AGROTECHNIQUES FOR SOIL CONSERVATION
"IN TAUNGYA SYSTEMS

By

R- GOPINATHAN

THESIS

Submitted in partial fulfilment of the

requirement for the degree

Bortor of Philosophy in gronomy

Faculty of Agriculture
Kerala Agricultural University

Department of Agronomy
COLLEGE OF HORTICULTURE
Vellanikkara - Trichur

Kerala - India

1986



DEDICATED TO:

THE HILL-SLOPE F2ARMERS



DECLARATION

T hereby declare that this thesis, entitled
' 2grotechniques for goil conservation in taungya
gystems' is a bonafide record of research work
done by ﬁe during the course of rezearch and that
the thesis has not previously formed the basis for
the award to me of any degree, diploma, assoclateship,
fellowship, or othér similar title, of any other
University or Soclety.

Vvell anikkara,
8-.12-1985,

R. Gopinathan




CERTIFICATE

Certified that fhis thesis, entitled
'Agrotechniques for soill conservation in taungya
syatems' is a record of research work done
independently by Sri. R. Gopinathan (82-21-03)
under my guidance and supervision and that it has
not previously formed the basis for the award of

any degree, fellowshilp, or associateship to him,.

vel lanikkara,

—Dr. C. Sreedh !’{

(Chairman, 2avi committee),
Professor & Head,
Department of Agronomy,
College ¢of Horticul ture,
Vellanikkara.



CERTIFICATE

We, the undersigned, members of the Advisory
Committee of Mr. R. Gopinathan (82-21-03), a candidate
for the degree of Doctor of Philosophy in Agronomy,
agree that the thesils entitled 'Agrotechniques for
soil conservation in taungya systems' may be submitted

by Mr. R. Gopinathan in partisl ful filment of the

regquirement for the degree.

C. Sreedharan,
Professor of Agronomy
(Chairnmnan)

P ]

T.P. George, P. Balskrishna Pillai,
Professor, Profesgor,
Agricul tural Engineering Agrometeorology
(Member) (Member)

R. Vikraman Nail‘.:. V.K. Ve%

nug
Pro fessor, Asgociate Professor,
K.2.D.P.

Agricul tural Chemistry
(Member) (Meither)



ACKNOWLEDGEMENT

I am immensely indebted to Dr. C. Sreedharan,
Professor & Head, Department of Agronomy, College of
Horticulture, Vgllanikkara, the Chairman of my advisory
committee; at whose behest the present task was under~
taken and completed. The constant encouragement,
guidance and constructive criticism received from him
during thé entire period of the 1nvestiga£ion are

gratefully acknowledged.

I am also obliged to Prof. T.F. Géorge.
Dr. P. Balakrishna Pillai, Dr. R. Vikraman Nailr and
Dr. V.K. Venugopal, merbers of my advisory committee,
for their encouragements, genherous investment of time
and numerous suggestions for the successful completion
of this project and preparation of the thesis. The pain
taken by Dr. V.K. Venugopal in scrutinising the manuscript

is specially acknowledged.

The interest of Dr. P.K. Gopalakrishnan, Associlate
Dean, College of Horticul ture, vellanikkara in this

project has been really instigative. My indebtedness

to him is unexplainable.

Sri. T. Madhava Menon, IAS, Hon'ble Vice-Chancel lor
of Kerala Agricultural University had inspired me by

visiting the experimental plot and charing his views and



valuable suggestions in the conduct of this experiment,
quite a few times. Dr. M. Aravindakshan, Director of
Research i/c., Dr. N. Sadanandan, Director, Post-
Graduate Studies, Dr. C.C. Abraham, Associate Director,
Dr. V.K. Sasidhar, Professor of Agronomy and

Mr. V.R. Krishnan Nair, Special Officer (Agroforestry)
were also visited the plot and encouraged me many times.

I place my deep felt gratitude to all of them.

I also had the benefit of exchanging views with
Dr. P.K.R. Nair, Principal Scientist, ICRAF, Nairobi,
Kenya. Hig frequent, elabdrative and Informative repliles
were of immense utility to. me. I am véry much thankful

to Dr. Nair.

It is my great pleasure to acknowledge the counsel
and encouragement received from Dr. M. Achuthan Nair,
Dr. J. Thomas, Dr. P.V. Balachendran, Mr. P.K. Ashokan,
Mrs. P. Sreedevi and Mrs. E.K. Lalithabal, my department
col leagues, throughout the period of investigation. The
gtrain taken by Dr. C.T. Zbraham to edit the entire

manuscript 1s sincerely appreciated. ]

I am thankful to Dr. Jayaram, Scientist, KFRi,
Peechil, Dr. K.C. George, Professor of Agricul tural
Statigtics, KA&U, and Mr. V.K.G. Unnithan, Associate

Professor, Department of aAgricul tural Statisties,



Horticul tural College, Vellanikkara for their helps

to analyse and interpret the data. The helps rendered
by Dr. P.A. Vahid, Professor, Radilotracer Laboratory
and Mr. K. Madhavan Nair, Associate Professor,
Instrumentation in undertaking the chemical analysis

are also gratefully acknowledged.

I express my appreciation to Mr. P, Gopinathan
Nair, Chief Artist, K&U and Mr. Pradeep Varma, M.Sc.(2g)
student for their help 1in preparing the required
illustrations and photographs. The assistance rendered
by Mr. Lonan, K.J., in typing the manuscript is gratefully

acknowl edged.

I am indebted to_ICAR for awarding the senior
fellowship which, infact, helped me forget the financial
burdens during the investigation period. The three
years of study leave, sanctioned by KAU enabled me

finish the work in time.

Last but by no means the least, I gratefully
memmorise the dedication, persuation and encoursgement
of my wife Smt. P.K. Sushama and my parents, which

sustained me when my resolve might have fiattered .

ofJ

R. G nathan



CONTENTS

Page

INTRCDUCTION 1 - 5
REVIEW OF LITERATURE 5 ~ 29
MATERIALS MND METHODS 30 - 54
RESULTS AND DISCUSS ION 55 - 180
SUMMARY | i81 - 186
FU’I‘UR}::! LINES OF WORK 187
REFERENCES 1 - xvii

APPEND ICES I - IIX



Table
No.

7.

8.
9.

10.

11,
12.
13.
14.
15,
l6.
17.
18.

-19.

LIST OF TABLES

Title
Physical and chemical properties of 2mm
sieved soll of the experimental area

Correl ation between rainfall characteri-
sticg (X) and run-off (Y)

correlation between rainfall characteri-
atice (X) and soil loss (Y}

Correlation between depth of rainfall (Xx)
and its important characteristics (Y)

Important rainfall characteristics of
1584 and 1985

Month-wise run-off {mm)

nual run-off (mm) and raingfall
acceptance (%)

Month-wise settled sediment loss {(t/ha)
Month-wise suspended sediment loss (t/ha)

Monthly rate of suspended sediment in
run-off (kg/ha cm)

Year-wise quantity and depth of eroded soil
Gravel content (%) of settled sediment
Sand content (%) of settled sediment

Silt content (%) of settled sediment

Clay content (%) of settled sediment

Sand content (%) of suspended sediment
silt content (%) of suspended sediment
Clay content (%) of suspended sediment

Year~-wise gravel, sand, silt and clay
contents (%) in eroded soil

Page

No.

34
56’
57
61

63

65

70
72
76

78
BO
83
85
87
B8
91
92
93

97



20.
21.
22,

23.

24.

25.
26.
27 .
28.
29.
307

31.

J2.

33.

34.

35.

36.

37.

38,

39.

40,

content (%) 1in eroded soil
content (%) in eroded soil
content (%) 1in eroded secil
content (ppm) in run-off

content (ppm) in run-off

® oW o2 R W =2

content (ppm) in run-off
Ca content (%) in eroded soil
Mg content (%) in eroded soil
S content (%) in eroded soil
Ca content {ppm) in run-off
Mg content (ppm) in run-off

Loss of total nutrients (kg/ha) through
eroded soil and run-off

Particle density, bulk density and total
porosity at half yearly intervals

Aggregate size distribution (%) at half
yearly intervals

Stebil ity index, st:ucturél coefficient,
% aggregate stabil ity and mean weight
diamter at hal f-yearly intervals

Infiltration detalls at the beginning of
the experiment

Infilltration detalls at half-yearly
intervals

Particle size digtribution at half.yearly

intervals

Water holding capacity (%) at 0.3 and
15 bars at hal f-yearly intervals

N, P and K content (%) of the soil at
hal f-yearly intervals

Ca, Mg and S content (%) of the soil at
hal f-yeerly intervals

o9
100
101
103
104
105
107
108
109
111
112

117
121

125

126
129
131
133
135
137

138



41.

42 3.
42 b,
43 a.
43 b.

44,

45 a.
45 b.

46 .

47.

. 48,

49 a.
49 b.
s0.
51.
52.
53,

54.

55.

pH, CEC and organic carbon content of the
soil at hal f-yearly intervals

Total canopy cover index in 1984
fotal cenopy cover index in 1985
Rainfall interception (%) in 1984
Rainfall interception (%) in 1985

Correlation between % interception (Y) and
rainfall characteristics (X)

Splash erosion (g/mz) in 1984
Splash erosion (g/mz) in 1984

correlation coefficient (r) between rain-
£3ll characteristics and splash erosion

Root characters and soll binding ability
of grass’

Root characters and soil binding sbility
of rice :

Amount of wormcast (g/m2) in 1984
zmount of wormcast (g/mz) in 1985
Crop management factor (c)

Height (m) of eucalyptus

Mean canopy spread (m) of eucalyptug
Collar girth (cm) of eucslyptus

Girth at breagst height over bark
(GBHOB) in cm of eucalyptus

Gross income, expenditure and net
income (000 fs/ha) of each treatment

141
144
145
147
148

151
153

154

157

159

160
162
163
166
169
170

171

173

177



8.
9.
10.
11.

l12.

13.

14.
15.
16.

17.

i8.

LIST OF FIGURES

Title

Month-wise meteorological data
Lay out of the experiment
Treatments - 1984

Treatments - 1985

Multi-slot device

Splash ccllection Assembly
Daily rainfall -~ 1984

Dajily rainfall - 1985

Month-Wige rainfall characteristics - 1984

Month-wise rainfall characteristics - 1985
Important annual rainfall characteristics

Annual rainfall, run-off and run-off % to
total rainfall

annual total soil loss (settled + suspended
sediments) in t/ha

Sand, sllt and clay contents of eroded soil - 1984
Sand, sgilt and clay contents of eroded soil - 1985

Annual loss of gravel, sand, silt &.clay
(t/ha) - 1984

dnnual loss of gravel, sand, gilt & clay
(t/ha) - 1285

Total nutrient loss (seoll + run-off) in kg/ha
snd run-off loss-qas %to total -~ 1984



19.

20.
21.

22.

23.

24.

‘25,

Total nutrient loss (soil + run-off) in
kg/ha and run-off loss as % to total - 1985

Micro, macro and total porosity
Total canopy cover index during rainy months

Rate of Increase in growth parameters of
eucalyptus

Growth of eucalyptus at the end of experiment

Canopy height of eucalyptus and intercrops at
monthly intervals

Net income and % contribution of eucalyptus to
total income in each treatment



LIST OF PLATES

No. Title

X General view of experimental area

ir Tl -~ Eucalyptus alone

III T2 ~ Eucalyptus + 5 cassavs on mounds in
between four trees

Iv - T3 - Bucalyptus + 4 cassava on ridge across

the slop in between four trees

- Eucalyptus + one cassgava on mounds in

,4 between four trees
Vi TS - Eucalyptus + congosignal grass
VII T = Eucalyptus + modan rice
VIII Ty ~ Cul tivated f£allow
IX T7 ¢f the second year -
Eucalyptus + 5 cassava on mounds + 10% grass
gtrips
X The whole get of multislot devices
XI Working of a multislot device
XIX Frosion in cultivated fallow plot on an
intense rainy day
XIIX Erosion in T, on an intense rainy day
XIV Eroéion in T2 on an intense rainy day
XV Erosion %n T3 on an intense ralny day
XVI Erosion in T, on an intense rainy day
XVII E;&sion in Tg on zn intense rainy day
XVIIX Erosion in T

g On an intense rainy day



XIX
XX
XX1
XXII
XXIII

XXIV

Tree
Tree
Tree
Tree
Tree

Tree

growth
growth
growth
growth
growth

growth

in

in

in

M pﬂ e e I

0\'_3 1;]

at
at
at
at
at

at

24th
24th
24th
24th
24th
24th

month
month
month
month
month

month



LIST OF APPENDICES

No. Title

I. Month-wise important meteorological
data during the experimental perlod

II. Daily rainfall characteristics and
interception (%) of July 198S

III. guantity and corregponding price of
major eroded nutrients

.' e

¥ / Ny »
S Ve
O orie o
-‘-:-{ .f!' oo P ‘..
= [ "’k‘.‘jl-l‘ - .
o
;.\ -
‘-' e
;\‘

".‘_ g




_am‘too(acz‘[on




INTRODUCTION

Soil erosion is almost universally recognized
as a serious threat to man's well being and an alarming
majority of tropical farmers‘éuffer ffom the consequent
sel £ generating cycle of poverty, erosion and low crop
productivity. The severity of this problem 1is so great
that the very éxistence of man itself will be in danger,
if the present rate of erosion continues unsbated. It
1s observed that 5 — 7 million ha of good quality land
1s being lost every year from all over the world (Kovda,
1974). 1In India, out of the total geographicsl area of
328 million hs, about 175 million ha are subjected to
varying degrees and forms of soil erosion (Kanwar, 1982).
Characterised by its undul ating topography, acute
pressure on available 1land and very high intense seésonal
rainfall, Kerala has severe erosion problems in more than
50 per cent of %ts cultivéblg area necessitating urgent

goll conservation measures.

