
Rolc of Mt1lching Tcchni(LICS
in Tropical Soil and Water Managcrncnt 

by 

R. Lal 

(Appro)1ned 1(r Publication March, 1974) 

IN ERNATIONA L INSTITI TI OF TIpI(,\ LGRI(,Jij :RF: 
MADAN, 

NIGFRIA. 

//




Ack nowleagements 

Helpful suggytst ions rtvivcd from Mr. W.. 

IockwoI ant I)r, rnauri arc pratciIll I c-I)rI . P .Mo 
know1 (IlI,.'1t. Thu amlhor is lh.fnkluli o Mr. S. (i j, 

Irot Soil lrvsis I ahorLitry, and thICst '11 of th 

Scrvic' Aualytical L.aboraiory for thcir assitanCc. 

ii 



Contents 

Summary ... .. .
 iv 

Introduction . .. "* . " iv
 

. ... .. 1
 

Changes in soil properties as a 
 result of forest clearing and cultivation 3
 

Soil physical characteristics 


Change'; in soil properties by till ~ge .... 
 8 

Effect of mulching on soil properties ...... 
 8 

Mulching effects on crop yields .. 
 . .. .. 14
 

Ways to procure mulch 
 .... .. .. 18
 

Mulch tillivzc, effects on soil conditions .... 
 20
 

Mulch tillage c'chniques 
 .. 29
 

Relative rneritS of mulch tillage in the humid tropics 
 .. 30
 

.. .. 
Ilprovemencs nieedcd in 
 the mulch tillage technique 31 

Useful references . . ... 33
 

iii 



Slunra. 
Surface inulchingwith crop resi1ue 

at the rate of to 6 tons/ha decreases 
soI! tenperature ani maintains favor-

able soil structure through nihieuiced 

biological activity.( ontinuous surface 
cover cill be Plniil tilled bv grow up 

crops excluPively for ,se Is at riulch, 

by livet uilch from tom gro Itn antd 

least coiipettitive'cover crops or bytheuse(I rapresduthouui: ot~tIs e 	 of c ro p r e s, I i u e tCro t , h ro ta t i o n 
:itidtiliugeitipes. ulctacceleratedMid 	 tillage techiique,'. Mulch tllalye, 

such as 1:iuirmra ) tillie b se a nll te 

crop res dtc in tie inter-rot 'arn aid 

siIiiult.ilituiih' provtir ,: *. ' 

i ccts s rutibe , ,Oii l l t 1Cmlit re-

liuirmcnt, flir inaiv upl,l d ro,.. 

Y ieIds o f 11,i z C, ta t peu s, liyc(ll pvas, 

sOV Iyeai: And L't 1tpottas; on 1: (uich
tillage plots e, al '.lds trt: pliwedi 

plots. At tile .1 1te time the soil ero-

sion is i l uad soil ismiiiu structure 

initttaiid by more intensive soil flora 

tiL ftulni .ictivite. 

n11 	 Od/tC/jO] 

aMulchfirning techniques offer a 

trezni doLs poteltial it evolutionizinig 
a perinanently viable systeiti of land 

use 	in tilme humid tropics, which is now 

predominianttly under a traditional bush 

- or gru--s - fallow%svst n. it addition 

to o.romiing tie problems cauusCl by 
convent 1nill Iietluodi Of soil nanmllgL'-

ment, there is a definite saving iin tie 

uid power resources of the farmier 

Though the possibilities of such farm­
ing systems are promising, the adapta­

tion of this system to specific condi­
tions depends on the soil types, the 
nature of the crop and financial re­

sources of the firmer. 

\\'lhen continuous farming replaces 

traditionil cultivution in the tropics 
there is: 

l)egradutioit of soil structure anid 
c e e a c ; i i s ~ l 

soil 	eroisioni. 

uIncreased fluctuation ill soil ten­tit.i inurc 

* 	 ['Icer e, of saoil orianic matter, 
nutriets lnd noisture holding 

catu ii et. 

0 	 ( hilage ill soil phys ical properties
and formation of compacted layers 

near the soil surface. 

Productivity of tropical soils for 

arable crops can only be maintained 

by evolving frming systems suited 

for the specific soil conditions. The 

Ilse 	 of pilow as I tmans of weed con­
trol aipp ars unircalistic for tropical 

soils whcre the serious limi ting factors 

ire sail and water toniservation aind 
hiiih sioll temperature. \\etds can 5t 

controlled either aIuallv, hv Cieziim­

cals,and l.v surface cover of organic 

nulcl .e, front crop iesidues. This bul­

letia details the potential of mulch 

farming techniques as a system for 

mainttinung favorable phy:;ical condi­

tions of the soil in the itnlid tropics. 
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£~~i/~Caac qhsa'ii ).c varies froin 0, for soils in the lower cii-So a,t to 7.5!',: of skeletal material im ­

beded in the fine earth fraction (Fig. 2).
Oti" oi tile toposctlucices of "ii , The depth aid tile thickness of tile 

derived from hiilllcllt Cioipikx rocl; gravel horizon varies from seriesto 
in Ac,,tcrn NiJtcri,i L -i)i,i s o 0 1tl scrics in the V;rious topo-s etuences. 

Ir',[kiri, I btt.l, N o b I w': tilt sloJpe ;oils the gravelhaiiii lper

I ..';L upl,ll d 11,\Ai, il, Irce ii hlzttl
";r " Ini]Fk t, Fbm; iMild k 'te~,t I<mil.kind (11.i , "Il'fit-z n ii 1 l n l:-i i I[t u l 

m, l ,it , q ui]ti,! .... i, k Oirivls 11-0 lwo, 20 to 25 cm dec for Ib~ia ian and, 

i~tirlICt tiijMll Alo t t l par- a(1ibari id e ' (Ii foriceper thim Ire~ 
ct 1ril t Il C lI J .1 1 ' - i1ter- A u !,cric.,. ' I t I I1 ,, ,Ir", I. , I ,rlin ;ii d oi n~l ;o il 

1iC,! I c I t nt it eI tit i tIIii It, vh i II w il it rti.it i riru IIm 'cri ;t % t wan i
i II , it ' r z .11 h 1 t " - , I I ' l e,, itc tptrent , wIthillurhttL I ,i ,,rc mip).,led roc .t.o. 

JoI '. lTI I Ci , 'ft tLit Stiplac l i it l e ,ritv li?0 i ol , i Ir fotr rlu,Iun, 
ve ,a alld C it ol -,H " I,lie cm f( r ("itIub i , IM mli I bI) I )(- LI Ic i cii,; - Li l tI fom nd c ifi l in for IV.. 'I hc pecnctf,,Inluurr 

, ,t t q I hI W: H~d iv id l. .I p , r t i c lc , , () I . th ", i '. J t~tlcd !,,' r a i il m vul ;,tc .' 'il h lg, thec hori:-,,n c L' e 

I , - i t 1 1 gj I ( I tit r, l i t ,n i n dJ l i r p , ,r t I - ' rf it 1 hItj h , o l l I m I . 4 Il ) p rc mt-

l , , t hi'I t thi t . . h cr i. :j: 'I.?"lic m-crall hulk
 

.11 cn , i in , 
IL, r 'If ' j%,Iith ItII, thm ­

rtmotl~t '.%.,ltc . dcll',it' (if fit," gravel 1wtriz ,n, dupeun.. 

.' m.ivull % ri<, im/,diatcl," odi i p,(, thIic pr;I v c I IIc, cIIt r, IItiI.i,, g c 1 . 

h 'ow h htq,mtil i, (i hiarilt- c r;ll hf.~ ,n, ront I. i (o,1 .7 ,, .,mdiv .urf-,iLcll( 

tcri~~~~~~~i/~~*tIl. , ic. tuurl,,idit.% ,of tht( ltmr/ 1, v c t 1.i+ ' m atrix cd 

1 1 X. id d i t lo n i r l a t i o n i ~ i h i l ~ t h e( r , , t 1 -. 

Iin th e d r pl th ,f th u . ,u rf ~i(c , , t tile tr;lt W I] o f m ,wt o fi ; il lv cro p,,+ mt h ;t" 

jira v c l (t m t l i d iffo r-rcm 11",il1 A .l110 Ill iix c , ric e , .,vbw m i +. Illd! V llw .. 

HI C ~lt c .L ,I11 Ili i t ) v th P mdnh ,n i ir , -I pe r.N 

I it.F+,1 l ,h+ + .'. ,tlt.It hl~tl [of] o tile smlllaC,_ horlt izo o (ilt fetent soil surius. 



