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imiODwrion

Soil erosion Is a wtrldwide problem. Signs wf erusion 
are visible tc every-ae, mt the magnitude of this problem is 
not apparent to  many# The* entire human civilization depends 
on top 15 co of the surface soil for survival, since only 
this layer contains the vital nutrients that arc esaertial for 
cro p  growth* S o i l  e s x a io n  le a d s  to  silting c f  rivers and 

L .kc-s which in turn causes fi-woda* The* effects c f  ert sion are 
cost prominent in areas where high minf. 11 intensities are 
e cporienced and whoso tac topography is undulating.

It is estimated that about 6,000 million tonnes of tcp 
soil ore being lost in Xadiu annually. As a result, an 
estimated 5*7 million tonnes of soil nutrients disappear into 
tine sea every year* The loss incurred varies between 
Us.1,000 oreres to Rs*7»000 crores annually (Bhenoi, 197i)*
On an averape about 10,000 lieetares ^re being affected by 
erosion every year involving an average leas o' about ‘‘3.500 

lakhs (Anntn, 1j71)* Coring to Kerala cut cf tee 13 X-.4ch 
hectares which .*.ro prono tc soil erosion menace a substantial 
area cf 14.3 lakh hectares -are yet tc oe brought under various 
noil conservation measures (Armen, 1c3G). fhir. sitc-.tior* 
calla fvr urgent need in taking up soil conservaticn Eseu3Ui*ea 
in the state.
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In Keralaf which supports the hiah. st population
density, She per capita land availability is os lew as 0.3 
acre (falkriohna Filial, 1978)• This situation necessitates 
utilisation of marginal and slopy lends for cultivation of 
high value crops.

Tapioca is the ro^cr subsidiary food of Kerala and is 
grew* in an area of 3,3 lakhs hoct-ros with a total production 
of 53,9 lakh tonnes ( uiiokrishna Dhat, 1978), It Is a uajor 
crop in hill slopes where as a labour saving measure ridges 
-a*© taken oleng the slopes .or planting. The faculty cultiva
tion taetbeoc fuvom- heavy soil erosion, tk.ll itself xlng 
leterltlc in origin has very little binding material whiah 
further aggravates the soil erosion problems.

Soil conservation can be achieved txih by agr.noaic 
measures on well as engineering practices, >ut these measures 
fail to get feat results wher applied separately. /> proper 
blending cf the two m©a3U-.ec- gives encouraging results 
(P.edul, 1j60),

Tapioca is usually planted with the- onset of nor soon In 
June-July or September-October, The usual aultiv; tion 
practices like souncs or ridges loosen the no11 very ouch which 
facilitate washing down of the soil during the rainy season.
Its wide spacing and slow initial growth leave acnsideroble 
area unutilised during early part of the crop growth and is 
subjoctou t.. severe erosion hazards. Sc it ueccaee highly
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necessary that the land between rounds or ridges which -.re 
left bare, should - © protected with sere kind o- cover crops 
us to prevent cr etleast reduce the runoff ere. .-.oil loss.

Intercropping, growing two or more croyS sicultuneoucly
on the same field, is the L,,.in crop product!*,; i system in 
otl.-sisconce agriculture (V.illey, 1979). Intercropping us a 
method of reducing soil loss was suggested by Bhola et si. 
(1>75)* Intercro.-yiag and mixed cropping reduce soli losses 
olid in this way help to maintain the soil in good condition 
(Ives, 131)* uowpec was the seat intercrop for controlling 
erosion (Buttuwor and :-.ao, 196,?). In a previous experiment 
at Veilwnikkarw., it was found th t groundnut intercropping 
with tupio*. a ir. ridges across the siege was effective in 
reducing ceil -.c.c wrier leases (Viswumbh. . un, Iff-C). In the 
light of the c bove frets the presort invectig-tii. . was under
taker: with the following objectives.

1. Tc assess the effects of various ngrc-Tecimiqvec 
on soli less i...d surface runoff,

2. Te stuay the effects o ' v..ricuc hgro-Techniqt.es 
en subsoil end surface soil moisture storages,

3. Tc esti&ote the loos cf nutrients force'!, erosion 
under various grc-Techniqi..os.

Tc estimate the amount cf retar.tive r inf:. 11 during 
the porieu -,x era, growth ixder v rious Agrc-Xeshnicn ec.

3. if. -.es*. co fit.- yield of tapiee;. . c. ccv/pe-. unaer 
various Agro-Teaiiniqucs.
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? w m :  OF UTERATtHE

ilesearch works on sell erosion arc the effect cf 
intercropping or sell, wuter and nutrient losses and other 
related topics ora briefly reviewed hereunder*

i*1* Soil Urdsion
<.*1*1* Definition cf crosier and runoff

he oruir.g to bonnet (1fiv) the vastly accelerated 
process of soil rar-ov-.l brought about oy human interference 
with the non ul disequilibrium between soil building and soil 
removal io design-, ted as soil erosion* It was stated cy 
Gorie (1.46) as the theft of soil by the natural ole;..acts end 
is the removal of soil particles either singly or in naos* 
Ellison (1>47) has descriiud soil erosion as .. destructive 
ac^cess in contrast t„ coil formation whirh is constructive* 
he define^ su.il erosion as a process of dctachr-ont; and trans- 
pvrtc cion e_‘ soil oaterials by erosive agents namely wind or 
water*

hunoff as defined by Eggar E*tester (1.,4S) is the vatec 
that drains from the land areas by surface channels into which 
the water collects fro; overland flow or subterranean passages, 
hence runoff is the water retained .after looses due to 
evapor-tio; , tr^nspir-ticn and seepage*



5

2.1.2* factors influencing soil erosion

f.’txhx-n (1^77) stated th..t erosion co.,trs due tv effects 
cf rainfall . n soil and is aeten. inea by*

a) Erooivityt- Specifically and solely a .rcperty cf rainfall
which can be quantitatively evaluated as the potential capacity 
cf rein to ecus© erosion under given circunirt-.-r.ces.

b) Erodibility*- Specifically and solely u property or the 
soil which can he quantitatively evaluated as th,.. vulnerabi
lity of tlia soil tc erosion under given circumstances,

c) ranageiaents- a wide tern:, covering all factors directly 
under oan’s contr.i such as choice of land use, choice cf crcp» 
no thud o.. crop production down to details like plant population 
and aanuriv.l practices and

d) Lai.uiV-rt *- dhiSn inu-uaes length and steepness a slope
ana their shape and uniformity ef shape.

a.1.2.1* Lrosivltv
i\o crdiag to heal (1p33) the percentage ol runoff 

increased at a decreasing rate with increase in rain.. 11 
intensity, he also observed that the soil loss fret a 
saturated soil increased as the 2* a power of the rainfall 
intensity. It Wv.c observed ly Duley (I9>i) that the rain 
drop.:, were responsible for sealing tia, soil surface resulting 
in hi:dr. nee tc coil moisture storage and infiltrat ton.
..hen r-.-in drops hit the* soil they have a dispersive action



(Ellison, 1947} McIntyre, 1958} Yadav, 1961)* Free (1952) 
reported that splash losses from elevated pane of bar* sell 
were 50 to 90 tines acre than the runoff losses* The average 
soil loss per inch of rain was to the tune of five to seven 
tonnes per acre* According to Hudson (1997) the major factors 
contributing to the initiation of runoff and soil loss were 
the raindrop impact and qplashes* Ballal and Deshpaade (1960) 
suggested that the runoff and coil loss in the saturated 
condition of soil were generally higher than these caused by 
r in £j*oq . ir dry soil* ’Jdai Kuaur Yadav (1961) confuted the 
tot-1 energr of raindrops as 250 I’*f* at a rainfall rate cf 
two inches/hr on an acre and 100 H.P. farce generated ?jy a
rainfall rate of 0*1 inch/hr* The .290 2!*£'•* farce generated by

C-00/4c'%ela rainfall rate of -a—Inonts/hr is sufflciert tc lift seven 
inches of top at 11 to a height of three feet, 86 tines in one 
hour, which corresponds to 580 million foot pounds of work* 
This might be equivalent 1000 to 10,000 times the kinetic 
energy cf the shallow sheets of runoff water resulting from 
the same storm* Raindrops were responsible for a soil loss of 
about 95 per cent in exvsicn process* Splosh erosion leads tc 
sheet erosion, puddle cad fertility erosion* Lyles gt el* 
(1969) found that wind driven rain substantially increased 
soil loss* Matciller and Young (1975) cpined that the 
principal agent in ringing about sell detachment and 
transport from inter-rill areas was the ruin drop splash*



According to Ellison (1944) the splash erosion 
increased as the 0*65 power of the rainfall rate* Bkem and 
Muckenhim (1947) reported that for a constant drop size and 
time, the amount of sand transporter was directly proportional 
to the intensity of precipitation* ilookerjee (1950) concluded 
that a high correlation existed between the rainfall intensity 
and amount of eroded soil* Storm ercsivity varied exponen
tially with the- roinf..11 intensity (Ekem, 1954} foj.hane et al. 
1 ->9), According to fai hane et al* (1c39) a m  hisal (1960) an 
exponential relationship existed between the rainfall intensity 
and soil erosion* rree (1960) reporter that the relationship 
between splash erosl,.,- looses for bath sard ,.nd soil with 
energy value for rainfall were exponential and parabolic type* 
Rose (1„6o) observed the rate of soil detacnment par unit area 
was influenced by the momentum and kinetic energy of the store, 
per unit area and tire.

.ischmeier (1955) stated that the important variable in 
effecting 'soil erosion was the cenbin tier, of rainfall energy
ana quantity of rainfall, hi@cita.eier and Smith (1953) 
Identified a clcso relationship between r-infall intensity and 
the total kinetic energy* flschmeier (1959) found that the 
erosion index la the most precise single estimate of rainfall 
erosion, potential, dischreier (1.61a) also- found that the 
relationship of ceil Icon froi: a- fallow plot to SI values was 
linear, but f-...r the slope of the regression line for any set 
of data dependent on soil type and lend slope, Hudson (1971)
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reported from his work in Rhodesia;* that the cumulative 
kinetic energy of storms greater than one inch/hr (KE>1) 
was more- significantly correlated with soil loss than EI^q 
index. Experiments in the tropics indicated a lower correla
tion. coefficient between EI^q inde; end soil loss than was 
obtained for the original experiments in U.S.-. (Ahrud and 
Areckner, 1974). Lai (1976c) reported a better correlation 
with the product cf tot 1 rainfall amount ana peak stort.- 
intensity (Aim) than either or KE> 1 indices, however, 
Viswacbharan (19*30) observed that Ala* index was better 
correlated with runoff as compared to other erosion indices 
and lI15- inde * was otter correlated with sell loss.

The results at revealed by many field experiments 
showed that the correlation of soil loss with amount of rain 
in individual stores „.s well as with maximum amount falling in 
9, 15 or 30 minute intervals was poor. Lut tae product of 
kinetic energy and maximum 30 minute intensity was moot 
significantly correlated with soil loss (bischmeier £t al. 
1956). iachneier• s index had subsequently been exten
sively used ii prooiatii.r soil loss, has et al. (1c67) found 
th t EI^q Value ku& the oest correlation with coil e:*osioc as 
compared to El^, or ElgQ indices. Rogers et al• (1967)
computed the kinetic energy of rainfall from rainf. 11 
intensity using the equation, KE«210.3 * 39 log I (metre 
tonnes/ha.cm)•
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Barnett (1933) Sound that EI^q index we a closely
related to ocil orosioi;* Dos Ml (1967) found th. t the 
use of El*. Din* has been recommended f-r hilgiris* for 
Deiiru Dim Uanbabu jrtj al* (1969) found that values were
significantly correlated with daily and monthly rainfall 
v lues, but the annual rainfall values were not significantly 
correlated with annual EI^q values* however* Dangler arid 
Cwaify (1;//,.) observed that for most soil little or no erosion 
occurred during the first 30 minutes cf the first storm even 
when the simulated rainfall intensity was 3*0 cm/hr* Stiaraa 
et al* (1976) found that irrespective of the nature of the 
crop* splash losses were better correlated with iinetie energy 
af the storm than its erosion index*

2*1.2*9. Ercdlbllltv
The different erosion of two soils under simil.. r 

environment a.rd oanageraent conditions is attributed to the 
inherent Sail characteristics* This property of the r-cil is 
referred tc as soil erodibillty* F.rcdibility involves those 
coil properties that affect infiltration rate, permeability 
arc the changes with time that occur in those soil properties 
and others that determine dispersion, splashingf abrasion ui:d 
transporting forces of rainfall and runoff. According to 
Lai (1377) structure a„..d structural stability are closely 
rel.ted to erodibility, but are different to define in such 
way that they provide a measure of erodibility. He also 
observed that the v i-ious properties which affect the
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detach&aiiity one. transportability of soil involve particle 
size distribution, organic matter content, presence o£ 
cementing materials like Fe and Al oxides, nature of wlay 
minerals u/u balance of cation on the exchange complex atd 
properties which are themselves dependent cm this such as 
permeability, soil structure and strength* The entrapped oir 
may also be important*

l&dleton aix.: Buoy cos as described by -ehta §t al.
(1963) used dispersion ratio as a measure of soil credibility*
A soil erodibility monogram based on soil properties was 
developed by Alshcuiiueler et al. (1969)* Bookens et al. (197-*) 
reported that the particle size and the percentage cf citrate 
bicarbonate dithion ~vtc (CD**) extractable Fe, AX and al were 
significant prediction parameters of subsoil erodibillty cn
high clay stbsoils studied* Eased on subsoil data a prediction

2equation oith a coel'fi lent of determination r » 0*95 was 
developed. Singer e£ ai, (1974) from the studies oi the 
relative erodibility of surface soil (0**15 cm) from 10 soil 
series found that the observed credibility of the soils was in 
an order different from the order predicted by Vaischmeier £1 al. 
monograph, Unlike the monograph predicted, two soils with 
high exchangeable sodium were much nor© eroditle and two which 
had high dithicnc ;tc- extractiblc Fe content were less credible* 
further studies Indicated that exchangeable 3odium percentage, 
dithicnate extra .tible Iron ai:d Aluminium were additional 
useful indices in predicting the erodibility of those soils.
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In contrast. Brace- klne ana Lai (1975) found that erodibility
varied directly with sand and Inversely with clay content*
Mema cr| aj.* (1970) established the scil erodibility factor K 
in the unversul soil lose equ tlon for the soil and climatic 
conditions of Vasad as 0*0592 tonnes/ha/unit of rainfall 
factor* a, d Verna (1976) reported that runoff and scil
less increased with increase in the fineness of soil texture*

2,1*2,3* :‘«anaiZQiaent
Jiaver (1y61) classified the major effects of vegetation 

oo. runoff and erosion into five distinct categories* They are 
(1) Interception of r. inif-ll by vegetative cover (2) decreasing 
the velocity -nd cuttinp action of runoff water (3) root effect 
in increasing granuleticn ui.d porosity (4) biological activi
ties associated with veget-tive growth anu their influence on 
soil porasity (5) transportation of water leading tc subsequent 
drying out cf the soil,

Elliotn (1f47) reported tint the soil detachment hazard 
was inversely >; report icnal to resistant factor of surf ace 
c-vers and mulches ii. rccue ing runoff velocity* Ellison (1952) 
reported thut energy of falling raindrops is a significant 
f-ctor in cr~&ion* ?hu; interception of high energy rair.drops 
oy the conco? can • & on import., nt factor in soil erosion*
Speer (1r60) stated tli .t the f asis of soil u.,d water conserva
tion is tiio '.'over that protects lane from the direct impact of 
raindrops :.;.d runoff water* h'doi Kumar Yadov (1961) reported 
that the secret of preventing eras ten is to remove the energy 
cf r..inarcps by vegetative shield.
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.tulchlng is an effective me^ns tc protect the soil 
surfaoe from sealing under the impact of raird.rcps (l>&r.ld*
1947 f Schuller and Evans, 1954). According to .'©Alister 
(1357) rulch farcing ...onsiderably reduced wind and water 
erosion* lannering and ;ieyer (1p63) shewed that culch 
applic ticn at the rate of 2*4f* 4,94 and 9.6 tonnes per 
hectare resulted in very high infiltration nod essentially 
no erosion* dischaeier (1d66) found that improved soil and 
crop management recused average plot runoff by about aO 
par cent* ânnerin-.- al, (1966) reported th-t the- surface 
mulch which covered ciore than 95 per cent of the soil surfs.-ce 
had striking effect on botr, infiltration cud 3c.il less* 
harrold a*.d Edwards (1474) observed that &ulv.h o . about 
1*43 tonnes/ha on the surface of no-tilleu ay ate was effect
ive in reducing erosion* ..egahan (1975) stated that erosion 
was reduced on an average of 75 per cent ly straw mulching*

Smith (13^6) reported that the energy of fellinr rain
drops was •'■onaiderably reduced , the crop ccver a: a thereby 
creating » soil condition that will resist erosion* he 
classified crops into two groups viz* erosion resisting and 
erosion permitting, Hudson (1957) ocnnludeo th.,t the ground • 
cover is almost entirely responsible for reducing runoff and 
erosion fror grussea. areas and the same ©f tect can be achieved 
by any cover such as a surface mulch* dense raize crops or a 
geod early freer manure crop* natural covers and gr^sres 
were fauna to be effective in checking soil erosion (Gm>tu e£ al. 
1963* Vasudevaih et ai* 1965), Gunel Singh e£ (1-67 a)
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opined that groundnut gave ciininuia voter Iocs u:.d the fallow 
gave uaxiruu water less# They have attributed the rec-aot: 
that the fallow provide uc cover arid hence no obstruction to 
the flow of water arid therefore rainfall received is lc:,t 
through runcf ;# cater cannot flew through groui.dnut easily 
arid there 1;= acre tioe or absorption of water in the soil as 
a result of which there in leas water leas# Again# soil less 
was i.uainun under fallow as it does not provide protection 
against fulling r<..iti drops# However# work conducted ly 
dattawor -..no. , .uc (t,6u) revealed th...t covpe- was fchu boot for 
.;cnt rolling eresiod# iaru a.i. devised ic.il conser
vation authods for creating such conditions that acre ruin 
water would ce absorbed and preserved into the soil# surface 
runoff would ■ e aininiced and excessive runoff vouud flew at 
a harmless speed* The . -st results are achieved if the lard 
was kept covered under vegetation# l-udson (1371) suggested 
that soil erosion is proportional to the fraction a soil 
surface o. pcsea to afreet dixp ic.pa.ct* hurad Bhan -and
. ieru (1.71) reported tfc-1 cultivation of erect groundnut 
variety A#K.#K-P.4 in rows of 25 x 60 ax. apart considerably 
reduced soil ores ion lasses# Bholo ot al# (1373) repcc’ted that 
runoff ana a.il lass were high-st under rauize nc Icwcct us cor 
a,#teti-vganolcba suggeafcirr tint maize or: slopes should e 
intercropped with a. legunu, dote (1376) reported th t nature;! 
grasslands# vetch and catsecm rotations gave the ir.iniraz.: svil 
er-rsicr, lus..eo# Strongly eroded roils should "j„- used ^nly for 
pastures# hharaa ej£ a!» (1v76) sur., rested that mm  sunrc and
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Ca.ianus ca.lan * groundnut mixture were coot uf .ective in 
checking splash erosion* Ainu et al* (1.77) canpcroa the 
effect of cassava alone and cassava and maize grown simultane
ously on runoff and soil loos* The mean soil loos w-..:o higher 
for monoculture of cassava when compared to. maize cassava six* 
Similarly the mean water runoff decreased i;. case of maize ♦ 
cassava when compared to monoculture* In general soil less 
and water runoff decrease exponentially with increase in 
vegetative cover* Hong Ling (1‘j7d) revealed that runoff and 
soil loss or. a soil of 10 per cent slope under natural cover, 
legumes onu dare soil were considerably reduced under natural 
cover ana legumes* Ling Ah Hong (1978) reported that soil 
loss and runoff were higher in soils left care* Loss from 
plots of legume was greater than iron, plots allowed to 
establish with natural cover at first but becose equally low 
as the canopy developed* Cover shape or dlstrituticn of 
interccver shape apye- red to , e iî portknt in affecting sedi
ment loss* Runoff volume w..e si<niiicontly reduced by high 
cover level::, which protected the soil from sealing* The cever 
percentage was related to sediment in surface runoff 'ey a 
parabolic relationship (Singer arid dlackard, 1978). Ccstln 
(1.80) found that surface runofi end coil leases were inversely 
related tc -over* cover v 1 as loss than 70 per cent were 
associ,..ted with some large increases in runoff nd sail loss 
whereas at high cover values there was relatively little 
reduction in runoff and soil less. Post soil losses were ». a±l 
when rumof was less than 15 per cent tout increased rapidly
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with increasing runoff, According tc De Ccursey (1 SC) the 
row spaaing, land olo.;e ,.ud tillage operatiorr; affected 
runoff and sediment yields do re titan factors such as plant 
population and levels cf fertilisers# Viswanbharan (1980) 
c bserved that groundnut intercrop a lag siijni, icantly ,'educed 
runoff ,..na null less,

fattawar ar.d Ree (1r6y) observed that the crop protect
ion factor values were high in too initial stages due to poor 
cover. As vegetative cover increased O f  actor values 
decreased and coil loss was reduced, U alkies*, n (1973) while 
experimenting with cowpea found that toe actual soil loss was 
greater th.cn the predicted soil loss by toe universal soil 
loss equation in too e«.rly part of toe season ar.d such lees 
during the crop maturity. Thus the cropping managereut factor 
consisted cf a complexity of components which exert varied 
dominance on soil erosion during toe 3©ason# Mema el. (19?'-J 
reported that the crop management factor for mung, groundnut 
and cowpea were 0#46.>, 0,374 and 0,317 respectively.