Conventional soll conservation efforts in the
form of contour embankments, check dams, retaining walls
and terraces are characterised by their inherent drawbacks
sucﬁ as high cost and incompatability with the existing
farming situationé. which inevitsbly prevent the hill
gslope farmers from adopting them ﬁo any measurable extent.

Agroforestry has been widely accepted as sn economically
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and ecologically viable land management system suited

to the fragile and brittle ecosystems of tropical
developing world, where soll erosion is a major'problem.
Most of the research resul ts now avallable are from
temperate zones and knowledge of the mechanisms of
erosion in tropical climate, so0il and ecosystem is rather
inadequate. Moreover, local environmental conditions and
farming system need -also to be taken into account while
transfering technology from one country to another.
Therefore, soill conservation planning and implementation
must necegsarlly be country;specific and some times
region-specific or even economic-sector-specific.,. In
Kerala, the research on this line is at an infant stage

(Nair, 1984).

Good crop management, can be upto ten timesg more
effective in reducing the =smount of erosion than any
improved conservation practice like ﬁerracing or contouring.
This is mainly because of the importance of crop cover in
reducing the effects of raindrop impact on the soil.
Shaxson (1981) argues that the effects of vegetation are
so enormous that more effort should be made to integrate
crop cover witﬁ other soil conservation works. Unfortunately,
the research on crop cover is inadequate as a basis for

conservation plzanning.

Taungya., originated from Burmese la=nguage, means




hill {(Taung) cultivation (Ya) and commonly denotes

the practice of érowing agricultursl croﬁs during

the initial two-three years of forest plantation.
Conventionally, cassava taungys has been a time
honoured practice in Kerala for raising usually, teak
and eucalyptus. Soil erosion hazard is the most severe
problem in many of the taungya plantations. Aalso, there
are reports of soil physilco-chemical changes in forest
plantations consequent to taungys cultivation. Though
indirect projections on soll logs are available
(Alexander et al. 1980), correct quentificationsof
goll, run-off and nutrient losges in various taungya
systems practiced iIn Kerala based on clearly laid field
studies are practically sbsent. This still remains a
lacuna in conservation planning and sediment control

operations.

Judged from the litersal meaning of taungya, an
awareness on the severity of soil degradation in hill
.slopes is of inmense impdrtance to Kerala conditions,
About 50 per cent of cultivation in‘Kerala is carried
out on slopes, which according to land capabil ity
claggification, can be considered unsuitable for
cultivation. Irrespective of the severe criticism of
growing cassava, & highly erosion permitting crop. large

and growing numbers of small and marginal formers in the



foot-hills of Kerala are extensively practicing
cagsava cultivation in an environment highly vulnera-
ble to erosion. This will inevitably result:. in the
degradation of majority of farm lands spart from the
possible threat of silting up of costly irrigation
reservoirs, rivers and lakes and non-point source of
environmental pollution. Since, cagsava will continue
as an inevitable crop component of subsistence agri-
cul ture, the need of the hour 1is to develop conserva-
tion technigques compatible with the current farming

systems.

Considering the highly erosive edapho-climato-
logical conditions of Kerala, soil conservation
strategies developed through better recognition of the
rainfall erosive chafacteristics and erosion processes
for each location are very much essential. Hence, the
present study was taken up, with the following |

objectives.

1) To understand and establish the exact
relationship between the rainfsll erosivity characteri-
stics vis-a-vis run-off and soil loss under the exlsting

edapho-climatological conditions.

2) To quantify the run-off, soil and nutrient
losses as influenced by the major taungya systems

practiced in Kerala.




05

3) To monitor the major physico-chemical changes

of soll under different taungya systems.

4) To study the overtopping and adverse competition
(1f any) of the crop component on the tree during the

initial two years of taungya.

§) To work out the economics of each system.

6) To identify economically and ecologically viable
agroforestry measures for minimising run-off, secill and

nutrient losses in steep hill-slopes.
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REVIEW OF LITERATURE

1. What 1is soill ercsion?

Erogion always hasgs taken place, and always will.
Although this is clearly evident throughout 7000 years
of history, an awareness of the problem developed very
slowly and was almost unknrown 80 years ago. The vastly
accelerated process of soll removal brought about by
human interference with the change in equilibrium between
soil building and soill removal is designated as soil
erocsion. As against soil formation, it is essentially a
destructive process. It can be best described as the
theft of soil by the natural elements and is the removal
of soll particles either singly or in mass. Hudson (1971)
viewed erosion as essentizlly a smoothing or leﬁelling
process with soil and rock particles being carried, rolled
or washed down, by the force of gravity. The main agénta
which loogen and break down the so0il particles are wind
and water. Man's activities seldom slow down or halt the
process of soll erosion but frequently speed it up. ¥when
the ercsion results only from the forces of nature, it is
referred as 'geologlecal erosion' or 'normal erosion'® or
'‘natural erosion’ and ‘accelerated erosion' when the

process is influenced by tMan (Hudson, 1984).



2. . Tolerable limits of soll erosion:

Tolerable soll loss is the maximum rate of erosion
thét will permit sustained crop productivity economically
and indefinitely. This can be achieved when the rate of
soll loss 1s no greater than the rate of formation of
soll. The rate of formation cannot be precisely measured.
According to the best estimate of soil scientists, under
undisturbed conditions, 1t will take about-aoo to 1000
vears to form 25 mm of soil but when the disturbances,
aeration and leaching actions are speeded upﬁby tilling
the land, this will be reduced to something 1ike 100 years.
Soll loss limite, most commonly used in selecting appropriate

land uses and soil and crop management practices,range from

2.5 to 12.5 t/ha/yr (Lal, 1984).

Naturally, the acceptable soil loss will depend
on the soil conditions. Hence different values are in
use in different countries, though many doubts are
expressed about tﬁem- aAll the soils in USA have been
asslgned values ranging from 4.5 to 11.2 t/ha/yr (Hudson,
1971). Bertoni et al. (1975) estimated soil loss tolerance
of some central Brezilian soils to be ag low as 4.5 t/ha/yr.
Assessing the world soil degradation, Regquier (1982)
proposed supporting conservation pract ices for tropical

soils to reduce soil loss below 10 t/ha/yr. Krishnarajah



(1983) used a soll loss tolerance of 9_t/ha/Yr.for

soils in the wet zone of Srilanka. Lal (1984) indicated
that for soils with gravel and concretionary horizon at
shallow‘depth beneath the soil surface, the amount of
acceptable soil lpss ranges from g low value of 0.05
t/ha/yr to a maximum of 2.00 t/ha/yr for South Western
Nigeria. It seemg from this analysis that the currently
used rates of 12.50 t/ha/yr are far too high for fragille
tropical soilz with low inherent fertility. More research
information,: qfé needed to substitute the presently used

values (Hudson, 19%84).
3. Soil erosion by water:

In humid tropilcs where prublems from wind erosion
are few, major attention is given only to water erosion.
The fundamental cause of s0il erosion by water ig the
action of rain on soil (Hudson, 1977). The amount of
erosion, therefore, depends upon a combination of the
pover of the rain to cause erosion and the ability of the
soil to withstand the rain. Mathematically,erosion is a
function of the erosivity (of the rain) and the erodibility

(of the soil) or

Eroszion = £ (Erosivity) (Erodibility).



4. grosivity of rain:

Ercsivity can be defined as the potential ability
of the rain to cause erosion which is specifically and
golely a property of the rainfall (Hudson, 1977). The
aggressivity or erosivity of rainfall iz a function of
its physical characteristics. The amount of rainfall
and soil erosion obviously show positive relation. It is
also an egtablished fact that the same total quantity of
raln because of inherent variation in erosivity, can on
different occasions, result in widely di £ferent amounts

of erosion.
4.1 Amount and intensity of rainfall:

Tropical rains are more erosive than temperate ones,
because of the high intensity. A majority of the tropical
rain storms £zll in the category of ‘erosion' storms while

only 5 - 10 per cent of the temperate storms are erosive.

Tﬁe mean rainfall intensity in tropical regions may
be two to four Eimes greater than in the northern latitudes.
Roose (1971) observed in Abidjan, Ivory Coast, that it is
common for 150 - 200 mm of rain to be received in 24 hours
with a sustained intensity of 40 mm/hr. Lal (1976 c)

reported peak rainfall intensities of upto 200 mm/hr in
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gsouth western Nigeria. Ramaiah and Sreenivas (1975)
 reported intensities of B5-100 mm/hr sustained for 30
minutes in south India. Both amount and intensity
influence the kinetic energy and erosivity of rainfall
(Wischmeler and Smith, 1958; Hudson, 1971; Hudson,

1984 and Verma, 1984).
4.2  Terminal velocity:

The kinetic energy of a railnstorm 1s related to
the velocity of the raindrops at the time of impact with
the soill. ' The distance through which a raindrop must fall
before attaining its terminal veloclty is a function of
drop size distribution (Wischmeier and Smith, 1960). Wwhen
the rain is accompanied by wind there is an added sideway
component of velocity and resulfant terminal velocity may
be greater than the gtill ailr velocity (Kowal and Kassam,

1977 and Hudson, 1984).
4.3 Momentum and kinetic energy:

Experimental'evidences are numerous to prove that
erosive power of rainfall is related to compound parameters
derived from combinations of more than one physical property
.(Free, 1960) . Yadav (1961) calculated the total energy of
-rain drops . 1s being equal to roﬁghiy 100 hp on an acre

during a rainfall of 0.1 inch/hr and 250 hp at a rainfall



IR

rate of 2 inches/br. Rose (1960) argues that momentum
is more related with erosivity of rainfall than the
kinetic energy. However it has been shown that for
natural rainfall, the relationship between intensity
and either momentum or kinetic energy are of similar

form (Lal, 1984 and Hudson, 1984).
4.4 Erosivity indices:

Expérimenté by varilous researchers have indicated
that neither the rainfall amount nor the intensity ' is
very highly correlated, with soil loss and run-off.
various atteﬁpts have been made to determine a combination
of different rainfall parameters which would be a better
index of erosivity than either the amount or intensity.
Various indices have so far been developed and are mainly
situation specific. The most widely used 1hdex is the R
factor (EIy,) of the USLE (Wischmeier and Smith, 1958).
It is the product of one hundreth of the kinetic energy
of the storm in mt/ha cm and maximum 30 minutes rainfall
intensity in om/hr. Similarly EISQ and E‘.I15 are alsé in
use. Hudson (1971) developed KE>1 index for Zimbsbwe.

It is the accumulative kinetic energy of storm with
intensity greater than 2.5 cm/hr. He pointed out that
storms with intensity of less than 2.5 cm/hr were not

erosive. Lal (1976 a, b) reported a better correlation
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with the product of total rainfall awount (A) and peak

storm intensity (Im) than either EI,, or KE>1 for

3
Nigeria. However, though the most widely used rainfall
erosivity value, EI30' be appropriate for many temperate
regiong, it may not be suitable for tropical regions,
which have large number of thunderstorms and/or cyclones

(Hudson, 1984 and Turner et al. 1994).
4.5 Erosivity and splash erosion:

When raindrops hit the soil they have a dispersive
action. The detachment of soil particles by the raindrops
geplash. was effectively demonstrated by Hudson (1957). Wwhen
gplash erosion was eliminated, he could reduce soil erosion
to one hundredth of the soil losa frbm the unprotected
plot. Mutcﬁle; and Young (1975) reported that raindrop
splash was the primary agent in so0il detachment and
transport from interrill areas (Monke et al. 1977; Singer
et al. 1981; and Luk, 1983). Several experimental
evidences1suggest that soll splash and intensity and
hence erosivity are strongly correlated (Meyer, 1981 and

Quanasa, 1981).
4.6 Erosivity and run-ofe€:

The detached particles lead to sesling of the soil

surface, plugging the soil pores,lowering infiltration
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and 1Increasing surface run-off. Wity each successilve
rainfall on bare soll, the infiltration rate is reduced
due to the increasing blockage of the macropores by the
tranzlocated particles. Then the run-off point occurs
at a lower time and/or intensity interval leading to
erosion (Yadadav, 1961: and Uriyo, 1979). .Better correla-
tions were observed between run-off and various erosion
indices by many workers. Lal (1976 c) reported highest
correlation (r = 0.81) for Aﬁn with ruﬁ-off in Nigeria.
Correlation coefficients with other indices were 0.81 and

0.85,reaspectively, for KE>1 and EI vigwarbharan (1980)

30°
got good correlation for run-off with AL (r = 0.960) and
total rain (r = 0.859) for Kerala. Teje and Agu (1982)
in Ife area of south wegtern Nigerla got consistently
higher run-off from bare plot which was highly correlated
with rainfall peak intensity, rainfall amount, E130. E115'

KE>1 and AIX 5 indices in that order.