The available water holding capa- tent bevond a suction value of 1.0 bar 
city of thc soil above the gravel hori- (Fig. 3). The available water holding 
zon is generally low for most of the capacity of the surface soil horizon 
upland soils. The moisture release ranges through 1.0, 1.2, 1.6, 2.1, 2.A 
curves show a sharp deflection point and U.1 cm for Iwo. L'gbeda, Ekiti, 
between 0.1 id 0.1 bar suction and G;aimbari, Iregun and Ibadan soil seri.S 
there is little changt in moisture con- respectively. 

,or21 ',, -L , ' ,"­

,ol 

Fig, 2, Part o wle di!',ttlii n loh if tIow (pavolly horizonm for 

d iff oi i) I . 

Fig;. 3. Mirisiiow rliiiw iair-i(:t inil of the surface lin­
zo1 is of nrosoil sun us. 
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'nges in Soil Propertiesas 

suit oj Fores Clearig 
'ulitiraiol* 

)Pl)'91. (yceIv: 

fhe removal of vegetation cover 
tS the diffUrent coimponentS Of the 
logic cycle, Tie water balance 
ion is P R S I ,Flt--(I) 

11 Precipitation 

R S urface ruLnoff 

S Soil ioistlire storage 

I litterflow 

S l"vap otranspiratin 

rimeoil 

Inder iaitive, veit.ation cover, 
iaintains its infiltrability arid 
e rtlooff loSes te low. 'Itble I 

tl,ai of !,orfiac runofflor four 
L'IIr slope, )nl newly cleired and 
ivitcd land nitlr lsh fallow. 
losss r lifml lh w plots 

lrcl - of tll rain, rc eived 
tpire, to aimum of .'(rio r 


-d land. Sinlilir results for t 

i ;ire reported by l)aithl (IW)5(), 


Nye and Greenlaitd(1960)andChlarreau
(1972). Over a long period of time, soil 
moisture Storage (S) or the (quiv.leIt 
rise in the ground water level for h\,­
dromnorplhic soilS forms only a sniall 
fraction of the tot;il pr-cipitatioin,
Available water .,torolgu cipilclt ' 

(AWC) of tl soil, oi rie other hand, 
is decreas:-l by reduct'*on in orgaiic
laitter Content' ((.Uliolill hili1, 19(61). 
leduction in 4'( of tile nruface Soil 
ray al Iso e a.ggravate d by dectrease 

in Ssilt an1d Cl colntClit -- ,e'._' olf 
soil ero-sion (Lal, 197-1). P,.oval of 
iecp-rooted vgtatioll alsoc cris;-s 
tle water uptkeL' by 1ii1t; from the, 
deeper s()i strItlII, the-reby licreas.,ing 
the i, crlow Ilosses Of the iIfiltrted 
water (( harrealu iuid liauck, P-)71) 
ForeIst clcaring, thterci orenii.liy Ii ll, e 
R. and I anitd decrea'se S and1(1F coIp'i­
liLeIlts Of III( 'i'droloic cycle. 

Infiltrability: 

Infiltraion capacity of imtaiiy soils 
itn the tropical forest zolne is high. 
Infiltraition rates of sivanallh loilsire 
reported at 12.5 Cut hrr 1 or tanre 
(\iklk inson, I ().Samic (19Q70) relported 
initial infiltration ratcs) -somesavll­
nih oilk is vivinj from . cm to 
.i () cLll hl1' dependin , oln veetlioln 

cfr. 'I'll( infiltration iates of some 
oi sCries from %estern Nigeria are 

shown in 'i-gure i The infitrabilitl 

Effect of soil slope and vec(l'ation cover on rutioff 'osses different 
times after land clearing. 

Freshly clearvd Two years after clearing 
dush fallow Bare plowed Bore plowed 

1.7 t) 7 20.1 

1.3 20.0 21.4 

1.7 29.1 21.9 
2.0 12.8 17.0 

3 
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. / 

. 

""West 

/, *. . * , ,., ~ ~ ~ ~ 

Fiq. 4. ir ilti fu( lie 

s5oil b~fore fuiu'-t ii l0, 

AccuralaIvw ,,rd |1)r 

at two lours; after stairtin tt infi lrra­

tion is ..i, f.0, 17.I , 2i.0, .i .0, ,.0".hr "1 irid 72.') cin ......... ,.t,0. 


ilsb,,ri ,( ,rtpun n.,'Ap idlNIatako), 
:','l i 	 , , rtr I1 m idi ] ,I or"l,ili

•t.. . l.,t'r ,. t ve lv .,­

"lhi" h jiy Illitlill ratc it) icatt. i 
the prcdtmliinc of imircrolores, ill the 
profile I aid i hipih majirniiirde of the 
horizont.il c oiiuii t of tire iydiraurlic 
conlutivitv of the soils+under fore-t. 
The 111Yh initial iniiltration r.itc Li-t 
chines rapidly after forest chcarillt,
ttilise tiit- exposecd soil is ,t.led: 

due to structural dh'radationI by direct 
iriip.ot of rin drop oil unprotected soil 
pItrticles ( _, S),. In two hour'., tie 
otal water intake dccre,icd froml W()O

CHI 1r ew ly cleared land to I180 ti 

for Lind under maize, and (n1ly' 80 ci;. 
for unprotected lilliiw, oIut vcror ,Ater 
lcarirlr. If the soil ha s been eroded, 

4 

with only stones and gravels left on 
the surface, the infiltration rate may 
again increase.The structural stability 
of the soils to raindrop impact is 
generally low (13ruce-Okine and Lal, 
1975), and the surface crustaton de­
creases the instantaneous infiltration 
rate treniendously. 

Soi I E ros ion: 

Vegetat ion remova I results it 
accelerated soil erosion. This is 
demonstrated by the work of ORSTOM 
(Roose, I 1970, IRAT17, 1971 ), 
(Chamin:de, 1970) aind IlTA all in 

Africa, ard HLudson (1957) in 
Rhodesia. Soil lesses of 10 torls/ 

hia/year are no inal under different cropr t roai;.It,:'-. Fournier reported1o n (190,7) 

crosion losse onl i .5:' slope of 14 20, 
""i ild 954i toils/kIII, und er sorghurn, 
jroundrituts and rice, respectively. 
Kowal 	 (W)72) reported an average soil 
ioss of 10 tons/hai/year oi plots of 
ipProx iroely IP slope. Experiluents 

,t 1IT\A indicate that on a ire plot 

. .... .... .. 

. 

A 

' 	 A 

.. 

Fur;. b. 	 Cia l(;'s il srmil uiifllratiui late 
afitur fnust dhililli. 

http:iriip.ot
http:horizont.il


annual soil loss can he as high as 115 El . 
tons/ha and 75%of the annual loss can [ 
occur in a single high intensity. 

Ihe nutrient losses 
runoff water caused by 
substantial. The nutrient 
bare fallow plots of 1-
given in lables 2 id 3. 

in soil and ' 
erosion are 
losses fron 
slopes are 

The loss of 'I 
nutrients in surfacc runoff water is 
negligible as compared to the loss of 1 
nutrients and organic matter in the 
eroded ;oil. In these tropical soils, 
the leaching loss( s of uutrients with 
percolatifng water .re iiore eriolusthan 

th n1 I ,tlie ru iof fw i tcr( FIg.()01utri ents 

Loss of the surfa'e soil aind 
rients c"ii result in significant 
reductions, particulairly on soil 
shallow surface soil horizons. 

nut- f 
vield I r r 
with 
'Yhe Fig. 6. Relative outrient concentration I l 

surface rUll-Off ii sub-surface 
water. 

Table 2. Nutrient losses in run-off water (kg/ha/yr) 

Slope % N P K Ca Mg 

I 3.90 0.45 4.56 11.24 24.46 

5 5.51 0.54 6.17 16.99 2.53 
10 5.68 0.77 5.57 14.86 3.14 
15 4.51 0.72 4.14 12,53 2.96 

Table 3. Nutrient losses in eroded soil (kg/ha/yr) 

Slope 

% 
Total OrpailC 

CarbonT 

1 

5 

10 
15 

58.3 

865.4 

1847.2 
3073.4 

5 

Tota N Available P 

6.2 

99.7 

191.3 
225.6 

0.2 

1.8 

2.2 

8.1 
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SCCMPEAS 

-~4', 

~-	 4' 
{O[PTHl l 

Fig. 	7. Effec t of sulHHf!; 

effect of tirtifici,1 remnovaii (of ',Lrfo)cL' 
Soil Of) vi('lI reduct lno Of ma IzI Imd 

,)wpea: for E'gbcda -oloil s.cric, i , 
-.IoVt) if) ligurt . A IS If .'.' 1 If 

Irfac. oil r.ultcd in vi'ld i(hlIc,-
i111>, Otf .i(f'' fo lf h iz" andil 5f)0' for 
"wli('a.I . 