Bonnet (1939) reported tot contour tilled sorghum 
plots gave an average grain yield of 589 kg/ha.
Gupta et al, (1963) found that maximum water less occurred 
under bare ploughed plots in a nine per cent slepy field, 
Agurw&l and Indrapati ningh (1970) revealed that cultivation 
o: cane cn ocntoux’ can save 23*6 inches of rainfall and 21,31 
tonnes of soil from moderately slcpy fields susceptible to 
erosion# Viaid of cane planted on contour trenches followed
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by earthing up during rain was increased tc the extent cf 
about 27 per cent* John .Trouble (1975) reported th t 
increased roughness in mlcrotopograpty provided additional 
detention storage resulting in decreased runoff when compared 
tc the control* Significant increases in runoff were asso
ciated with bore cell* Crown cover and erosion pavement were 
significant in reducing runoff* Khybri et aw. (1978a) 
rep., rted that striy tillage reduced sell loss from 54 tonnes 
per hectare to 40 t,. imos per hectare* Berg and Carter (1980) 
recorded a sediaer.t leas ranging from 0*5 to 141 t/ha fra® 
furrow erodon on irrigated cropland. They found that erosion 
increased sharply on row cropped fields where slopes exceeded 
one per cent. Viswatsbhuran (1980) reported tilt maximum run
off and sell less occurred in uncultivated bare fallow plots* 
Among the v-ricus cultivation nethe.s tpiccu in mounds with
out intercrop registered maximum coil «rd water leases*

Williamson and Kingsley (1974) reported that cultiv tion 
across the slope decreased runoff and erosion* It also 
increased the yield of maize and oats in the too year rots tier.* 
Bcnde al. (1r?8) repartee th. t ridges across the slope 
considerably reauced the runoff and sell loss over fl^t sowing 
in tobacco a/.d cotton. Work Conducted by James jĝ * (197®) 
revealed that inward gradient of bench terraces gave less 
runoff ux-d soil less than the outward gradient of bench 
terraces for potato crop* Viewambharan (1y80) reported that 
groundnut intercropping as well as tapioca planting in ridges
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acress the slope were effective in reducing soil ana water 
losses*

2*1*..*4* Land fora
Cook (1.36) stated that among tlie land forms, degree 

ana length cf slope were Important controlling variables of 
water erosion process* However, feal (1936) reported that the 
percentage of slope hud no apparent effect on tlie percentage 
of runoff for slopes ubcve one per cent. Soil loss from a 
saturated soil increased os the 0*7 power cf the slope*
. athematically the relation is E°osa where E is erosion, S
the slope and *a# or. exponent* Zingg (1910) attributed a 
value of 1 * 1 3 far the exponent *a,« It was stated that 
doubling the degree of slope increased the tot-1 sail loss in 
runoff by <.*61 times* doubling tlie horizontal length of slope 
increased tho total.soil loss in runoff by 3*03 times*
Increasing the degree of slope increased the tot 1 runoff* 
c ischmeier (1966) observed that under normal f,.eld conditions 
runoff from row crops averaged a 10 per cent increase H r  each
additional per cent uf slop©, he observed ~ logarithmic
relationship between runoff and slope* huascn (1. 77) reported 
that erosion generally increased exponentially with increase 
in slope, the element for tropical soils approached two thcu^i 
it has 'een repartee tc vary between 1,3 aid 2*1* Length of 
slope has a similar effect on soil loss as degree cf slope* 
Ishida et aa. (1930) st-ted th-t erosion uus narked where the 
soil surface was soft, tlie gradient steep, or mechanic al recia- 
L.ation had ; een c .rriea out, but was less on surface sewn sites.
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Lewis (1981) indicated that ere oion increases as the slope 
gr dient increases* Results also indicate that losses of 
soil materials are greatest not or the steepest slopes but 
on the five per cent slopes* ‘do relation was found between 
plot length and less* Guansah (1981) reported that soil type, 
intensity cf rain and slope steepness significant!:/ influenced 
the amount of soil detached and transported,

2*1*3* Universal Soil Loss Equation
development of equations sad relv.tio; ships as an aid to 

c Iculation u£ field soil less has been attempted by many 
(Zings, 19^0; Smith, 1941; Smith and ihitt, 1947). The
relationships developed were mainly fcr local use, ischmeier 
(1 .,-59) made cn^cr contribution to the prediction of sh.11 loss 
by his studies on rainfall ©rosier index ard evaluation of crop 
an<..*;;;e:.:Oi.t factor* In 1961 he came cut with the universal soil 
loss equ tin (Aaron, 1961),

:;userie-l assessment of soil less by water under a
particular management practice cun :- q achieved with the help 
oi: universal soil loss equation as described by UiocJm.eier and 
Smith (1969), It ir defined as

i '..'here,
A « Computed soil loss per unit urea 
fl « Rainfall factor, the number of erosion index 

units in a normal year's rc.infc.ll* The ©rosion index is c
measure of erosive force of specific rainfall*
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K ** Soil credibility factor, is the erosion rate
per unit of erosion index for a specific ©oil in cultivated
continuous fallow on a nine per cent slope of 72*6 ft length#

L « The slope length factor is the ratio of the soil 
less fron field slope length to that fru& a 72.6 ft length on 
the same soil type and gradient#

S * Slope gradient factor, is the ratio of the soil 
less fro~ the field gradient to that from a nine per cent slope.

C ** Cropping fficjusgeiaant factor# 16 the ratio of the 
soil lose free a field with specified cropping and csanegenent 
to that frees tiie fallow condition on which the factor K is 
evaluated.

P » erosion control practice factor, 1.; the ratio of 
the* soil loss with tee specific practice to th-..t v/ith straight
row Turning op ,.nd down the 3lope.

The science of ccnserv .tion has advuncea ouch with 
tlie introduction of universal soil loss equation# aalkinson 
(1975) suggested that a non canopy factor had to -e introduced 
in addition to the soil exposure factor te adequately substi
tute for tho cro: sirr laanagencnt factor in the universal soil 
loss equation.

2.1.4. I,utrient losses tiu-ough erosion
iddleto. ot ,al. (1.34) and Rogers (19*1) reported, th.. t 

eroded suils u„e ootietiijes richer than the original soil in 
respect cf nutrients. Bobko (1943) observed th.. t loss of
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nutrients by erosion were considerable and in some cases 
exceeded the annual crop removal, Goel et al, (1968) found 
that nutrient losses in general were increased on steeper 
and longer slopes but the concentration of nutrients in the 
runoff is thereby decreased, Bruke et al, (1974) recorded 
that losses cf Pin runoff was low and were associated with 
heavy rainfall scon after fertilizers were applied. Substan
tial losses of nitrate nitrogen occurred when heavy rain 
followed soon after nitrogen was applied in their off growth 
season, Hanway and Laflen (1974) found that total phosphorus 
concentration in surface runoff were closely related to sediment 
concentration ana were much higher in surface runoff. Annual 
losses averaged less than 1 kg/ha soluble inorg nic phosphorus 
concentration in surface runoff were low and were Independent 
of sediment concentration, but were directly related to the 
available phosphorus in surface soils. Losses of inorganic 
nitrogen varied from less than 1 to 30 kg/ha/year. Total 
nutrients discharged in runoff according to Olness e£ al, (1973) 
ranged from 2 to 15 kg/ha of nitrogen and 1 to 11*5 kg/ha of 
phosphorus. Runoff losses of soluble inorganic nitrogen were 
generally less than quantities received in rainfall. Kissel 
et al. (1976) reported that during runoff producing storms ^ust 
after fertilizer application the concentration was lowest in 
the initial runoff ana the highest near the end of the runoff 
event, Lai (1976a) observed that the maximum annual loss of 
nitrate nitrogen in runoff was about 15 kg/ha. Lai (1976b)
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also acted that total loss cf nutrient elono:.. ts In runoff 
-:«d eroded soil materials wan significantly affected jy slope, 
soil a«u crop nanageoent tre t eats, Timmons and licit (1o77) 
pointed cut that 68-80 per cent cf the average annual nutrient 
It sses were transported by runoff, Average nitrogen losses 
were 0,8 kg nod phosphorus losses 0,1 itg/ha/yv. :>cnde et ad* 
(1„78) repartee that ridges across the slope considerably 
reduced nitrogen losses by 50*9 per cent and 45.8 per cent 
over flat sowing in tobacco and cotton respectively, 
koweler et al. (1979) found that losses of phosphorus are 
relatively small. Ke attributed this to the low level of 
available phosphorus ana high fixing capacity of the soil. 
Viswaobhc; run (1980) recorded the maairaum losses of nutria; ts 
(107.47 kg -I, 26.47 kg P, and 82.479 kg K/h respectively) 
from the uncultivated bare fallow plots during the entire 
cropping season* Among the agro-techniques,maximum losses of 
nutrients were recorded b/ tapioca alone in mounds (44.01 kg : , 
14.8 r kg I- ana 39.08 kg K/ha respectively) during the entire 
season,

2,1,5. ilecdanical cocbo :ition of ercded sediment
diddleton et a.. (1934) and Rogers (1>41) fount, th t 

eroded soils are richer than the originals soil in respect of 
colloidal clay. Fine sand being the least resist ~.nt tc 8al«ush 
action, detachment increases as the fine sand content •.f soil 
increases (Llliscn, 1o-7; Laver, 1f66). Tarahane ot al. (193:.) 
while study in ;■ the intensity cf rainfall on s.. 11 less a; d



runoff observed that soil lost in runoff is much mere clayey 
as coopered to the original soil and that clay an, silt were 
the main constituents carried away by runoff water* 
v.lsuta&eier et al. (1371) reported that the particle size 
distribution of the sail is a major determinant ci' the 
susceptibility of soils tw erosion. Alberts et u. (T377) 
found that the ir.ter-rillerosion produced aggregates that were 
considerably smaller than those produced by rill erosion. Only 
13 per cent of the inter-rill aggregates were larger than
0.5 mm while 36 per cent of the rill ag;;regates were larger 
than 0.5 mm. Solid tr-naport in surface runoff aecordi: g to 
Cha a bouni (1977) t-.kes place in such a way that particles 
of clay and coarse sand are selected preferenttally over loer. 
According tc Jozefaciuk et al. (1979) erosion resulted in 
increased sancl content and a decreased colloidal fraction 
content of sail* The presence of crop canopy according tc 
..ever et al. (1980) did not affect the sedii&crt size distribu
tion of eroded p, rticles from crop row side slopes.
Visw&mbhar&n (1v80) recorded tint under high intensity of 
rainfall conditions, the content of sand in runoff was found 
to be higher. Quonsah (1981) reported th-t graded s;<r.u ana 
threo soils tested were significantly different in their aeon 
weight of soil tc jo detached, and transported. They can be 
placed in rank order of graded sand, sand, clay and clay loom, 
with increasing resistance to splash detachment. The amount 
of material transported is in the order graded sane > clay> ©and > 
clay loamy. For each soil there was significant increase in
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splash detachment and splash transport with increase in 
rainfall intensity.

2.2. Interero w>ina as a practice to resist erosion 
firchanduni (1-..58) reported th t llwofcgram was used -s

an intercrop in Damcdar Valley area to reduce soil loss. In 
another experiment Jain and Jain (1971) reported the beneficial 
effects of cowpea as an intercrop with maize in reducing loss 

soil, water, nitrogen and phosphorus. In Udaipur groundnut 
w. s considered us ■; soil conserving crop since it provided a 
good canopy cover in short periods. Lexrinarayana and Reddy 
(1972) reported that groundnut helped to- cover the s^ll ar.d 
prevent run- ff in slopes when grown with shallow rooted .c.u 
low water requiring crops like Jowar or Bajra. uhola <gt al. 
(1975) suggested tfcwt maize on tlie contour should be inter
cropped with a leg-ume to reduce runoff and soil loss. 
Viswarabhor..n (1980) recorded th-i t gromiaut intescr>-„-plag os 
well as tapioca planting in ridges across the slope were 
effective in reducing soil aid water less.

2 . 3 .  In te rc ro p p in g  in  C a ssa v a

The practice of inter-crcppinr tapioca has been 
reported from almost all tsgiuc- growing centres in the world. 
Singh ax. (1a69) reported that the tuber yield of tapioca 
was not much affected by growing legumes like groundnut and 
cowpea as intercrops, but on the other hand gave an additional 
income. Katyal arid Dutta (1976) found that growing of ground
nut and cowpea in between tapioca rows did not effect the



normal yield of the main crop and was fc-unu. tc be vary 
prc. fits bio. Ftamakrlshnft Jbat (1978) concluded th t tuber 
and top yield cf tapioca were not affected by growing ground
nut, cowpea, blackgroia arid greengruo ac intercrops.

Both harmful auci beneficial effects cf intercropping 
have been reported by several workers. Zn a trial Singh and 
"sandal (1970) revealed that horse gran and sesaaum as inter
crops reduced the tuber yield of cassava. It has been noted 
in cases when intercropped with maize and soyaeon, the yield 
cf cassava was 50 per cent less then those of the monocrpp . 
(CXAT, 1971 )• Dseratikaoifccm and I’ickhem (1,77) noted a 
decrease in cassava yield when oversown with style. A 
comparison of cassava intercropping pattern tc sole crop of 
cassava revealed a decrease in total dry matter production of 
roct, a reduction of 3.5 t/ha when intercropped with maize 
(Zandntr, 1978). Sheela (1981) observed that tuber yield, 
yield attributes and total dry matter production cf tapioca 
were reduced by intercropping with cowpea ,:.d groundnut. 
Viawambhoran (1380) recorded that growth said yield c-f tapioca 
were not significantly reduced by grounonut intercropping.

Contrary tc the above reports, Singh and Hsndal (1v68) 
noted that groundnut as inererop in Cassuva did not aufstan- 
tlolly affect th® growth .me. yield of the latter, but ,n the
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contrary provided addition* grwos income of o*1,150/h^.
iToia the income point of view groundnut was fount.: to be a 
acre profitable intercrop for cassava (Sin.# ©£ al.. (1y6c). 
Intercropping cassava with stylosoothes increaseu tho tuber 
yield of cassava but native grasses decreased yield cf tuber 
(r.itis, 1973). Mar;sbiar et al. (1.7 ) noted on increase in 
cassavw yic*...~ when short duration crops were raised in the 
inter-space in cassava during early stages* irrespective cf 
the intercrops*
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tWmU'LZ A m  .'ILTLOaS

The present Inveetlg tier \n. o undertaken -with a view 
to study the effects of various agro-techniques on soil 1cso, 
surface runoff and soil moisture storage in hill slopes,

3*1* materials
3.1,1* Location

The experiment was conducted at the Instructional P no
attached to the College of horticulture, Vellunikkare which

o o
la situated at 10 32* Ii latitude and 76 10* longitude at an
altitude P2.P3 metres*

for laying tut the experiment* The toil had the folic ..lag 
phy ni co-chc. s.; icel y re pert i os.

The sell of the experimental area was deep, well 
drained, xaodoratel./ acidic., sandy city lcn,n v. ' lateritic 
origin end fairly rich in organic i.atter* The area having a 
ualfcrr:. slope cf 15*32 per cent facing north-east war, selected

uerceatage of coarse sand 
roreentcge of fane sand 
percentage of silt
, ercectv.ge cf clay 
Loss on ignition
hereout go of total nitrogen
in the- top soil (0—20 cm)

0.103 (Piero-
k j e l a u h i
etfacd)



Percentage of total i ̂ 0^ in 
the top soil (0-20 cm)*

Percentage of total K?0 in 
the top soil (0-20 cm).

Percentage of available
P«0K in the top cc-il (0-20 cm)«? 5

Percentage of available K^O
in the to... soil (0-20 cm)

pli
ratio using
glass
electrode)

3*1*2* •-.■eather conditions
The meteorological parameters recordea were rainfall, 

maximum ana i inlEiura temperature, relative humidity, sunshine 
hours are. number of rainy days* The average fortnightly 
values; from planting to harvest were workec out and presented 
in AppencUU I and illustration given in Fig.1.

3*1*3* Season
The experiment was conducted during tlie period from 

15th June 19-51 to 17th Febru-.ry 1982*

3*1.d. Cropping history
The experimental area was lying f alio a- for abcit one 

ye.~r prior o too r.tort o. ths present experiment a d before

0.0916 (Vanadc- 
i. oly ido 
phosphoric 
yellow 
colour 
method)

0.1350 (Flare
photometri
cally)

0.0031 (iray*s 
method)

0.0120 (Ueutral
” ncraal

am, .oniuro 
acetate)

5.8 (1*2 sell
solution
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that a similar experiment with grcunonut as intercrop was 
conducted in the sane ..lot,

3.1.3. Varieties
Tapioca variety and cowpea ci Itivar Kanakamani were 

selectee fcr the trial,

2,1,5. : ertillaers
Ammonium sulphate (20$ i<), Superpfccsphate (16$ P̂ O,-) 

end sluriate of potash (60?£ K̂ ,0) were used t«. supply 'the 
require- quantities of nitrogen* phosphorus :.nd pctao.;iuu
respective! '• Calcium cri&e was used as the liming material,

3. -. ijethods
The experiment was conducted in uniform field run off 

plots having a length of ah,3 metre?s are width of 2,7 metres* 
The plot edging was done with embedded poly th one sheets.
The- runoff from each plot was collected uirectiy into water- 
pr.x f poly ethylene lined oerthem tanks having : length of 
2.7 uetrec* width cf 1 ; otro and depth cf 1.3 :.etres,

3.2.1, Treut..cstc
There were seven treatments consistlag cf six cultiva- 

tio?i method c titivated ;cntrol,

!1 - Tapiaec oicna on ridges long the slope,
T2 - uncultivated hare fellow*
T3 - Tapioca cn ridges ulcng ti.o slope with

cowpea as intercrop,
*£> - Xepic. a an ridges across the slope with

oowpo.. . o iatarc rop,



T5 • Tapioca ale no on mounds,
T6 - Iapices alone on midges acre so the r-fL pe,
T? - Tapioca on E.ourius with ocwpeu as intercrop#

3*2* iav oat of the experiment
The experiment 0— £$ Orf JLva cut in Randomised Complete 
Die k Design with three replication;:. The lay cut 
pl~n is shown in rig#2.

3*2,3# Runoff and soil loss collection
After each rain the runoff collected in the tanks were 

recorded# In order to determine the soil loss the runoff 
wo ter was stirred thoroughly and a s-asple of 500 nil was 
quickly take., for sediment calculation (Salasutramanian, 1979 
Sufficient amounts or runoff were collected to oltcin enough 
noil samples for chemical analysis# Gravimetric method w. s 
followed t̂  measure the sediment present. Runoff was c let.- 
latea ir terms of millimetres of rainfall and coil loss in 
terms of Kilograms pea hectare#

3# a,'». Analysis of rainfall
Since a simple expression of relationship between 

rainfall and erosion woo aeaired, only those characters which 
can be token oirectly from a record!np rain guage chart were 
considered# For tiiis purpose an ovthematic recording ruin- 
guage was installed at the centre of the experimental site. 
The rain guuge chart observations were checked with an 122 ro:. 
ordinary rain guage. The recordinr rain guage chart was used
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:cr studying the icilowing specific characters and f-ctcrs 
.£ rainfall*

1, iu.ouat cf rainfall in centimetres,
2* ocuiaura ruinf-ll intensities in on/hr fcr 

2, 13, 30 or 60 ; ini.tes intervals,
3* The tct-d kinetic energy or raindrops w.-.s 

calculate-., us per the equation giver by 
dischmeier ard Smith (1138)# According tc thet 
the kinetic energy is giver, by 
ak « 210*3 ♦ 89 leg 1 where,
Ek i.. the kinetic energy JU. metre tonnes per 
ha an cf rainfall and I is the rainfall 
intensity in am/hr*
Thu kinctl: energy thus cbt-inec was nuiti.diec 
ay the :i».xitjua intensity recordeu muring 5, 13,
30 t.r 60 idnutes intervals* The erosion indices 
thus obtained were terned El,., Hl^g, lX30 
ul60 respectively* ’"here E is the kinetic energy 
ano !,•, I^o anc* were tl.c r&liif&dl
intensities.

3. The euna:!,:tive kinetic energy cf storms wcth 
intensities mere than 2*5 cm/hr* ( 2E >  1)  •ju-- 
re corded (I'udsen, 1271).

6. The product >.d total amount ad rc. infill d the 
peak storm intensity (Aim was c.leulated for ea jfc 
stern (Lai, 1976)*
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3.2.5. Surface and subsoil .moisture o U m m m

The sell moisture stored at depths of (0-13 e r a ) ,

(15-30 ora), and (30-45 oo) of 'the soil profile was measured 
at fortnightly intervals using gravimetric r.ethad. The 
moisture content raeasured was caressed in percentage.