1

4.7 Erosivity and soll erosion:

Confirmation on thé relation of rainfall erosivity
and erosion came from the work of Wischmeier (1955) in the
United States. The result summarised by Wischmeier and
smith (1958) showed that the factor most closely related

to erosion was the kinetic energy of the rain. However,
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there was still considerable unexplained variation and
on trying multiple regression, the best estimates of

soil loss‘was found to be El Wischmeler's E130

30°
index had subsequently been extensively used in predicting
soil loss (Wischmeier and Smith, 1978; Teje and Agu, 1982;
Ulasker and Onstad, 1984 and Verma, 1984). Adequate
research evidences are also there to support the _
inadequacy of E13o index in explaining soil loss. Barnet
(1958) found that maximum 60 minutes intensity was clearly
correlated with soil less. Das et al. (1967) recommended
the use of El,c for Niléiris. In Dehra Dun, though daily
and monthly Elao values were better correlated with soil
loss, annual values £zilled to show significant correlﬁtion
(Rambabu et al. 1969). Viswambharan (1980) also reported
Elg (r = 0.95) and El,5 (r = 0.977) as best indices in

explaining soil losg, for Kerala condition.

In éeveral studies of the tropics, erosivily index
has been found to be less effective as a measure of
erosivity thaﬂ might be expected from Wischmelier.'s study
in America (Hudson 1971 and 1984 and Turner et al. 1984).
This has lead to the search for alternative methods. One
such index is KE>1 developed by Hudson (1971) in Rhodesia.
Excellent correlation for this index in laboratory splash

cup studies (r = 0.960) are reported (Hudson, 1984). 1In
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Nigeria, Lal (1976 b) found,Alm'as the best to explain
soll loss from small plots. He got a r value of 0.80

for Alm, 0.65 for E1l 0 and 0.64 for KE>»L. Similar

3
results were also reported by Teje and Agu (1982) and

Ulasker and Cnstad (1984}).
Se Soil erodibility:

The erodibility of a soil (K) is its wvulnerability
or susgéptability to'erosion: that is the reciprocal of
its resistance to erosion.- It is a function of bhoth
physical characteristics of the soill and management of
the soil (Hudson, 1984). Soils vary grately in their
origin and manner of formation as well as in thelr manage-
ment. Hénce all indirect and empirical methods of estimat-
ing erodibility should be regarded only as second subsitutes
for direct measurement from undisturbed soil (Ham}lton. 1977;

Egashira et al. 1983 and Vanelslandae et al. 1983).
_5.1 ~ Topography:

Both steepness and length of slope contribute to
erogion and run-off. Experimental evidences are exhaustive
to support this. Increased soil losg and run-off with
increase in steepness of slope were reported by many workers
in many countries (Bhola et al. 1975; Balasubramanian and

Sivanappan, 198l1; Subhashchandra and Rao, 1984 a).



Length of slope has a similar effect on soil
loss as degree of slope. On a long slope there will
be a bigger build up of the amount of surface run-off
and 1its velocity and depth. So for the longer slopé
there will be a greater total goil loss just because
it is longer. Though it is widely accepted, there are
reports of decreasing soil loss with increase in length
on gentle slope beyond a limit (Subhashchandra and Rao,

1984 b).
5.2 Crop Management:

Crop cover is widely recognized as being of major
importance in reducing the effects of raindrop impact on

the soil. By minimizing sé%sp erosion, rates of soil

detachment are reduced, soll aggregates do not break down

so readily, aggregate structure 1ls retained, there ig
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lesg surface crusting or sealing, infiltration rates remain

high and surface run-off is reduced (Morgan, 1985 a).
5.2.1 Crop cover - its protective role:

Ellison (1944) was the first to recognize the
protective role of crop cover in robbing the falling
raindrops of its kinetic energy. wWith increase in crop
cover/ground cover inecreased rainf£all 1nteréeption and

digsipation of energy are reported by many workers




17

(Meyer et al. 1975 and Singh, 1984)}. When rainfall ig
intercepted, drops that directly penetrate the crop
cancpy accounts much of the throughfall kinetic energy
and drops that are splashed from leaves are guite small
and contain little kinetic energy (Quinn and Laflen, 1983

and Turner et al. 1984).

Multi-storey canopy structure offers an effective
mechanism for cushioning raindrop impact. As rain water
drips off the leaves, 1t 1s intercepted by the lower canopy
layer so that when rain drop reach soil surface, it is no
longer erosive (Celestind, 1984). Increased crop canopy
iz hence invariably assoclated with lesser run-off (Lang
1979; Coetin, 1980 and Lang and Mallett, 1984) and solil
loss (Megahan, 1978; Singer et al. 1980; Singh, 1984
and Krishnarajah, 1§85). among various crops, a vegetative
cover as complete ag the artificial cover of wire gauze isg

only obtained from grasg and forage crops (Hudson, 1984).

Unfortunately, research on crop cover effects 1is
inadequate as a basis for conservation planning. Wischmeler
(1975) argues that soil erosion decreases with .increasing
crop canopy cover in a linear relationship whereas Shaxson
(1981) clearly states that the relationship is exponential.

Experimental evidences exist for both relationships. Foster
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(1982) favours an exponential form for mulches and crops
in close proximity to the ground surface but a linear
relationship for taller crops. Hussein and Laflen (1982)
obtained a linear relationship for interrill eromsion and
an exponential relationship for rill erosion, in their
work with crop residues. Further there are also reports
on instances where soll detachment unexpectedly increase
with crop cover (Noble and Morgan, 1983 and Finney, 1984).
More fundamental work on crop cover effects is clearly
warranted, so that crops can be correctly classified

according to their protection effectiveness.
5.2.2 Crops and soil structural improvement:

Apart from the energy dissipating function, crops
improve the soil physical structure so thst there is
increased porosity, inflltrabillty and aggregate stabillity
and consegquent reduction in run-off and soil loss. Uriyo
(1979) observed that under permanent vegetative cover,
infiltration rate was normally greater or equal to the
hydraulic conductivity of the soil. In the work reported
frqm Namalongae, Uganda, ten times more run-éff occurred
from bare plots than from grass covered plots. and a grass
mul ch cover was twicé as effective than a stone mulch,
interms of run-off control (ﬁriyo, 1979) . Increased
moisture storage capacity of the soil provided by the

transplratory withdrawal of growing crops results in high
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infiltration rate (Venktaraman, 1978). Zein et al.
(1980) reported high hydrolic conductivity values in
the vicinity of the roots of shallow rocoted crops.

Low bulk density, high porosity and increased soil
‘aggregation were also reported by other workers in
grass covered plots (williems, 1963 and Colbrone &nd
Staines, 1985). Following tuber development, decrease
in soil bulk density and lower run-off for casgsave than
for maize was seen in Nigeria (IITA, 1980). Lately
(1985) argues that the effect of crops on important
#oil physical properties is Indirect rather than direct.
No correlation between plant g;owth and soil physical
properties such as texture, structure and bulk density

will occur except for gpeclal management practices.
5.2.3 Crop Management factor (C):

This is the measure of protective ability of a
crop against soil erosion. It is really the most
compl icated factor that there is an almost infinite
number of different ways of managing the crop growth.
The worst practice has a € value of 1, but good
management techniques have C values down to 0.05
(Hudson, 1984). This means a reduction of erosion to
one twentieth of the worst, by following good management

practices.
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There is a wealth of information on the C values
of various crops. Battawar and Rao (1969) observed that
C.values were high in the iniﬁial stages due to poor
cover. As vegetative cover increased,C values decreased
and soil loss was reduced. Nema et al. (1978) reported
C values of 0.47, 0.37 &nd 0.32, respectively, for mung,
“groundnut and cowpea. Rao (1984) observed a C value of

0.35 for paddy and Narain et al. (1982) 0.01 for grass.
6. Universal so0il loss equation (USLE):

According to Morgan (1985 a) the most widely used
tool in conservation planning 1ia the USLE (Wischmeler
and Smith, 1978). 1In a given situation total soil loss

is pfedicted as per the egquation.

A | = RKLSCP
vhere a = lSoil logs in ‘tonnes .
R = Rainfsll erosivity index
K = BSoil erodibilit} factor
L = 8Slope length factor.
S = Slope steepness fagtor
C = Crop management factor
P = Congervation practice  factor

But many suthors are of the opinion that it ig
far from being }universal'. In fact it is very limited
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both in its geographical applicability and its purpose.
In many situations, it renders over estimation or poor
estimation (Roge, 1984 and Karmer, 1984). Hart (1984)
obéerveﬂ greately over estimated values on dry sells
but were within 13-51 per cent of méaéured losses on
pre—wettedlplots with a 16 per cent slope. USLE
estimated values were much poorer on steeper slopesl

beyond 10 per cent.
7. Mechanical composition of eroded soill:

Eroded solls are richer than the soll matrix in
respect of colloided particles (alberts et al. 1977 and
Loch and Donnollan, 1983). This is attributed to the
basic differences in the mechanlsm of detachment and
transport of rill and interrill aggregates (Alberts
et al. 1977). The rill flow transports greater
proportion of larger particles as compared to interrill

£low.
8. Nutrient loss:

The extent of loss of nutrients through surface
run-0f£f and soll erosion by water may be quite formidable
in subtropical and tropical scils. Kenwar (1972 a)
reported that even at the lowest zpproximation, India is

annually losing sbout 2.5, 3.8 and 2,6 million tonnes of
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N, 9205 and K,0,respectively, which is much greater

2
than the consumption of these nutrients in India through

fertilizers.

’

Soil erosion and run-off of NO, (or total N) may
be the most significent cause of pollution .of surface
water from the agricultural lands resulting in N enrich-
ment and cutrophication (Singh and Biswas, 1982). Though
there are reports of 0.01 to 2.20 ppm of N in run-off,
well below the accepted public heslth standards (Barnet
eﬁfal. 1972), higher contents'are observed especially
from well fertilized plots (Mc Coll, 1983 and Alberts
and Spomer, 1985). However,it has been emphasized that
well managed and fertilized lands under efficient crop
rotation would have lesser or no N losses as compared
with fallow, poorly managed and fertilized lands (Kanwar,
1972 b; Barisan et al. 1978y Mc Dowell and Mc Gregor,
1980 and Jayaram et al. 1984).

Phogphate losses may take place basically through
soll erosion by water. Run-off loss of P 1s usually small
(Barisaﬂ et al. 1978 and Singh and Biswas, 1982). But
Mc coll (1983) found dramatically higher concentration of
P in surface run-off of a fertillzed pasture land in
Newzeland. From the availabie studies it is generally

contented that, under tropical and sub-tropical conditiong,
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P loss due to erosion by water may not be much (Singh

and Biswas, 1982).

Erosion is the most serious cause of K loss and
it may be substantisl (Kenwar 1972 b). Since K contents
are higher inlsoil, the eroded materials has more K then
N and P but the recyl ing process is so strong that K
seldom enriches the water. Effectlve crop rotation and
gfass cover reduces K logs through ercded soll to

negl igible level (Jayaram et sl. 1984). The fate of
applied potash in soll is determinéd by the CEé of a

soil and the reaction rate with which water soluble
potassic fertilizZers contribute K ione =snd thelr adsorpt-.
ion on thé exchange complex. This would mean that in
gsoils of low CEC there would be greater chances of K loss

(Singh and Biswas, 1982).

However, not much is known sbout the loss of soil
nutrients under tropical farming systems. 1In view of the
implications for pollution and loss of soil ‘productivity,
research ig urgently rejquired to collect basic information

from farm situations (Morgan, 1985 b).
9. Crop management measures for soil conservation:

The orderly arrangement of all the factors affecting

erosion into the universal soil loss equation provides an



opportunity to compare the relative importance of each
factor in the control of erosion. The humanly controllable
variables are slope length (L), conservation practice (P)
and crop management (C). By restoring the improved methods,
both L. and P values can be reduced to half resulting in a
halving of soil loss (Hudson, 1984). But the effect of
crop management 1is very different. The worst practice hag
a C value of 1.00 and good management technigques have C
values down to 0.05. This means a reduction of erdaion

to one twentieth of the worst case, and good crop manage-
ment can be upto ten times more effective in reducing
erosion than any other measures. Further, the conventional
soll conservation efforte In the form of peurtorican
terraces are costly and tazke time to complete (Menon,
1984) . 3If soil conservation programmes are to be success-
ful, they must be taken up by farmers and they must work.
Therefore, they must be compatible with the current

farming system and relevant to the erosion gystem (Hudson,
1984y Morgan, 1985 a and Mbujamin et al. 1985). Here
comes the importance of agronomic and crop management

measures for soll conservation.

Agronomic measures of s0il conservaticon relate to
the role of crop cover and soil management includes the
use of fertillizers and tillage practices. Because of the

greater erosivity of tropical humid climate, the maintenznce
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of a cover over the soil assumes greater importance
(Hudson, 1957). Shaxson (1981) argues that the effects
of crop cover are so enormous that more effort should
be made to integrate crop cover with other soil

conservat ion works.

Experimental evidences are exhaustive to support
that soll detachment hs2ard is inversely proportional to
the resistance factor of surface covers and mulches in
reducing run-off and soil loss (Robinson, 1979; Orsi,
1984 and Ghidey et al. 1985). But defective cultivation
practices like mound planting of cassava without any
ground cover or row planting of maize/sorghum down the
slope can aggravate the process of soil ercsion.

Simil arly, closely growing crops like grassa, rice and
cover crop will ususlly suffer less soil erosion. On
analysing the effect of crop management, (Hudeon, 1984)
strongly criticises the topical classification of some
crops as ‘'soll-depleting' and some as ‘soil-~binding'

and emphasise that it is net the crop which is or is not
séil depleting but the crop management. Vvarious manage-
ment practices such as intercropping (Bhola et sl. 1975;
Bhatia, 1980 and Hudson, 1984), crop rotation (Moldenhauer
et sl. 1967; sSaraiva et al. 1982 and Hudson 1984), strip
cropping (Robinson, 1979; Abujamin et al. 1985), mulch-

ing (Robingon 1979 and Ghidey et al. 1985) and conservation
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ti1l11 age (Mutchler et al. 1985} have been recommended

for reducing soil loss.