Variol ; co~mIpollts; of the etlergy 
hamltcc equtiotion alre affected by vege-
tatlion rernoval . Th(_ etergy balance 
equitioni 1: 

it I]-% ) 	 , I (il , ! 2,I\ R' 1, 1 , I.I' " t _I , I .1 .1I'....2 

where 1{S 	 flux density of total .hort 
wave r.lIlittiot received. 

A albedo 	;for reflection co ef-

ficient) o)f 	 grounmd !,Urface. 

G 7 	 8 9 10 1 12 
'AAJI (€M&)Yn D (tCm) 

vii ywItCI(fwitll( ill rtzfitCt lO)l. 

I, 	Iet fIluX dcO' itV o l ott(.II 
wave radiation ert-ittId by 
the 	surface, the differetice 
Ietweern that erIitted Mid 
alborbed. 

fluxI e 	 r fI It'lcw t': into tile 
gron no]I. 

rII ,ettsile (or non-litent) 
heat flux denSity into the 
atmosphere. 

I. 	 Latent heat of vaporization 
of water (cal g-). 

Livaiporaut ratt.. 

\'p vaoat in iatlree. tl 
Vetret Io) removal i creitue: tl(e 

helit fIlux de.'ity i, ' the rotid (G) 
.,ttd the I. alo1 I.. compI) oreIIt , otf tile 
enery balance eqltItill. The effect of 

veg etation, removal o)n sodWil t ritre 



55-1 
3 p.m. 

cr--	 FOREST 

Ak1 

7.30 a-m 
30 
25 

LU20­

311 t 31 14 28 15 30 15 30 31 30 31 31 3h i 1 ,31' 15TIME
D F M A M J J A S 0 N D
 

F 
 . 8. Lfft;t ()f Ih()Iest h ~nlt 	(i
()II so)l tellipurltre 
 re-clime ,at ITA Ibodi(.
 

s .)lte mp 'erattrei.igurt 8. Th . .of.iurnil.lared,l lu'urIr ( :,lan m 	 ­
, 


.........
 
be betm uC 2 0 ,11d zO (a.
 

Soil te mperature ibo ,v. 0( ( ,III
 
adver,,c ly tffect cme.'trgc ntc , vigjor mid
 

;Mdildvilu.of Crop.,;T h(.sutchO (f .1"(1,(0I((,tiiL, (VI(t(
(,n,talit
mid
 

ce diliulmg _ 1 . I) d; t v lilr 

10. (0 tft eI V r.,1t rihr v' ,, 10 	 " 
dc!r..a in frc, i and wrei-g.h htt i h) 

ptr hgree i rttt.ct i), root zmuc ((ir-
Jper. ttur ib, o v c W ( .. Tl hD o o t tand 
root cI(((ncltc rmtion. of N , 1) tnl K wtr 
A SllO L I4t- t 'tcas wvd tha t Bi ill-	 inh i le (If 

Wxith i Im'Cr i 
pcrat', . lihe effect of iigh soil tu n­
p .rturt(I sdlv bean s 'cdlit).gw s ­

c trtl.SCd m I I .SC .otilt:tIt­

s1 it Ir t t)t hIat o f II I i ze (1"/ I I-Ig .

Vegetatio~n remo~val dtlrha~tc.sSoil Structure alth gical Activity:Ifitf sol 
 F~ig.}.Elfh!t oftcm(itilll s;(l tt:,Hl1n:)itt!( 

s t ruc t tu c , pa r t i c u l i f s soil ol t ! hw w e l(j t i f i t o l tw oar lv f i l e a r e 	 1llz( 

t 'X)p d t Ihc , t rit' of tropical 	 . til)ns.Ito o b 	 ;oil1mis(tiur sut 
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capacity (Van Duin, 1956). The effect 
4 3Oof tillage on soil thermal regime is 

46 3o. 55 C also affected by initial soil properties 
. .4-4& C such as stratification and the particle 

3--"-
45'Csize
42 	

distribution of various horizons.
50-4,OC-


4C 	 Tillage effects on annual variations 
soil temperature are small.h '6in 

5 In addition to plowing, various 

,'" culturil practices such as planting on 

- -. ridgeS,. lurroxis , nou nds, flat sed bed 
and orientation of rows significantly

/ , .,' ," affect the soil temperature. Teipera-
S ' ture variations resulting from different 
,',' , 	 cultural practices are al so governed 

by such soil properties as texture, 
2. 	 , . moisture cliaracteri tics, heat caipacity 

/,r, ,/ and thermal conductivity. For coarse­
textlred soil, the effect of different 

/ , cultaral practices on changes in soil
,/W 	 therioal regime is shown in Figures 12 

,, ,,,' and i and iounds hive higher 

maximum temperature and larger fluc­
47 -- tuations in soil temperature than the 

r 	 flat seed bed. ()mmcoarse-textured soils, 
ridges and mounds not on! y have more 
exposed surface ret but also the 

5,.4 , , lower soil inoistt..e regime ir.creasesthe temperature fluctuations. 

1'1(.10. Lffe!Ct Of flmmc~ltitI S011 rsoienmipra-
fl( o 	 Efc of Muling on So/ 

Climnate 	 for t long line. The faicttors 
responSible for declie inf soil struc- Mulching affects both tile physical 

ture are decrease im organic matter anld chemi:al properties of soil. The 
splash chlil.cs all importantConiterit, raindrop and organic ittter coiltent, 


iII micro climate, thereby aidverselv factor in malitaimming the fertility sta­

affectit!, the flora mld fauia. InI-; of tropical soilk: and cation ex­
chaige capacity, can be maintained at 

/a highlevel by u lhi1ng. The effect 
,nlchingon soil physicalpropertiesClav i tPr, lies ,,f 

is described below: 

Soil structure is altered 	tLvll-i i rosion (ontrol: Mmllching has a dis­

,life to increase in porosity aimd percent tilmer adviotage for erosion comtrol oil 

of macropores. This imceise immporo- t opical Sils. Not oily isI the rain 

sity decreases time thermal coiiLmiUcti drop direct imlpact o1ithe soil avoided 

'ity ell the heat utlching, the runoff losses alsoi 	 as volumetric by 

8
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SOYBEANS 
 IB 
38 

36 
17
34 

I- Men ro0!olength /plant 

< Fresh weight/ plant 

E 16 
.rIt' 

S13t fI 

I]G 

14 

101I 
14 
 3. 36 

SOIL T[MPFlATURF C 

Fiq. 11. 	 Effect of constant soil temperalture on shoot weight arid root length of soybean 
seedl ings. 

60­

50­

40- Ha p.. 

C,o 
30
 

1,, 303 1I 28 1', 11 ci% I C 1 31 1, 31 11, )1c 1 i. 15i 3c1 i I c, c o S i1 jAIC II Ii MAi AII IAY cJNI lIl All( SfPT cc[COCTl fCOi )AN 

rc I. 

sq. 12, Soil t.-Iliperaitss roijltno lt .- (:sccdohlth and molasuissr!;-d at 7.3) am for flat verstis 
lhal,; lll etl'o(sI of nSbdbu s on.h rfiarll 
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ci-c, Murlh 

O-----aFo,,St 
Ap ,A-. .... H 

Fla 

-a A 
' ' - A 

-., ,,",l 
, / '3,,, A ,e­

' 

i i1 2i' 8 lB ' 30 Is 30 ' ii 1 30 Is. 31 Is ) 1 3 0 31 IS 30 l'!, I 

Ilt )AN FIh MA A AIR MAI JUIJ J ILI AUG E I, OCt Nov I AIC JAN 

T I Mf 

l,, I w m w!plm it !{-(:rl rlm!i;lc-;i3 llerl iflllt11(. So)l pmrin ur ( l' d'lqh ,ild l In! Jim fo)r .<> 

!,(-'ll J 1 il1,1 'i r1 tljlt Iilldt(r f ,l .t((I k, 411 .:fl 111 

,irt Iiiiii llized It.(t -,' h it ,il i i]- Ji , i liTl' ll ' IliJt"rumifft loss. ,Ifi dII',. 

n,liia irw d.,itit,. i ll i,, 'A .)0. 'i 

Ii I III tom i pcr . iItnoff 

tr.ih i t,,'i , 	 int,i- Uri-. , ,) j II( ':f,,r0 , ." i III( 

lt.vo'. 'hit-ef .ct ,if, rI w r i , I Iif lchi itct ir 

r1irIff lI .' iliI t ' j,ti, IIf l t', fir iiliiIch r.IIC of ? toJw./1h,1v'-, 	I , L' I ihi V 

I '.' r fijr ill] lh >1Ii ,-.crI.(uIlv, I .- i i jr t if t i;it fri iliIuIi-Ili3i-I f,II ' lCll 	. f I t.,I it S ')i >1(> < w e~re if)tlhF.1l I I ' I,' .i) l ]II(If IIIor(i ",. 1 	 eI!, If 

v iu lil .l l Ii - . .iij id I ii: i : I for iiiulch rmlhcnh.i 'tl lIl 
lE,,It ():.1: t, i.'ttt )f raiIf I: l)li ./~ ltd t i 

