf{lrration
12.3 ow, cthe final IR of

was only
the grumusol was 3.0 lam, b=t

and the IR dropped
more gradusally with cumulative infiltravion of

21.9 um, The higher
percentage of clay, which

acts  as  cementing material, stabilizes the
aggregates at the soil surface of the prumusol  and slows their breakdown
and, therefore, the forwstion of a scal at the soil surface, Also, the ESP
of the grumusol iy lower than that of the locss (Table 1),

[INSERT FIC.3 HERE)

11) The beneficial effect of I'C on

the IR of cthe prumusol is not as

pronounced as in the loess. The

lower ESP of the grumusol, compared with

the loess, may account for the oW response of this soil to PG application
(Katznan et al,,h1983),
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111) pay, applied at & race of 20 kg.ha~t zpq following complete

drying,
Has quite efficient {n Stabilizing the soi} AgLregates at the soil surface
and preventing sealing, pam increased the final 1R of the grumusol to 12,7
na, =

and the cumulatiye Infiltration to 2.1 nm,  Yhen PAM  wag appiied
with PC g beneficial elfrect was auch wore Pronounced: PaM . PC increased
the final IR of the soil to 24,1 yu.p-s 40d the cunulatiye infiltration to
©3.4 ma. It {g evident that treating the soil wiry, & combination of Pny and
PC produces the best resulrs. For a sofl

conditioner to pa effective, the

Effect of consecutive stopruc

The amount of rain during a rainy

is not continuous ang

£¢as

On way exceed 80 gg but the raip

there are ary pericds

bithween rainstorns, Thuyg the
question arises ag L0 the efface of mOre rain and of dry intervalg between
rainstoras op the efficicncy of PAM as an awendment? The effect of drying
for periods of 24 h, 6 and 11 days on the Crust and IR was Studied by Hopin
and  Benyaminj (1977).  They found that the drying periods increased the
initial IR, but had no effect on the final IR, Their explanation yag that
the increase ip the dnitial IRy in ths second Stora was due to crack
formation in the Crust. A drying periog of - days was €NouRh  to break the
Crust completely, Thus this interval was used in this Study. The effect of
the secoﬁq and thirg consecutive storug of 60 uw wach op the efficiency of
FG and PAM treatuments in wsintaining igh IR is ghown in Fig.4 (a § b,
respeétively). The final IR ang the percentage of rupoff in the control

storus (84,6, 80,7 and 83,89

storus, respectively),

treatnents were sigilar in the three

in the
first, second and third

1

bl
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[INSERT F1C.4)

In the PG treatuents, tha final IR at the end of the [iprst

5.4 and 5.9 ue, L=

+ Second and
third cstorang Was 6.8,

v Féspectively, Sinflarly the
Pércentage of runoff in the three storps Was £0.4, §7.7 ,and 72,5,
respectively, PC, spread 4t 4 rate of s ton. ha=s continued to Lg e€ffective

throughout the 3 rain), In 3

Storus (200 nmy Saturated csolutiop the
concentration of EYPSum is 2 g, 1~ In the rain studies only €07 Saturation
Was obtained, thys 200 un raip dissolved ~2 ton.ha=d 4nd  the PG was sril)

Present {n sufficient quantitics to be beneficial,

The final IR in the pam

treatuents (w/o PCG) stayed the Same {n the
first, second and chird scorye, The runorlf increased slightly {n the three
consceutive storuy, It seews  that the PaM only treataent maintained {ts

Gtabilization effccts throuphcut the three stoprye

The final IR or the Pats G treatucnes dropped frog 23.3  ug,p=» in the
first storg 20 14.0 and @ B RS in e second  and

third storas,
respectively, Siudlarly the runof ' yas 10,0,

JU.4 and  sp.0% for tha three
storos, respectively,

It is evident thag PAM i the paM.pg trestoent loggs
fte elfeetivencss, Heverthicless, e Fercentage  of (he rainfall that
Penetrated the gof) in the thirg Storm was stil) three tiues that ip tha
control,

CONCLUSTONS

The effect of application of dilpte solutiong of PAM at 20 kg.ha=t g
the {infiltration rate, runoff and erosion of fon-stable soils was very
beneficial, Orying of the Polyuer-sofl} surface and maintaining the

electrolyte concentration solution, which flocculates the soil

in the sof}

12
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clays, enhance the binding action of the polymer and stabilize the

aggregates at the surface, PaM treatments at the optinal rate incressed
rain intake in the two soils by three to fourioid. Since soils frem seai-
arid regions are unstable and form seals which lead to 50% runoff during
the rainy season, the possibility of reducing runcff by PaH treatment to

only 19-15% of the rain at a cost of $100 per ha should be studied further.
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Table 1: Some physical and chewical properties cf the soils used.

Farticle size

distributiosn
Soil Classification CaCoy CEC ESP
sand _sile elay
------------- B cuolehp-t %
Loces, Calcic
Bet Qama  Haploxeralf 0.0 21,07 19,0 11,0 4.5 5.0
Grumusol, Typic
Sede_Yoav  Chromoxerert 3.0 0.0 40 0 10.4 29 5 2.8
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Figure Legend

Fig, 1

Flg, 2,

Fig. 3.

Fig, 4:

K8.ha"')y 4n  the concrol

Infiltration rate of loess

45 & function of cunulative
ralnfall, the 1leyel of FaM

application (10, 20 and 40

and phosptopypsun, pg (5 ton.ha=t)

treatments,

Infiltration rate ol lcess treated with 20 kp.pha=s PAM as 3
function of cupulative rainfall, the drying treatments of PAlY
(a) and the e¢lectrolyre

concentration in the applisd Water
(TH = tap water and DY =

= distilley Water); (L) PG represents

treatment wich Phosphopypsug st 5 ton.ha=t,  paM represents

treatpent wich polyacrylauide polyuers at 29 Kg.ha=t,

Infiltration Fate of prumuscl gc 4 function of cunulative
rainfall, phosphogypsun treatwent (PG, st 5 ton.ha=* | and Pay

application (ar 20 ki ha=v),

Infiltration rate of loass as 4 function or cunulative
rainfall for the sweond (a} snd thirg () consecutive storus,
PAH  represcncy tredtuent  with pan ¢ 20 kg.ha=' 5p4 PC
FePresents treatuent with Phosphopypsun at 5 ton,ha~s,
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