The comparilson of soll conservation experiences
in different countries highlighted the difficulty of
transferring téchnologies from one country to another.
Local environmental conditions and farming systems, need
to be taken into account, sof?;chnology can be made more
appropriate before it is adopted. There is urgent need
for soil erosion control in all countries but the planning
and implementation of soll conservation must necessarily

be country specific and sometimes region-specific or even

'economic-sector specific (Morgan, 1985 b).

Cassava growing has been widely adbpted by
subsistence farmers because of the low maintenance cost,
guick returnz and high resistance_to pests and diseases.
But heavy rainfall, coupled with faulty methods of
cul tivation, results in severe soll loss from cultivated
area during the early stages. In Kerala, consequent to
lack of proper congservation measures, an alarming majority
of hill slope farmers suffer from the self generating
cycle of poverty, erosion and low crop productivity.
Agri-silvi-pastural measures involving woody perennials
and soil binding étops such as grass/rice can yleld

economically and ecologically viable solutions to this



(Nair, 1984). Recsearches on this line are still at the

infant stage.
10. Taungya systems:

Taungya is an agricultural operation, in which
forest land is used for growing agricultural crops during
the initial two-three years of forest plantation. Like
shifting cultivation, the taungya system in the tropic
is also a fore runner to agro-forestry. Crops such as
rice, cassava, ginger, sesamum and pulses are grown along
with the trees. It is reported to have originated in
Burma (Blanford, 1958) and the word in Burmese language
means hill {taung) cultivation (ya). Most of the forest
plantationz that have been established In Asla, Africa znd
Latin America owe their origin to the taungya systems
(King, 1979 and Nair, 1984). Taungya is in vogue in

Kerala forestry since 1922 (Alexander et al. 1980).
li. Taungya and goll erosion:

Soil erosion hazaerd is the most severe problem in
many of the taungya plantations. During the initial
years of tree growth the protective mechanism of trees 1is
not properly develeped. This factor, along with the
hazardous agricultural operations and manaéement practices,
aggravate the process of soll loss in tsungya lands.

Experiments at International Institute of Tropical Agriculture
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Ibadan, Nigeria indicate a soll loss of upto 120 t/ha
in the first year after lend cleering (IITA, 198B0). A
report from China indicates that under tropical monsoon
cl imate, on gent;e eroded@ slopes there will be about

3 of s6il loss per km2

15090 m during the initial 10
years of forest estzblishment (Xisoliang Experimental
and Extension Station of Soil Conservation, 1977).

Al exander et al. (1980) observed that soil loss is go
visible in many taungya areas that the surface horizons
are partly being eroded and the subsurface horizons are
gradually exposed. Though Indirect projections on soil
loss are aveailable (Alexander et al. 1980) correct
quantification of soil, run-off and nutrient lossges in
varilous taungya system practiced in Kerala based on
clearly laid fleld spudies are practically absent. This

still remains as a lacuna in conservation planning and

sediment control.

The situation of effective nutrient conservation
and sustainable soil productivity of a tropical foresﬁ
does not exist Iin man made commercial timber plantations.
After a comprehensive study, Lundgren (1978) concluded
that the establishment of the most commonly used fast
growing plentations after forest clearing . (conifers,
eucalyptus and teak) is associated with pronounced

deteriorstion of soll physical, blological and/or chemical
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conditions. A rapid decline in fertility and changes
'in bulk density of the soll have also been reported
(Cornforth, 1970 and Wood, 1977). Alexander et al.
(1980) reported that, 1if the forest land is not properly
managed in taungya, productive land will be converted
into unproductive marginal lend. Two years of cultivation
without proper soil management practices' can convert
productive area into unproductive cne. However, from
investigations in three ecologlical zones of southern
Nigeria, Ojeniyi et al. (1980) opinioned that the
practice of interplanting young forest plantations with
food crops would not have any adverse effect on soil
fertil ity. FPFurther, interplanting of young Gamelina
arborea with maize, yam or cessava resulted in slight
but insignificant increase in soil N and P (Ojeniyi and
Agbede, 1980).

Taungya with proper soil management practices is
protective as well as productive in nature. Cultural
soil conservation methods éuch a8 maintenance of vegetate.
cover, under growth, undercrops, mulches and intercropping
are preferred during taungya periods against the expensive
mechanical methods of s0ill conservation (Alexander et &l.
1981). Contour planting of trees and grass stripping etc.
are reported to control soll erosion even on steep mountain
slopes of above 50 per cent (Misra et al. 1982: Humi

aﬁd Nuntapong, 1983 and Xbujamin et al. 1985).
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MATERIALS AND METHODS

A fleld experiment wag carried out under taungya
- gystems of cultivation with the main objective of mini-
mising run-off and soil loss in a steeply slopping farm
.situation; The trial was conducted at the Instructiocnal
Farm, College of Horticulture, Vellanikkara for a period

of two years from May 1984 to April 1986.
1. Materialss
1.1 Site characteristics:

The fleld was situated at 10° 32' K latitude and
76° 10' E longitude with an altitude of 22.25 m. The
area had a slope of 25 per cent towards north. Genesral

view of the experimentzal gite is given in Pl ate-I.
1.2 Climate:

The area enjoyed a humid. tropical climazte.
Monthly average values of important meteorological
parameters observed during the period of experiment

are furnished in Appendix-I and Fig.l.

The maximum temperature varied between 28°C and
36°C with a highest daily maximum of 40°C in March in
both years. With regard to the minimum temperature in

the first year, the lowest value of 20.8*C was recorded
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in December and the highest of 25.8°C in May. These
values were 21.3°C and 24.3°C ,respectively, in May and
March during second year. The lowest minimum was 16°C
in October, 1984. June was the most humid month record-
ing average humidity above BO per cent and February the
most dr& with 40 per cent in both years. In 1984, a
total of 2383 mm rain was recelved through 141 events
spreading over 115 rainy days. The corresponding values
for 1985 were 2517, 132 and 108,respectively. In both
years, June received the highest rainfall and it was 709 mm
in 1984 and 829 mm in 1985. The north-east monsoon peak
was obgerved in October in both years with a value of

351 mm in the first year and 321 mm in the second year.
1.3 Soll characteristicss

The soil of the experimental area was sghallow, well
drained, moderately acidic oxisol with a sandy clay loam
surface texture. Morpholeglcal features of a typical

profile of the experimental area are presented below:

+ Location 1 Instructional Farm,
College of Horticul ture,
" vellanikkara.
Vegetation : Heavily infested with weeds such as

chromol aena odorata, Pennlsetum
polystachyon and Passgiflora edulis

Parent materizl t Weathered Cneiss



Topogr aphy

Drainage

Ground water table

Horizon Depth
(cm)
ap. 0~ 25
B21 25-56
B22 56~110+
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Slopping land - 25 per cent
slope towards north.

:+ wWell drained with moderately
. rapid to moderate permeability.

3 Deep >10 m.

Description

Reddich brown (5 YR 4/4); moist
sandy clay loam, medlum moderate
granular; moist frisble elightly
sticky and slightly plastic, fibrous
roots abundanﬁ, permeabll ity rapid,
clear wavy boundary.

Yellowish red (S5 YR 4/6); dark red
(2.5 YR 3/6); clay loam, medium
moderate sub-angul ar blocky; dry
hard; wmwoist firm, wet sticky and
plastic: fine quartz, gravel and
weathered rock fragments present.
Permeability moderateiy repld:;
diffuse wavy boundary.

Yellowish red (5 YR 5/8) yellowish
red (5 YR 4/6) clay loam, moderate
coarse sub-angul ar blocky, moist
firm, wet sticky and plastic; red
(2.5 YR 4/6) and strong brown

(7.5 YR 5/8) mottlesz plenty.
Initial stages of laterisation,
moderate permeability.
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1.3.2 Physical and chemiéal characteristicss

The physical and chemical characteristics of the

soil are given in Tsble 1.
1.3.3 Infiltration:

The steady-state infiltrability of the soil was
11.40 cm/hr with an initial infiltration rate of 82.80
cn/hr for the first five minutes. Cumulative infiltration
was B81.70 cm over a period of 300 minutes. Average initial
molsture content of the soll upto a depth of 30 om was

17.63 per cent at the time of cbservation.
1.4 Crops:

Crop combinationsof the trial consisgted of the

following:
1.4-1 Treet

Eucalyptus teriticornig, a fast growing species

was the'tpee component of the experiment.
l.4.2 Cassavai

A local variety called 'Velanki', commonly
cultivated in the hill tracts, was used.

1.4.3 Rice:

Modan (upland) rice variety Ptb.28 was used.



Table 1. Physical and chemical properties of 2 mm sieved soil
of the experimental area
No. Characters . Depth (cm) L
L e _0-25  25-50 50-75  75-100
I, Physical properties:
1. Particle size distribution:
a) Coarse sand (%) 28.96 26.94 24.48 24.00
b) Fine sand (%) 21.1B8  24.18 12.96 16.71
c) 8ilt (%) - 14.56 14.78 16.38 16 .31
d) Clay (%) 31.32 31.10 38.76 42.80
2. Particle density (g/cmS) 2.56 2.54 2.56 2.58
3, Bulk density (g/cm>) 1.34 ' 1.40  1.51 1.58
4. Total porosity (%) 48.43 44.88 41.02 38.76
5. Field capacity (%) 20.42 19.36 19.10 19.78
6. Permanent wilting point (%) 13.09 14.48 14.41 14.36
II. Chemical properties:
1. N (%) 0.148 0.135 0.112 0.100
2. P (%) . 0.054 0.046 0.048 0.034
3. Kv (%) . 0.226 0,180 0.170 0.114
4. Ca (%) ' 0.058 0.043 0.035. 0.049
5. Mg (%) 0.224 0.174 0,144 0.145
6. S (%) 0.101 0,880 0.071 0.069
7. Fe (%) - 3.460 3,960 4.650 4,880
8. Zn (ppm) 96.27 92.53 94.14 . 113.30
9. Mn (ppm) 456 .87 428,07 312.43 236.25
10. Oorganic carbon (%) ' 1.46 1.41 1.18 1.10
11. pH 5.80 5.85 6 .00 6.15

12. CEC (meg/100 g) 12.34 11.39 12.00 10.31
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l.4.4 Grasss

A drought tolerant spreading type grass Known

as 'Congosignal' (Brachiaria ruziziensis) was selected.

1.5 Secason:

The experiment was started in the first week of

May 1984 and continued upto the last Qeek of Mpril 1986.
1.6  Fertilizers:

The crops, except eucalyptus were fertilized as.

per the schedule indicated below (KAaU, 1982).

Crop N P205 Kzo
(kg/ha) (kq/ha)
g/ha (kg/ha)
Cassava 50 50 50
Rice 40 20 20
congosgignal 100 50 50

Urea (45%), single Superphosphate (18%) and
Muriate of Potash (60%) were used to supply the nutrients

at the above ratesg.
1.7 Plant protection:

Plant protection operations were done as and when

required.
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2. Methods 1
2.1 Lay out of the experiment:

Design s+ 7 x 3 RED.

Plot zsize s 24 x 4 m2.

Lay out plan is given in rig.2. The plots were

arranged lengthwise along the slope facing north.
2.2 Treatments:

T, - Eucalyptus alone.

- EBucalyptus + flve cassava on mounds in
between four trees.

T, -~ Eucalyptus + four cassava on rldge across
the slope in between four trees.

T4 - Eucalyptus + cne casgssava on mound as laid
down in the taungya contract regulations.

T5 - Eucalyptus + congosignal grass.

Tb - Bucalyptus + mod=n riée.

T5 - Cultivated fallow*

In the second year of the experiment cultivated £zllow
plot was changed to Eucalyptus + casgava on mounds as

in T2 + congogignal grass strips. Three grass strips of
one “m width each were uniformly spaced.

Spacing detalls of trees and crops are presented
in PFig. 3 and 4 and Plates II - IX.

2.3 Demarkatﬁon of plots:

Strong earthen bunds and drainage channels were



Fig. 2 - LAYOUT OF THE EXPERI\MENT,

R.IC

MULTISLOT DEVICES
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provided around the experimental area to prevent the
outside run-off from entering the experimental plots.
The individusl plot was also demarcated by mud-pl astered

round topped earthen bunds of 60 ocm width and 30 cmn height.
2.4 Run-off collection:

A run-off collection device specifically designed
for this purpose was made use of for collecting the run-
off. Brick masonry tank was provided at the bottom end
of each plot so as to cover its effective width. The

tank of size 3.4 x 0.75 x 0.35 m3

gerved as the settling
tank as well as the initisl container to receive the
eroded soill and run-off. A nulti-slot device with 47

2 each was fixed at 0.35 m

slots of size 2.5 x 10 am
height on the outer edge of the gettling tank exactly on
the horizontal plane (Fig. 5 and Plate-X) so as to divide
the run-off into 47 equal parts (Plate-XI). A plastic
net was fixed vertically inside the tank, 15 cm ahé? of
the multi-slot device to filter the floating debris. A
pelythene delivery tube of 4 om diameter and 1.25 m
length attached to the spout provided around the central
slot of the device was connected to a run-off receiving

drum. The drum was covered with G.I. sheet to avoid

addition of direct rain.



Fig. 5 - MULTI-SLOT DEVICE™.

SETTLING TANK
| MULTISLOT DEVIEE

RUNOFF - ﬁ e —— >
COLLECTION DRUM —|—=




Plate I General view of the experimental area.