3.a.6. Field culture
3.2.6.1. PreparaMvn of main field

The field was tilled (except the center 1 plot) with 
a spade and ridges and lac-unds were taken ao per the treatsenta. 
Polyethylene lined ©arthern tanks were constructed at the lower 
end cf each pi t f r the collection Cf runoff.

3.2.6. .. kMaa, jnu fertiliser application
Liming and fertilizer applications were den© as per the 

package of practices reccacendations of Kerala Agricultural 
University.

3. .6.3. granting and m m i m

Tapioca and oowpea were planted on 15-6-13 .1. The 
spacing used for tapioca was 90 era x 90 era ono th.t for 
cowpea was 30 era a 30 ca. In the ridges ccwpea was planted 
on both sides of the ridges and in ncuncs it was plai ted 
around it. The population of cowpea was ualritaiaed ccnst-nt 
in all plots having cowpea as intercrop.
3.-.6.4. Plant nrctectlon

Two prophylactic sprays cf Ekaluso-25 were given.
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3,2*6,5* deeding and earthing uo
hand weeding ana earthin;; up were clone 31 days alter 

p l a n t i n g *

3*a*S*6* harvesting
Cowpea was harvested on 16-8-1981 when it was 60 days 

old. Tapioca war harvested on 17-c**19B2 when it w«̂ s 247 dayr 
o l d ,

3*2.7* Obaerv. tions
The following cbserv- tions were recorded for tapioca, 

ioia „cwpea.

3*2*7*1* Observations fcr tanioca
Biometric observations of tapioca were recorded from 

a sample of 10 plants from each plot ©electee, m d  tagged at 
random ..a a their averages determined for each character* 
Subsequent observations were taken from the same plants at 
monthly intervals*

a) Total nu. .oer of leaves per plant,
The total number of leaves produced by the plant 
at the time of observations was recorded,

b) number of functional leaves per plant*
The number of green leaves present in each plant 
at the timu of observation was recorded,

c) height of plant*
The heirht of plant fror the bottom to th<„- terminal 
bud was recorded*
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d) Canopy diameter of the plant*
The canopy diameter of th© plant was determined 
,.s the average cf the two laeasureaorts taken 
ncrth-scuth and east-west*

©5 Yield of tapioca tubers*
The fresh wei hi of tubers was recorded.

f) Yield cf tops*
The fresh weight of toys was recorded.

g) harvest index.
Samples of tubers and tops were dried far 
determining the dry matter percentage and this 
was used f r finding cut the harvest index.
The harvest index was calculated using the 
following equation*
harvest index (?S) » Drv weight cf tuoer ?: 100Itry wei@n'i“ox "tops V’ fencer

3. .7.2. Observations of c woea

Biometric observetions of cowpea were taken from B3 
plants selected and tagged at random from each plot and the 
averages wore determined* Subsequent cbaerv tions were taken 
from the same plants at dO days intervals. The following 
cbserv-ticns wore t ken*

a) height of plants.
The height cf the plants from the soar of the first
ectyledcncus leaves to the tip of the growing point 
was then.
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b) ;Ui. ber of functional loaves per plaat.
The total orober of green leaves present at the 
tiDo of chcervaticn was noted.

c) lunber of pods per plant*
The number of pedo present in each plant w..s 
recorded -...-.a the average worked out*

d) Grain yield.
Ylexd of /rain obtained fro<a each plot vac recorded 
after rejecting the yield cf border plants aid 
expressed in kg/ha adjusted tc 12 per cent relnture.

e) ahusc yield.
The yield ohusa frcn each plot war reo-rded as 
above after rejecting outer rows* The weight woo 
expressed in kg/ha. 

i) I unroot iudo.;.
The harvest index was calculated using the following 
equation*
harvest index (?'.») « dry weight of grains \ 100

dry weight of groin: ♦ i.husa

3.2.8. chemical anal-/are
The total nltregor.» total phosphorus aia tctul 

pctaru.iun contents of runoff sediao .twere determined by 
methodo. given oy Jackson (1pb0). Total nitrogen. ■..outsat was 
determined ry uacrekjeldahl* s aethod. The pho, phoru,: content 
of runoff sediment was determined oc. lorAmetrically using 
Vanadcncl/bdopho spheric yellow coloi.r method in nitric acid 
sy stem. The rerkin-olaer-bV-Vio .-icrocoaputor controlled
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sp a ctrc phv tome ter was used fur reading the colour intensity*
Tho potassium was determined flame photometrically using 
r.. rnin - -Lei flame pht toaeter*

The available phosphorus through runoff was determined 
a ring the procedure suggested by Jackson (1958)* The sun of 
water* soluble and p&3 ©-tractable phosphorus was considered us 
available phc sphcrus in runoff*

The available potassium was also determined per the 
method suggested by Jackson (1956)* The sue of water 'soluble 
ana neutral normal Gramoniua acetate attractable potassium was 
c-nsidered -n avail*.-,le potassium in runoff*

The pK of th--- runoff sample was determined using 
systronios needle type pli meter* The elettricl conductance
cf the- runoff was -Gtaninod using Elicc digital conductivity 
bridge* The water scruples were immediately used after collect- 
ion fcr determination cf pH arc conductance.

3#C*3* .Mechanical analysis
Jech.nioul analysis of the runoff sedine-i was ccnuurted 

by the pipette method .~c reported i.y Piper (19<’-2)*

3.a.10* Statistical analysis
The data obtained were subjected tc statistical analysis

by tho analysis of variance technique as suggested '■ Snedo-cf. r 
and Cochran (1967)* Correlations and regi’esoiens were founc. 
cut utilising the d-ta iron the control plot for predicting 
.ail loss under v-ryia; rainfall conditicr.s*



?x?e$uLtl a n d  t^ h cu i5ion
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RE S U L T S  Auij  b l b C U S S I O r i

The results ana discussion of the present investigation 
are presentee; hereunder*

->*1 • Runoff and sail loss as related to various rainfall
characteristics
The d-.ta ca rancfr a-.d soil l^ss were collected i>~n 

uncuitiveteu bare fallow runoff plots of 13.32 per ^ent slope 
and size of 24.3 n length and 2.7 a width* Simple ccri'eXatians 
and regressions were worked out between runoff/soil leas aid 
varicuo rainfall characteristics ouch ao mount of rainf-11, 
average intensity of rainfall, EXg,index, index,
index, Elg^ index, total kinetic energy of r a inf-.11 at c Air 
index* The data arc- presented in Table 1 -ad rig. 3 a 4.

The re la t ion chip o were linear and ...oula be represento-a 
by the equation y e a *  bx* 4here *a* the intercept aru 

slope cf the line* ~ith regard tc runoff, ssaxirauf... 
correlation was olt.ined with tct-I rainfall (r » 0*336?) 
vhith was closely followed by average intensity (r « 0*5366. 
Lv-th were significant at 0.03 level. The correlation 
coefficients of runoff with ail other rainfall parameters 
verv not so. ni£ic~at* The prediction equations were -In.
■worked cut unuer o .qceriaental conditions of length ai o gradient 
f a  ctars c .n d  - r e  ^ r e s e a t e d  i n  T a b l e  1 .



Table 1, Relationship ! etueen rainfall characteristics -nd era sics:

SI. Relationship aetween hueher 
cf obser

Coefficient 
of correla Regression equationo. Independent variable 

(x)
Defendant variaile

(y)
vations

in)
tion

(r)
1 2 3 4 5 6

1. Ar.iv unt cf rainfall (sc ) Runoff (ma) 16 0.5^67* y - 0.119% + 8.373 
(r2- 0.3699)

2. -do— Soil less (kg/ha) 16 0.5274® y - 64.893% + 1662.154 
(r2 - 0.2781)

3. Average intensity
(mm/hr) Runoff (tii ) 16 0.5565* y - 2.853% ♦ 8.8733 

(r2 « 0.3095)
4. -dc- Soil less (kg/ha) 16 0.5268* y « 1550.116% + 1696.251 

(r2 - 0.2775)
5. ale- index (metric units) Runoff (nr) 16 0.3389
6. “do* Soil loss (kg/ha) 16 0.2166
7. UI.r index (metric 

units)
Runoff (re ) 16 0.3905

8. -do— Soil less (kg/ha) 16 0.3637

CO



1. (Coatd.)

9 . L I ^ q  i n d e x  ( a e t r i c  u n i t s ) O u n c - f f  ( n r . ) 1 6 0 . 3 7 8 1

1 0 . —d c — S o i l  l o s s  ( k g / h a ) 1 6 0 .  ,19<-

1 1 . 1 I g Q  i n d e x  ( n c t r i c  u n i t s ) K u n c f f  ( a m ) 1 6 0 . 3 5 2 8

1 2 . —d c — S o i l  l e s s  ( k g / h a ) 1 6 0 . 2 3 4 4

1 3 . T o t a l  K i n e t i c  E n e r g y  o f E u n o f f  ( a m ) 1 6 0 . 2 7 9 6
r a i n f a l l  ( r a e t r i c  t o n n e s / h a )

1 4 . - d o - S o i l  l o s s  ( k g / h a ) 1 6 0 . 1 4 0 7

1 3 . A l a  ( u n i t s ) r i u n c f f  ( b i s ) 1 6 0 . 0 3 8 1

1 6 . - d c - S o i l  l o s s  ( k g / h a ) 1 6 0 . 5 6 1 £

■ Ml m i l l  I    WMWWMWBMMWW ■  ■ !■ i . W l i  " » f l  *■ ■■■■■! I I *  I HUM. l i 'i l i l tfT M

*  S i g n i f i c a n t  a t  5  p e r  c e o t  l e v e l .
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In the cose 02 soil loos significant correlation was 
obtained with total reinJail (r » 0*9274) which was closely 
followed by average intensity (r » 0*9268) both of which were 
significant at 0.0c level. However, a:, in the case of runoff 
the correlation coefficient <.■£ soil loss with other r-infall 
characteristics wore not found significant* The preci tion 
equation of soil less are also presented in Table 1.

Viswacbharcn (1980) has found significant correlation 
between both r,aioff and soil loss with all rainf all parameters 
except average intensity during Hcrth Hast hensoon period.
The present study was however conducted during South best 
• lonscon period. The discrepancy in the results ray be prooa'oly 
due to the difference in the rainfall characteristics oC the 
monsoons.

*>•2. Runoff loss as influenced by different treat*, ents
Runoff observed in different treatments doring tlie 

occurrence tf different rainfall ere presented in Table 
The total runoff observer are given in Table 4 to d tig* 9.

From tho Table 2 it is clear that maximum runoff was 
observed in T3 until the intercrop was established* After 
the ©st-bliohnKmt cf the intercrop, till it is finally removed 
from the field, oaiir.um runoff was observed in plots having 
ridges along the slope without intercrop* Generally runoff 
in plo ts having ridges along the dope -rod un .ultivoted bare.-
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Tablft 2« Surface runoff as affected by different treatments arc! dates cf rainfall (10 nm)

Dates cf 
observations 16-6-01 17*6—81 18-6—81 1 : >-6-81 20-9-81 22-0-81 23*6-81 29-6-61

Treatments 1 4 5 6 7 8

T1 27933(4,4466) 27091 (4,4 ,34)
30726
(•■>.4875)

1 962 
( .005)

22673(9.3556)
32601
(4.5130

7310(3.3781) 32967
(4.5180)

T2 23319
(2,3677)

20347
(4.3085)

23776 
( .3761) 0275

(3.3177)
13671
(4.1358)

16335
(•2. 26 ‘-4 ) 8321

(3.3201) 24233(4.3849)
13 30040

(a.^776)
29492
(4.4677)

30509
(4.4655)

19574
(4.0994)

22456
(4.3521)

264.28 
(4.42.2))

638*4 
(3.8164)

29309(4.4670)
T4 4618

(3.6644)
8870

(3.9477)
8733(3.9411)

2-.40
(3.3502)

4115
(3.6143)

759a
(3.877(0

a m
(2.3385)

9510
(3.9981)

T5 24737
(4.3933)

23456
(9.3702)

24416
(4.3876)

9510
(3.9731)

17 1
(4.2233) 23319

(4.36775
5933
(3.7773)

27524
(4.4397)

T6 6767
(3.8303)

9099(3.9589)
11796
(4.0717)

3749
(3.3739)

9023
(5.6045)

12116
(4.0633)

1962
(3.16V,) 14865(-.1542)

T7 23036
(4.338;;)

24674
(4.3957)

87703 _ 
(•-.4426)

10059
(■>.0026)

16826 
<■+.2 :53)

21792 
(-.34., 7)

5212
(3.7170)

24096
(9.3819)

SEn 0,0-8 0.016 0.058 0.038 0.073 0.10 . 0.116 0.038
■/ .iJ.CC.Ga) Q.O&jS 0.0526 0.178a 9.1136 0.2451 0 .3 173 0.3606 0.11-0

.«w»MMrv»i r n m  in imnn— u -rmi ...... iim nw iM -rim Trrr n - ■ i n  rnirirn - i r - i n r r -  »v* nav ■a*', m a r - a K w iB - w w  u h i ■»«<

(Ccntd..}
rf--cr>



Table 2. (Contd.)

Dates of ,15-6-01 . 6-6-81 27-6-81oasorv tiona wv*—w-v
Treataents 9 10 11

T1 <+846
(3.6853)

28306
(4.4594)

2468
(3.3923)

T2 3977
(3.5995)

24051(4.3811)
1874
(3.27^7)

T3 3932
(3.5546)

25194
(4.4012)

1736
(3.3395)

T4 16>1
(3.2281)

10362
(4.0237)

640
(2.0061)

T5 3612
(3.5577)

24279
(4.3852)

1553
(3.1911)

T6 1920
(3.2833)

13580
(4.1320)

1234
(3.0913)

17 3246
(3.5113)

23045
(4.3625)

1508
(3.1784)

SEm +, 0.132 0.109 0.053
C.D.(0.05) 0.4070 0.3385 0.1656

* Figure: In bracketa are It-

23-7-81 4—0—Q1 11-3-81 1-4—8-81 20-8-81

12 13 14 15 16

11956
(+.0775)

16232
(+.2103)

22816
(4.3582)

11705
(4.0683)

16049
(4.2054)

■>14- ̂ 
(3.9611)

12939
(4.1119)

20393
(4.3094) 10653(4.0274)

13671
(4.1358)

8001
(3.03D

8733(3.9411)
12482
(4.0962)

7224
(3.8587)

26474
(4.4228)

3497
(3.5436)

3932
(3.5946)

5212’ 
(3.7170)

2514
(3.4003)

7041
(3.8476)

8344
(3.9213)

10333
(4.0142)

15317
(9.1851)

8093(3.9081)
11019
(4.0421)

9961
(3.6955)

+983(3.6974)
6949

(3.8419)
3200
(3.5051)

4846
(3.6853)

6950
(3.8419)

6858
(3.8361)

11568
(9.0632)

6213
(3.7936)

19250
(n.2844)

0.022 0.053 0.035 C.035 0.057
0.0689 0.1658 0.1086 0.1082 0.1769

rithns.
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fallow plots were not statistic^ lly ci«»iiic.nt# Obacrv ticn;.. 
during tlie first couple o" weeks ahowed that runoff frara 
plots having ridges along the slope both with and without 
intercrop, and plots with mounds with arau without intercrop 
were on par# The effect of the intercrop was however ©vide- t 
wbcut one ncnth c/.'te.:- the estubliahnent cc: the intercrop# 
fter one month, when the intercrop had attained appreciable 
growth, runoff from plots with ridges along the slope woo 
significantly higher than the runoff from plots with ridges 
along the slcpc with intercrop and plots with mounds accompa
nied by the intercrop# During the same- period runoff fro:.; 
plots with ridges ulvng the slope anu plots with mounds were 
statistically significant than the correspond!.'*; intercropped 
plots#

The minimum runoff was observed ir* plots with ridges 
across the slope except for the observation taken inn.edi.tudy 
after the reacv-: 1 cf the intercrop# It is interesting tc 
note that throughout the observation period runoff frua plots 
with ridges across the slope both with and wlthc t intercrop 
were statistically on par# From this it is clear th t total 
runoff froo plots having ridges across tie slope either inter
cropped or alone redu ed the extent of runoff# The plots with 
ridges along the slope intercropped or free ano plots with 
mounds intercropped or free showed higher runoff of w. ter *.r 
par with plots kept fallow#



Maximus perem.tage of runoff from © single rainfall 
event occurred in T1 plots (05*67$) under a rainfall of 33*6 
ana th© minimum of 31*34 per cent wag observed in 74 plots on 
the same day. Minimum percent,: e >. f runoff in a single event 
(3*33$) was recorded in T4 under a rainfall cf 117.6 am and the 
minimum runoff the 13.79 per cent was observed in 71 plots on 
the seme day. Lower runoff inspite of the heavy rainfall con
be attributed tc a preceding period cf dry spell which h-s
resulted in higher infiltration into th© soil (vide Appendix II)

On examination of total rainfall during the period it 
was observed that maximum runoff (310*679 me.) was no too in 11 
and was slgrdficontly higher than all th® other treatment';» 
which corresponds tc- 38*33 per cent of the total rainfall* The
total runoff recorded in plot© with ridges along the slope with
and without intercrop* plcts with mounds with and without inter
crop cad fullcw plots wore not statistically oigniflCwnt. The 
tct~-l runoff fro?.. plots having ridges along the slope with 
intercrop was significantly lower then the corresponding plot 
without intercrop. The total runoff free, plcts having mounds wi 
and without intercrop© did net show statistical significance. 
Minimum total runoff (81.501 mm) which corresponds to 10.18 
per cent of the total rainfall was noted in plots having ridges 
acre;as the slope with intercrop* and was significantly lower 
than the corresponding treatment without intercrop.

The reason for lower runoff in the intercropped fields 
may be attributed to the interception of rainfall fey vegetative 
cover and thereby resisting the puddling action cf raindrops.
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root effect in Increasing granulation and porosity, biological 
activities associated with vegetative growth and their 
influence cn soil porosity end transportation o„ water leading 
to subsequent drying out of the soil. Accord in; to leaver (1361) 
all the above factors increase infiltration and reduce runoff, 
Lang (1379) also c I served that ground cover affects both the 
occurrence ana magnitude of runoff u:.d increased ^mounts cf 
ground sxver resulted ir. Curvilinear decrease in runoff*
Viswa.bhuran (T..80) in his ejcperincH.ts fcuno that intercroy-ing 
topicCw on mounds a..a in ridges across the slope with groundnut 
as intercrop significantly reduced runoff,

Tusing ridges across the slope was efi\ :;tive i.. 
redu. in._5 runoff. The runoff collected were in uetween the 
ridges anu tire ridges prevented it froui running away. It also 
preventer tire buildup of runoff, «illianson uiid Kingsley 
(197a) hud similar findings wherein they observed that culti
vation across the ‘-.lope decreased runoff and :r.il less* 
Viswanlhardi (1380) ...Iso observed thct ridges v.„crtgs the slope 
significantly redt ced tire v luce o.' runoff and s-.il less,

‘*,3* Soil less as influenced by dif orent treatments
The sell loss observed ir. different treatments inder 

different rainfall during the period of investigation are 
preseated ir.. Table 3 ar.a the total soil leas observed during 
tire period of observation are given L fable a a...a ig*6.
In T1 (tapioco ...lone in ridges along the slc.̂ e) t...e sail less 
ranged fret. 725*967 kg/ha to 13544*36 kg/haf in 22 (unculti
vated bare fallow) .rom 460*06y kg/ha to 1f73 * 28 kg/haj



Table 3. Soil loss (kg/ha) as affected by different treatnei.to and dates cf rainfall
fg,

Dates cf 
observations 16-6-81 17-6-81 18-8-01 19-6-81 20-6-81 22—6—81 23-6-31 24—6—81

Treatments 1 3 4 5 6 7 8

T1 10094*902
(9.0041)

13544.968
(4.1317)

11205.159
(4.0494) 2131.127(3.326Q)

8323.031
(3.9202) 10339.737 (4.014 ,) 1550.045

(3.1903)
8342.281
(3.9315)

Ta 929y.7>(3.9684) 12782.283(4.1066)
3c 07.107
(3.9448) 193^.633

3.2877)
6451.492
(3.8096) 8125.685(3.9098)

1755.174
(3.2443)

5135.029
(3.7105)

13 10110.6014
(4.0047)

13910.1549(4.1433) 1084-;. 519 (4.0352)
2192.306
(3.3409)

7953.250
(3.9005)

9408.928
(3.9735)

1346.449(3.1291)
7335.438
(3.8654)

T4 1195.848
(3.0776) 827.765

(2.9179)
331.1975
(2.7413)

257.718(2.4111)
2115.678
(3.3254) 817.477(2.9124) 241.347(2.3826)

351.763
(2.5462)

T5 9295.181
(3.9682)

12324.734
(4.0907)

8457.519
(3.9272)

1917.1139
(3.2826)

6492.924
(3.8124)

8603.704
(3.9326)

1141.312
(3.0574)

7411.590
(3.8699)

T6 1972.707
(3.2950)

1032.134
(3.0137)

725.1082
(2.8604)

654.470
(2.8158)

784.922
(2.3948)

1460.602
(3.1645)

341.037(2.5328)
557.305
(2.7460)

T7 8328.87
(3.9205)

2355.963
(3.9847)

7724.194
(3.8878)

1131.986
3.0538)

5475.394
(3.7384)

7381.446 
(3. 797)

909.629(2.9588)
4630.696
(3.6656)

SEra *. 0.014 0.039 0.087 0.161 o* 154 9.098 0.076 0.071
c.o.(o.05) 0.0459 0.1816 0.2693 0.4976 0.4717 0.30*3 0.2365 0.2186

(fcntd..)

cn



Table 3• (Cc-ntd.}

D a te s  o f  
ob serv , t io r is 23—6—01 ;>6-6-31  ̂  ̂•*?