Il-tl<',). Ixpc rifill , i 'IA tI f 1 (',,, 11u11 to 
I~, (-i'r'lilthI :i f li it fll f ('d1 

iI 	- ,I )I 1 , , r ]>, wil1 . 1 
' 


I,'t IIyIil( 	 <)!11" w i I I I lilt]th<t' I 1.,tIl (~~!i)II trciIII Ilf..[¢ , 1 III I, 

-I~lire ' hu'itllv',,,' I IhI,],," lilt]i l,t(I u " 'IIc-cf 
" 

c III: )I 'rl ridli~zitIIt ( fCCtIvc­

;in. itf I i "'.l), Thu c ('t t If lriii Ii flit.:iij I' i in - o l (-(eftcfe),, troid 

I-
oIil k i 1 ,1h1'iii rilfl(iffind -! i . ,ec ( ,i,. - ). 

ii' 4. ELfMA (Ifnul oln W onf nIcJltu 
"
- liblrri mI I I';:>t'. ;i DEc( 1970) 

S/ulF' f3P.,/, / Percent ruiuff iider nilv
 

Ur/mu/chul /chd
 

1 1.7 6.4 	 2.0 

5 1.4 40.3 	 7.7 

10 1.7 42.3 	 5.7 

15 2.0 17.6 	 1.9 
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Table 5. 	 Effect of mutIChill(l Oilhe sedinw;it density in runoff water (Storm 
of June 1,1973) Tot i rainfall 44.2 mm 

Slope Sediment density g/liter under maize Mulched 
/ Unuulceed 

1 0.28 	 0.00 
5 	 9.76 0.36 

10 7.0 	 0.45 

15 	 5.75 0.08 

Table 6. Effect of rate of mulch on runoff and soil loss.Total rainfall 64 nM 

Mulch rate 	 Slope ('/)Ae/(tons/ha) 1 5 10 15 Mean Pe;rcentagjeof rainta 

Run-off (imil) 

0 12.0 14.8 10.4 14.8 13.0 20 

2 1.3 6.2 6.0 5.7 4.8 8 

4 0.4 1.5 3.6 3.3 2.2 3 

6 0.0 0.7 1.9 1.8 1.1 2 

Soil loss (tons/ha) 

0 0.48 12.19 27.06 12.25 13.00 

2 0.01 3.49 0.82 0.64 1.24 

4 0.00 0.67 0.11 0.31 0.27 

6 0.00 0.16 0.03 0.08 0.07 

Soil lcmperature: Soil tlicrmial reti,.n at mulched layer is thereby r c 1. 
is ai ftuctiol of the contact coefficient It at tropical climate, nelich keeps the 
( (.),itproduct of hurnial conductivitv soil lCfulper:t["7 more uniform and 
iId lie vxoi i -tric h.at capacity of decreases i;,t!iiu, of-".uiperaturte 
the. o il.'\ julcht plot with dl\ Cr p % lvc'. 
rN ;idItIC ,: qiiiv.ihl t( - tI.'litv rt.1] 

pruiilc of which the uppe laver has a Tih effect of niulchino on soil 
lowc'r citiatt coecffhic Ic't. t'il- undur and yarns Isr ']'Itc fcm peraitire niaize 
pcraiurc varlar ion in the soil uidcrl'in. shown, ill1 irurcs 15 and 16 In the 
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10 RUN- OFF SOIL LOSS 

09 

0* 

o 7 
406u 06­

04­

03­

02­

0I­

0 2 4 6 4 6 
MULCH RATE (Tons/he) 

Fiq. 14. Mulch factor fotriri-off aid soil loss for soils at ITA It.Idan 

initial stages oif crop groin th, tCmnpera-
ture differences of as much as 8 (. 
were obseived between mulched and 
un.nulched plots at 5-cnI d prIih. ThIe 
II I i I InITI teurI1,erittir'e recorded for 

uinuIlcled ll;lize, plots was 1,2 ( at 

5-cfli depth. Tle minimum temieratiire 

is generilly lower; hence tie diurnal 
liuctation ire gi,"r. I hourly,' obser-

.itOiOis I he ,i soil tempe.ratur, iidi-

ite hat there is a phase difference 

of daily temperature fluctutit on due 

Ito rilcling. l'he ~iaxiiini tempoerature 

on iulcled plot, occur-, one to two 

hours after tht of the inmuldiehid Pits. 

Soil Moisture: N hchilnj jeneralh i1a-
t sl r 

proves tile Soil mnoistare regime ly 
decreasing losses caused by surface 

raitoff (mvaporatin. Evap rattil of 

water from wet soil is characterized 
by thee stges:city.by threecreases 

I) a constant rate stage when the 

soil surfat e is wet and the evapo-

ration is controlled bythe external 

conditions (,vaporation demanid Of 

the atmosphere). 

(2) 	 a stagc of rapidly decreasing eva­
potation rate, which begins with 
initial drying of the surface layer. 

(I) 	 a stage of slow evaporation rate 

at which the water movement 

through soil is prinarily by diffu­
';ion and therefore the evaporation 
is cofitrolled by the hydrological 
characteris:ics of the soil. 

,,ulching im;ay improve soil moi s­
rture 	 storal,e under both Stages of eva­
lration. The beneficial effects of 

ltllchling on] soil Illoisture storage 

ulnlder maize shiown iII Iigures 17-18 
ire generally more pronounced daring 

frequent rains. Mulching also affects 
the soil moisture storage indirectly by 

Soil erosion. Because the 
and plots erode severely, theun1ulched 
los. of urfice soil eventually de­

the soil moisture holdingcapa-

Soil Stri,,ture and Infiltration Rate: 

Mulching affects the Soil structure and 

piorosity troth directly and indirectly. 

By imiiinizing die direct impact of 

raindrops,there is a mininial crustation 

12
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effectt oil Soilh 
lootlirl OdIi! Iilil~rLii 197). une m ie

pI(.l7 5.lciniu; il Sll It 
(La 1, 1974). 

::::d i ,'1 Fil.1 
/. MoIichiinq oAec? is olO "Mistulrob(Aplp~~iain rn 


putlllou~dw 
 Ionder mi i (Lai, 1974)ar).teinio 
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and therefore the initial pore space is 
maintained. Indirectly, mulching in-
fluences the activity of ,nicro flora 
and fauna lnd hence the soil structure. 
Notahil ii weste. Nigeria is the 
carthwOrin activity as influenced hy 
Mul1jin., ti].tt stirrulate S wtormn castIi 
f'.arthi. orii counts Oil Mlltched ;and 
ourinitchd malize plots, as obSf rvCL' 

clit %tecks after planting, arc shown 
in lic 7. These data arc a rough 
approxnil ii .Ind shMld be consider-
,i Ii ,rns of their relative value-. 

M.Liichrd pllt, were hc'rvcd to 

hraittain their initial infiltr-.tin rate 
I, comnp;red to, significant deciile ill 
M:11tr.ihilitv of the uoinlthrd phrts 

I ). li i irrhw rrii itivit. id 
Il Ii iIl ru,t f(rlniitirr Hnrdor nIldt ­
i ica illlp rt hei rc'p Irrrsilc for 
l, hcl lrriltrILtitn r irt thtanr On ti-

11HlILC't "i l if ­l1.ti0i"i il trr Lh, li-

cal factors and availability of nutri­
ents, the fertilizer response may be 
significantly affected by mulching due 
to coinp!,'x physicochemical and biolo­
gical factors (Jac!h et al 1955, Jurion 
and lenry, 1967). The effect of three 
ytars of mulching trial, on maize grail 
yield as shown in Tables 8 and 9 
indicates siptlificant yield increases 
hy mulching. The effect of different 
kinds of mulches, with and without 
treatnent against termite, w\as found 
to have a sinilar effect onigrain .ield. 
Terinite danitlage to maize 1W mtulching 
was found to be significant during onily 

the first after clearing ('lable 9).e,itr 


ASAs iitted Out earlier, cultural 
pra c .s ignificaitly influence soil 
th rialIregi tie. Ridges were used inH 

til,.past ats at soi cotservatiioni Ilre ­
sure til steep slopes. The usefultiess 

d feasibility of ridges is a soil 
hI Ili- protecting device is (luestionaible,

t.flllj tilt foar er' trittrio n I SilIS 
witIh )thcrwis>c r'e,riCtedk root pt etrt-
hi t\'. 

l//t111chil]<f EJJLct o r 

nrip Yieh: 'liret ft''Iof ti tchini 

rip YieldII .tir inttegrrated ctfwct ou 
inruirncraiile factors ind itIs diffictilt 
io ittribute tie yield itrcerCIcilts ti 
,tlieoitr variibl'. Iinaddition to physi-

part rcularlvfr unstableoils irfcoarse 
texture. 'li oil tilds has thetil rolll 
.sajtire drawbacks ;is ol ridges. lig h 

soil tertiiitr .,fmir itirte, urn rides 
ll,,imlins is l,,r%,rvc'd timsiiifi -

Cailtiv itifihItlci, vai cllrILrgenCu. Soil 
titiperittire is nservco to be a rirr 

initing factor for tiamcirr ,err when 

plaited itlthe dry sisurir of Novftirher 
tri March. Mul iIIt of r i(gt., alld 
illrituiis!, hoi tver, not only iriin rives 

tire p rctiliiaLt' if cincrg,ctice.tht, period 

Tabic 7. Effect of mulching ol earthworm casts in ilize. 