Plate II Tl—Eucalypt:us alone

(One month after the experiment)






Plate III 'I‘2 - Eucalyptus + five cassava on mounds in
between four trees
(One month after the experiment)

Plate IV T3 - EBEucalyptus + four cassava on ridge across
the slope 1in between four trees
(one month after the experiment)
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Plate V T4 - Eucalyptus + one cassava on mound
in between four trees
(one month after the experiment}

Plate VI. T. - Eucelyptus + congosignal grass

5 (One month after the experiment)
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pPlate VII T6 — Fucalyptus + modan rice
(One month after the experiment)

Pl ate VIII T7 - Cultivated fallow
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Plate IX T,’ of the second year - Eucalyptus + five cassava

on mounds + 10% grass strips (two months after
the experiment)
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Plate X The whole set of multi-slot devices.

Plate XI working of a multi-slot device.
Note the uniform flow of run-off through
each slot.
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2.5 Run-off estimation:

Run-off was estimated once in 24 hours at

8.30 2M by the procedure ocutlined below.

The height of the water column in the run-off
collection tenk was measured and the total volume of
run-off and settled sediment load was calculated.

Volume of settled sediments was alzo determined using
mass density relationship. The actual volume of run-
off In each tank was found out by deducting the sediment

volume from the total volume.

The volume of water collected in the run-off
collection drum was calcul ated and this was multiplied
by the number of slots viz. 47, to arrive at the total
quantity of run-off flowing down through the device.
Total run-off from each treatment was then found out by
adding this to the volume of run-off in the collection
tank, calculated earlier. Since the settling tanks
were not covered, corrections were made to the total
volume of run-off for evaporation losges and rainfall

received (if any) directly in the tank.
2.6 Estimation of soll loss:
2.6.1 Settled sedimentss

The conventional method of estimating goil loss

- /
by drawing and drying thoroughly stirred run-off samples
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from the run-off collection tanks (Verma, 1984) was not
followed because of the observed error of upto 16.32
per cent. This was mainly because of the difficulty.

in getting the heavier aoll particles in suspended state
while sampling. Procedure followed in the investigation
is explained below.

The water in the tank was slowly and carefully
drained ouﬁ through the outlet provided at the lower end
of the tank. After draining off the water completely,
soil collected in the tank was thoroughly agirred and a
representative sample of 500 g wss drawn for moisture
determination. Wet welght of the whole eroded soil in
the tank was noted and the corresponding dry weight was

worked out based on the moisture content.
2.6.,2 Suspended sediments:

Suspended sediment in the run-off was estimated

ag follows:

A répresentative gample of 250 ml was collected
in plastic:bottles from three different depths of the
collection tank. A boétleﬁ closed with-Eorefinger tip‘
was lmmersed carefully to the bottom of the tank without
disturbing the settled sediments. Then tye fingertip

was slowly rel eased to fill approximately 1/3rd of the
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bottle. Water from two more levels wviz. middle and

upper, was also collected to make the bottle full.

A sample of 250 ml was drawn from the run-off
collection drum by stirring the water thoroughly with
a laddle.

The sample of soil suspension collected was
floccul ated, the sediments separated and dried tg
constant weight separately. Welght ofiéhspended sedi-
ment was then mul tipl ied by the corresponding volume

of run-off and added to get the total suspended sediments.
2.6.3 Total soil loss:

Sum of settled znd suspended sediments constituted

the total soill loss of each treatment and was expressed

in t/ha.
2.7 Sampl ing for anslyses:
2.7.1 Run-off:

Mbout 250 ml of run-off drawn both from the
settling tanks and drums on each day were preserved by
adding a few drops of toluene. These were pooled together

and representative monthly samples were taken for analyses.

2.7.2 8Settled sediments:

Roughly 250 g of representative sample of settled



sediments on each day was drawn, dried and pooled
together month-wizse. Sufficient quantities of samples

were taken from this lot for various analyses.
2.7.3 Suspended sediments:

Ag explained in item 2.6.2, samples of so0il
suspension were taken on each day, mixed and pooled
month-wige. Required quantities of representative
samples were taken and dried to get adequate amounts of

. gediments for analyses.
2.8 Rainfall characteristics:

To understand and arrive at the actual relztion-
ship between varilous rainfall characteristics vis-a-vis
run-off and soil loss, dally rainfall were studied in
detall. An automatic recording raingauge, installeé at
the experimental area sufficiently away from all sorts of
crop canopy hinderance provided the required data. Rain-
fall which produced run-off were subjected to analyses.
The raingauge chart observation were cheéked with a 122 mm
ordinary‘raingauge. The dally rainfall chart was used for

studying the following characteristics of rainfall.
2.8.1 Total rainfall (mm).

2.8.2 Maximum rainfall intengities for 15 and 30 minutes

intervals (em/hr) .



2.8.3 Total kinetic energy of rain as per the egquation.

KeE. = 210.3 + B9 1og101 {wischmeier and Smith, 1958)

where;

K.E. = Kinetic energy (mt/ha om of rainfall)
and

I = Rainfall intensity (cm/hr)
2.8.4 Rainfall erosivity factor (R):

Two rainfall erosivity indices viz. EIlS and EIBO
were calculated for ecach storm (Wischmeler and Smith,
1958) as follows. All storms which produced erosion were
congidered for computing R.

EIlS = Total kinetic energy x Maximum rainfall
intensity in 15 minutes

- e ——

EI30 = Total Kinetic energy x Maximum rainfall
intensity in 30 minutes

100 !

2.8.5 Zmount x Intensity maximum factor (aﬂﬁ)

It is the product of total amount of rainfall and

the pesk storm intensity (Lal, 1976 a).

2.8.,6 Total duration of the rainfall (hr)

2.8.7 No. of rainfall events per day. Events separated
by more than & hours were considered as different

gtorms (Verma, 1984).
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249 Determinstion of parameters of Universal Soil

Logsgz Equation (USLE)

Most widely used USLE proposed by Wischmeler

and Smith (1960) is

A RKLSCP where,

A = Computed soll logs per unit area expressed in
the same units as K for period specified for R.
It is generally expressed as t/ha/yr.

= Rainfall intensity factor

Soll erodibility factor

i

Slope length factor
= Slope gradient factor

= Crop management factor

M O M B R B
[}

= Supporting conservation practice factor
2.9.1 Rainfall erosivity factor (R):

Two rainfall erosivity indices viz. EIls(Rl) and

EIBO (Rz) were worked out as described in item 2.8.4.
2.9.2 BSoil erodibility factor (K)t

. Total adjusted soil loss (&)

R1 or R2

K

A= ég {t/ha)

there A = Soil loss from a cultivated fallow plot
of 22.13 m length and having 9 per cent
slopes -
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. A = Obzerved soll loss (t/ha)
S = Slope factor (65.41 Sin 14.042 4
4.56 Sin 14.04 + 0.065)

2.9.3 Topographic factor (LS):

L and S factors mentioned atocve have been combined

and topographic factor was worked out as follows:

2q .05
LS =(=%2==) x (65,41 Sin 14.04

22.13
Sin 14.04 + 0.065)
(tischmeier and Smith, 1960)

2 4 4.56

2.9.4 -Crop management factor (C)s

C factor for any stage of crop growth i1s equal to
the product of per cent of annual R value and per cent
soll loss for that stage divided by 10,000 i.e.

C = % R x % soll loss
10,000

Consequent to the change of treatment in T5 as
specified in item 2.2. C values in the second year were
estimated based on the g0il loss observed from a cul tivated

bare fallow plot laid temporarily on identical situation.
2.10 _Splash.erosion:

Splash erosion in each treatment was measured by
installing the splkash collection spparatus suggested by

Verma (1984).



The splash measuring device (Fig.6) was installed

as follows:

The s0il was escavated with the help of a post-
hole auger, so as to contain the splash cylinder. The
splash cylinder was then embedded into the ground ensuring
that there was no gap. between the outer wall of the cylinder
and soll. To avoid thé posaible entry of run-off along

with the splash, the tip of the cylinder was kept
| projected two cm sbove the ground level. The splash
funnel was placed so that its stem entered the bottle by
atleast five cm. Two such devices were installed in each
plot one at the upper and the other at the lower end,
below the canopy covér. Average of the two values gave

the corresponding plot value.

On each day at 8.30 AM soil particles received in
the splash bottles were collected, pooled-together, dried
and welghed at monthly intervals. Data are presented as

g/100 cm-2 .

2.11 Rainfall interception by vegetal cover:

The “extent to which the vegetal cover protects the
ground from direct hit of rain drops, by way of intercept-
ion, was assessed by measuring the throughfall in each
treatment under the canopy cover. Two ordinary rain-

gauges (locally made low cost device) were kept in each
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plot below the canopy cover, one at the bottom and the
other at the top. Deily in the morning, rainfsll in the
two raingauges was measured snd the average, worked out.
From the actual rainfall and throughfall In each treat-
ment, the percentage interception was calculated and

added to get the monthly value.
2.11 Total canopy cover indext

Monthly total cznopy cover (mz) of each crop
(dealt seperately) was added together to give the total
vegetal cover in each treatment. This was divided by the

plot area and expressed as canopy cover index.
2.12 Earthworm activity:

Wormeast produced from unit area in unit time is
a measure of earthworm activii:y (bouglas et 'al. 1980).
Wormcast in each plot was collected at weekly interval
from three sites (lower, middle and upper) of one m>
each and the average dry welght worked out and presented

as monthly values in g/mz.‘
2.13 Fleld culture:
2.13.1 Preparation of the mainfield;

The experimental area was initially cleared off

weeds by sickle weeding and burning. The entire area was



thoroughly tilled with spade and cleared off rocks,
pebbles and plant debris.:. Plots of desired size were
formed and pits, mounds and ridges were taken as per

the treatments.
2.13.2 Planting and spacings

Trees snd crops were planted/sown at the end

of April, each year.

i) EBucalyptus: Six months old, polythene

bagged, treated seedlings of Eucalyptus tentricornis

were used. Seedlings were planted in pits of size

3 2

30 ¥ 30 x 30 em™, at a spacing of 2 x 2 m” and filled

with fertile top soil.

11) Cassava: One cassava was planted on mound

in T4 between four trees. UWiile in Tz. five sets were

planted on mounds. In Ts,ﬁour cagsava sets were planted

47

with a spacing of 90 cm between plants on ridges of 90 om

width and 60 cm height tsken in between four Euczalyptus,

across the slope.

iii) Rices after the minimum land preparation,
rice was broadcasted at a seed rate of 100 kg/ha leaving
a circular gsp of 30 om diameter arouné each eucalyptus
seedl ing to avold possible shading of eucalyptus in the

early stages.
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iv) Grass: Congosignal was planted with 2 to
3 slips per hill, accommodating on an average 25 nos.
of hills/hz. Thirty on circular space was left around

each eucealyptus seedling.
2.13.3 Hanuring:

All crops except eucalyptus were fertilized as

per the packasge of practices recommendations (KAU, 1982).
2.13.4 Veeding and interculturing:

In all the plots weeding was very essential,
especially during the initial stages of crop growth,
and hand weeding was followed. For rice and grass, only
one weeding ,15-20 days after sowing/planting was needed.
Tz. TB and T, receiveé three weedings at an interval of
20-.25 days after plenting in the first year and two
weedings in the second year. T1 needed only three weed-
ings for the vwhole period of experimentation, that too in
the initial three months of planting. In the first year
T7 requifed no ;eeding due to the periodic tilling but
in the second year it also recelved two weedings.

Cagsava in all the treatments required earthing
up in August-September due to severe soill erosion in the
south-west monsoon. Grass plot received light digging

after fertilizer aspplication.
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2.13.5 Harvesting:

Cassava was harvested in the end of March every

year. Rice attained maturity, at 115 days after sowing.

Grass was cut once in thirty days.

2.14 Biometric observations:

2.14.1 Eucalyptus:

The following biometric observations were taken

at quarterly interval. Five plants at random were

gelected for the observation.

a)

b)

c)

Plant height (m).

collar girth (em) at 10 cm sbove the ground
level. )

Girth at breast height over bark (GBHOB) at
1.35 m sbove the ground level (cm).

The observation d and ¢ were taken at monthly interval.

a)

e)

Canopy éiameter: Canopy diameter was arrived
at from the average of two measurcments of each
pl ant taken north-gsouth and east-west.

Canopy cover: (m?) Assuming the shape of

the canopy as almost cylindricel, the circular
area corresponding tco the mean canopy dismeter
was tsken as the canopy cover of each tree.
Total of 24 trees at each time constituted the
canopy cover of , eucalyptus. '
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£) volume (m>): as destructive sampl ing was
not envisaged, at the end of the experiment,
total wood volume Of euecalyptus in each
treatment was determined using the equsation.
V = -0.0001 + 0.3114 D%H (Chaturvedi, 1973).

where V = Volume (msl

D = Diameter (m)

H = Height (m)

1]

2.14.2 Cassava?l

In cassava a1 s80 the following observations were

taken at monthly interval.

a) Plant height (m)
b) cCanopy diameter (m)

c) Canopy cover (m?)

At harvest the following observations were recorded:

a) Tuber yield per plant (kg)
b) Total tuber yield (kg/ha)
c) No. of marketable stems per ha.

2.14.3 Rlice:

Observations mentioned below were taken at monthly

interval.

a) Plant height (cm)
b) Cenopy cover (m%)s Total leaf area at each

month was taken ag the canopy cover. Non destructive

method of leaf area determinstion suggested by Gomez (1972)

wags adopted.
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¢) Soil binding sbility: From a trial plot
laid under identical sgituations, roots were escavated
from one m2 area to a depth of 30 cm. Extreme care wag
tzken to collect all the rice roots. Collected roots
were washed and made dirt free. Volume (v) and mesan

radius (r) of the roots were determined.

soil binding ability (F) was worked out by the

il

formula F = (Bhimaya, 1950).

there v = total volume cof the roots

r = mean radius of roots.