Treatac ts ■ i 10 11

T1 1088.746
(3.0369)

2015.332 (3.30^4) 723.967
(2.8603)

T’2 1039.300
(3.0229)

16)^.711
(3.2288)

460.069
(2.6628)

T3 8-'6.665 
(*.'.9277)

1856.332
(3.258?)

375.946
(2.5751)

14 337.001
(2.3526)

631.744
(2.8005)

260.065
(2.4150)

13 787.010
(2.8959)

1570.869(3.1961) 349.923
(2.5439)

16 523.593(2.7188)
798.6713
(2.9020)

257.108
(c.4101)

77 531.318
(2.7718)

1435.00?
(3.1363)

307.4713(2.4378)
SEra ̂ 0.197 0.101 0.58
V »i-" * (0.05i 0.4538 0.3110 0.1335

♦ F ig u re s  i n  brackets. re- Ic g -

23-7-81 4—c—81 1 }—2—81 14—6—81 20—3—81

1 13 14 15 16

1210.479
(3.0629)

3167.183
(3.5006)

2934.546
(3.4675)

1506.683(3.2004) 14919.090
(4.1737)

1147.486
(3.0557)

3025.701
(3.4907)

2514.659(3.3028)
133 .512 
(3.1246)

12970.516
(4.1129)

993.389
(2.9971)

1996.839
(3.3003)

1431.752
(3.1618) 1047.853(3.0203)

20013.714
(4.3013)

662.441
(2.8211) 384.393

(2.5850)
422.210
(2.6456)

272.563
(2.4354)

1620.765
(3.2097)

1037.275(3.0158) 2207.973
(3.3439)

1673.211
(3.2233)

1079.814
(3.0333)

3017.5319
(3.2040)

730.418
(2.0635)

607.891
(2.7838)

550.600
(2.7491)

322.339
(2*5109)

1371.277
(3.1371)

888.2136
(2.9483)

1548.231(3.1898)
110^.1154
(3.0434)

913.006
(2.y605)

18300.865(-*» 26^4)
0.016 0.183 0.073 0.051 0.130
0.0520 0.3644 0.2. 65 0.1603 0.4026

-r>.
cn



Table 4. TctaL runcff aud soil luss as affected by different treatmer.ts
daring tiie period cf cbserv-.. tion

h u n e ff (ran)* rercent&ge cf T e ta l* *  S e l l  less
reinf-11■ (kg/ba) »•*

T1 310,679 30.33 93319. 2
(2.4923) (33.54) (4. 700)

Td 235.57 23.44 78463.24
(2.4923) (32.85) (4.8946)

73 243.024 31.003 91684.2
(2.3944) (33.83) (4.3622)

T4 31.501 10.18 10290.29
(1.9111) (18.6) (4.0410)

T5 236.27 21.53 71041.73
(2.3734) (3 .91) (4.8563)

T6 104.47 13.03 126,2.84
12.0163) (21.17) (4.1037)

77 23*+.37 29*29 70423.06
(2.3699) (32.76) (9.8477)

SEra ̂ 0.029 1.259 0.088
C.M0.05) 0.0907 3.3315 0.0889

• Figure?:, in brackets show logarithms of runoff in 8SS,
»# Figures in brackets tire angles.

Figures in re- jketo shew lLg.=.,rith! ,s J  soil 1 c as in iqj/ha.
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in T3 (tapioca in ridges along the slope with intercrop) 
from 375*946 kg/ha to 10844,519 kg/haj in 14 (Tapioca in 
ridges across the slope with intercrop) fret 260*06 kg/ha tc 
1193*848 kg/haj in T5 (Tapioca alone on uounds) 399*923 kg/ha 
to 12324.73 kg/ha} in 16 (Tapioca alone on ridges across the 
slope fr-m 257*108 kg/ha to 1972*70 kg/ha and in T7 (Tapioca 
on mounds 1th cowpea as intercrop) from 307*47 kg/ha tc 
9555*963 kg/ha. It is seen that maximum soil loss occurred 
in plots with topic a cn ridges along the slope without inter
crop* This can be attributed tc the smooth flow e-.i water 
through the chan;cl formed in between the ridges which 
favoured excessive detachment end transport.ti r of soil 
nuterido* The lose of soil fro. bare fallow plots woo four-a 
to bo on p<~r with plots with ridges dong the olcg.e without 
Intercrop. This cm be attributed to the direct effect cf 
raindrop splashes* This is in agreement v/ith the findings 
of Free (193c) who «. jscrvea that splosh losses Cron: elevated 
pons of care coil were 50 to yO times the rt .off losses.

The total soil loss during the period d  observation 
was highest it; plots with taplv.ea done in ridges dong the 
slope arc this was vti par with pic Is with tapioca cn ridges 
dong the slope intercropped with cowpea <~;.d b̂ -re follow plots, 
i .inlnur total soil loss was oboervea in T4 which was on par 
with T6 one was sigd icantly lower then oil ther tre t; o tc. 
The t o t a l  soil less in plots with t-piooc o r  mounds done md
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Intercrcvveci was on par anti was significantly lower than 11 
and T3, heavy soil loss in dare fallow plots can be attri
buted tc the absence of canopy effects, where as in ether 
plots vegetation doorcases soil less as it resists the direct 
impact ci raindrops# This is ir- agreenert with the findings 
ci Ellison (1-bh?) who reported that soil det-chnoj t hazard was 
inversely p ropwrticni-1 to the resistance factor of surface 
covers cud , uluhes in reducing runoff velocity# Cut Inspite 
of the vegetation effect the soil loss in plots with t opica 
ir, ridges da rig the slope with and without intercrop was h-gh# 
as explainec earlier the uninterrupted flow ob xnini.fi water 
in the intervening channels ‘would have ccntrtbUved to this 
heavy soil loss. Between intercropped ana non-intercropped 
plots with topic o-. plar.tea either on ridges ulong the sl̂ pe, 
across ti.e slope arc cn sounds, higher Values o' total ..oil 
less were observed in non-intercropped plots# This clearly 
indicates the role of vegetative cover in resisting soil erosion#

Soon after the coarcnceraent of the expertise*; t soil loss 
observed ir: treatment T1 (Tapioca in ridges along the slope 
without intercrop) war naxirauu and this was on par with treat- 
r ents Tr..t 13 and T5» where as it was sigr.i iccntly higher than 
soil loss in T4 and T6# Generally soil less in 11 auc T5 were 
not statistic-- -lly significant# After about one conth, when 
the intercrop cowpea hod attained luxuriant growthj the coil 
less was comparatively lower ir; the intercropped plats# 
during the sane period coil loss in 11 was significantly
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higher than that in T3» T4, T6 and T7* Generally soil lass 
in T3 was significantly lower than in X1# Caap...ring sell 
less in T5 a:d 17» generally soil lvss in 17 was lower tin.n 
Ij, but was not statistically significant* The sc11 less in 
treatments 14 and T6 were comparable being not statistically 
significant. The reasons for the lower soil less in inter* 
cropped, fields were discussed earlier*
4.4. : eohanlcal composition of runoff sediment

.-.Mechanical coiapcsitlon of runoff sediment was determined 
fcr different treatments and periods of observation and the 
data are given in Table ;?* The mechanical composition of 
sediment varied only slightly between different treatments* 
but the runoff during high intensity rains contained mere sard 
in tlie control plots (T2) as well as in plots where tapioca 
was planted on ridges along the slope without intercrop. The 
high amount of sand may be attributed cc the high aeairaeut 
carrying capacity of runoff during heavy rains. The data tc 
weighted mean percentage of sana, silt and clay pooled over 
different rainfalls are presented in Table S. ;.axiuuc s.nd 
content (59»9&) was registered by T1 (Tapioca in ridges along 
tire slope) followed by 12 (uncultivated bare fallow), clinicum 
sand content (41,91?;) was registered ay T4 (Tapicca in ridges 
across tlie slope with intercrop)* As explained earlier the 
high content of send ir. T1 &; .d T2 may i.e due to the high 
runoff cbservea resulting in high sediment carrying capacity.



Table 5. l̂echanical eoapcsitiou ana nutrient leases through runoff sediment as affected by 
d i f f e r e n t  t r e a t m e n t s  a a d  d o t e s  o f  r a i n f a l l

Pates of 
observation

Treat
ment
40.

rtschanicol scClyOCitiOfk
of runoff ocdicioiit

Less
on
Ignition

■iutrient 
rmyl£ m

ii
i 

«i3 €f Total 
S less 
kg/ha

Total
P less 
kg/ha

Total
K lose 
kg/haSand

fl u
Clay
%

To-tal
#

Total ■fetal

1 2 3 ii 5 6 7 8 9 10 11 12

16-6-81 71 60,58 7.35 31.62 4.20 0.1920 0.0560 0.1213 19.33 3.44 12.24
T2 61.25 ts. / „J 26.25 .10 0.15-r 0.0339 0.1525 14.18 5.65 11.18
T3 5^*33 10.56 29.97 .70 0.1215 0.0331 0.1236 12.28 3.54 12.49
T4 45.93 12.60 37.85 =4.90 0.1362 0.0382 0.1328 1.62 0.45 1.82
25 33.35 11.35 32.20 .50 0.1391 0.0388 0.145B *0.98 3.60 13.55
T6 •'*8.83 12.63 36.75 4.20 0.1351 0.0375 0.1331 2.66 0.73 2.62
17 4*4.25 13.20 38.65 4.40 0.1200 0.0362 0.11.60 9.99 5.01 10.49

-a
Q
-o

cm



Ta’aLe 5* (Ccntd.)

1 2 3 4 5 6 7

17**6—S1 T1 97.58 12.63 33.58 9. .0 0.1391
T2 ‘>8* 30 13.63 .3-.6 2 -.00 0.1562
T3 47.54 14#. ■'i'5 35.19 9.20 0.1200
T4 42,62 14.43 37.30 ,10 0.139?
T5 ■*5.05 14.10 36.53 '430 0.131 ?•
T6 42.65 13.25 37.80 00 0.1411
T7 49.8,; 1*,.05 34.53 9. 20 0.1256

18-6-01 T1 31.62 12.97 32.53 4.10 0.1398
72 53.52 8.55 35.33 ' • fw o 0.1512
73 50.63 11.57 39.58 4.70 0.1216
T4 46*05 12.. 7 35.83 9.50 0.1422
73 <v> aa 12.53 32.30 •-+» 90 0.1560
X6 -7*52 1....-0 34*85 -.40 0.1965
T7 27.33 3.92 33.33 4.10 0.1933

8 9 10 11 12

0.0388 0.1 37 18.84 5.23 17.02
0.0412 0.1522 1 6 3.26 19.45
0.0312 0.1212 16.6.: 4.39 15.85
3.0376 0.1215 1.15 0.31 1.005
0.0312 0.1510 16.17 9 . 04 13.68
0.0392 0.13,1 1.45 0.33 1.36
0.0212 0.1256 12.00 2.02 12.00

0.0438 0. 136-,; 15.66 • 90 17.50
0.5358 0.1512 1 3 .3 1 4.31 13.31
0.0220 0.1250 13.18 2.3B 13.64
0.0451 0.1522 0.78 0.24 0.83
0.0363 0.1346 13.19 9.76 11.38
0.0431 0 .13 2 1 1.06 3.43 0.55
0.0215 0 .12 3 1 11. .6 1.66 9.66

T t l i i n i ^  , m  »■ > .» . i WM—jMcairtMH H.IM $ » .  M T W »W M > W ^tal»aM M PW ««M W aM M i

(CVntd..)

CJ1ro



Table 5. (Ccntti.)

1 7
C»*r 3 4 3 6 7 8 -■ 10 11 12

19-6-81 T1 ‘*9.57 11.65 36.97 4.20 0.1318 0.0362 0.1118 2*80 0.77 2.38
72 51.20 11.25 36.95 4.00 0.1322 0.0365 0.1318 2.56 1.09 2.54
T3 52.43 10.54 35.33 '•30 0.1231 O.0381 0.1816 2.69 0.03 2 *66
T4 44.45 i 2 -'A 1< .* % 33*15 .10 0.1281 0.0425 0.1171 0.33 0.10 0.30
75 46*55 3.67 33.8c 9.70 0.1464 O.0363 0.1156 2.80 0.69 2.21
T6 45.93 14.40 33.83 9.30 0.1361 0.0378 0.1262 0.83 0. 2‘-* 0.82
77 43.30 14.0 -j 32.0 9.10 0.1356 0.0469 0.1891 1.33 0.53 1.46

T1 47.55 8.55 39.85 4.80 0.1386 0.0421 0.1.-15 11.53 3.50 10 .1 1

Tel 47.52 7.55 36.18 *•30 0.1321 0.0368 0.1275 8. 52 3.14 10.16
13 35.54 7.55 39.93 ‘*.90 0.1213 0.0396 0.1289 5.68 3.14 10.-5
T4 43.35 12.97 37.7S 8. 20 0 .12 12 0*0362 0.1186 2.56 0.76 2.50

T5 43.07 12.15 35.78 4.60 0.1565 0.0465 0.127~ 10 .16 3.01 8.25
T6 6 8 12.40 42.50 3.30 G.1c10 0.0356 u.1 1o . U. 24 0.27 0.91
77 50.3- 9. 'ic. 38.63 • GO 0.1250 0.0312 0.1232 6*84 1.70 7.01

(* • ntd.)
cnco



Table 5* (Ccntd.)

1 3> 3 4 5 6

22-6-61 T1 54.5 . 8.85 36.25 4.30
T2 35*5*. 7.55 38.73 4.10
13 54. Sy 7.9 5 36.98 4. ,20
T4 48*05 1-97 57. 8 4. 90
T5 55*68 1 -*15 30.50 **•50
T6 44. 85 12.40 37.75 ■̂.hO
T7 48.35 9.S2 36.83 8. 90

23-6-61 T1 50.^8 13.64 49.83 '-*• ->0
T2 31*45 15.32 48.83 •j .00
T3 50*48 14.7 - 30.82 4.90

T4 45.35 13.40 33.85 4.40
T5 46*30 10.75 34.45 4.70
T6 *2*80 13.47 3~?. o 3 4. 90
17 /4v ;•;<£ 11.8 8 39.57 *̂.40

7 8 ■;5 10 1 1 12

0.1418 0.0528 0 .13 8 1 14.66 5.23 14.27
0*1 362 0.0412 0 .156 12,69 3.31 12.69
0.1243 0.0250 0.1255 11.71 2.39 11.80
0.1479 0.0561 0.146,. 1 . .0 0.45 1.19
0.1481 0.0351 0 .132 2 12.74 4.48 11.37
0.1462 0.0439 0 .1362 2.13 0.66 1.98
0 .12 10 0.0220 0.1359 9.17 1.6 6 10 .30

0.1313 0.0462 0.1275 c . 0 *̂ 0.71 1.97
0.1216 0.0455 0.1262 2.13 0.60 2 .2 1

0*1252 0.0499 0 .1256 1.68 0.60 1.69
0.1386 0.0398 0.1327 0.33 u.0’>* 0.32
0.1275 0.0376 0.132s 1.45 0.42 1.59
0 .12 6 1 0.0452 0.1375 0.43 0.15 0.46
0.1358 0.0443 0.1288 1.23 0.40 1.17

(rcntd.)



Table 5. (Ccntd.)

1 P 3 4 5 6 7 8 i lJ 10 11 12

24—6-81 T1 59.85 10.54 23.05 3.40 0.145. 0.0523 0.1292 12.46 4.46 11.03
72 63.03 r i  22 

6 5 #  _/v* c,km>-3 3.80 0.1465 0.0456 0.1503 7.52 3.92 8.15
73 60.23 10.35 23.78 3.10 0.1200 0.0570 0.136,. a  p n 2.65 9.99
7k 4->..5 12.00 37.85 4.10 0.14 6 0.04:3 0.1 60 0.52 0.14 0.44
73 33.35 11.65 32.50 4*40 0.1375 0.0361 0.1 ,;:75 12.57 3.67 9.44
TC 43* ..-5 13.10 35.75 *>.50 0*1339 0.0325 0.1153 0.77 0.18 0.64
77 ■>4.0..? 14.10 37.55 4.30 0*1330 0.0429 0.1238 6.47 1.98 6.01

23—6—81 21 14.57 35.24 4.70 0.1295 0.0399 0.1119 1.40 0.43 1.21
72 fcr O #  <;..*42 16.12 31.48 4.20 0*1288 0.0365 0.146c. 1.35 0.38 1.54
73 46.40 15.25 32.43 4.10 0.1376 0.0473 0.1151 1.16 0*49 0.97
7k 46.35 10.^0 39.48 4* 90 0.1263 0.0452 0.1261 0.45 0.16 0.45
73 4 - .45 14.40 36.83 4.40 0.1355 0.0498 0.1289 1.06 0.39 1.01
TC ■*■ 1 • .'.0 14.3, 37.28 4.20 0.1361 0.059 0.115,: 0.71 0.30 0.62

T7 -7.05 10.97 37.43 * i *  3 0 0 . 1 3 6 8 0.0372 0 . 1 2 6 8 0.80 0 . 2 1 0.74

( o , . n t d . )

c_ncn



Table 5* (Gcntd.)

1 2 3 4 5 6 7 8 9 10 11 12

26-6-81 T1 48.25 12.56 56. 56 4.30 0.1351 0.0418 0.1172 2.72 0.0*4 2.36
T2 48.15 11.60 3j*7 i 4.20 0.1362 0.0326 0*1231 w.30 0.55 2 111

T3 47.15 12.50 37.2-j .70 0.1375 0.0465 0.1132 2.55 0.86 2.19
74 44.25 12.80 j , .83 4.30 0.1453 0.0453 0.1351 0.92 0.28 0.85
7 J ‘•*5.7 3 11.32 37.76 -u50 0.1328 0*0419 0*1246 2.00 0.63 1.95
16 43.30 14.80 37.40 4.30 0.1361 0.0318 0.1248 1.08 0.41 0.99
T7 40*32 13.00 35.28 4.50 0.1,;: 50 0.0373 0.1271 1. uQ 0.53 1.82

27-6-81 T1 40*85 12.67 35*8 i 4.10 0*1209 0.037S 0.1113 0.9.3 0.27 0.81
72 41.87 11.6 2 37.35 4.50 0.1272 0.0326 0.1172 0.58 0.14 0.53
73 42.15 12.56 3...■♦72 4.4 w 3.1178 0.0336 0.1256 0.44 0.1. 0.47
74 41.30 14.13 39* ~5 *4 0 0.1269 0.0353 0.1239 0.33 0.09 0.32
75 43*2-'. 13.88 33.30 4*60 0.1372 0*0^25 0.1129 0.48 0.14 0.39
76 43.45 12.60 36.35 h>.40 0.1271 0.0429 0.1135 0.32 0.11 0.29
77 45. 4t-. 12.03 33.10 4.60 G.1278 0*0331 0.1142 0*3. 0. 10 0.35

( o n t d . . }

crsCD



Table 5. ( ontd,)

1 d 3 4 a 6

2c»7*01 11 43.35 12.62 33.58 4.10
12 49*30 14.85 33.47 4.00
13 47.35 12.42 39.45 4.20
14 44.73 13.80 3.,.85 4.50
7.5 48.13 10.87 36.53 4.50
16 4^.33 13.80 37.40 9.30
17 43.52 13.15 33.28 #.30

4«»8*»B1 11 55.60 8.15 34.72 4.70
fp '?4 c» 56.75 7.73 33.83 4.20
13 54.83 2.92 32. 28 9.50
14 4i9.0j 12.57 35.48 4.10
13 55.53 12.15 32.10 9.20
16 9*-*.0 .* 14.25 38.75 4.40
17 47.60 10.92 33.67 4.30

7 9 10 11 12

0.1399 0.0390 0.1216 1.69 0.47 1*47
0.1372 0.0372 0.1115 1.59 0.42 1.27
0,1456 0.0456 0.1212 1.44 0.45 1.20
0,1362 0.0378 0.1216 0. 90 0.23 0.80
0.1269 0.0499 0.1372 1.31 0.51 1.42
0.1258 0.0487 0.1165 0.91 0.35 0.83
0.1229 0.0375 0.1183 1.09 0.33 1.05

0.1512 0.0451 0.136 4.78 1.42 4.30
0.1468 0.3335 0.1359 -*•54 1.03 4.20
0.1j79 G.0432 0.1543 2.1J 0.86 3.09
0.1456 0.0328 0.1452 0.56 0.12 0.55
0.1363 0.0351 0.1361 3.02 0.77 3.00
0.1478 0.0440 0.1485 0.89 0. 2 3 0.90
0.1454 0.0551 9.1356 w .  • - *  J 0.69 2.09

cn-o



fable 5. (Conte.)