Equivalent weightTreatm j Worm casr2 
tons/ha 

MuIcI(d 568 127 

Intitr-row innulch 264 59 

Unrin Ichtrd 56 13 
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Table 8. Effect of muIlching onl maize:15 rain yield (1970-71 )(After Lal, 1974) 

Treatmet 1970 Grain yield (tons//ia) 17 

Mulched 0.8 5.4 
UnuILulched 0.5 3.6 
LSD (0.5) 0.3 0.7 

Si10",ificc,,, fl low arain yv iols in 1970 were( attfibutLd to aiprolon~ged diry sj'Ill at 11t 

15 



Table 9. Effect of mulching on maize grain yield (1972)(After Lal, 1974) 

Grain Yield (tons/ha) 
Treatment Wit/l termite control Without termite control 

Rice strmw mulch 4.5 4.4 
Forest litter mulch 4.4 4.3 

Control 3.6 3.6 

LSD (0.5) 0.7 0.7 

rc.ucecd (lMiji.. \d,un, ,llcln h , c rJ c1rrcr fluhcn c mcctcct;iJy m 

riluo;c-, hccl (v r, (. l hit w.ic il for rot,1 vicId dl t cr m. cf iu .r fcrmaticm , 

(rccj p;rticultrl f,,r ,ccjl .. i - muidc hifj 1 1 pr longth(. :rcv.oth l,, c l i p 'ric 
cc,,' ,lrflcc hcrizc ih:c cv til. ,trhcmid f cc', ,iiI full .ranci ,utuidi',hjc .ir. 

II Jqn 'ciccI o1 

',/ 

'I *i() , I f),'f in 0 IX) fij V1,,) 14, 1'., , O r oH O 0 210 220c 250 ?4f) 

A,;t,1ItH P1 ANT N i 

F cq. 21). Lffcc.; of ctll tl ;lllcandci cccticc cc imuccl0,(: 1of1cwralticli I l:1 y df lc (IIctrip.-Ilcofol 

I(n1 :30 Oc(t. P1)/1 . 
16 



FVii.21 Effect of ntul ('hi and m(!thodis Fi .22 . Effect of mulchiliil(nd r thmo(I-. 
of sed( 1!d im(i ri tilll oil Yaml (if Su(d fI l pr-p)rilt ln l of) yill, 
e u e forlpllrilli(I on 1 . Feb , seil0 sifc!i for April plantihi , 

yied ,(.r hil],u1, total -If .'i a fi-k-t-- ing 0o flat fir the early pf miting a'S 
ti'd by differci I ltl- i,(I pl r,in , , conI l'rl to a total faIIire for un­

slih ) in I.ii rc -. - s. I tl hili Oii i muIlche iod rh ,(I.ca hca,s I ­

rhe .
 
IIji e ighir t Ii ncrcasc IioxIe 1ii iwh- is F'ezr:lx- kniown to suppress weed
 
pla ilcd uarl,- it ,.(-ei,.o'lh-rc wa Mulching and Weed (,rowth: Mulciing 

I.
 FirIt 
'£I !,
17:.qilc n olavoll;'otu""

F gl.23. Effect iif" nl(,lot ()ct si./(of fss profiorat I on stid( 
llI~l ll 1il I ViiS[t(S l( ) ii1 (r ;I , i/( 
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jr, 'ths of weeds lar cess requires additional 
vested eight weeks after planting labor and time and often the material 
inaize in the second season of 1972 is not avilahle when needed. The 

method is uneconofiiic except for high­

,cight fresh generally 

wa , significantly higher in the u-

thin if) tile jiulched pl(ts ViIlue vep,taile cash crops.llllI(he( 

('labh 10), "liht h,,wcr t;oil nloi.tur
 
.,tontel if) fit(. (Illdchud lft', <()ul 

, 'r. Live Muh IbIis tile princi­''ud 'th. lch: involv.s 
pie ,f inixed cropp)ing. A low Jrowing 
crop, prefc-rahly it legume, iS grown 

jJ'~/y /0 thiroughllont lie', -a r. ;til ip 

, Io he 1Irtly.(i . t,, hi ,h 

f~y,~~j' iV~iic/" A !aniiiPr(thenasl ,,lcned, with or without 1using: 

lr lumportcd ',lulih Maicrial: ,!hlil(l Iher icide, to lant a lie%% cr(.p il 
r:latcrial oirtine (rot ia ,rop, pro , I ,'iw' ll. Thi, ' llt ot] should work 

l(,m rl either f(,r tit ) provided tile h,.t crop toitl)eti­'hl cl:v ic, nout 
hrlu c (f ,riulci :lpniul(h ,,r i, a tivc for light, m(hiSture and nutrients 

. 1rv.-idict (,d a lpruvi)u',. cr-p,.(a , hr,' ,' I.xpl-filicl.n ( ,hdu( ,.'d %k.'ith 'o!Ilo ­

, 1' rMlltIl 1(,r inothcr crop. 'l i,, Ipr(o- %ant/, ,,.trou ili,, and iaize were en-

TI IOfc i l 

Multhid (Ir l ,i ' 

F. 

I'I 
Oi t 1, U ,Ol71~htt 


'q ?4 D u t fnftw s o f ' fd p fp'o i l alo 11 ci l I _q-, MYwt~ed I) l[', t. 

TIM[ I (i l lt Nit" 
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44 
md 
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I ? I 
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Pt A N. 
Fi(. 25. Eftucts of met io(Is of se d hodprtprai0o ;iiii III(hilm;t n lo)tal tihur Yield. 

Table 10. Effect of mulch ing of' weed control 

Troa~tmt Weed growth (Ag/plot) 

Rice straw mulch 15.0 
Forest litter mulch 13.0 
Control 46.0 
LSD (0.05) 

couragi rg for erosion control. lowevei, Using Previous Crop Residue In tilu: 
.Itvlosanthes gracilis is aggressive The use of previou0s crop res idue and 
and competes with maize fhr soil nboIs- Weed regrowth in situ is another alter­
tore. Experinietts with other species native. Crop residue left on the soil 
e.g. I'atsf'lum, S. /humilus, I'esmodium surloce offers maxinuimor protection
and (.'nlrs.ustnm need to be conducted. against run-off ard : oil erosion 

19
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~Ti)) ik 'Icc 1113Iquc s 111hcMcu iv Vuk-h i lage Effects on .SoiI 
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oun!:., is yet to be known in the 
tropics. MuLer and Bilerling (1953) 
reported from their work using the 
corridor system of land utilization in 
Belgian Congo (now Zaire), that uplandrice yielded higher on unplowed than 

o plowed land. 

Ospina et al. (1957) found. ill 
(oluibia that the use of plow often 
resulted in heavy erosion. Kannegieter 
(1967), (1969) reported from Ghana that 
a hort-term I ueraria fa llow combined 
with mulch tillage gave effective soil 
protcction ,go inst eroion ind ilmproved, 
soil noi sture sto,'age. 

Soil l'rosion and l(iin-(ff l.osses: .oil 
erosion iniclase exponentially with 
tie ic rease in slope ounlder high inten­
sit" storllls. For Storms of low iliell­
sity, soil physicti propertie ; have a 
prclominatit iifloenice on soil erosion. 
Soil of 	 low infiltration rate on gentle 
slopes 	can have highei erosion losses 
than soil of steep slopes alnd high
iinfitratiori rate (Fi. 27). ( ontiiiuously 
maintained cover of partillly decoin-
posed crop resi d Ie decerea ses ron -off 
and soil losses to ii niiMU for soil 
of I to I slopes (Fig. 27). This 
effect of nulch on soil erosi.,i is dine 
to dccrei.'d impact on iniexp. sed soil 
as well is higkh iifiltrability of tIle 
soil inaintaied ait its nht, illlulllevel 
on soil under 11inimnI1 tillage(li,.28) 
The practice of minimum tillage ctlti+ 
vation without crop residue Ointhe" !oil 
Surface, removed hv burning oreither of 
grazing, results in soil crustation, de­
creased infiltration rate and higher 
losses due to run-off and erosimi 
(Fig. 29). The i1ntenance iOfatdequate 
vegetative cover, either from ,a crop 
residue or from a cover S;uch as IPoer­
ria or Stylosuiitthes, is ciucial in erii-
soil control. The results of miinin 
tillage 	experiments indicating higher 
run-off 	lid erosion losses as ct)ipared 

I 

..'.
" /
 

.
 