At harvest, the following observations were taken:

d) Grain yield (kbﬁg)’

e) Straw yield (kg/ha)

2.14.4 Grags:
Observat ions were made ons

a) Height (cm)

b} Canopy cover (mz) « Punch method of leaf area
determination was followed.

c) Solil binding ability: As explained in the
case of rice.

d) Grass yleld (kg/ha)
2.15 Particle size analysis:

Particle size analysis of the gravel free eroded
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and plot coils were conducted by the pipette method
(Piper, 1967). Cravel content was also determined and

expressed as percentage.

2.16 Physical characteristics:

The following physical characteristics of surface
soll at gix months interval were determined in each

treatment.
1. Infiltration rates
Infiltretion rate was detefmined using a
double ring infil trometer (Black, 1965).
2. Particle density, bulk density énd veold ratio:

Methods suggested by Singh (1980) were adopted.
Total, macro and micro-pore gspace distribution were cal-

culated using the following equations:

bulk density
particle dengity

a) Total ?ore space

% (TIPS =1-

x 100

TPS % - (M.C. % at field
capacity x bulk density)

i

b) Macro-pore space %

M.C. - Moisture content

c) Micro-pore space % = TPS % - Macro-pore space %

3. Aggregate analysis:

Sieving machine (Yodder, 1936) and sieves of



53

gsizes Smm, 2.5 mm, 1.00 mm, ©0.50 mm and 0.25 mm were
used for thils purpose. Following indices were also
worked out (Singh, 1980).

a. Mean welght dilameter

b. 8Stability Index

c. Structural ooefficient

d. Percentage of aggregate stability

e. Aggregation index.
4. Water holding capacity:

water holding capacity at 0.3 and 15 bars

was . determined uging pressure plate spparatus.

2.17 Rainfall acceptencet

It 1s the measure of the water zbsorptive capacity

of a treatment and 1ls determined by the ejquation.

1 - Total run-off . 100 (uriyo, 1979)

Totgl rainfall

Run«o0ff occurred in each treatment during the

whole year was taken into account.
2.18 Chemical analyses:

The total N, P, K, Ca, Mg, S of eroded and plot
solls and thelir soluble forms in run-off were determined

(Jackson 1958 asnd Black, 1965). Nitrogen contents of the
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goil and run-off were determined by macrok jeldahl'a
method. Total phosphorus was estimated colowuri-
metrically by the vanedomolybdo phosphoric yellow
colour method in nitric acid systems, using Spectronic
20 Spectrophotometer and dissolved phosphorusg in run-
Off by AO2C (1980) method. Potassium was determined
using Corning-Eel flame photometer. Turbidimetric
procedure was employed for determining total Sulphur
in soil. Dissolved sulphur was not measurabie. Total
and dissolved Ca, and Mg were determined by using

Atomic aAbsorption Spectrophotcmeter.

Organic matter and CEC of the plot soil were
determined by .the procedure suggested by Jackson (1958).
The pH of soil samples were determined using Elico

digital p- meter.
2.19 Statistical analyses:

The data obtalned were subjected to gstatistical
analyses by the analysis of varlance technique suggested
by Snedecor and Cochran (1967). Simple correlations
between various rainfsll characteristics and run-off end
goil less have been worked out and linear regression

equations arrived at.
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RESULTS AND DISCUBS ION

The results of the present experiment are
presented and discussed with suitable illustrationsin

the following text.
1. Basic studiess

1.1 Rainf£zll characteristics which determine the
run-off and soil loss:

To findout the effect of various rainfall
characteristics on run-off and erosion under the given
edapho-cl imatological conditions, dally run-off and
soil loss data collected from the cul tivated fallow
.plot were used. Thirty four such data gelected at
random, occurred during the most rainy months of 1984
were régressed with corresponding rainfall characteristics
viz. amount of rainfall, duration, aﬁerage intensity,
maximum intensity, total kinetic'energy, EL g, Elyg
and A%ﬂ. Simple correlation coefficients and regression

equations were worked out and presented in Table 2 and 3.

In the case of run-off, maximum correlation was
obtained with total amount of rainfall (r = 0.930%%)
closely followed by total kinetic energy (f = 0.912%w)
and AL (r = 0.B48%*) ., Even the lowest correlation
(r = 0.452%) observed with average intensity was signi-

ficant at 5 per cent level.



Table 2 Correlation between rainfall characteristics (%) and run-off (Y)
(No. of observations = 34)

No. Rainfall characteristics r Regression equation

1. Rainfall awount (mm) 0.930%** Y= -6.153 + 0.798 X
2. Duration (hr) 0.593%* Y = 3.894 + 5.280 X
3. Average intensity (em/hr) 0.452* Y= 5,079 + 1B8.904 X
4. Maximum intensity (cm/hr) 0.67T** Y = 5611 + 6,757 X
S. Kinetic energy - (mt/ha cm) 0.912%=* Y = -4.068 + 0.031 X
6. EI g 0.842%% g = 9.422 + 0.247 X
7. EL, 0.828%* Y = 10.214 + 0.336 X
8. AIm 0.848%* Y= 7.057 + 0Q.779 X

* Significant at 5% level
** Significant at 1% level

96



Table 3. Correlation between rainfall charécteristics (X) and soil loass (Y)
(No. of observation = 34)

No. Rainfall characteristics r Regression ejuation

1. Rainfall amount (mm) 0.783%% Y = ~20.650 + 2.422 X
2. Duration (hr) ‘ 0.202 ¥ = 28,362 + 9‘.380 X
3. Aaverage Intensity (ecm/hr) 0.434 Y = -4.417 .+ 65;539 X
4. Maximum intensity (cm/br)’ 0.Bo4*% Y = ~76.907 + 31.0067 X
5. XKinetic energy (mt/ha cm) 0.822%% Y = -20.600 + 0.101 X
6. EXg | 0.977** Y= 1.270 + 1.033 X
7. EI 0.941%* Y= 3.584 <+ 1.'37'7 X
8. AL 0.931%* Y= 6.649 + 3.079 X

** gignificant at 1% level

LS



58

EI.. showed the maximum correlation (r = 0.977%%)

15

with soil logs. EI and A%“ closely followed it with

30
r values of 0.941** and 0.931*t)respectively. The
duration (r = 0.292) and average intengity (r = 0.434)

were the least correlated characteristics.

Run-cff is the water that remalns from precipita-
tion after evapotrangpiration and infiltration. The
infiltrability of soil which determines the run-o£ff tends
to decrease monotonically and eventusally to approach
agsymptotically a constant rate over time (Hilel, 1971)}.
On a rainy day in the rainy season, the scoil will zlways
be saturated or near to that stage. At this stage, with
each successive rainfall on bare soil, the infiltration
. rgte is reduced due to the increasing blocakage of
macropores by the translocated soil particles and run-off
point occure at lower time and/or lower intensity leading
to erosion (Uriyo, 1979). with increase in energy and
intensity of rainfall, the above run-off promoting
processes will get accelerated. The observed highest
correl ation of run-off with the smount of rainfall
closely followed by the Kinetic energy and AL in this

study is hence understandable.

The highly significant correlation coefficients
of EIIS' EI'S,0 and A%m and the lowest coefficients of

single value characteristics viz. amount, intensity and
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duration of rainfall observed in the case of soil loss,
will strongly establish the relation of erosive power

of rainfall to compound parameters derived from coembina-
tions of more than one physical property. But among

the compound parameters, the highest correlation coeffici-
ent was observed with EI15 than the widely used EIBO'
Heavy downpour of tropical climate with maximum inten-
sities sustained only for a few minutes (De castro, 1980
and Hudson, 1984) contrary to the low rate and quantity
of temperate rainfell can be the reasong for better

than EI

correlation of EI 30r & Index develcped from

15
. temperate rainfall data. Khybri et al. (1978) and
Viswambharan (1980) observed maximum correlation with
erogivity index of still lesser duration viz. EI5 for
southern parts of India. These fihdinga clearly warrent

a rethinking on the continued use of EI30 as the rain-
fall erosivity factor (R) when USLE i3 used as the erosion

prediction tool in tropical climates.
1.2 Relation between run-off and soll lossgs

The run-off (X) and soil loss (Y) of the selected
even'ts were correlated and regression egquation was worked
out. There was a strong linear correlation (r = 0.790%%) °
with regression eguaticn of ¥ = -6.639 + 2.809 X. But

the correlation coefficient was far. below that of EIlS'
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EI and Aﬁn. indicating lesser influence of run-off

30
on soil loss as'compared to the intensity characteristics

of the rainfall.

1.3 Rel ation between depth of rainfall and its
important characteristics:

Simple correlation coefficients and regression
equations were worked out between depth of daily rainfall,
duration, maximum intensity, EIlS' Aﬁn and kinetic energy,
the important characteristics, which decide the run-off
and erosion, as described previously. The data are

pregented in Table 4.

It can be seen that all the above characteristics
were strongly correlated with the depth of rainfall.
Increase in rainfall will, therefore, reflect positively
in other characteristics which determine run-off and soil
loss. Among the characteristics studied, kinetic energy
showed the highest correlstion (r = 0.975**) followed by
AL (r = 0.,909**), EI, g (r = 0.859**%), maximum intensity
(r = 0.714*%) and duration (r = 0.712**).

1.4 Important rainfall characteristics occurred during
the experimental period:

The amount of daily rainfall occurred during the
both years are depicted in Fig. 7 and 8. Dmportant rain-

fall characteristics were grouped monthwise and presented



Table 4.

characteristics (Y)

(No. of cbservations

34)

Correlation between depth of rainfall (X) and its important

No.

Important rainfall

characteristics r Regression equation
1. Duration (hr) 0.712%%* Y = 1.394 0.069 X
2. Maximum intensity (cm/hr) O.714%* Y = 2.183 0.061 X
3. EIls 0.859*% Y = 36.675 2.514 X
4. AIm 0.800" Y = 10,010 0.850 X
5. Kineﬁic energy (mt/ha - cm) 0.550%* Y = =22.507 24.582 X

«* Significant at 1% level

19
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in Table 5, Fig. 9 and 10. Fig. 11 illustrates the

annual rainfall characteristics.

In 1984,4a totel of 2383 mm of rainfall was recelved.
For 1985, the same was 2517 mm. Total kinetic energy. EIls
and AX were 45255 m t/ha on, 2036 and 1005 for the first
year and 51928 m t/ha om, 2164 and 1042,respectively, for
the second year. '

The south-west monsoon which spreads from May to
August contributeéf?ﬁ.ao per cent of the total raiﬁ in
the f£irst year whereas ite share was 81.03 per cent in
the second year. among the four months, June recorded the
highest amount closely followed by July. North-east
monsoon gauged 21.11 per cent of the total rain in 1984'
and 14.86 per cent in the second year with October as the
rainiest in both years. Thig illustrates an almogt same
distribution pattern of rainfsll over different months

for both years.

The monthly kinetic energy varied from 3806 to
as high as 13158 in the first year and 574 to 17819
mt/ha;ém in the second year. In general, there was a
 proportionate increase in the kinetic energy with en
increase in rainfail smount. But there were months where
kinetic energy was not proportionéte to the gquantity of

rainfall. For example, though the September of €irst



Table S. Important rainfall characteristics of.1984 aﬁd 1985

Monthg

’ . Foverber
No. Characteristics May June July -August September October to Total
2pril

13584
1. Rainfall (mm)  243.90  709.35 627.75 237.70 152.55 350.50 61.60 2382.75
2. Dpuration (hr) = 24.00 62.08 76.77 31.85 8.72 30.77 " 14.30 248.49
3. 3115 165.88 538.20 521.76 120.77 373.37 267 .67 48.10 2035.95
4. AIm' 79 .42 294.01 254.94 72.77 146 .55 146.74 10.46 1004 .89
S. Kinetic energy | _

(mt/ha cm}  3B06.31 12819.44 13158.22 ' 3707.56 3805.95 7539.60 418.19 45255.27

1982
1. Rainfall (mm) 205f90 B829.25 709.50 294 .50 53.00 .321.05 103.35 2516 .55
2. Duration (br) 10.33 102.27 83.00  36.72 6.25 27.22 24.42 290.21
3. EIlS 266 .32 642.29 617.77 311.07 9.11 265.60 52.16 2164 .40
4. AL 71.69 316 .06 358.99 93.40 10.31 163.52 28.20 1042.17
5. Kinetic energ

17819.35 918.10 51928.006

-(mt/ha ¢ 2667 .24

16195.97 ©6536.91 574.46 6216.03
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year had lower quantity of rainfall as compared to
August, the Kinetic energy was more in the former

than the latter (Table 5). This indicates that
kinetic energy is negatively influenced by the duration
of downpour especlally when there 1s no corresponding
increage in rainfall with increase in duration. EIlS'
AIm and total duration also followed an almost same

trend as that of kinetic energy.
2. Run-off and soil losas

Run-off and solil loss as influenced by various
treatments are discussed below. With treatments as
main-plots and months ag sub-plots, data were analysed

in split-plot design. Zero valueas indicate zero erosion.
201 Run-off:

Monthly and amnual run-off observed in different

treatments are presented in Table 6 and Fig. 12.