1 2 3 4 5 6 7 8 9 10 11 12

11-,3-GI 11 -7.33 13.68 3-•'.39 4. 20 0.1278 0.0365 0.1353 3.73 1.07 3.97
T2 1. .85 32.98 4.00 0 .1369 0.03c- 3 0.1342 3.30 1 .26 3.24
13 98,74 11.65 34.54 4.50 0.1356 0.0458 0.1253 1 .9 6 0 .66 1.82
T 4 C4.82 16.48 '38.30 4.60 0.1429 0.0352 0.1348 0.63 0.15 0.59
13 4 :.85 1 5 37.55 4.30 0.1338 0.0568 0.1349 2.23 0.95 2.25
16 43.87 16.35 38.90 4*20 0.1349 0.0372 0.1265 0.75 0.20 0.70
17 49,53 12.75 33.53 ♦ .10 0.1458 0.0439 0.1502 1.61 0.50 1 .6 5

14**8*431 11 52.33 11.6v 34.57 4.90 0.1223 0.0471 0.1312 1*94 0.79 2.08
T2 53.2v 10.37 32.95 4.10 0.1358 0.0383 0.1269 1.79 0.31 1.69
T3 50.9v 11. 7 33.35 4.30 0.1342 0.0452 0.1256 1.40 0.47 1.31
T4 45.35 12.75 39.85 ^*40 0.1346 0.0469 0.1228 0.43 0.12 0.33
13 49.25 12.25 32.55 v.20 0.1264 0.0378 0 .117 2 1.37 0.40 1*26
16 43*03 11.87 36.42 C. '..>0 0.1287 0.0456 0.1256 0.41 0.14 0.40
17 47.03 11.S., 3O.s-5 4.70 0.1288 0.0469 0.1124 1.17 0.4c 1.03

( -catei..}

cn
o o



Table 5.(Centd.)

1 3 9 5 6

T1 30.35 12.35 33.95 4 60
T 2 31 * «~5 8.36 31.65 4 20
T3 33.83 11.35 30.25 4 10
T4 46.05 11.75 38.15 4 50
T3 33.25 11.15 32.10 4 10
76 44.45 14.24 36.75 4 40
T? 46.35 39.10 <4 90

7 8 9 10 11 12

0.1459 0*0318 0.1469 21.76 7.72 21.91
0*1556 0*0560 0 .157^ 20.7c 7.26 20.33
0.1262 0.0219 0.1259 23.25 4.38 23.19
0.1556 0.0358 0.1396 c.5-- 0.58 2.50
0.1468 0.0356 0.1492 11.76 4.45 11.96
0.1575 0*0375 0.1555 2.15 0.51 2*13
0.1220 0.0210 0.1259 22.32 3.84 23.04

CJPi
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The Duxi&ua percentage cd silt lass was recwrdae by
T4 followed by T1* r interns silt Iocs was noted in T2.
; axis uu clay loos was o bserveu i n  17 aid minimum in T2, 
Generally it in observed tho.t as runoff deoi-cases, the 
percentage lens of sorC decreases cod th-.t of clay increases. 
This say be duo tc the fact that ar. runoff decreases, it is 
cape ole cf detaching one; carrying only tlie finer parti- les 
CO soil.

2,3, dutrient content . : d loss through erosion
The date, on total nitrogen, total phc-sphcrus and total 

potassium ontent of runoff sedino .ts under different treat-
i cnts c!:d peri-ds of *_ cservoticn ...re ; ivea in Table ;>• i'd® 
data indicated .sly si. all variations which were net consistent 
to explain, hence the.tr weighted mean percentage pooled over 
different periods cf observation are presented in Table S, 
s axiiQUn nitrogen contort was registered by T2 (0,1394: ) and 
T4 (0,1418f$) onu r..init.uc: content b/ T6 (0,1360 :). In the cose 
cf total phosphorus maximum content was registered by T3 
(0,0493-.>) a£.d nininum by T6 (0,03600), .•.-ctcr.n.ii.m o ntent was 
i ..„;i nun in ?5 (0,13‘3T-) oj b ninii.ui. in T1 (Q,10400), Thun it 
is seen that the nutrient concentration f runoff sedic.ett 
showed c*iiy sli lit variations suggesting tfc.t total nutrient 
contents of runoff sediuecto were unaffected by different 
trcutn.or.ts.
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The data on available phosphorus a..d available 
potuooiur. in runoff are given in Table 6 and Table ? 
respectively. Their weighted tauns under different treut- 
l ar.ts pcoit-e ever peri..: os of observation arc given in Table S, 
It is seen fron the data that definite relationship exists 
between the? available nutrient content unci the amount of sail 
contained ir runoff. Fr.a the pooled cseune it is seer, that 
r.a;dU .uc available pfccaccrue content w..s * ocervod in T2 
(11.40 g/ha.ca. cf rinoff) and minin.ua under T6 (T.afG g/h^-cm 
ci runoff). In the loss of available potassium vise cinilr 
differences were observed. haxl&ua avoliable potuscium 
content was observed unaer T1 (561.33 g/ha -r wf runoff) o..d 
miniaua under TS (482.05 s/ha*cm of runoff). The high 
content of available potassium as.d available phosphorus 
observed in T? and T1 nay be due to the high r.nto. t of 
sedincnt it" the runoff in these treutue: to.

The octal nutrlasfc losses over the periods of cbeerva*
tior •. unaer different treutments are riven in Table 0 and
ng.7* It is seen ta .t na..iauo 1 a n  of a trU, tc viz. 131, ••..‘9 kg 

nitrogen, ‘41,44 ..,p ph. sphwus end 134,63 kg -ot-aciurn were 
rwjir.tered ■: y T1 (Tapioca in ridges along the siv.pt. without 
intercrop} a i iniaua lots of nutrients, vis, 15.23 kg
nitr.gen, kg ,lx cchorus ..no. 14,7 ; k. i,ctos..lu:- by T4
(Tupic-;.. in ridgea corcro the slope with cov/peu as intei-cr.-p), 
The ...mwunt of nutrio;1 loot through erosion can ac explained 
with re*.'crea„e t,. the soil less observe,...



Table 6. Content c-f available P as affected by different treatue.; ts m.d periods of rainfall
(g/ha cl )

Dates of 
observations 16-6-81 17-6-81 18-6-81 19-6-81 20-6-81 22-6-81 23-6-81 3a—6—81

Treatments 1 3 4 5 6 7 8

T1 17.84 8.94 6.24 14.85 3.76 10.00 7.68 6.85
T2 18.90 8.65 11.84 14.92 6.78 11.32 8.71 9.39
T3 16.13 9.01 5.93 15.93 9.09 3.31 11.56 5.94
T4 12.84 7.454 6.13 26.92 12.63 5.146 50. 0 2.37
T5 12.75 9.19 2.96 8.58 6.86 4.51 3.68 3.91
T6 11.19 8.50 7.84 5.24 6.57 3.65 22.63 5.79
T7 11.10 2.52 6.06 12.91 26.63 6.77 10.31 4.77
SEm + 1.337 1.202 1.23a 2.927 2.898 0.633 6.541 1.223
C.D.(0.05) r - c*. * w # . *• > “ ' * i *

*
■ • 2.3694 20.1570 ,r>.

; e *. '< •

(<•>. ate..)

CT>ro



Table 7. Content cf available Petessiuia as affected !:.y different treatments and periods of
raiiifall (g/ha cm)

Dates cf
observation 16-6-ei 17-6-81 18-6-81 19-6-81 >0-6-81 22—6—31 23-6-81 2**—6-81

Treatments 1 2 3 4 5 6 7 8

T1 938.28 310.49 392.72 797.26 533.37 550.72 1230.15 737.28
T2 1236.73 263.71 606.78 812.32 235.23 613.78 235.13 600.78
T3 986.74 34 .10 450.76 643.50  ̂.cc. 1 a 603.78 954*16 806.30
fl» 433.456 343.39 <246.43 747.08 1052.53 253.43 3613.63 193.03
T5 733*28 330.49 386.18 1091.30 197.50 533.15 219.51 583.18
T6 643.60 1273.4,1 211.76 1270.10 1000.60 210.76 1213.66 218.76
T 7 600.06 413.9c 228.93 789.47 3127.89 ,.27.93 375.15 227.95
SEm ̂ 103.426 163.260 S3.611 100.36 >07.624 105.672 534.839 16.788
C .E. ( 0.03) 318.7157 • *  Lr « • *

.* -
■ .  > . i . . .  . « . 51.75.81

(f, ntd. )

cn►r-



Table 6* (Ccntd.)

2SS«!tlcn» 25-6-81 -6-6-®1 a7-6-81
Treatments 9 10 11

T1 6.64 6.94 10.95
T2 8.49 7.81 14.66
T3 8.58 7.17 9. 94
Th 8.74 3.49 18.46
T5 7.91 8.94 11.24
T6 7.86 5.66 9.10
T7 8.71 4.61 9.86
SEra 0.468 0.964 1.724
C.D.(O.OS) • < • 4 • i;.S. C

1 ’v •  •

2G-7-61 4-8-81 11-8-81 14-8-81 80—8—81

1 d 13 14 15 16

11.97 12.38 8.63 10.93 1 .38
12.81 15.39 10.97 7.39 15.39
11.83 11.90 10.01 9.22 13.91
10.40 10.49 10.52 7.69 7.62
13.94 15.91 11.77 9.70 15.91
10.66 11.79 6.37 4.29 11.79
8.15 10.77 13.98 7.24 10.77
0.769 1.078 1.414 1.023 1.707
2.3737 • j - . A v *" CL

•-? •
?•-' C, 
i - *  •

cnco



Table 7. (Contd.)

Dates wf 
obsajL*v̂ ticn •25-6-31 26—0—01 27-6-01 28-7-81 ••+—i >—81 11-6-81 19-8—81 20-3-81

Treatments 9 10 11 12 13 14 13 16

T1 629.51 540.50 198.32 546.00 492.7,:: >68. 95 150 .9.; 492.85
T2 412.60 368.56 283.55 365*83 615.75 265.75 575.73 640.54
T3 434.25 43/*. 30 274.97 410.29 415.55 410.55 189.74 415.54
T4 432.90 159.34 9050.75 143.35 243.34 1606.75 217.78 253.45
T5 310.80 556.96 193.90 544.00 590.81 330.5 654.25 593.65
T6 278.70 185.45 2250*60 185.50 218.76 936.26 193.62 210.78

T7 313.90 133.84 4915.35 135.84 230.33 414.29 -15.20 235.93
SEra ̂ 66.'70 52.082 1193.428 62.274 11 ..324 161.235 75.235 79.232
C.D.(0.Q5) v  *

. * m * « >  • ■ •  •  • . • •  #
• i »  ^
:  i  •  * '■  «

: C '
*  ;  * *  * *  1 • • •  *  > •

i M v v v n m  v v t » « ■ ’ - u • mihih i  ..............  m w i i i w n — * » n i w > i i n  » i  .  mmii.nn.im.ii m i iirnw m m iim h iw h iim in i  i ■■ • ••

COcn



Table S. ft ft #Jeuhunicol cl rape c it ion nutrient content nutriG2:,t loss and sedirao-t content of 
runoff over the* entire season affected by different treat, ©nts

Ireataoi.ta
, techaaical o otape sition 
of runoff cediiaont (.4) Loss on 

i@tiit.ions 
(?)

?i content 
of runoff 
sediment
m

P content 
of runoff 
sediment 
(:')

K center, t 
of runoff 
sediment (a )

Avallatie P 
loss (g/ha*cm 
of runoff

Sana s m clay
1 3 4 3 6 7 8 9

T1 59.909 12.48 33.699 4.‘426 0.1380 0.0433 0.1049 9.85
T2 53.987 9.522 32.735 a.1176 0.1394 0.0333 0.1305 11.40
T3 32.39 11.10 33.769 4.392 0.1364 0.0493 0.1264 10.088
T4 44.91 13.819 37.20 4.351 0.1418 0.0384 0.1344 8.24
T5 47.33 11.66 36.86 4.41 0.1382 0.0409 0.1351 9.165
T6 95.27 11.97 37.64 ..264 0.1360 0.0360 0.1111 7.426
T7 43.22 11*93 33.52 4.40 0.1335 0.0448 0.1095 3.77

(Ccntd.*)

aocn



Table 3. (fcntd.}

Available Total 2 loss Total P
K loss during the Ic^s during

Treatments (g/ha«CL. ported of the period
of runoff observoticc of cbserva-

(ks/fea) tion (kg/ha)
................................... .......... .

10 11 12

T1 561,08 131.29 4f • 44
T2 §48.37 117.02 33.43
T3 516.439 114.06 02
T4 *a5.0v 15.23 4.29
T5 529.96 105.30 31.73
T6 48,2.05 17.55 6 .3 1

T7 527.453 8-.91 19.5a

* Weighted mean

T  t v  “T ' — ~— rr~~:— — r*Total ti k loss Available Sediaent
loss during during the K loss centert
the period period of during the of runoff 
of observe- observation period of (kg/ha or) 
tion (kg/ha) (^g/ha) observation

(kg/ha)

13 14 15 16

124.63 303.8 17.32 2930.47
117.65 277.29 13.33 2887.08
115.61 282.87 14.40 2836.156
14.79 66.66 3.924 1833*32
99.71 218.69 12.618 2805.92
16.62 77.30 5.018 1386.09
S3. 82 202.82 12.19 2856.66

CD
^ ;
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Table 9* i-ercentage of ruKsff^dcrlog different rainfalls observed as ef ,'ected by different
treatments

Dates of 
c jservatioas 16-6-81 17-6-01 18-6—81 19—6-81 . 20-6-81 22—C—81 23-6-81 24—6—81

Treatments 1 3 4 5 6 7 8

T1 41.64
(40.17)

56.27(43.64)
*f0 .19  
(39.27)

55.66
(48.36)

34.36
(67.90)

28.11
(32.00)

35.39
(38.28)

46.16
(42.79)

12 3*.70
(36.08)

41.04
(39.83)

31.09(33.84) 37.87
(37.93)

50*85
(45.42)

15.81
(23.2,,)

34.54
(34.80)

33.32
(35.57)

13 44.70
(41.91)

59.50
(50.47)

-*0.01
(33.19)

57.54 
( 9' 3*42) 83.67

(66.41)
22.74
(23.45)

32.73
(33.38) 41.03(33.78)

Ik 6.87
(13.01)

17.08
(25.00)

11.41
(19.53)

10.-2
(18.61)

15.20
(22.3?)

6.50
(14.21)

4.31
(11.96) 13.31(21.27)

15 36.00 (37. >4)
47.32 
( :5.-6) 31.93(33.27)

93.50
(41.24) 65.13(54.00)

20.10
(26.55)

2^.66
(31.66) 38.53

(38.35)
16 10.05

(16.43)
18.35
(49.35)

13.42
(23.06) 17.15

(24.43)
14. 23 
(22.69)

10.45
(18.11)

7.268
(13.58) 19.37

(26.93)
17 37.27

(37.52)
30.18
(45*1) 36.23 

(36.27)
46.04
(42.71)

62.57
(32.33)

13. 9?
(23.75)

25.91 
(::„. :3)

33.73(35.48)
SEa x 1.419 1.163 1 • 965 2.313 3.934 3.621 5.247 1.401
C.D.(0.05) -.3728 3.5040 6.0570 7.7*70 1a.1934 16.1697 4.317S

( < ntd..)
CDoo



Ta&Xe 9. (Ccntd.)

! t e S ^ o n .  ‘;j“6*e1 -6-G-81 ;8-7-81
i M t t i w w — H M M w u ^ p w B i 'ii i b m w - - - — -  , --------- -------------- Ir  - T(- rT t 'T n T l i T i m r  IIIW III I HH T u n i n— r— r i f — w i — — — ■ ■m ill    

Tre^taenta 9 10 11 12

T1 48.06 
{43*68)

85.67
(67.73)

37.35
(37.39)

13.79
(21.61)

T2 3% 33 (38*91)
71.52
(57.90)

t.4. 6t_l
(32.31)

10. ./■) 
(13.14)

*3 38.63
(38.41)

7*** 2 5 (60.14) 25.03
(30.02)

74.42
(13.84)

T4 16.73
(23.95)

31.34
(33.19)

10.88
(19.11)

3.33
(10.50)

T5 35.51
(36.515

62.98
(52.87)

26.11
(30.70) 8.77(16.94)

^6 18.74
(25.46)

40.39
(38.58)

15.49
(23.07)

4 m ci ? 
(11^80)

57 32.03(34.40) 68.35(56.04)
21.76
(27.73)

5.82
(13.94)

SEm £ 2.158 5.630 1.762 1.182
.^.(0.05) 6.6516 17.3511 3.9312 3.6446

* Figures in brackets c.,?e . ngleo#

11->01 14—2-0? 20-0-81

13 14 15

43.80
(41.33)

46.44
(42.92)

21.24
(27.32)

35.15
(38.53)

42.27(40.41) 18.09
(25.13)

23.96
(29.01)

28.66
(32.23)

35.05
(36.28)

10.00
(18.3)

5.97(18.01) 9.32
(17.47)

t-cy.-KJ
(32.63) 21.58

(26.85)
14.58
(22.92)

13.34 
(21. .0)

12.69
(20.55)

6.41
(14.43)

22.20
(27.35)

24.65(30.8:,.) 25*48
(30.18)

2.0349 2.9300 1.431C
6.2707 9.02;>1 4.4097

COCO



The losses of available phosphorus and available 
potassium -during the period o.i observation »re < iven in 
Table S. The maximum loss cf available phosphorus was 
recorded by T1( 303*8 g) and minimum by T4 (66*66 g). In the 
case of available potassium, the maximum loss was observed 
in !1 (17.32 Kg) ana minimum in T4 (3*924 kg),

4*6. Quantity of runoff sediment
The data on mean sediment -.uitent (weighted) of runoff 

under different treat., ents are riven in Taolo 8. The- animus, 
sediment content was observed in T1 (2890.47 kg/ha* eta cf 
runoff) ami minimum in T6 (1586.0b kg/hu»cm tf runoff). It 
c-n g seen that the higher sedir.ur.t content of runoff was 
observed in T1f which accumulated large volume ».-f rt>noff. 
Treatments Id (bare follow plots) recorded the next highest 
sediment content of runoff. This -ay be partly due to the 
splash effect is detaching soil particles -.ao partly di e tc 
high sediment carrying capacity of runoff in those plots. The 
lowest sediment content of runoff was recorded by T6 (Tapioca 
on ridges across the slope without intercrop). The lowest 
sediment content in T6 con • e attributed to lower runoff arb 
consequently lower sediment c-rryina capacity in this 
treatment.

4.7. etentive rainfall
The data on the percentage cf retentive rainf.11 unuer 

dif Cerent tre_tments o .u periods o Z observation are iven in 
Table 10. In T1, the percentage -.f retentive r..inf.dll under



Table 10. Percentage of retentive rinfnll*biiring different rainfalls observed as affected
toy different treatments

Dates of 
observati'wns 16-6-61 17-6-81 18-6-81 13-6-81 20-6-81 22-6-81 23-6-81 24—6—61
Treataei ts 1 2 3 4 5 6 7 8

T1 58.36
(49.82) 43.73

(41.35)
3. .81 
(50.71)

44.33
(41.68) 15.63(29.81) 71.58(57.08) 60.65(56.24) 53.33(47.20)

T2 65.30
(53*91)

53.93
(50.16)

68.90
(56.14)

83 .12 
(52.05)

49.14 
(44.56) 84.19(66.70)

65.46
(53.19)

62.74
(54.41)

T3 55.31
(48.09

4}.c0
(39.51)

3— 98
(50.80)

42.43
(40.56)

16.31
(23.57)

Tim 20 
(61.53)

67.26
(56.00)

50.96
(52.10)

Th 93.28
(74.97)

82.11 
(6a.98) 83.33

(70.45)
83.78
(71.51)

84.60
(67.68)

93.50
(75.78)

95.68 
(7 .02)

86.69
(68.71)

T5 63.06
(52.64) 5-67

(46.53)
68.06
(55.75)

a*6. ■ ...» 
(43.74)

34*86
(35.98)

73.89
(63.43)

70.34
(53.32)

61.46
(57.63)

16 89.94
(71.53)

81.69
(64.62)

84.67
(66.93)

32.05
(65.56) 85.05

(67.29)
39.5a
71.71)

52.73(74.40) 80.03
(65.70

17 62.72
(52.46)

4— 81 
(44..96)

63.76
(53.02)

55.95
(47.27) 37.43

(37.65)
81.02
(64.23)

74.08
(60.73)

66.26
(54.50)

SEm +, 1.422 4.360 1.957 1.732 3* 9 >3 1 .9 3 1 5.1 7 2.306
c .£.(0.05) -' C 6.0313 7.7487 12.1510 3.3317 16.0168 7.1071

(Ccntd.)