-R / 	 ,"" t f11LG40O 

.­

Fi~.27. 	 Run-off nd erosion losses from 
no tillOlti 00(1 lewe(i plot. 

- t , , r,,.. 

, 	 ..
 

"
 

;G I'll I 

Fit;.28. 	 Comparative infiltration rate from 
mulch tllime alX1 plowed plot. 
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http:tillage(li,.28


* 

I'
I

*1 
Ruti-otf ;4f 

I / . l . , +q 

(,op s-+w" 
 *. SiplweIipo e lt ..
and... tj.~ 

*j.29J. Ho'e-off ;nn lo'tot-iw>o losses from ,.. ,, ~ .* 
plowud iiln i lIotsOnlwedi with " " '" 

(;r) l r (J s lsiir1~ltV+(. Fatj.30. Soil roloisqttio reqilol iii piowon 

and ti;lplowe+d plots tonder maize 
to the l l(wt.J l aoJire de LIto the re- (La, 1974).

ilovil of crop re'.iioe from the til­
plowed plot-. ((lirri uIild I"nIUOk,
 
1971; (.h,irreau .Iod NicOt, 1971; and
 
Chairretu, '6 ). 


. 

,;oil Moi. [te (Regiime: Soil iioisture
 
reserve ,. r Iuhh tillape plot is
 
Coils-;,tcIiltv i r than that tnder
l o wed ( "' ,. ,,i,--. Ill jt.cj _.ra l, tile
 

Ill rel,(:llt'h~itlc . ir 10 .
,t,ra 'o~. 0-- : . 

]o , r. I iI, t i t ,ic: r.l liTi vu li 4 

Siyt l 'ant eIfc i'. )! lopri v ' rue .. 
Mois ture 'iorv oit',of tile deeper 
horizow; f! - m'i ,cpth. 'hc i ln­
ir t ted il, .. ii IllwIch till uqe treat­
ineots :;hvn I.j .ofp lea.f curlhiiig 
less fre tluetm: tha tie plowed plt',; 
tu. the :ire slre reserves n(iy, 
could carry the lirp gh pcr]i0,,' (if I 
hiort-term droigjlr 'vithout !,troni mtKi,- K 

tore Sri.sse,; de'.'elopi , withi the I. . 

plants. During periods of lonij, dry . 
spells there mav not he a signiificant Fiq.31 . Soil mloistur. refqiiti in plow d(i
increatse il stotatellOi tLire i lider and0 unplowedI plots under maize. 
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mulch over Conventional tillage if the 
overall moisture Ihodrid; capacity of 
tile soil is low. / 

oil Tcmpcraturer: Soil temperature is '. ' , 
"Wilificantly influenced by tillajge and 
I r<p r:,iuc ma agcenjnr t (Figs. 3I-36). 
'Ih-w differernces, in the maximum " il . ....
 
tempe-rature of till.mulch tillage plots 
were a,1' high a,-,10 anid '4 ( for 2 0 -),th.- resh,<ectivtelV. "l'h_ tettpert­e sil 

ture forthi, plowed plotswere observed 
t be h,)Ov' tile , imrIevel for crop(q' i 
troi Novem,ber to,Juin " i ll (" ,t'.tir­

>rate of Nieria. 

p imr (it r~Im, tt,in erm e IpofIisin q nudu lwn 

I(. t (illtrf'ic uIii r, L i Ig. ifwwi i~n utn 

ph( thi III p Iowt omit.. 

''oiI 'tttitttt urc lI t rfItc t- so) I f 

iafter hiiyh nterlity stiii.Acrier o)f 
ilflrx"nmitel',' )i,5-iII',I ti kite,., w ithh 

" t. )petctrnrneir retiM s tO'tlif 2.5 to 2.8 
kg rc:i i i hr aph f orte ()f_I 


pilot . it I -t-,in thu k 'rli,.r1 dead 

-2'Iir"ik a , t ruut ' , It'ur n ) rc' 

tareI buo ti! t ni1.I ,riI w)))titI ( il111~.(] aI;(IVisutI i - Ir ' t111 I coot-II I,O It i , 

ftor thr ',lvuT h t. [uie effect of 
tulchn till u %%,ril a( ctiv it.y 'neraptJilA different crip )-w ti t w,tist1l I )w in'­

'for tleI . d , .a orein It of hiijli huio 
\ , , cal activity o l lIack-(Ifcrust fu rinmtiNM',, \ 


thie bulk, thetiity (Ifthe! ,tirfac u ,(iii
horizcniti er iutnlch ti lige i, ,.u ra ly 

Cl , lterni 
Size ( i triuttii(i oft tilt dil (uIte ttt 

. .. .. . . . . . (' Ilt 2). tioi il p artic le 

1 i.32. Sodll trin u itn,riut i itttI eirplowed C lC'ratfd i ;o l 'iroiot,it lte plowcd 
andtif(Illo d "-,+uhwlluplots. nttItiploweid treatrttett, cart affectl)wIu 
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Fig. 36. 	 SoilI tenperature regirne under cowpeas as affected 

by til age. 

the pore 	 '-ize distribution wind also thle to be 9.45 and 9.730' for plowed and 
moisture release characteristis of the no-tillage plots respectively. The in­
surface soil under different crop rota- filtration rate of the soil is maintained 
tions (Figs. 37-38). Two years of con- at its maximum mulch tillage tech­
tiouous plowing increased the noisture niques (Fig. 39). 
content at zero suction from 31 t', 34.% 
for the r.o-tillage plots, while the ,.ois- Changes in C(1emical Properties of the 
ture retention at the higher potent:ul Surface So;,: A continuous cover of 
(more negative) remained the same, crop rr.,idue retained in the mulch 
thereby increasing the available water tillage plots helps maintain the ever 
capacity of the soil. Similarly the dwindling organic matter content of the 

ioisturL equivalent values were found tropical soils at acceptab'e level. For 

Table 11. 	 Effects of tillage tretments -ind crop rotation on earthworm activity 
in the second season (Number of casts week m-2 ). 

Number of casts per week at different times
 
after planting


Rotation 60 Days 67 Days 74 Days 81 Days
 
NT* P NT P NT P NT P
 

104 	 0 100 0 68 0Maize-Maize 86 12 

Maize-Cowpeas 26 0 24 0 20 0 28 0
 

272 0
Pigeonpeas -Maize 107 18 56 8 108 0 

4 1 0 0 1 0 2 0
Soybeans-Soybeans 


0 0 4 0 2 0Cowpeas-Cowpeas 8 2 


0
Average 46 7 37 2 47 0 72 

NT - Nj tlo~use or nulch tillaue P - Plowed 

25 



Table 12. Sod bulk density* at different times after plantinq as affected by 

tillage 	and crop rotations (0.10-cm depth, g cm-3). 

First Season Second Season 
Rotation 20 u,)vs 40 Days 50 Days 20 Days 40 Days 

NT P NT P NT P NT P NT P 

Maize--Maize 1.42 1.57 1.27 1.40 1.36 1.48 1.47 1.61 1.56 1.59 
Maize-Cowpeas 1.07 1.51 1.19 1.31 1.42 1.46 1.49 1.52 1.53 1.60 
Pigeorpeas-Maize 1.42 1.45 1.32 1.37 1.28 1.43 1.37 1.46 1.23 1.44 
Soybeans-Soybeans1.37 1.48 1.49 1.37 1.38 1.48 1.49 1.41 1.36 1.49 

Cowpeas-Cowpeas 1.45 1.48 1.37 1.71 1.34 1.47 1.38 1.55 1.38 1.66 

Average 1.34 1.50 1.32 1.43 1.41 1.46 1.44 1.51 1.41 1.56 

* l11 6uA de- 't v 1)f thev Inrtf-, r /f l ,tth,jl. 

instance the initial value of organic 
c;irbon content of the surface soil, 
inirudiatt'I% after cle:rilng of 2. i 
.\l rch 1970, decrea,-sed to 1.(9"' for 
plowed and 2.26,, for unliowed plots
In August l an2;andto I . V; for plowed 
Mnd 1 .... for th._ niulich tillage plots 
in February 197J, (l'i bl 13). Theo. 
cation exchange: cipacirv, the concen­
tration s of the c.a ions oil tIIhe exchange 
col)ltiex anid status Of avalilable iutri­
u ts Call ialso he affectedttldu to til­
lage treatments. .\lN lch tillage plots; 
hat hi vher ( . .ta.(,., conle ntri­higher 
tim of tile divilenit Cations on the ex­
chlange complex, liice ritrate titroget 
Mtid aaildiahe phosphorus than tie 
plowed treatments. The effect of dif­
ferent crop rotations Under muL: 
tilla,,,e on .-oill chemical properties is 
shown in Tables 1. and t5. The crop 
which leaves more residut o ithesur­
face iulilaltinl the organic imatter coil-
tent and ( l.( i..at a higher level ( . 
iaize) that; those which have little or 

no resitdu (SVhc',lnr. ). The role Of 

stritabie rotarion, or,cro t ,  thc 
important. 