Data showed that all the treatments differed
significantly barring ‘1‘4 ang T2 which were on par.
Monthly run-off values between main plots slso showed
an almost similar trend. q& gave the highest value
among treatments and T3 the lowest throughout the
months, except in September where T5 gave the lowest

value. " 2Among the months, June recorded higheest run-off



Table 6. Month-wise run-off {(mm)

Treatments
Year/Month - - - Mean
T1 Tz T3 T4 TS T6 T7
1984

May 117.22 114.07 8.25 117.50 84.30 93.32 1192.41 93.43
June 434.94 ,422.67 B81.53 426.58 270.77 320.94 453.48 344.48
July 375.73 381.32 41.86 375.59 260.55 305,61 417.63 308,33
Augqust 53.69 47.12 S.31 456 ,36 14.03 35.54 63.09 38.45
Septenber 61.77 56 .09 9.29 61745 8.77 14.57 68.56. .40,07
October 126.63 100.98 16.35 109.38 18.36 45,07 136.88 79 .09

Mean 195.90 187.04 27.77 189.48 109,46 135.84 209.84 -
ch (0.05) a = 2.53 b = 1.86 c = 5.03 d = 4.91

1_9_§_§

June 260.09 352.24 585.60 356.31 48,64 263.92 423.40 251.89
July 222,66 305.50 53.06 276.72 3¢.20 - 228.76 324.11 206.86
August 42.31 6£3.69 17.32 °63.00 -15.18 15.12 74.47 41.59
Septenber 0.81 1.30 0.40 1.14 .81 0.79 1.29 0.93
October 18.71 42,37 10.28 52.07 9.98 21.62 44.33 28.48
Decenber 2.82 2.26 0.87 2.42 . 0.99 1.69 2.22 1.90

Mean 91.23 12§:06 23.42_ 125.28 18,6§ 88:65 144 .97 _

a = CD for treatments
b = CD for months

c = CD for months between treatments

d = CD for months within the treatment
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and August the lowest, with significant differences
between them. Within each treatment too, the trend,

in general, was the same between months.

In the second year also, Ta recorded the maximum
value. But instead of T3, Té gave significantly lower
run~-off than all other treatments. Aas against first
year, T5 gave significantly lower values in June and July.
Tl' which closely followed T7 in the first year, started
producing lesser run-off than Tg in the =bove months.

T, algo showed decreaséd rate of run-off after August.
Regérding the monthly means, barriné September and December,
all other months differed significantly and followed the
order June > July > August > October > December > September.

within each treatment also, this was the general trend,

over the months. In May and November,h there were no run-off.

The highest quantity of run-off produce‘d in '1‘.7
in all the months of first year may mainly be due to
the decreased rate of infilltration consequent to direct,
continous and uninterrupted hitting of raindrope which
will puddle the soil surface and plug the macro-pores
with fine sgoil particles (Hudson, 1984). Thiz becomes
further clear by realizing the posgible effects of
vegetation/ground cover in dissipating rainfall energy
a8 discussed by Hudson (1977) and Venkataraﬁen (1978).
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Reduced run-off cbserved in other trestments coupled
with data on rainfall interception (Table 43 a & b),
splash erosion (Table 45 a & b), infiltration rate
(Teble 35), and earthworm activity (Tsble 49 a & b) are
in support to this. As_evident from these data, with
increase in canopy cover, there is an increase in
rainfall interception snd subsegquent reduction in
;hroughfall and run-off, In grassed plot, high initial
infil tration rate, an indication of the high flux
controlled infiltrability, will invariably reduce the
run-off. Further, the increased moisture storage
capacity of sgoil ﬁrovided by the transpiratory withdrawal
of dense grass cover might also have contributed to the
decreased run-off. Ta recorded the least run-off through-
out the flrst year. Ridges taken across the slope
effectively prevented run-off by retaining it in-between
them which greduslly and subsequently infiltrated into

the soil. Though T, and Ty behaved almosgt similarly in

2
the initial months, the reduced run-off in T, towards the
end can probably be attributed to the rainfall intercept-
ion ability of the dense canopy cnvér due to high cassava
population. Rice crop was also effective in controiling

run-off to a significant extent, which In effect behaved

almogt similarly as that of congosignal.

Many of the above effects were transmitted more

conspicously to the second year. Though there was higher




rainfall than the first year, all the treatments recorded
comparatively lesser run-off in the sgcond year because
of the stabilization effect of the treatments. The
notable reduction in run-off in Ty and fs than the first
year will explain this. Though canopy cover in Tl was
much less than many other treatments, it was almost egual
to T, in controlling run-off. This is mainly because of
the undisturbed nature of soil consequent to no inter-
cropping. The structural improvements observed in T1
(Tables 33 & 34) are also in support to this. T, giving
the lowest values in all the months s;uggest that, grass
once establ ished, 1s better than ridging in controlling
run-off. Grase interstripping as in Tﬁ also started

showing positive tendency in controlling run-off.

In both years the rainiesf month. produced maximum
run-off in all treatments. As run-off is most strongly
correl ated with depth of rainfasll than any other
characteristics (Table 4) increased run-off with increase
in rainfall is understandable. But the total amount of
rainfall is not the only factor responsible for run-off.
When the amount 1s enough to produce run-off, the hitting
power as decided by the kinetic energy will be more
influential in producing it. High correlation coefficient
of kinetic energy with run-off (r = 0.912%%) together with

the observations of August and September of the first year

68
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in many treatments &nd August and November of the second

year in all the treatments are in support to this finding.
22 Rainfall acceptance:

That portion of rainfall after run-off expressed
as percentage to totsl 1s the rainfall acceptance. ‘The

data are presented in Table 7.

When cul tivated bare plot could accept only 47
per cent of the rainfall, ridge farming of cassava across
the slope helped to harvest 93 per cent in the first vear.
Gragss and rice cropped plots were aléo efficient in accept-
ing more rainfall. In the second year, all the treatments
substantlally increased their acceptasnce ability and
grassed plot even overtook T3 by accepting almost 96

per cent of the total.

Rainfall acceptance is a measure of the effective-
ness of each treatment in harvesting the rainfall and
infiltrating it into the soil matrix. I3ctors responsible
for reducing run-off and increasing infiltration rate will

explain the variation seen in each treatment.
2.3 Soll 1loss:
2.3.1 Settled sedimentsi

Total soil loss includes both suspended as well as



nual run-off (mm) and rainfall acceptaﬁce (%)

Table 7.
Treatments
- ——_——— ‘ -
Ty T2 T3 Ty s Te Tq

1984 |
Run-off (%) 49.10 47.10 6 .99 47 .69 27 .56 34.21 52.84
Run-off amount (mm) 1170.00 1122.24 166.62 1136.38 656.76 B15.04 1259.04
Rainfall :

acceptance (%) 50.90 52.90  93.01 52.31 72.44  65.79 47.16
Rainfall amount (mm) 1212.75 1260.51 2216.13 1246.37 1726.00 1567.71 1123.71
1985 ’
Run-o££ (54) 21.75 30.53 ' 5,58 29 .87 4.44 21.14 34.56
Run-off amount (mm) 547 .38 768.136 140,52 751.68 117.78 531.30 869 .82
.Rainfall . .

acceptance (% 78.25 69 .47 94.42 + 70.13 95,56 78.86 65.44
Rainfall amount (mm) 1969.17 174B.19 2376.03 1764.87 2404.77 1984.65 1646.73
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settled éeﬂiments carried away by the run-off. The
data on Bettled sediments which forms the lions share
of soif loss 18 presented in Table 8. Erosicn in each
tfeatment,on an intense rainy day, one month after the

experiment, is illustrated in Plates XII-XVIII.

In 1984, 3all the treatments differed significantly.
As in the case of run-off, Tﬁ stood first in eroding the
soil and 'I'3 the last. T7 was significantly higher than
all other treatments throughout the first year except in
August vhen 1t was on par with T, and Tyo Similarly T,
was significantly lower than others upto and including
July and thereafter attalned statistical parity with T5
and T,. Among the months, June was the most erosive
followed by May, July, September, October and August in
that order. Except May and July, all the months differed
significantly. wWithin each treatment also, June produced

the highest‘soil loss.

Inlthe second year T7, T2 and T, vere gignificantly
higher. Tg was on par with T;» Tg gave the lowest value
and was on par with Ty» Ti was significantly higher to
all followed by T, and T4 in most of the months. Differen—'
cés between TS and Ta were always insignificant. T1 and T
became comparable to Ty towards the end. The monthly means
showed significant differences. June was the most erosive

and October, the least. There was practically no soil loss



Table 8. Month-wigse settled sediment logs (t/ha)

Treatmentsg
Year/Month - Mean
, T, T, T, T, T, Te T,

1984

May 44.99 46.85 2.30 46.93 34.19 38.21 49.99 37.64
June 122.53 142.37 4.53 125.73 62.30 71.91 146.27 97.26
July 41.07 57.64 0.15 55.20 13.02  23.49 62.58 36.16
August 5.61 7.04 0.01 7.12 0.05  0.43 7.83 4.01
Septenber 20.36 13.45 0.00 16 .55 0.10 0.23 31.04 11.68
October 10.93 5.52 -0.00 9.81 0.07 0.74 17.85  6.42

Mean 41.91 _45.48 1.15 _43.56 18.29 22.38 52 .59

cD (0.05) a=1.22 b = 0.78 c = 2.17 d = 2.06

1985

June 23.84 64.18 0.58 55.11 0.16 32.77 100.30 39.56

July 6.81 33.50 0.04 30.00 0.03 4.90 48.48 17.68

August 0.36 2,79 0.00 2.67 0.00 0.00 4.25 l1.44

Septenber 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

October 0.03 1.12 0.00 1.40 0.00 0.00 0.36 0.45
Mean 6 .26 20.32 0,12  17.84 0.04 7.53 30.68

CD (0.05)" a = 1.52 b = 0.92 ¢ = 2.49 d = 2,43

a = CD for treatmentg ¢ = Ch for months between treatmentg

b = CD for months d = CD for months within the treatment



Plate XII Erosion in cultivated fallow plot on an
intense rainy day, one month after the
experiment (12 t/ha/day).

Plate XIII Ermsion in tree alone treatment - a 33%
reduction over the cul tivated fallow

(8 t/ha/day).






Pl ate XiIV Erosion in eucalyptus + five cassava on mounds -
as mevere as that of cultivated fallow.

{11 t/ha/day}.

Pl ate XV Erosion in eucalyptus + cassava on ridges across
the slope - there is practically no soil loss.
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Plate XVI Erosion in eucalyptus + one cassava on mound -
' a 25% reduction over the cultivated fallow

(9 t/ha/day}.

Plate XVII Erosion in grassed plot - a 96% reduction
over the cultivated fallow (0.5 t/ha/day).
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Plate XVIII Erosion in riced plot - a 75% reduction
over the cultivated fallow

(3 t/ha/day) .
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in September. Within each treatment too, thiq was
almost the same trend and the differences were in-
significant towards the end. 1In T3 and Te, the monthly
differences were not at all significent.

-
Soil erosion is a function of rainfall erosivity

and soll erodibility (wWischmeier, 1966; Alexander et al.
1980 and Verma, 1984). Erodibility being an inherent
character of the soil, under a given edaphological condi-
’Eion, the erosion 1is decided by erosivity of rainfall and
1 and management practices. 2s explained in item 1.1
erosion 1is most strongly correlated with EI15 than any
other rainfall characteristics. The observed variations
in soil loss between months were the reflections of this
fact =znd the highest soll logs was seen in the month with

highest EI and vice-versa, irrespective of the quantity

15
of rainfall and runoff. A single exception to this,
throug.,vhout the period of experiment, was May of the first
year where comparable values were observed with July.

This can be due to the initilal soil disturbances consequent
to land preparation coupled with the ﬁéavy downpour. For
May of the second year also this would have been the

situation had there been sufficient run-off to cause

erosion.

Differences in the settled sediments exhibited by

each treatment can be attributed to its effects on influencing



the rainfall erosivity and run-off. Tﬁ was subjected

to the direct hitting of rainfall since 1t was kept as
cultivated fallow in the first year. as there was no
protective cover or management practices in Tﬁ, the

soil detachability of the falling railndrops and trans-
portability of the run-off were very high which explains
the higher values recorded in all the months. High rate
of splash erosion (Tsbleg 45 a & b) and low infil tration
(Table 36) seen in this treatment further subgtantiate
the same. The sediment lossges in T2 and T4 were higher
than most of the treatments except 15. inspite of the low
run-off recorded during the highly erosive months. As
explained in item 1.2, this reiterates the fact that the
run-off alone 1s not responsible in determining soil loss.
Very severe soll disturbance caused by mound planting of
cassava, that too five times that of Tye might have nulli-
fied any XIititle protective role by the developing cassava
canopy. In addition to this the downflowing run-off
forming rills, quite often encircling the newly formed
mounds, might have brought down maximum soil from the
mounds. The lower sediment loss observed in Tg and T
might be attributed to the reasons already explained for
run-cff. Further the ramifying effect of fibrous roots
of grassg and rice would have protected the individual
soll particles from being detached by the falling rain-

drop and transpbrted down by the flowing water. These



effects of the grass crop became increaaingly evident

in the second year by making it most effective in
controlling soil loss. The obgerved reduction of
gettled sediments in T7 aas compared to the firat year
indicates the positive effect of grass strips in control-
ling soil loss. 2as in the case of run-off, a general
decrease in settled sediment loss observed in second

year, can be attributed to some extent, to the protective

role of trees.
2.3.2 Suspended sedimentss

The quantities of suspended sedimenta carried away
by the flowing water in each treatment are presented in

Table 9.