Table 10. (Coitd.)

S S v “tiuns r:3-6-01 ':6-6-01 ’s-7-01 <̂ 0-®7
Treatments -.-9~..-

14.33(42.24)
11 12

T1 31.94
(46.17)

6-. 65(52.40) 86.20
(68.38)

12 60.42
(31.07)

28.47
(32.00)

71.38
(57.65)

3v.C1
(70.34)

X3 61.36
(51.57)

25.04
(30.85)

7J*.96
(53.97)

92.98 
(7>.35)

14 33.26
(66.035

63.65
(56.79)

3 -;.78
(70.88)

56. 66 
(75.49)

X5 64.49
(33.43)

57.01
(37.10)

73.38
(59.28)

31.22
(73.04)

T6 31.25(64.50)
39.60
(51.40)

04.51
(66.92)

33.77
(78.18)

T7 67.96
(53.50)

31.44
(33.94)

73.24
(66.23)

94.17 
(76.04)

Sec: 2. 2.161 5.548 1.756 1.173

tAo•o••-•4• S.6616 17.0975 3.4133 3.6132

* Figures in brackets --re angles.

11-8-81 14-8-81 20-8-81
12 14 15
36.20
(48.60) 53.53(47.06) T £ 7 S .

(62.67)
60.85
(51.45)

37.73
(̂ +9.58)

01.90
(6^.85)

76.04
(60.33) 71.33

(37.77)
65.85(3^.24)

83.99(54.9a)
90.02
(71.37)

0.68
(72.51)

70.53
(57.31)

73.91
(63.13)

85.41
(67.56)

86.66
(63.71)

87.20
(66.10)

33.59
(75.56)

77.7
(62.13)

73.33(60.30)
74.51
(33.81)

7.098 3.337 1.380
• • 10.2821 4.2552
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different reins ranged fro:;. 13*63 tc 70*75* in 12 free-
49.1-4 tc 39.01, in T3 fro/:; 16.3c tc 92.58, in 14 frd. 63.65 
to 96.66, In T5 from 39.36 to 91.22, in T6 free; 39.6 to 35.77 
and ir. T7 frcn 37**3 tc 94.17. Considering the total rainfall 
~:,d total runoff during the periods of observation, the tctul 
retentive rainfall its percentages were deiorained for 
various trerfc;. cats. In 11, the' total retentive roinUl was 
903.85 (61.195j), in T2 564.96 m. (70.57 >), in 13 332.50 n,
(63.019), i; T4 719.02 mo (89.846), in T5 564.26 or (70.48 '), 
in T6 696.06 mia (86.933) and in 17 566.16 nu (70.74'-'). Vrem 
the results it is seen that taacimuE; retentive rainfall was 
recorded by la (Tapioca.- in ridges across the slope v/ith inter
crop cowpea) followed o. *16 (Tapioca in ridges across the 
slope without intercrop). .Ilniffiuu. retentive rainf all was 
observed in T1 (Tapioca in ridges along tie slope without 
intercrop). It was also ubserved that the retentive rainf.ll 
figures are inversely related to the amount o : runoff securing 
in these plots. In Ti the retentive rainfv.ll was low • ecause 
cf higher runoff (Table 9) securing in these plots.

4.0. jjh sa d conductivity cf runoff water
The d<.:tu ca pK acd conductivity of ro-ncff water under 

dif ;erent trestmo: ts onu periods cf observation arc* presentee 
in Table 11 aid Talie 12 respectively.

It is seen free; the data that pH of runoff was not 
sl&lfic-ntiy of fee tec by different treotreotc, The 
conductivity of ru- cfo water also was net signiHc~ntly



Table 11. pH of runoff water as affected by different treat, e ts ar.d dates of rainfall

Dates of 
observation 16-5-81 17-6-81 1(3-6-81 19—6—81 20—6—81 22—6—01 23-6-81 24—6—81

Treatments 1 3 4 3 6 7 8

T1 5.50 5.60 5.45 5.63 5.58 5.35 3.63 5.53
12 5.58 5.50 5.50 3.78 3.60 5.50 3.75 5.68
T3 5.45 5.45 5.43 5.58 5.70 5.58 5.75 5.63
T4 5.70 5.40 5.4'j 5.65 5.63 5.45 5.78 5.70
T5 5.90 5.40 5.40 5.75 5.48 5.40 3.75 5.30
T6 5.68 5.48 3.33 5.78 5.48 5.33 5.70 5.78
T7 5.65 5.40 3.40 5.73 5.40 5.40 5.65 5.65
SEa 0.0938 0*0918 0.0428 0.138 0.086 0.050 0.129 0.155
C.t.(0.03) - <. a. • - .a* : •  *V # : : •  . • Q.1544 *

(Contd.)

—i



TabX® 11 (Ccntd.)

Lates of 
observation 2,2—6—81 26—6—81 27-6-81 28-7-81 4-Q-31 11—8—81 14-8-81 20—8—81

Treatmerts 9 10 1 1 12 13 14 15 16

T1 5.60 5.43 5.85 5.38 5.38 5.43 5.50 5.45
A &■ 5.55 5.35 6.03 5.50 5.50 *3.50 5.58 5*50
73 5*58 5.50 5.20 5.48 5.43 5.50 5.58 5.48
Th 5.33 5.48 5. >3 5.43 5.45 5.30 5.63 5.45
T5 5.58 5.43 8.93 3.40 3.40 5.40 5.43 5.40
16 5.58 5.20 5. 33 5.33 5.33 5.48 5.48 5.33
T7 5.r8 5.38 5.23 5.40 3.40 5.40 3.48 3.40
SEb +, 0.0*0 0.067 0.858 0.038 0.058 0.057 0.054 0.0539
C.D.(0%«5} ~T *"• <**

«* • • fi*c • &■* ; 4.  S . ' Qt '* #  kJ * 3. S.



Table 12. Electric,-! oonduct^ef o£ ruaacff water as affccteu ;.y differed! o treatments. ujw dates 
of rainfall (aicrvoja^s/ca)

bates of
observation 16-6-81 17-6-81 16-6-81 19-6-81 20—6—81 22-6-81 £3-6-81 24-6-81

xreataants 1 2 3 4 5 6 7 8

T1 33.68 4 ' .65 ‘tO • 'j?0 42.30 43.46 48.8 j 48.00 46.68
T2 43.38 47.75 42.30 43.33 47.25 4-:.. .45 4 a. 35 49.45
T3 37.83 44.00 42.93 43.48 45.70 46..’3 48.83 48.85
74 37.00 37.40 47.00 37.30 40.91 -r6.68 37.53 46.68
13 36.28 VS. 55 36. 28 36.33 42.91 46.23 36.38 96.23
16 34.23 37.83 34. ,3 35.10 96.23 44.35 33.10 44.35
T7 36.73 3 .-*73 7 - 38.12 35.95 43.98 33.18 43.48
C 1.5 16 0.945 1.870 2.658 1.2*44 1.0G0 2.958 1.086
C.D.CQ.Q5) - •   ̂• # - •

•»
- * * #  • - •  • - •  • * - * * v #

cr>



Table 12 (C ltd.)

Dates of 
observations 23-6-81 6—6—81 27-6-81 28-7-81

Treatments 9 10 11 12

T1 33.15 33.73 46. 63 40.30
12 >7.30 42*93 47.00 42.93
T3 53.20 33.18 97.33 44.65
T4 30*25 44.00 53.20 <44,00
T5 52.20 43.13 53.98 48.35
T6 39.55 38.68 *4.38 38.68

T 7 40.83 44*65 96.63 44.68
SEra 3.073 2.060 2 .1 1 1 2.113
C.D.(0.03) • ■ • c:- ■• • • « 2 . S .

4-8-81

13

11-8-81 19—8—81 20-3-8J

14 15 16

23.85 97.25 26.68 48.00
22.45 47.7 47.25 9^.45
*-•.73 95*95 •■*6.23 49.73
96.6s 37.90 40.93 97.68
46.23 48.35 42.90 23.23
44.35 37.83 46.23 46.35
43.48 33.73 35.45 49.48
1.252 2.782 1.760 1.018
-<.«*. 2.- . - • V • - • • «

—i
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affected by various treatments in all the rainfall events,

4,9. Storage of aoil moisture as affected bv different 
twataonto
The dutu cn coil moisture storage in the upper layer 

(0-19 en) under different treatments and periods wire given 
in Table 13 and Fig*8* It is seen fro. .a the data that soil 
moisture storage in this layer was highest in treat, ents T4 
(Tapioca in ridges across the elope with intercrop) followed 
by T6 (Tapioca in ridges along the slope without intercrop) 
and was lowest in T2 (uncultivated bare fallow) • Sw.il moisture 
was lowest under T2 because the load was tare and as such there 
was heavy evaporation loss from the soil. This is similar ti
the findings cf ViswaDbhuran (1930) in experiments conducted 
at Veilanikkura* Between intercropped and ncn-intercr: pped 
plots under various planting aethods of tapioca* the storage 
of soil moisture was generally not affected 'ey varicur 
treatments in the surface soil layer (0*35 cm)•

In 15-30 cm soil layer (Table 14 and tig,--) maximum 
retention of soil moisture was observed in T4 and TS, tfptc 
the establishment of the intercrop* hitler storage of sell 
moisture was observed in T6 and thereafter higher *tuT«3e vf 
soil moisture was notea in T4 (Tapioca on ridges across the 
slope with intercrop). It was seen that after the establish- 
meat of tho intercrop *aore moisture was storea in plots with 
intercrops compared to treatments without intercrops.



Taole 13* ftclsture Storage ar; affecte ■ different tre
(0 tc 13 co)

lictes of 
observation 16—6—81 50-6-81 13-7-81 27-7-61

Treotnents 1 2 3 4 5

T1 29.1a
(32*46)

c >*30 
(32.89)

23.40
(23.92)

17.54
(.-.4.75)

17.91
(25.02)

T2 2c *90 
(32.51)

28.20
(3.07)

18. -.4 
(25.57)

16.52
(3.97)

17.61
(24.30)

T3 29*36 
<3 .80) 29.09

(3c.63)
22.19(23.09)

17.62
(29.81)

13.06
(83.14)

T4 33*94
(35.62)

31.16
(33*37)

26.14
(30.74)

23.70
(30.43)

21.'96 
(27.93)

T5 29.00
(33.08)

30.06
(33.24) 25.03(30.04) 10.47(25.44) 10. p5 

(25.99)
16 34.23

(33.01)
33.71 
(3 >.49)

27.03
(31.36) 21.93

(27.9.0
21.25(27.42)

T7 30.65(33.61)
30.94
(33.65)

24.78(2„. .84)
12.70

(26.33)
15.72(86.47)

SEta £ 0.625 0.470 0.233 0.254 0.104
C*L.(Q»05) 1.328 1.449 0.737 0.782 0.368

i o t i w w w i i i w — nwn— in— mi— — in— n j n  ■ »  i .  i i. e —  »—  rnir i  • r m r b * « M w w H M a

* Figures in jackets arc angles.

ana periods cf observe tion ( )

1 1--S-01 .-.5-8-01 - ..-81 23-9-81 7-10-81

6 7 8 9 10

10.97
(25.81)

17.65(29.81) 20.25(26.74)
19.98
(26.54) 3.69

(17.12)
13.08

(2a.16)
17.10
(84.48) 19.92

(26.43)
13.85(26.95)

6.48
(14.58)

13.57(26.24)
17.96
(23.07)

20.87
(27.18)

20.01
(26 .56)

7 .65
(13 .96 )

26.23(30.80)
21.58
(27.67) 39.35(30.22)

25.02
(30.00)

13 .94
(2 1 .9 1 )

15.91(26.49)
13.34
(25.34) 21.09(87.34) 20.55(26.94) 11.09

(19.37)
84.53

(•>9.72)
82.03
(23.02)

24.68
(82.78) 22.93(28.6 1) 13 .49(21.54)

80.52
(26.33)

19.02
(25.89)

21.76
(87.00)

21.14
(27.35)

11 .42
(13.63)

0.196 0.216 0.146 0.011 0.851
0.607 0.667 0.437 0.038 2.625

•̂i
CD
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Table 14* Mc-isture stut*ago#ao affected by diff
(15 tc 30 era)

Date;.; v 1* 
observation '-6-81

Treatments 1

16-6-81 30-6-81

2 3

13-7-81

T1 28.82
(32.46) 29.71(33.02)

23.32
(23.86) 17.85(4.30)

T2 27.33(32.22)
28.86
(32.48)

20.08
(26.61)

17.26
(25*54)

T3 28.14
(32*66)

29.18
(32.69)

22.66
(23.41)

13.40
(25.39)

T4 34.38(35.88)
31.81
(34.32)

25.54
(30.33)

26.06
(30.63)

T5 30.33(33.42) 30.51(33.52)
25.42
(30.67)

19.14
(23.94)

T6 33.94(36.82)
34.36
(35.03)

26.41
(30.90)

22.64
(23.41)

T7 30.04
(33.72)

31.40
(34.08)

24.66 
(29.75)

20.21
(26.69)

SEo v. 0.535 0.125 0.339 0. 276
2.2.(0.00) 1.64;} 0.337 1.047 0.343

4* 'inures in brackets arc; angles.

mt treatr.enta ard p^ri^dc c *„bservwtion (' )

T r m v  -ibrtwi.iv  immJW  'u—a i i  —  imm i» u n r .n w n > -"i«  m — Mw jt * — w — a w n  in I  ̂  i t w i  i n m  i * w n .w iia — i— W »—»—n*— a— c t ^ a a — »— — — —

,27-7-81 11-3-01 23-8-81 ./-9-01 23-3-81 7-10-61

3 6 7 S 9 10

17.14
(24.45)

1 ,.60 
(26.27)

17.94
(25.04)

16.69(24.10) 18.95(25.80) 17.37
(24.69)

10.79
(25.67)

19.69
(26.33)

18.12
(25.17)

23.00
(29.19)

26*48
(30.36)

22.34
(20.27)

22.19 
(23.10)

20.52
(?6*93)

18.78
(25.67)

22.45
(23.27)

24.93
(22.33)

22.35(28.34)
22.21
(23.14)

21.18
(27.39/

19.17
(25.95)

0.024 0.200 0.339
0.076 0.618 0.047

i i  ...............  ■ ii m  —  w n n m m i w n  hi nwi *  i

21.81 19.59 11.06
(::7.83) (26.55) (19.42)
20.39 17.95 9.91
(3:6.03) (25.05) (18.37)
20.75 13.95 10.59
(27.09) (25.73) (18.96)
25.76 30.57 14.82
(30.67) (33.36) (2 .63)
22.80 23.75 12.43
(29.51) (2 .17) (20.62)
25.89 24.03 14.10
(30.57) (22.32) (..2.04)
22.29 20.81 14.00
(29.16) (27.13) (21.77)
0.065 0.025 CJrN'"J
2.667 0.079 2.535

o n
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This nay «.e due tc the higher retention of runoff water 
i y the intercrop canopy enabling core infiltration intv. the 
soil which is in conformity with the results obtained by 
Viswambharan (Iy80).

The cul soil moisture storage (30-45 cc) as affected 
uy different treatments ur.d periods of observation are given 
i: Table 15 arc. Fig, 10# During early period when there was 
frequent occurrence cf rainfall9 noxious ate rage of sue soil 
moisture was seen in 16 and minimum in T2* The ir.axir.un> 
quantity of sub cu il moisture storage observes, in T6 can be 
attributed tc the high retention of rainfall in this treat
ment* In To, the storage was minimum cine to high rui.o ff as 
the; field was kept fallow. During subsequent periods when the 
rainfall wan scanty« the study revealed that there was gradual 
and continuous depletion of sub sell moisture during tale 
period e.i.d cultivated plots showeu muiJjaum depletion where as 
depletion was minimum in bare fallow. Among the cultivated 
plots the higher rate- of depletion uod there ay minimum storage 
was observed in T3 (Tapiccu on ridges al~ng the slope with 
cowpea as intercrop). The maximum storage of sub soil 
moisture by uncultivated bare follow can .a attributed tv tho 
lack of root extraction of sufc soil moisture and subsequent 
evupo-transpiration which is in agreement with the findings 
cf Viawambh;.ran (1300), In other treatments the roots cf 
tapioca which extends to approximately 50 cm below the soil 
could have extracted ouch of the sub soil moisture resulting 
in maximum depletion,



fable 15. Joisture storage*as affected by different treatments; and periods; ef c-bserv&ticn (>S) 
(30 tc 45 era)

Oates of 
ooservtici, 2-6-81 * 16-6-81 30-6-81 13-7-81 27-7-81 11-2—81 25-8-81 9-y-61 23-3-81 7-10-81

Treatments 1 2 3 4 5 6 7 8 9 10

T1 29.74
(33.04) 30.72(33.64)

25.24
(30.14)

13.36
(2^.36)

2a. 72 
(23.18)

21.02
(27.28) 19.05

(25.87)
2,:. 55 (23.34) 21.91

(27.89)
13.22
(21.57)

f 2 29.32
(32.77) 29.35 (3a.80) 21.67(7.74) 17.54

(24.75)
24.58
(23.71)

27.43
(31.57)

23.63(29.07)
6.76(31.14) 21.76

(27.79)
15.47(23.12)

T3 30.96
(33.30)

30.22
(33.34)

24.01
(23.33)

13.04
(2j.86) 13.87(26.46)

19.80
(56.40)

17.66
(24*84) 20.47

(26.08) 22.55(26.34) 10.31
(18.71)

14 3>.90
(36.30)

32.40
(30.69)

ti'3.05
(31.37)

26.46
(30.50)

18.88
(23.74)

20.82
(27.14) 18.77(25.66) 21.77

(27.80)
31.29
(34.00)

14.47(22.21)
15 32.00

(39.43)
30.92
(33.78) 26.97(31.28) 19.63

(26.29)
23.96
(29.29)

22.12
(23.01) 19.89(26.48) 23.89

(23.32)
24.97
(28.63)

13.61
(21.GO)

T6 37.60
(37.81) 39.79(36.04)

23.68 
(3a.37)

23.39
(28.05)

24.15
(2v.09) 25.63(30.04) 22.00

(28.64) 25*67(30.44) 28.85
(33.11)

14.25(82.16)
T7 33.27

(33.22)
31.82
(34.33)

27.13 
(31.3 )

20.64
(27.01)

19.48 
( £.18)

20.43
(26.31)

18.04
(23.11)

21.07
(27.32)

28.03
(31.95)

11.07(19.41)
SKia ♦ 0.392 0.112 0.189 0.362 0.155 0.237 0.389 0.213 0.754 0.939
L«t*(Q*05) 1.208 0.346 0.568 1.117 0.480 u . 8o5 1.015 0.658 2.325 2 . O 36

* Figures in br.-cketo ane angles.
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4.10. biometric observations ■-.£ painerop (Table oa)

Biometric observations such as height c - pl^nt, number 
of functic. ol leaves per plant ar.d canopy aiumeter of tapioca 
wore studied at ninthly intervale,

4.10*1* Lei-ht cf plants
The data on height of plants recorded at monthly 

intervals ore given in Table 16* There woe *:a v.ignific.arrt 
dif:erence in the height of plants between the treat,.ents 30 
days after planting. However after 2 months of planting 
significantly increased height of plants was ^baerved in T6 
followed . y Id. fini: tia height was cbserveu in T1* .-a jlst
txy after planting ixzimuia height of planes wui: observed in 
11 and T6* Thereafter uptc the harvest, maximum hex fit was 
couerveu in 16 tic sely followed by T4 and T7* This nay i e 
due to hifher i.oisttre storage favour.-; oiy iniluoncea either ay 
the intercrop cr irj planting in ridges *. cross the slope.

n.10.2* If umber oh functional leaves
The dat... on fuscticaai leaves of t-picco. at monthly 

intervals .. :q :iven in Table 17. It is seen that the m.-mxr 
cf furi.cati uai leaves per pl«..nt was influenced !iy varlcu.., 
treat: ents except -.,n 31 at day after p l x t m  ;. . urxg the
periou, tilt: ...srinut: number --i functional leaves per pl;.nt was 
re ;orded by T6 .-me minimum ■ y T3* setweea in torero ...poo . o. 
ncn-interaroppuu plots with twpiocu, either plx.ted cn ridge a 
across tne slope or on mounds, acre number of functional 
leaves was reoordeo. in non intercropped ploos. This is ole...-!/



Table 16, Height of tapioca plant at monthly intervals (cm) as affectec by different 
AgTw-techniques

Treats ents 30 days 61 days 91 days 122 days 153 days 181 days 212 days

S
*
£

~
I
|

T1 21,70 65.35 125.67 135.24 133.80 140.60 160.25 192.08
T 2
T3 23.33 66,73 128,00 144.96 140.30 149.25 159.95 138.67
T4 21. 95 71.58 128,24 134.23 145.58 153.37 166.25 202.67
T5 23.73 6'.38 129.33 138,50 143.50 150.92 167.25 196.05
T6 22.93 7a.58 135.50 148.58 14). 17 153.50 172.85 202.93
T? 23.23 68.88 138.92 141.83 145.67 151.45 168.85 204.50
SEm £ 0.668 0.646 1.345 0.433 2.884 3.439 2.558 0.968