.(ropYiclds: Difterennt till.,, svstenl.l; 
affect grain ,'ield throu, various prime 
factors and tile interaction between 

., 
,, 

Fig.37. 	 Soil i'oisture release character­
istics of strface. soil for ifloweti 
Oid u httll lai , plus (Lii 1974). 

them. iihu e efiects oil sill tepera­
ture,sodl structure,1ti-1trient av ai iity 
iRt root d veloptneit iilluenice crop 

perfortn.mcm. The effect of two levels, 
of each of irrigation and fertilizer ap­
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. . . ­

' , - - 1 

,.., Fill.39. 	 Ac'cuiwila~ti mfilriltiom ;as a|l­
f(!(:to!(l hv plhowud~ id mulch till­

+
 
d (l t'cl um tws.F;
 

pliclitionl under 11ul1ch (no-tillage) ;+lfldj 
,Col .o veiltiolalI (plowed) . plots e) ( A 	 C O N SI C U C *.il l oCl In l i zfor gthreer an 

yield Is shown il'Igur,:',O. 

eq l ycie lda 	fo r1 1(j.3 8. So il i mi 	 r e (lil llc - I n ge ne ra l, is utiiv e n.t 

s t i c -, f or i khw., ld n mt u)(l ch f il - t~it~z e_ w e r e ()b t aI ne d u it ] cr mlu l c h 
, Il( ! 11, 0 1!1l ( ) 11( c~ l t il l ag e l ,; Co mpa re d t o tho . s ed,)f ff , 'Il r op t re a tm en t s 

r o al nfo w d p l ts hr ig n isatio n e c e s s a ry 
ONlv duiijlnj pr(lo ) u dry spells, par­

F-i:.; - 13. -illa ! (Cfet,, o soil Chetmical erosrtin ms. 

Organic Avalldble C. E. C.
 
lr______nts carbon P NO3-N Ie// t"l Y nge cationsfmelrOt)
 

S (ppa) (PP11) l1())!/ Cil, Mg, K+ No+ 

Augqust 197/2
 
,lowed 1 .69 10 33 4.4 2.29 0.55 1 .06 0.16
 
No-tillage 2.26 27 40 5.4 2.46 0.83 1.19 0.15
 

Fehruary 1973
 

Plowewod 1.40 27 25 - 3.29 0.67 0.37 -


No- t'i, 	 1.82 f 37 35 -- 3.84 0.76 0.36 t 
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ticUlarly ,tt.sil.in stge (1972 seconld dry -pull of three weeks in the early
scason,iFig.i).And durng he ntmral flowering stage. The crop under mini­

roiny season, enhances tillage showed less symptoms ofirrigation 1110111 
leaching of ferrilizer. For the first two drought stress as co)mpared with the 
seasons, fertilizer showed responlse plewed plots. 
only under no-tillae plots. The com­
petition between iicr-orgaism and The fertilizer requirertent under 

maize for fertilizer under nc-tillage mulch tillge ik,generally higher thlan 
lay be reispotsilble for significant that (If plowed 1hlan . Plants on unfer­
yiehlt increase 17nfertilized over unfer- tilized ntulch tiliywe plots show fre­
tilized plots. It seems that, nitrogenl quett syliptolls of," and P deficiency. 
requirements undur mulch till1ge tech- 'I hese syniptonis are particularly noti­
niques are generally higter than tinder (lealhle in ,oybeans which, despite 
conventional Methods of clean seed denser stanil,ohow severe Pdeficiency 
bed preparation. Symlptomn. and tunted growth. 

Sati sffactory grain yields for. cow- Theweed co1Inctition in the toulch 

peas, pigeon peas, soybeans and sweet tillage and plowed plots may have a 

potat.1es have also W)en obtained significant effect on grain yield. Weed 

under mulch tilllte treatmets (Table growth can be s,ppressedl by the dead 

16). Significtntly higher ttaize yield crop residue if) the inin umitultillage 
froto the mulch tillage plots was oh- plo.ts. Ihe weedi, of (iralninae fanily 

tained in the first season of 1973 as were Irotminent inthe plowedt plots as 
comlpared with those of the plowed compared to bush regrowth and broad­
treatments. This differential nlaize leaved weeds in the 17ulch tillage 
yield response was attributed to a long plots. For exanple, the total quantity 
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of weeds harvested four weeks after 
planting maize in 1972 first season 
was 20kg and 0.5 kg per plot of 200 m2 
in the plowed and no-tillage plots

1 respectively. 

.. ...... 	 Mulch Tillage Techniques 

I-	 Mulch tillage techniques arebased 	 on the principle of causingleast soil disturbance and leaving the 

maximum of crop residue onl thle soil 
7* surface and at the sanic time obtaining 

a quick germinaion,an adequate stand 
Salnd a satisfactory yield. The minimum 

. tillage necessary to obtain a good 
4 ,, r, , _ ..... stond arid satisfactory yield in any 

particular situation depends upon soil 
S I I type, the nature of vegetation cover, 

previous soil management practices 
, and the nature of crop to be grown. 

__-	 Mulch Tillage Under Labor Intensive 
Farming: Under labor intensive farms, 
like most of the farmns in West Africa, 
crops such as maize, soybeans, cow-

Fig. 40 	 Effect of mulch tillage and plow- peas, pigeon peas and cassava can be 
ing on maize grain yield at two planted directly after bush clearing, 
levels of fertilizer and irriqiition. while leaving most of the leaves and 

Table 16. Comparative crop yield in nmlch anlt conventional tillage 
(1st season, 1973) 

Crop 

Maize 

Cowpeas 

Soybeans 


Sweet potatoes 

Pigeon peas' 

lot l (Irv ttm tr.
 

MluIch tillage 

4500.0 

748.0 

846.0 

22,000.0 

26,250.0 

29 

Grain yield (kg/ha) 
Conventional tillage 

3000.0 

639.2 

1066.0 

17,750.0 

25,000.0 



small branches ml dried weeds in tile 
inter-row ara. "I'o some extent this is 
what the farmers under shifting culti-
vation do. IUnder th, mulch tillage 
system, fertilizer can be broadca st 
directly on the soil srface befire 
plantinl' and iWetop dressing cal be 
made closer t, tile plli:t rIIY- at the 
appropriate tline, 

If tie pl t 1'i heavily weed, 'se 
of paraquLt at at rate of 2.5 L/ha spt,ty-
ed three to four days before plantinig 
call control the wed.. The crop can 
then be dire(ctly planted iI the dead 
weed growta. If th, weed grmth i,, 
high, .lashint, and leaving tcn (0[ the 
soil sarf ice ,ill facilittte plaouini,. 
'latntin),g is gcncrally done by bud. 

One itiiuiiil wee(llfig ait two To thre 
weeks after plaiti ig may be eiiou 1 'h' to con~trol weedt:,.ll 

Partially or ( omplctely Mechanized 
Farmn s: Thic -h.io.e o f ti I ilch 
tillage technique on larg.-,c.ilc niechai-
nized firn-s, now developing ii \ es I 

the Soil conditiosTvAfric;i, depends oi 

at the time of planting,previouIs SolI 

and timThe genert wilcp by plown,
ilihe gnerIoI oil Preplaraied b;y plow-
ingvand harrowing, is replacedl by;,spray-

ing with plirquat, A CoIIitict he'rbicide, 

at tine rate f .'.) I /h,i ,prayed i to ) 
days before panting. One(Iof tile fill-
lowing meto ,i: t,f seed bed prepar-
tio and plaitirij can then be adopted 
b, using sulb-suirface tillage e(i-uipillit 
t0 till the soi l inder the crop reiIdue 
Aid keep ,,: ... ,,h o0 tile surfaice. 

od Pl/nting Planting Is done directly 
ill unplowed s il ith chenliicallykilled 
sLd, weed s, cve i.,,ps or ii previtIV, 
crot residue. hi thislmethld, paraquat 
or anv other cotntact herbicide is used 
to replace plowing< iiid uaiiual, ile-
chanical wec.iing or recsiduAl herbi-
cides (atrazini, la,,o etc.) used for 

pre-energenice weed control. Crops 
can be planted either by i hand planter 
or by opening t narrow trench (5 to 7 
cm wide and 5 cm deep) for the seed. 

muhI illag. ,:kchisel plow (an1 he 
used in the previously shredded crop 
residue to bieak open tile hard crust or 
hard pan underemath the soi. (are 
should be taken ;l to invert the soil 
"o as, to ]eave the inaxiulnm of crop 
reSidie Of th ',oil surface'. 

otrip 'I il/ag': lillage is eliminated 
in most of tie inter-row ar .:asalld aI 
narrow strip i, opened to facilitate 
plant ig alid tile placCe[tiU t Of the fer­
tili ei . The crop res indu is left uilis­
tturbed in tile inter-row zone. 

t' I'laot: Oe di,,cii- prior to plant-
Ill}' and leavi11, mo,,t tile crop re ­

l 
1 laig(ot(fteCil ei

toUS cll thie surface can also help 

opent a cristeld field mid improve its 
infiltration,water holding capacity and 

roo(t ptciitrati(Oi. 