• • Q • Q U> w* v - 2.012 4,187 1.350 - 1 • s# -  * • • 7.964 3.013

oo



Table 17. Function..1 leavea per plant at cknthly interval-

Treat* e ts 30 days 61 days 91 days

T1 12.60 31.16 53.00
T2
T3 13.23 30.12 56.24
T4 13.14 32.25 53.50
T5 14.75 */t4 »*4S? 54.24
T6 13.10 35.09 59.09
T7 13.00 31.23 50.42
SE& +, 0.696 0.924 1.114
C .0.(U.Oi) -  *m&m 2.878 3.467

246 days
122 days 153 days 181 days 212 days (at har

vest)

60.33 52.75 50.00 48.25 46*20

59.75 51.42 '48.20 46.50 4 >.73
61.42 56.33 54.38 52.80 49.25
64.50 53.32 56.42 54.50 33.10
6:.. 75 62.50 60.50 58.25 35.70
62.67 54.92 52. SO 50.10 49.00

0.856 1.773 0.816 1.997
3.107 2.665 5.530 2.541 6*216

OOcn
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a reflection c-f competition between the .• uincrop and the 
intercrop,

“♦•10*3* Canopy diameter
The data on canopy dianeter of tapioca at monthly 

intervals are • iven in Table 18* . o ^peoific pattern of
canopy uiuueter was observed in any of tho tretreats.

i.11. Yield attributes ana vle>d of ,..al,. ur. . (t-nloca)
The drta on yield attributes uiu yielu of tcpiocu 

ere given in Table 19,

4*11*1. bui.loe of oxvuuctive tubers per plant
It is seen from the data (Table 19) that the number •. f 

productive ti bers per plant was not affeetea by the different 
treatments. This me ns that there is rn, oi:-nifio.,„ot ef ,eot 
on the nui lor of prouuotive tubers per plant either : y inter- 
cropping with cowpcu or Yy ridge or aouna uethoa of cultlv. - 
tioi: of t.-piC'C':*

4.11.1.
The data on length of tubers are prese ted in Table 1 

It is seen frcn the d..- La thot the length of tubers was
significantly irilueroed by dliferent tre^tuontc. oho ...uriuuu 
length l£ the tube a Wus observed in T6 ar.e uinimun in T1,
There Was si nr if leant difference in the length *.£ tubers 
between T4 (Tapiuco in ridges across the slo^e with in .ercrop) 
one T6 (Tapioco ..leno on ridges across the slope). Thus the 
influence oi the intercrop in reducing fere length of tubers (T4) 
by competition with tho main crop was evibe t in the result. •



Table 13. Canopy diameter of Tapioca at 
Agrc -"techniques

D.cnthly intervals (cm) as effected, by different

Treataerts 30 dayr 61 dsye 91 days 122 days 153 day 181 day 212 days
246 days 
(at har
vest)

T1
T2

46. 92 S3. 9a 116.04 98.30 98.25 45.50 58.25 101.34

T3 44.17 86.50 112.50 102.73 70.27 42.92 61.73 103.44
T4 4c.. 34 85.17 117.92 107.04 71.50 41.92 60.34 98.50
T5 49.42 96.75 120.33 108.50 74.23 42.2? 36.09 94.42
T6 48.00 92.58 116.33 105.92 76.00 46.33 59.83 95.34
T7 45.17 93.84 113.75 110.84 71.84 40.50 58.92 104.83
SEra ♦ 0.862 1.194 0.535 2.220 1.094 0.632 0.526 1.756
’■ ( 0.05) 2.665 3.717 1.668 6. 914 3.407 1.267 1.636 5.467

oo



Table 19. Yield attributes er..d yield of Tapioca as affected by different
A grc-tecfcaaique s

Treatments
4ur..eer of 
productive 
tubers/ 
pi., it

Length of
tubers
(ca)

Mean girth
of tubers 
(ca)

Yield of
tubers
(fresh
weight
(kg/ha)

Lry 
weight 
of tops 
(kg/ha)

larvest 
index * 
(3 )

T1 12.00 23.38 13.00 12987.05 2056.7 66.32
(34.52)

T2
v-*4b 11.33 25.73 13.95 12663.53 2240.8 6.->.96

(53.70)
T4 12.92 a~'.87 13.49 15684.15 2335.7 67.03

(54.95)
T 5 13.60 29.38 1b. 58 14183.58 2550.9 64.75

(53.57)
T5 14.33 32.75 14.48 17840.35 2630.6 67.14

(3-J.02)
T7 13.00 23.00 14.18 13844.45 s <raO o 4 65.01

(53.73)
SiSfil -v- 1. 191 1.767

5a,? 7
1.342 505.159 126.519 0.972

( *n.(0*05) -• b * < '•* 1572.2468 » *»•

• igures in br-csuts re angles oooo
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4 .1 1 .3 .  M»an g ir th  of tu b rn

The data on girth of tubers are .iven In Table 19.
It is seen that the girth of tubers was not significantly 
influenced y different treatments* It ©an be concluded that 
neither the different methods of cultivation of tapioca nor 
intercropping with cowpea had any significant influence on the 
aeon girth of tuners*
4.11.4.

It is seen froa the data that the yield of tubers was 
significantly influenced by different treatments (Table 19)•
The yield of tubers in T6 was significantly superior to all 
the other treatments* In 11, T3 and T7 the yields of tubers 
were on par* The yields of tubers in 14 and T5 were cn per and 
were significantly higher than that in T1, T3 arid 17. The 
a..xinuL: tuber yield of 17,840*35 hg/ha in. T6 was observed due 
to the significantly higher mean length of tubers and higher 
number of productive tubers per plant. Fret: the data it con 
be concluded that the various methods of cultivation except 
planting tapioca cn ridges across the slope without intercrop 
have no influence on the yield of tubers.
4.11*5. Drv welaht of tons

The data cn the dry weight of tops are given in Table 19. 
The dry wight of tops was not significantly influenced oy 
different treatments* However, maximum dry weight cf tops was 
recorded by T6 and Mataur, by T1»



90

->.11.6, harvest Indmi
i/pou the data given in Table 1,. it is seen the

saaaiiuue harvest inde.. wn' re .x.rded by T6 (67.1d':) aria sr.-ir.itur- 
by T5 (64,75>c). however, this was net statistically aignifi- 
j nt suggesting t-.t the different method;; g* cultiv-.ticn ...nu 
intercropping with cowpea nave nc- si m i .. leant it £L c.n.e *.n the 
harvest inde.: ef t..pioca.

a, 12. diem-trie observations of intercro- (Cowpea)
The data vh the biometric coserv tiers such uc height 

anu fi:netiv.nal leaves were recorded at 20 days intervals and
presentee, ir. Table 20.

s.12.1. height of plant w
The data indicated thot there were oul,/ very snail 

differences in the height of cowpea between the hre-.-t. ents. 
This iruic tea th t ridge method9 Loth slmi; cr.d across the 
nicpe ana ..u.uno method of cultivation uo net f.ve any ..erhed 
ef/ect vB the height cf the intercropped ccwpeo ciarirf' the 
at tire period. cf growth.

■ ♦ * 1 2 Pcreticnrl leaves per plant
The data inuiCwtea ©niy small difference between tre. c- 

aents# This reveals that the various planting methods of 
tapioca do not have any marked effect on the functional leaves
cf the intercropped cowpea.

4•13* flGla attributes a:..a yield of intercrop (Ccwre.,)
The data on the yield attributes and yield cf the 

intercropped ccwpeo cue given in Table 21.



Table 20. Periodical bloaetric observation;
different Agro-Teel mimes

rharscters Dei?$ht of plant (cm)
Dates of
baervi.tion oq days 40 days 60 days 

Tre:-ti.<_ntr

T3 15.38 3D.27 97.44
T4 15.53 39.71 97.21
T7 15.32 38.66 93.35
SEra 0.935 0.435 0.754

of Ccwpea a... ai‘:'ected ay

Fuacticrxal leave s/plant

20 days 40 day: 60 days

4.16 12.00 8.66
4.23 11.66 3.66
4.40 12.00 3.00
0.4?1 0.600 0. 509



Table ?1. Yielc -..ttrl jutou, and

Treo.tmerts

-  i l f O r O f i t  i-g T '- - t c -  Ci iH iqU O G

.v. u , . O r e  in
. 9 /% * yield pea /pi. ovt ({j.'T/ha)

13 3.36 801.63

14 6.20 818.43

17 3.53 815.50

SEa * 0.308 30.663

* figures in brackets ore angles for

as affectea by

Dry weight I .rvest 
of b h u c a  i n d e x *
(kf*/hfc.) {%)

1443.04 35.71
(36.69)

1483.17 35.55(36.60)
1408.'90 35.38

(36.49)
36.447 0.478

;oapariscn.

CO
r\3
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4.13*1* dumber of pods per plant
The numjei* of pcds per plant exhibited only small 

differences between the treatments* This suggests clearly 
that the different methods of cultivation cf the main crop 
dc not have marked effect o r  the number of pods of the 
intercropped cowpea#

4.13*2. Grain yield
The maximum grain yield was recorded ’03; T4» the 

difference was uniy very small. This suggests that the 
different methods cf cultivation of tapioca do n^t have .My 
marked effect on the yield of the intercropped cowpeu.

-.13*3. brv weight of bhuoa
In the case of dry weight of bhusa also difference 

between the treated tc were only very small. Thus the data 
clearly indicate tin.t the different methods cf cultivation of 
tapioca do not have significant influence on the dry yield of 
ahusa c : the intercropped cowpea.

4.13*4. Harvest Index
The harvest index recorded by the various treatments 

showed meagre difference again suggesting th X the difforce t 
methods cf cultivation cf tapioca dc not have aarued effect 
on the harvest index cf the intercropped cowpea. The 
vegetative us well us the productive attributes of the 
intercrop shewed only r.inar difference ©tween the treatme. ts. 
hence it is natcr- 1 taut the harvest inde.: als.. shcwea nc 
s ig n if ie s  nt dif ..eres.-ce between tre treats.
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siimmriY

An experiment was conducted at the Instructional Fora* 
Veiloniitk.ra from -June 1981 to February 190 : tc study the
effect if different agrc-tec!jaiques on sell ii.ss, uri-ee 
runoff end soil ktlatere storage in hill slopes, The treat
ments consisted of (1) tapioca idU.ee in ridges el^ng the sU.pe, 
(j) uncultivated care fallow as control (35 tapioca in ridges 
...long the slope with cowpe- as intercrop (4) tuplec. in rid./us 
acro/s the slope with aowpea as intercrop (5) tupU,c.; alone in 
rounds (6) tapioca -lone in ridges across the slope and 
(7) topiv on sounds with oowpea as intercrop* The experi
ment wan ccnau .tea in runoff plots of size J-f.3 o x .*7 s.
The runoff are soil loss were deter/ineti unde/* it erosive 
rainfall/ which occurred during the period under the study.
The data were sub, eoteu to statistical anal/si.-, u/.a tie results 
axe sumuri.:.ec arrow,

1* The total rainfall was better correlated with rur.c ff
and soil loos followed closely toy the average intern-it/, The
ccrrei ticn soef i.?ient of runoff with all other r-irlall 
parameters were , ot si/rii; leant#

2, Maxlc:un runoff and soil loss were o I served in plots
with topicca in ridges along the slope without intercrop which
was significantly superior to- all the other treatise■ to.

3* Coupea intercropping ceulu significantly red-,, ce runoff
/mo ;: c 11 less.



-4# The planting of tapioca in ridges across the slope
was found tc be effective in reducing soil ui.u water losses#

3* Under high intensity rainfall conditions the -enter:t 
of sand in runoff sediment was fCiunc to do* higher.

6# .axiuur loss of nutriex.ts viz# 131*29 kg nitrogen,
41 #44 kg  phosphorus 124*63 kg pctassiuc oer hectare wore 
registered by the treatment with tapicca in ridges alw-ng tlie 
clwce rithv-i t intercrop#

7# r&niron retention cf rainfall was recorded by tapiovd
ir. ridges across the clcp^ v;ith cewpea as intercrop#

8# The ph conductivity of runoff water were nvt 
cignifioantly influenced <y different treatceuto#

9# During the dry periods aauiaum stc-mge of noisturc in 
30-45 co soil layer was recorder by uncultivated bare fallow 
pit. ts# The depletion ■>.£ c--.il cist .-re in the 30—43 ca soli 
'layer was higher in cvltivuted plots ooapured to unculti-
V.. ted bare follow piety#

10. The height of tapioca was t.axiraum in plwts w,- th tapioca 
in ridges across the slope#

11. The number of functional leaves p e r  plant in tapioca 
was caftiDua in plots with tapioca in ridges across the slope#

'K • Tlie □o.ria.ur le> ,,th cf tapioc tubers vas recorded in 
plots with tapioca in ridges across the slope.
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13# The yield of tapioca tubers was aaxioua In plots with 
tapicca in ridges uen-ss the slope*

14* The bicaetrio characters and yield of the intercropped 
ccwpea was act markedly affected by the various agro-techniques*
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Timmons, D.R, and holt, R.F, (1977). Nutrient loss in surface 
runoff from anative Prairie. J. Environmental.
Quality. § (4)i 369-373.

idaikuraor Yadav, (1961). Role of rain drops in soil erosion.
Soil Wat. Ccnserv. India. £* 100-187.

Vasudevai©h, ,d,, Singh Tectia, and Guha, D.P. (1965), Runoff 
soil loss determination studies at Decchanda 
Experiment Station* II. Effect of annually cultivated 
groin crops ard perennial grasses on 5 pet cent slope. 
£• Wat» Ccnserv. India. ^2 (3&4): 36-46.



Vlswambharan, K. (1980). Effect of Agrt technique* s ••- n ocil
lass, surface runoff and soil moisture storage in 
hill slopes. !,.Sc.(/ g) Thesis. Kerala Agricultural 
University*

Vialkinson, G.E. (1973). Cropping management factor in the
un.iver3i.ti soil less equation for ccwpea on tropical 
soil;.. Agrcn. Abst. p.160.

illey, (1979). Intereropping-Its import mce ana research
needs. Field Crop Abst. Jgi 1-10 me 7>83.

illiamson, E. and Kingsley, Q. (1974), Across slope forming 
saves runoff. Sooth Dakotto Farm and Hoiao Research. 
gg (D* 14-17.

^ischoeier, (1955)* Punch cards records runoff and soil
loss dat-. Agric. Emma. £§* 664-666.

Uloctmeier, U.I.. and Smith, D.D. (1958). Rainfall energy and 
its relationship with soil loss. Trans. Amer. 
Geobhvsl. Union. Jg i 283-291.

olschaeier, (1339). A rainfall ere sicn index For Universal
soil equation, ?roc. Soil Eel. Soc. Ann. 23 (3)* 
246-249.

*oischneier, l.lf. (1961). Distribution of roinfull erosion
potential in the U.S. Prepared for presentation at 
the national meeting of Amer. See. Agrlo. *ngng.
Iowa.

'..ischoeier, ;.F. ond Dmith, E.D. (1965). Predicting rainfall 
erosion losses from crop land east cf the rocky 
cicur»tains-A guide for selection of practices for 
coil aad Water conservation. Agri. Hand 3c ok 
: .0.202, USDA.

Wischmeier, v.*h, (1966). Relation of field plot runoff to 
mmageme.at and physical factors, Proc. Soil i ci.



Kischmeier, Vi.B., Johnson, G.3, and Cross, B.c. (1.65). A soil 
credibility monograph for farmland and construction 
sites. J. Soil Rat. Ccnserv. 190,

bischmeier

Yadav, V, i 

Zandstra, \

Zingg, A.'.

W.K., Johnson, C.B, and Cross, B.V. (1y?1). k soil 
erodioility monograph for farmland and construction 
sites. £* Soil Wat. Ccnserv. 189-193.

1961). Role of raindrops in soil erosion. J. Soil 
Cat. Conserv. India, g (3&4)i 180-187.

:«G. (1978). Cassava intercropping research, 
agronomic and biological interactions. From 
Intercropping with cassava. Proc, cf an International 
work sncp held at W I v a n a i n i G i ,  India, 27 Rcv.-Dec, 1971. 
Ed.v dward b’ebber, Barry, tJestel ar d larilyn Campbell,

(1940). Degree ar>d length of slope as it effects 
soil less in runoff, Agric. Exum^m 59-64.

* Originals not referred.





apfe;&>xx - i
Weather data (weekly averager:) free 30th May 1901 tc 26th February 1982.

Bate Weeks Tecs©. c Relativehumidity
m

Totalrainfall
(ct)

Number ofrainydays
Hours ofbrightsunshine

Windspeed
kra/hcur

Evaporation
m/dayrcasc. llfai.

May 30 • June 5 1 28.6 22.7 91 360.2 7 0.4 1.8 0.4
June 6 - Jane 12 2 29.9 22.9 92 280.7 7 1.6 1.0 0.8
Jtaae 13 - June 19 3 27.5 22.2 91 319.4 7 0.6 0.6 0.2June 20 —  June 26 4 28.1 22.1 83 276.6 7 3.5 3.0 0.7June 26 - July 3 5 29.9 22.7 86 e» • 5.5 1.5 1.2
July 4 • July 10 6 29.2 22.5 87 194.3 7 3.7 2.0 0.9July 11 •  July 17 7 29.3 22.0 36 127.3 5 3.8 2.1 1.5July 18 •  July 24 8 30.0 23.4 86 61.0 3 6.2 5.1 3.4
July 23 •  July 31 9 27.9 22.8 90 130.1 ? 1.8 3.1 OJ6
AUg. 1 -  A u g . 7 10 28.9 21.6 91 68.6 4 A*1 3.2 2.6
Aug* 8 - Aug. 14 11 28.4 22.4 87 $0.0 4 2.8 2.2 1 . 2
Aug. 15 • Aug. 21 12 27.5 22.3 89 257.1 7 1.6 2.0 0.7
Aug* 22 - Aug. 28 13 29.8 21.5 84 29.2 2 5.4 2.8 3*2Aug. 29 - Sept. 4 14 30.4 23.4 79 3.0 1 6.3 3.0 3.4
Sept. 3 • Sept*11 15 29.24 22.9 84 117.6 6 3.2 1.8 1.2
Sept* 12 ** Sept. 18 16 28.9 22.5 87 162.1 7 2.0 1.1 1.8
Sept.19 • Sept.25 17 23.1 23.0 91 240.1 7 2.6 0.9 0.6
Sept.26 • Oct* , 2 18 30.6 22.9 82 «» «* 5.8 2.4 3.6
Oct. 3 - Oct. 9 19 30.9 22.5 77 331.2 2 6.9 1.6 3.5
Oct. 10 * Oct. 16 20 30.8 23.0 79 5.0 1 5.9 1.1 2.5
Oct. 17 - Oct. 23 21 31.7 23.0 79 10.2 1 5.4 1.0 1.5Oct. 24 • Oct. 30 22 29.7 28.9 79 40.0 3 4.2 3.5 1.6
Oct. 31 - Mov. 6 23 30.4 22.5 82 1.6 1 4.8 1.3 2.2
* ov. 7 - Jov. 13 24 31.2 22.1 73 76.4 3 7.3 1.1 3.0

C vjiitd# . 2*



Appendix - I Ccntd.

Total Humber c f  Hours of Wind Evaporation
ra in  fa lay  b rig h t speed OB/aay
fail days sunshine kra/hour
(is.)

RCV. 14 - fiov. 20 25 32.3 22.6 68 • • 9.4 4.3 3.6RuV. 21 -  GOV. 27 .26 31.9 20.2 66 _ — 7.7 1.4 3.9
Gov* 28 - Dec. 4 27 31.0 23.4 67 2.2 1.0 9.0 8.4 4.7Dec. 5 - Dec. 11 28 32.7 19.3 61 — •» 10.0 2.4 3.8Dec. 12 - Dec. 18 29 31.2 19.6 62 • - 6.7 7.1 5.2Dec. 19 - Dec. 23 30 30.9 23.4 65 — • 9.8 16.4 8.1Dec. 26 - Jan. 1 31 31.9 22.0 57 - — 9.8 10.9 6.4
Jan . 2 — J an. 8 32 31.5 21.5 55 * — 9.9 14.3 7.7
Jan. 9 - Jan . 16 33 32.3 20.3 59 — • 10.1 8.2 5.8
Jen . 16 - Jan. 22 34 32.7 20.7 52 — 10.1 8.5 7.5
Jan. 23 - Jan. 29 35 33.2 22.5 69 — — 9.9 10.8 6.8
Jan . 30 - Feb. 5 36 34.6 21.7 55 — — 9.5 10*1 7.2
Feb. 6 - Feb. 12 37 36.0 21.3 54 — - 9.9 5.3 6.3Feb. 13 - Feb. 19 38 35.9 21.3 62 — — 9.9 4.0 4.7Feb. 20 - Feb. 26 39 37.1 20.7 53 •ft - 10.2 5.8 7.7

Vi80k8 a s * * " *  f e -  S g p



AWPEIJDIX II

Dates of 
observation

Total rainfall
in .aa

Average intensity 
in tm/hr

i 2 3

16—6—81 67.2 ) pOfU
17-6-81 49.56 2.065
18-6—81 76.42 3.135
19-6-81 21.84 0.91
20-6-81 26.88 1.12
22—6—01 115.92 9.83
23-6-81 20.1 0.837
24—6—81 71.4 2.575
23-6-81 10.08 0.42
26—6—81 33.6 1.4
27—6—81 4.2 0.18
23-7-01 31.92 1.33
4-8-81 117.6 9.9
11-8-81 52.06 2.17
14—0—31 25.27 1.052
20—8—81 75.2 3.13



9c.

1 .
2.
3.

5m
6.
7.
8.
9.
10.
11.
12.
13.
1*̂ .
1̂ .
16.

AIIAIYSIG -F V.ai^US ILXuV. .JU. Ŵ uVtbTi-iSw FOR ER-JFlUl. CM,.. ,.,CTL.0tS4l28
At'rLrCflX III

Rainfall fittxifaum Maxicur: ifeximuia laxjuaut; BX-in ant 5 minutes 15 minutes 30 minutes 60 ninutos rintensity intensity intensity intensity (metric units)
(mm/hr) (tm/hr) (m/hr) (am/hr)

29.92 78.00 26.00 23.50 12.70 29.92
37.30 43.20 14.90 14.83 13.33 13*35
49.36 63.00 29.60 19.00 11.60 30.954
45.23 39.60 10.80 8.00 5.50 51.12
27.21 31.60 17.20 12.00 7.40 13.23
21.8 V 33.60 3.60 3.60 4.20 6.892
26*38 66.00 32.80 21.00 6.60 30.525
70.20 70.30 23.60 13.60 12.40 53.19
45.32 80.40 26.80 13.40 10.30 32.32
20.10 78.00 26.00 13.00 9.40 17.977
20.90 72.00 24.00 10.60 7.70 21.52
50.30 114.00 38.00 15.00 12.50 60.09
10.08 0.18 0.60 2.10 3.30 2.537
33.60 67.20 22.40 16.20 10.30 26* 584
52.08 54.00 18.00 4.50 7.50 21.418
2% 27 32.40 10.80 9.40 10.20 9.971



/iPi'E 1,1.. Ill (Contd.)

EI.r }_I%  ElgQ Total kinetic energy of Ala
(oetrlo units) (nSrlc units) (Mtrie units) I"e1ari!: (units)

7 8 9 10 11

9 .97 9.01 3.69 383.678 7.774
5.11 4.51 ‘■*•74 355.416 ^.222
12.83 8.523 4.497 448.613 13.148
13.94 10.32 7.10 1290.949 7.089
9.41 3.07 1.89 236.584 5.024
0.738 0.738 0.861 205.144 10.483
13.17 3.712 4.44 462.513 5.053
17.73 11.72 9.37 751.292 16.896
10.77 5.38 4.22 402.032 7.510
5.992 2.996 2.166 230.481 1.849
7.17 3.169 2.30 299.007 3.762
20.03 10.01 6.58 527.149 9.595
0.845 0.296 0.747 140.969 10.281
8.394 6.432 4.09 397.088 5.130
7.139 1.784 2.974 3*96.645 ‘-*.010
3.323 2.892 3.139 307.759 5.821



: EPE. 'BIX IV
Mean Squares c-f Analyses of Variance for runoff in ICf̂ rx* (transformed data)

Dates of 
observation 16-6-81 17-6-81 1B—6-81 19-6-81 20—6—81 22-6-81 23—6—81 24-6-81

Source df

Block 2 
Treatment 6 
Error 12

0.0071
0.3301**
0.0024

0.0018 0.0150 
0.1488** 0.1475** 
0.00087 0.01006

0.0139 0.00007 
0.2399** 0.3457** 
0.0044 0.0189

0.06165
0.1863**
0.0318

0.4207**
0.3348**
0.0410

0.0149
0.1170**
0.0044

Dates of 
observation 25-6-81 26—6—81 27-6-81 28-7- 1 4—0—81 11-8-81 14-8-81 20-8-81

Source df

Block 2 
Treatment 6 
Error 12

0.0566
0.1055
0.0523

0.0391
0.1168*
0.0362

0.0074**
0.1013**
0*0006

0*0667 0.0766** 
0.1304** 0.1369** 
0.0015 0.0086

0.1256**
0.1639**
0.0037

0.2126**
0.2051**
0.0037

0.0539*
0.2103**
0.0098

* Significant at 5 per cent level
** Significant at 1 per cent level



AP!-£riDIv V

Mean Squares of Analysis of Variance for Soli less in kg/ha (Transformed data)

Dates of 
observation 16-6-81 17-6-81 18-6-81 19-6-81 20—6—81 22-6-81 23-6—81 24-6-81

Source df

Block 2 
Treatment 6 
Error 12

0.0012
0.4559*^
0.0006

Q.0003
0*9306**
0.0046

0.0101
1.0317**
0.0229

0.1831
0.3023*
0.0782

0.199-
0.6155**
0.0702

0.3054**
0.7467**
0.0292

0.2246**
0.2915**
0.0176

0.1006*
0.9317**
0.0150

Dates of 
observation 2.>—6—81 26-6-81 27-6-81 2D—7-81 4-2-81 11—8—81 1a-8-81 20-8-81

Source df

Block 2 
Treatment 6 
Error 12

0.0882
0.1515
0.0650

0.3031**
0.1554**
0.0305

0*0002
0.0723**
0.0103

0.1073**
0.0315**
0.00083

0*8714**
0.3463*
0.1006

1.2384**
0.3939**
0.0162

1.8287**
0.3206**
0.0081

1.0490**
0.7859**
0.0512

* Significant at 5 par cent level
** Significant at 1 per cent level



Api-ENDIX VI

llean Squares cf Analyses of Variance for Total runoff, Total soil loss and 
Runoff as percentage of Total rainfall during tlie period of observation

Source df

Total runoff during 
the period of 
observation (mra) 
(Transformed data)

Total soil less in Runoff as percentage 
kg/ha curing the of total rainfall 
period of observation during the period of 
(Transferred data) ^ggpration

Slock 2 0.0083 0.1483** 18.8352*

Treatment 6 0.1493** 0.5309** 172.6472**

Error 12 0.0026 0.0025 4.7596



AivE:.-3DIX VII
I4ean Squares of Analyses of variance for available P less (g^a*an)

Dates cf 
observation 16-6-61 17-6-81 18-6-81 19-6-81 20—6—81 22-6-81 23-6-81 24—6—82

Source df 1 2 3 4 5 6 7 8

Block 2
Treatment 6 
Error 12

62.8503**
5.7131
3.3632

2.8417
7.S437
4.3416

29.4003*
5.8y64
4.5373

112.6309*
36.3096
85.7177

64.4714*
75.1063
23.2053

28.2362*
16.7624**
2.0338

290.6313
435.9922*
120.3693

3.8831
12.1353
4.4887

Dates of 
observation 25-6-01 26—6—81 27-6-81 20—7—81 4—o—81 11—0—31 14-8-81 20-8-81

Source df 9 10 11 12 13 14 15 16

Sleek 2 
Treatment 6 
Error 12

4.4865*
0.8576
0.6374

4.2578
5.7696
2.7311

5.9706
20*8456
8.3251

18.9548**
0.8376**
1.7783

9.9280 
7.2098 
5.4063

15.9658
8.9403
6.0042

3.7171
16.9437
3.1413

11.5509
7.9751
8.7460

* Si/.̂ nifloant at 5 per cent level
** Significant at 1 per cent level



ArKEMiXX VIII

ear* Squares cf Analyses of Variance for available K loss (g/ha.cn)

Bates of 
enervation 16-6-81 17-6-81 18-6-01 70-6-81 20-6-01 28-6-81 23-6-81 24-6-81

Source df 1 2 3 4 5 6 7 8

Block 2 
Treati.Ci .t 6 
Error 12

64991*758
215971*627*
32091.0377

2067.0541
216681.73
85955.125

12617.5726
32822.546 
23535* 908

11502.794
70321.668
30219.500

75078.35
278560.56
123324.39

35768.473
448169.97
401393.32

61759.233
2494382.0
858161.08

9367.6096**
204778.72**
845.5672

Bates of 
observation 23-6-81 26—6—81 27-6-81 28-7-81 4—6—81 11-8-31 14-8-81 20-0-81

Source df 9 10 11 12 13 14 15 16

Block 2 
Treatment 6 
Error 12

11863.751
25406.118
13165.152

297102.43**92639*1093 
23233.433 3898992.5 
8137.805 4272813.6

142357.17**163078.5* 
23424.50 42571.806 
11639.33 33210.416

141556.47
94166.05
77390.918

72381.323* 
50231.65 
17321.259

59281.335 
4* 168.66
16553.506

* Significant at 5 per cent level
** Significant at 1 per cent level



APPENDIX XX
Mean Squares of Analyses of Variance fcr runoff percentages {Transferred data) 
as affected by different treateents anti dates of observation

Dates of 
observation 16-6-81 17-6-81 18-6-81 19-6-81 20-6-81 22-6-81 23-6-81 24-6-81

Source df

2
6
12

14.5285
355.8419**
6.0408

7.3767 35.8857 61.0573 49.3297 12B.9377 
330.5717** 186.2798** 414.5072** 1036.6877**182.4558 
4.0581 11.5902 18.9604 46.4330 223.0134

991.6485** 32.9108* 
307.0267* 176.5694** 
82.6008 5*8900

Dates of 
observation 25-6-81 26—6—81 28-7-81 4-8-81 11-8-81 14—8—81 20-8-81

Source df

2 47.5921 20*0266 2.2832 34.6237** 114.0817** 147.6579* 34.3337*
6 159.9679** 449.5810* 111.1630** 46.6967** 227.7019** 261.7770** "d . O -A * *

12 13.9777 95.1111 9.3191 4.1965 12.4228 25.7553 6.1433

* Significant at 5 per cent level
** Significant at 1 per cent level



'■Sean Squares of Analyses f Variance far retentive rainfall percentage 
(fraasfdroed to angles)

APPE®IX ?•:

Dates of 
observation 16-6-81 17-6-81 18-6-81 1j—6—81 :0— ,.—B1 22—6—01 23-6-81 24-6-81

Source df

Block 2 
Treatment 6 
Error 12

14.8329
354.7443**
6.0710

207.3623
147.7343
62.3321

35.2533
185.5405
11*4924

60.9836 50.4302 33.5796 
414.3180** 1039.9937**111.2345**
18.9686 46.6452 11.1907

1075.2385** 50.1714 
268.7976* 183.0978** 
81.0453 15.9578

Dates of 
observation .'5-6-81 26—6—81 28-7-81 4-8-81 11-8-01 14-8-81 20-8-81

Scure© df

Block 2 
Treatment 6 
Err r 12

47.7370
159.7361**
14.0199

21.7555
943.2515*
92.3520

2.2103
111.3427**
3.2579

33.5911**
46.8178**
4*1290

0.9195
146.547
151.1684

172.9076* 33.0666* 
234.6464** 159.8868** 
33.4127 5.7204

* Significant at 5 per cent level
** Significant at 1 per cent level



APPEtDIX XI
Mean Squares of Analyses cf Variance fcr the pH cf runoff water

Dates of 
observation 16-6-81 17-6-81 18-6-81 19-6-81 20-6-81 22—6—81 23-6-81 24-6-81

Source df

2 0.4471** 0.4642** 0.4133** 1.0133** 0.3290** 0.4c47** 0.5790** 0.4347*
6 0.0674 0.0163 0.0107 0.0198 0.0242 0.0253* 0.0082 0.0385
12 0.0293 0.0253 0.0055 0.0572 0.0223 0.0075 0.0501 0.0730

Dates cf 
otsseivetion

25-6-81 26-6-81 27-6-81 28-7-81 4—S—81 11-8-81 14-8-21 20—8—81

Source df

2 0.5633** 0.4747** 0.9404** 0.3776** 0.3776** 0.5676** 0.2433** 0.4576**
6 0.0319 0.0160 0.0083 0.0149 0.0149 0.0065 0.0098 0.0120
12 0.0150 0.0136 0.0221 0.0103 0.0103 0.0098 0.0088 0.0087

* Significant at 5 per cent level
** Significant at 1 per cert level



A*PE;a>i:: XII

Hean Squares of Analyses of Variance fcr electrical conductance of runoff water 
( nicruahcs/cu)

Dates of 
observation 16-6-81 17-6-81 18-6-81 19-6-81 20—6—81 22—6—81 23-6-81 2c—6—81

Source df 1 . . 3 4 5 6 7 8

Black 2 
Treatment 6
Error 12

28.1837*
16.4937
6.8976

174.6394** 32.9019
8.0104 11.4688 
2.6823 10.4909

83.9273*
44.1078
21.2071

139.1
28.983
11.3465

15.0996*
3.3033
3.5642

16.5291
70.3641
26.2643

24.2189*
9.6906
3.541$

Dates of 
obse:*v-tioii 23-6-81 -6-6-81 27-6-81 28-7-81 4-3-81 11-8-81 14-0-81 20-8-81

Scuxe df 9 10 11 12 13 14 15 16 '

block 2 
Treats' ent 6 
Error 12

234.74**
9.8213
28.33

80.2289
13.6864
12.7414

21.4963
46.7344*
13.3579

71.2215*
33.6073
13.4791

14.7189
10.5239
4.7082

02.8301
34.0408
23.2212

68.9308**
25.6357
9.2968

6.1676
7.7176
3.1134

* Significant at 5 per cent levex
** Significant at 1 per cent level



APFEMJIX XIII
Ptean Squares cf Analyses of Variance fcr Soli acisture stcrage (>S) (0-15 cm)

Petes of 
observation 2-6-61 16-6-81 30-6-81 13-7-81 27-7-81 11—3—81 23-8-81 9-9-81

Source df

6
12

1.8514
6.9841**
1.1743

3.2922**
8.1247**
0.6637

1.8684** 
11.3057** 
0.1718

3.1523**
14.8557**
0.1936

2.3433** 
4.9S65** 
0.10 3

0.8501**
13.^317**
0.1164

0.6862*
5.9844**
0.1404

0.6714**
6.5700**
0.0643

Dttes of
observation 23-3-61 7-10-81

Source df

.7

6
12

3.1064**
3.3656**
0.0004

8.3740
24.0430**
2.1764

* Significant at 5 per went level
** Slgnixleant at 1 per cent level



AH £IJDI>: XIV
Fi©an Squares cf Analyses cf Variance fur Soil moisture storage ($) (15-30 cm)

Dates cf 
observation 2v6-81 16-6-81 30—6—81 13-7-81 27-7-81 11-8-81 25-8-61 9-9-81

Source df

2
6
12

10.2709**
9.5690**
0.8599

1.8993**
4.1018**
0.0473

15.4744** 2.5936** 
6.9405** 14.3680** 
00.3465 0.2280

3.2522**
12.7121**
0.0018

0.2190* 
11. 463** 
0.12066

0.3160
6.9779**
0.3463

2.9901
13.5801**
2.2471

Dates of 
observation 23-9-01 7-10-81

Source df

2
6
12

3.0262**
25.1868**
0.0019

9.9939*
8.3153*
2.0305

* Significant at 5 per cent level
** Significant at 1 per cent level



AFPLI'DIX * V

Mean Squares of Analyses of Valance for Soil noisture storage (?£) (30-45 ca)

Dates of 
observation
Source df

2 
6 

12

Dates of 
observation 2-6-01 16-6-81 30-6-81 13-7-81 27-7-81 11-3-81 23-8—81 9—9—81

Source df

2 5.4613** 2.2611** 5.3192** 2.3321* 2.1617** 0.6653 0.4035 1.3264**
6 10.8071** 3.3694** 7.9773** 12.7555** 8.1714** 11.5601** 8.5071** 7.7537**
12 0.4614 0.0378 0.1020 0.3943 0.0627 0.2479 0.9954 0.1368

23-9-81 8-10-81

3.9244
27.0299**
1.7077

1.2436
7.7519
2.6488

* Significant at 3 per cent level
** Significant at 1 per cent level



A k w m i  ■ T-’VI

Mean squares of Analyr.es cf Variance for height of tapioca at Lxnthly intervals (co)

Source df 30 days 61 days 91 days 122 days 153 days 181 d ys 212 days 246 uays 
(at har
vest)

Block 26.7872** 29.830i*» 30.2968* 1a.8734** 91.3026 102.0726 33.3279 32.2303**
Treatment 3 1.9542 22.5865** 78.-*468** 93.2949** 54.1241 63.0318 78.605* 111.5562**
Errcr 10 1.3400 1.23 >5 3.4302 0.3630 29.9373 35.4338 19.6439 2.8131

* Significant at 5 poo cent levo.:
** Significant at 1 per cent level



APPENDIX XVII

Mean Squares cf Analyses of variance fcr Canopy dianeter of topic ca at r.-cnthly 
intervals (on)

Source df 30 days 61 days 91 dys li.2 days 153 days 181 days 212 days 246 days 
(at har
vest)

Block #"£ 87.305** 73.3437** 114.3809** 256.1660** 143.461** 89.8093** 70.8776** 190.6521*
Treatment 5 26.7*55** 42.6193** 21.7638** 5o.0968* 313.0433** 14.8754** 11.4945** 53.1493**
Error 10 2.2333 4.2783 0.8613 14.7983 3.5255 1*1989 0.8301 9.2580

* Significant at 5 per cent level
** Significant at 1 per cent level



APPEIDIX XVIII
'lean Squares of Analyses cf Variance for functional leaves per plant at monthly 
intervals (tapioca)

Source df 30 days 61 days 91 days 122 days 153 days 181 days 212 days 246 days 
(at harvest)

Block 2 93.7222** 132,166** 103.722** 172.0555** 116.666** 112.166** 210.666** 121.5**
Treatment 5 1.5222 1 1 .6* 26.3555** 39.9555** 47.7333** 56.9333#* 56.9333** 50.266*
Error 10 1.4535 2.566 3.7222 2.9388 2.2000 9.5000 2.0000 11.966

* Significant at 5 per cent level
** Significant at 1 por cent level



Mean Squares of Analyses of Variance for yield ,.nd yield attributes cf tapioca

Ai-PEiDlX XIX

Source df
Juraber of 
productive 
tubers/ 
plant

number of 
unproduct
ive tubers/ 
plant

Length of
tubers
(cm)

Mean girth 
cf tubers 
(co)

i Y ield of 
fresh 
tubers
(kg/ha)

Dry weight 
of tops 
(kg/ha)

Harvest
index
(percentage 
converted 
to angles)

Block 2 41.7222** 22.7222** 28.6233 19.9534* 10084535.7** 1545078.02** 57.3783**
Treatment 5 3.5555 14.9888** 35.7780** 1.1113 11241489.10** 132920.786 1.4292
Error 10 4.2555 1.1888 9.3674 3.9162 765558.573 48021.307 2.8378

* Significant at 5 per cent level
** Significant at 1 per cent level
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abstract

A field e .periaei.t w-s conducted at the Instructional 
Farm, Vellunikkara during June 1981 to February 1902, tc 
study the effect of various Jgro-Techniqt.es cn soil loss, 
surface runoff or,d sv.il sjtisturo storage in hill slopes*
The experiment was conducted, with the coin objective cf 
studying the effect of cowpGe intercropping as well as the 
different methods of planting of tapioca on reducing soil and 
water less in hill cicpes*

The experiment was laid out in Randomised Block Design 
with seven treatments and three replications. The treatments
con. istev. of (1) tapioca alone in ridges along the slope,
(2) uncultivated bare fallow as a control, (3) tapioca in 
ridges along the slop© with ccvpea as intercrop, (4) tapioca 
*.n ridges across the slope with cewpea as intercrop,
(5) tapioca -lone in mounds, (6) tapioca alone in ridges across 
the slope ...no (7) tapioca in mounds with ccwpoa as intercrops.

The experiment was conducted in field runoff plots of 
■:.9,3 m x 2.7 m size. The runoff from the field were collected 
directly into w, ter prcoi polyethene linea earthen tanks and 
measured ..-Jter cash rainfall*

From the experiment it is observed tht total rainfall 
was Setter correlated with runoff and soil loss followed by 
average intensity.



Maxima runoff end coil loss occurred In plots with 
tapioca alone in ridges along the slop©*

Cc-wpea intercropping as well os tapioca planting in 
rid.es access the slop© were ©fiectiv© in reducin soil and 
water looses*

Tapioca alc-n© in ridges along the slope recorded ti* 
maximum losses of 14, P and K being 131*29 kg, 41.44 kg and 
124.63 kg/ha respectively*

Maxirauo retortion cf rainfall was recorded by tapioca
in ridges across the .lope with cowpea as intercrop.

The pH aid conductivity of runoff water were not 
significantly influenced by different treatments.

During the dry periods maximum storage :*nd thereby 
minimum depletion of moisture in 30-43 cm soil layer were 
recorded by uncultivated bare fallow plot.

The treataert with tapioca alone in ridges across the 
-lope recorded, greater hoiht of plants, more number of 
functional leaves per plant, maximum length of tubers and 
highest yield of tubers.

The biometric charseters and yield of the intercropped 
cowpeu weatenct affected by various cultivation r etheds of 
tapioca.