1 l Ilaot. Trictor dri en euipment 

can be usd ol large farms to slash 
ilind remove the previ110S crop residue 
from tile row to, t e inter-row zoie and 
also open a small trenchi as at seed
1e1 in ((lie opera) ill). 

It vd IPlant: "lhii, nmeth ,l can be used 
for surfaice irrigated crops. Small fur­
rows e-;ii: li opeich at at distance of 
I to 1.5 Ill ris iig the bed in between 
lld then pliitill , Minually or with it 
iechianical planter directly ou the bcd. 

Relive Aerils Auich 
.i/e*T- ofof Mulch 

in ihe Humid Tropics 

Ni-tillage or mulch tillage technii­
quc has io miiagic to produce crop on 
soi Is which will not produce under 
coiivenltioaiil tillage. These techniques 
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require a coirefui hus bandry of all the like earthworm activity, is maintained 
factors of production. Some of the ad- even when soil is under arable crops. 
vantages of this system of land mana­
gement are: Sarin's in L.abor and Polu vi: There is 

generally a S'o,0ieduction in power
Stead Yi(Id Relurns Otir a I.,,qjif requirement wi th judic io s mulch 
P'riod: Mulch tillage technique may tillage techniques. The labor is also 
not give tile nlaximtlr yield in tile best less. 
sean;o but it will produce a satis­
factory crop in the seaso n,with poor v il ' louc if plaiim igthe
rainfalldistributito and hongdry s e s ao i n "lis ,,." i s critil ,,tiie 
Under some soil conditions, mulch s ec ni scoson crop is critical i, 

tillage te.hnique may e-ven outyield western Nigeria. There is little time 
tile conventional tillage. between harvesting the previous crop 

and planting tilenext. Planting (one 

Soil I:rosion adt I~t in.O//(.Ronr.l." after the third week of August is riskyv
"lropical soils, becautse tif their sirtic- due to short rainy season. The time 

ttiral irnstability and high rainfall ero- required fir preparing the secd bed canbe ininimized tby,u,-tillage or inulch
sivity, are extremely susceptible btt e i i iige hi e I or 
soil erosio. Ilighly erodible soils n tillage techniqe,. 
steeper slopes, Otherwise considered 
uncultivable tnder coniventional file- A l im iziti l.o.- c; l'e to l.odging: 
thods, cin s,tfely be ctitivitted by The experience at IITA shows that 
mininnun tillage techniques. If soil crop lodging is less for the maize 
erosion is the serious limiting factor planted with minieimnn tillage than any 
in replacing shitting cutivation by a other techniques. 
pcrtmaent system of land ntilizatiori 
in the hutmid tropics, iiiinifii thIi tillage lici e'ny: le loss of theis d efi n i te ly d esir a bl e . I , r i i ,r/'l c v y h o s o h

fertilizer elements in run off water is 
Soil 1oist rc, Atorat,: rotlght .'Au- less by iiinnium tillage than by other 
ceptible tropical soils will certainly t(-(iliqutes. 
produce higheir yiehI under miniimu 
tillage techniquies, bec ose the soil 
m,,oistre storage is ,up.riur to that of Impmvrementf Needed in le 

c o n ve n tio n lly pllw d so ils . l"c T i l e L c i Tu 

Noicl'mn/raurrv: If supra-optimnal soil ulch Ti//age Technique
temperature prevails intlme early stages Presently, mulch tillage teclhnioue 
of crop growth, tbe mulch effect in tie is not perfecteI; it iVyet Soil and Crop 
n iinUn tillage plots Will help 111 specific, Basically it should w.,rk for 
prove soil thermal regime and quicken all crops and soils. Its specificy 
the iermination. calls for its improvement toward ver­

satility. The mulch tillage technique
Soil Atruce r Mainhnuance: Soil struc- involves a new sys tem of soil and 
ture is maintained at its original level. farm m ilmagemrent which has different 
The principal factor of rCbtilding the requiremreits for husbanidry. Research 
surface soil horizon, under bush fallow, needs to be conductetd for this new 
as under the cover of native'vegetation system toward: 
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,Alc aniz.atio.: Suita le machinery 11 
reqLired for plaitinp, fertilizcr appli-
cation Mid wcCd I ontrol. lhe eql-
mtunt de.sign and co-.t ,hould cori.ld r 

the small .c.,lu faricr . The ctiijili' I 
,.hoUld be phlt.ed mlI hantd opi l"rtttd or 

,mall mot,)r drivt 'l liiii t,. 

Ilvrtili,.utl: A"ic h. ti]h/cr rIiurc m u 

for mu lh tilld.t e .')'. i1,,liffi ri it 
fromrii that , tIi, ,i ',l.-tiiilinl.' Iult]-

1

,' il li t',. "Iji.r , I n et.,i t i: , w'."ir t iltiri. 

tint', l I tilCt'.the rit t,, ,uit an,tILi I-i f r.f 

fcrt i 1 , , 
tro .. I (. fi(-(rt 

o'allII,,(Iro I . 
h'tv uicdi t t . i t) 

'l ii ' . tut 

ifr t t,. 

mu' i re 
Ilt urf, 


I Itc, i 
t:'i, 


tmll 'i 

C ,f I i r(-., 

wced -Iiututr(, jI c t I.'I duh, 

Tlhc+ CHfI(i ll Ll', j ,I(' 

i c ct . or. 
i . [
+rp R r t I~o t,,,'r , lr,,.,t:,: 

I I- I i'.' (I'', y,. 
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al titn,1 rtirit t'Ii , ' t(l muit tillrir" 
te_(zliil' ilt(.-'r , ,rt,,t'" I.. 
]te , I '' LF 1; r()[.ir ,g lllilllll.l I+. 1 ,l l,-" 


irul. ti a r ic l r . ir tittill,
llanajv~cd] mid] t u d ',Oil.,. ( r(,I(mimg .+,\ 
, 
W h11i I r . u , . tCU (I,, ,tq h rt.!ic , h<V',itI ih If o - I(I fI 
be w+.edin rf,t.trimi .. t,ithl,,,-l''rl <r 
p~rod ofC'iruI) .r()p . 

li-va i and 1w. c(I ... ro/' l'.( i-C wvom 
I.aI tlic tlil, of, iid.. , 1 ,1 f andl 
nc'lat t. colltr,)] tII-cd to, I,("<~ . ,l t 
forthi+. nl.wcv.,'tcrm (If ,(itI ~ ;V U C t 
"fuliin:lll tint t' it'llt' if iii l iic 't'ilt'it'I'll 

of Sot>IMatla,,g if)III Ic lit "c,qj 

MuI,.:htill ,,,i too, i , ,II ,ra , IiI- I , ­. T V I 

ti I I,i ,''i, utilir )itvcitiuiu, I t 
I r ,,i '.%'ItII ajc A.II ,- .uItit v.t'nICI I 

mlli p~tr'd I)',' k i trI t ,.::Illh Illa,,c ijlic ..


' 


Soil conservation P, particularlv im­
portant for thw.c troipica*l .oilk. with 
.hallow .urfaitu iiirizot arid low water 
holding a:a c it'. tillage tech-I Mulch 

Iii ' ha, a pr itii.iig future for .cEti­

,rid arci'., I with .,wvcrc.- drolghlt 
lir mllit. A ,illt water holding 

If [th lk
C;I,,t it'.v . ,.,o i'.-irc.trly ell­
.im cl h~yrhe itiulthf.rim itc .c h mi P .
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IirI) theritiih oil. 

i 1/.Cd rihi . utim their'I itit,'. 
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I iltlkitI,iI111 Iold ,,v teCh ­
mic ,., i 1. c.v.cn 

1. , III lIth (II l ) 
,ri.p i ,irgtia] land 

'Ait l .,1ttl,: ,h IlI, iid,, ltivaltion[ 
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