The annual mezn followed an almost similar trend
as that of settled sediments except for the statistical
parity showed between Té & Th and T, & Tl. Over different
months too, the trend was exactly same as that of settled
sediments till July. Afterwards, a slight superiority
of T4 over Tl and T2 was observed. June registered the
highest value and August, the lowest. The differences
were also significant except for August and September
which were on par. This was almost the same trend with-

in eéch treatment too.



Table 9. Month-wise suspended sediment loss (t/ha)

Treatments

Year/Month - - Mean
_ T Ta T4 T4 Ts = Tg T,

1984

May 3.54 3.67 0.20 3.53 2.19 2.71 4.54 2.91
June 9.94 13.05 1.17 12.61 4.76 6.67 15.58 9.11
July 6 .36 7.75 0.15 7.33 1.18 3.30 11.10 5.45
August 0.34 0.48 0.01 0.45 0.02 O©.ll 0.93 0.33
Septerber 0.44 0.55 ©0.00 0.68 0.01 0.12 0.96 0.38
October 1.08 1.34 0.00 1.62 0.00 0.15 2.87 1.01

Mean 3.62  4.47 0.25  4.37 1.53  2.16  6.00

cb (0.05) a = 0.19 b = 0.15 c = 0.40 d = 0.40
1985

June 2.98 9.44 0,58 ©.01 0.15 2.60 14.52 5.61
July 1.30 5.45 0.04 5.44 0.03 2,09 7 .89 3.18
August 0.05 0.57 0.00 0.73 0.00 0.03 0.93 " 0.33
October 0,20 0.18 0.00 0.35 ©0.00 0.04 0.29 0.15

Mean  1.13 3.91 0.16 3.88___0.05 1.19 5.01

ch (0.05) a = 0.27 b = 0.13 c = 0.37 d = 0,34
a = CD for treatments c = CD for months between treatments
b = CDh for months d = CD for ronths within the treatment



In the second yesr also, Ta was significantly
higher over others. T5 recorded the lowest value.

'I‘2 & T4, Tg & Ty and T, & Tg Were on par. The monthly
loss followed the order June >July > August > October

with significant differences between them. There was no
suspended sediment loss in September. 1In T5 the monthly

differences were insignificant.

Table 10 provides the rate of loss of suspended
gsediments as influenced by different treatments. Tn both
years, the trends between treatments were exactly same
as that of the quantity. But the differences were, in
general, insignificsnt between many treatments especlally
in the initial monthsz of the first year and significent
in the second year. The first month which produced
erosion recorded the highest vslue and September the
lowest, in both years. wWhile in the first year, the
differeﬁces between months within most erosive treatments
were insignificant, they were significent in the second

Year.

As the suspended sediment loss 1s determined by
the rate of loss of suspended psrticles and the total
volume-df run-o££, such of those factors which sre
responsible for soil detachment, transportation and run-
off, will help explain the differences observed in each

treatment. The highest quantity of suspended sediment

11



Table 10. PFMonthly rate of loss of suspended sediment "in runoff (kg/ha cm)

Year/Month S — Treatments Mean

L Ty T, T3 A T T2 _

1584

May 301.92 321.61 23B.77 299.94 259.55 290.01 379.94 298.82

June 228.61 308.71 143.73 295.67 175.81 207.86 343.49 243.41

July 169.36 203.38 35.50 195.27 g83.78 107.80 265.81 151.56

August 64.14 100.87 5.36 97.78° 15.77 31.44 144.48 65.62

September 71.14 08.06 2.16 110.84 6 .B6 12.34 138.33 62.82

Cctober _§5.46 132.38 0.00 147.78 Cc.00 138.43 210.94 101.43
Mean 153.44 194.17 70.23 191.22 29.30 130.48_ 247 .16 _

‘cD (0.05) a = 20.74 b = 19.10 c = 49,52 d = 50,52

1985

June 114.02 268.23 o98.62 252,76 31.61 .98.57 343.08 172.41

July 57.93 180.16 7.62 196.78 7.79 90.43 243.63 112.41

August 11.82 88.70 Q.00 115.61 0.00 18.53 125.73 51.48

October }Od.go 59;54 0.00 66 .27 0:00 20.32_ 65.75__ 43.§§
Mean . 79.44 146.88 29.56 141.28 9.87 56 .96 194.55 _

cp (0.05) a = 10.94 b = 5.23 c = 14.92 d = 13.84

a = CDh for treatments c = CD for months between treatments

b = CDh for months d = CD for montheg within the treatment
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seen in T, in both years is attributed to the high

rate and volume of run-off exhibited by it. The
apparent similarity in the rate of loss of suspended
sediment between treatments especially in the first
year can be an indication of the inexpressibility of
treatment effects responsible for bringing down the
dispersive zction of raindrops. The differences seen
over months between and within treatments are indicative
of theilr respective protective abllitles against rain-
drop impact and ercosion. Clear and practically sedi-

ment free water produced in T3 and TS towards the final

stages of investigation is in support to this.
2.3.3 Total soll loss:

Data on total soil loss of each trestment over the
whole period of investigation are provided in Table-11

and Fig. 13.

Toy eroded the maximum soil in both years. Im TB

the soill loss was always less than the tolerable limit.

In the second year, grass treatment over took T. asnd there

3
wae practically no\soil loss. in it.

Even by taking 10 t/ha/yr as the tolerable level
of soil loss (Requier, 1582 and Verma, 1984) it could be

seen that all the treatments except T3 where highly



Table 1l. Year-wise gquantity and depth of eroded soil

—— ——

Settled ~ Suspended Total ‘Depth of % reduct-
sediments sediments (t/ha ) eroded soil ion over
Treatments (t/ha) (t/ba) (mm) first vear
1984 1985 1884 1985 ' 1984 1985 1©84 1985

251.46 31.30 21.71 4.50 . 273.17 35.80 13.66 1.79 86 .90

Ty

T, 272.88 101.60 26.83 15.64 299.71 117.24 14.99 5.86 60.91

T, 6.90 0.60 = 1.52 0.62 8.42  1.22 0.42 0.06 85.00

T,  261.36 89.20 26.20 15.52 287.52 104.72 14.38 5.24 63.56

T, 109.74 0.19  9.17 ©0.18 118.9%  0.37  5.95 0.02 99.83

Ty 134.20 45.18 12.96 4.76  147.25 45.94  7.36 2.50 66.03

T, 315.24 153.40 35.98 23.63 351.52 177.03 17.58 B.85 40.96*

*  Percentage reduction was calculated over TZ of the first year as second

year T7 was an improvement of T2.
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vulnerable. As evident from T, of first year even the
very minimum land clearing and tillage operations can
erode as high as 273 t/ha/yr i.e. sbout 14 mm of top

soll from a slope of 25 per cent. Mound planting of
cassava, the widely practiced method in taungya lands

can further embitter the situation by csusing 30 times
higher the permissible level of erosion i.e. 300 t/ha/yr.
fn01dentallj)it can also be noted that, even when cassava
popul ation was increased to five times (Tz) than that of
the taungya contraét regulation (T4) the increase in soil
‘erosion was only marginal and not proportionel to the
degree of land disturbances caused. This may be due to
the protective role of dense cassava canopy as compared
to T4' Severity of erosion was sbout 12 znd 15 times
higher than the permiséible limit, respectively, in T5 and
Tg in the first year. Grass could control goil erosion
almost completely and emphasises its paramount importance
in hill-slope management. As evident €rom Tﬁ of second
yvear, interstipping about 10 per cent of the area with
grass could reduce 41 per cent of soil loss even in T2.
one of the most erosive treatments, within one year.
Obgervetions of T1 in comparison with others illustrate
the interference of man through agricul tural operations
in accelerating erosion. If interculture and consequent

land disturbance are sbsent, tree planting alone could

reduce erosion by 87 per cent in the second year. These



82

findings are in support to the possibility of agri-
silvi-pastural land management systems for controlling

soll erosion in hill-slopes.
3. Particle size distribution of eroded coils

Gravel, sand, silt and clay contentsof both
settled and suspended sediments were determined at
monthly intervals. The data are reported and discussed

below.
3.1 Settled sediments;
3.1.1 Gravel:
Data are presented in Takle 12.

In the first year all treatments differed signi-
ficantly. T7 recorded the highest mean of 12.95 per cent
and 'I'3 the lowest of 2.81 per cent. The order of signi-
ficence of the treatments were Tz. T4, Ty» Tg and Tg.

Over the months too, this was the same trend with a
drastic reduction in gravel content, as months passed by.
The monthly means also differed significantly, in the
order Mpy > June >July> October > Auguet > September. With-
in each treatment, the initial months gave the highest
gravel content and final months, the lowest with comparable

values in many cases.



Table 12. Gravel content (%%} of aettled sediment

Year/Month - - - Treagyents - Mean

_ . T1 T2 ) Ta . T4 T5 T& 17 )

1984

June 17.03 19.48 4 .87 19.18 13.47 12.72 20.24 15529

July 10.92 14.22 0.00 11.14 8.21 10.75 16.28 10.26

August 5.96 6 .83 0.00 5.86 0.00 0.00 7.88 3.79

September 2.88 4.90 0.00 3,82 0.00 0.00 6.51 259

October 6.22 4.84 0.00 6 .48 _ 0.00 6.68 _2.80 4,59
Mean 10.04 11.29 2.81 19:69 6.43 7.81 _12.95

cb (0.05). a. = 0.31 . b = 0.30 - c-= 0,78 d = 0.80

1985

June 18.06 19.62 11.78 18.38 14.48 16 .94 20.36 17 .08

July 14 .89 17.69 4.32 15.46 ©.18 11.30 13.08 11.85

August 8.79 7.72 0.00 6.94 0.00 0.00 6,99 6 .09

October 3.72 5.36 0.90 4.88 _9:00 Q.00 4.5 3.70
Mean 5};37 12.59 _5:03 11.42 5.16 7.0§_ 11.24 e

cD (©.05) a = 0.68 b = 0.35 c = 0.89 4 = 0.79

a = (D for treatments Cb for months between treatmentg

b = CD for months

bn

CD for months within the treatment



T became significantly higher by shifting T7

2'
even below to Tl in the second year. The treatments

T T. and T7 were on par. Differences between treat-

4’ "1

ments over the months became insignificant making many
treatments .comparable to each other. Monthly differences
were always significant. June gave the highest value and

October the lowest in all the treatments.
3.1.2 Sand:
Data are furnished in Table 13 and Fig. 14 and 15.

Unlike gravel content, all the severely tilled
treatments”viz., Tz' T4 and ‘I‘.7 were always on statistical
parity both in the annusl end monthly values. Among these
treatments, Tﬁ always registered the lowest wvalue which
varied between 40.69 per cent in June to 47.78 per cent

in Cetober. Though annual means of T3, T5 and Tb were
mignificantly different, the monthly values were, in
general, on par. Contrary to the gravel content, sand
content in all the treatments unvelled a gradual increase,
as months pagszed by. This was more pronounced in T5 and

_T6. Within each treatment, the monthly differences were,

in generel, insignificant.

Tl superseded all other treatments in the second

vyear. Regt of the treatments followed exactly the same



Table 13. Sand content (%)

of settled sediment

Tregtmen_i_’.:s

Year/Month —_— - - Mean

. 1 T, Ty Ty T5 Te Tz _

1584

May 46 .96 47.19 48.63 46.24 46.23 45.B4 46.49 46 .BO

June 45.91 41.31 44.46 43.49 54.37 53.29 40.69 46 .21

July 44 .89 43.27 0.00 .44.97 57.72 58.20 42.97 41.72

August 50.12 46.97 0.00 47.40 0.00 0.00 46.54 27.28

September 51.15 48.04 0.00 S0.87 - 0.00 0.00 47.37 28.21

October 35.73 51,02 0.00 51.18. 0.00 63.50 47.78 35.60
Mean 45.78 46.30 15.52  47.36 26 .39 36.80 45.31

cp (0.05) a = 3.08 b = 2.55 c = 6,76 N d=6.74

1985

June 46.85 44.96 350.78 44.31 64.71 46.59 41.75  4B.56

July 48,58 44.05 36,08 42.16 70.10 51.47 42.82 44.61

aAugust 53.27 44.78 0.00 46,71 0.00 0.00 45.35 27.16

October 60.62 55.54 0.00 55.10  0.00 Q.00 55,98 32.46
Mean  52.28  47.33_  26.72 _ 47.07_ 33.71 24,51  46.48 _

cD (0.05) a =1.62 b = 1.02 c = 2.40 d = 2.22

a = CD for treatments ¢ = CD for months between treatments

b = CD for months d = ¢D for months within the treaztment
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trend as that of the first year, as far as the annual
values were concerned. Over the months, the differences
between and within each treatment became much more magni-

flied and were significant in many cases.
3.1.3 Silts

Table 14 and Fig. 14 and 15 show the data on

gilt content.

T, recorded the highest annual value of 15.87

=

per cent very closely followed by T2 and T4. T3 reglstered

the lowest value of 5.22 per cent. Monthly values failed
=

to show any specific trend between Tl' T2' T, and Toye

But T. and TB were inferior to all towards the end of the

S
vear and many times were on par. Within the treatment,'

there was no definite trend, between months.

As Iin the case of sand, treatment differences were

more pronounced In the second year. Barring T7 Py

all other treatments differed significantly. Tg and T3

recorded higher values. Other treatments followed these

and T

two without a definite trend. Over the months, within
each treatment, a decreased silt content was observed

and October. recorded the lowest value: always.
3.1.4 ClaY-:

Data are reported in Table 15 and Fig. 14 and 15.



Table 14. Silt content (%) of settled sediment —
Year/Month - - - —.-Llreatments - Mean
N T, — T, T, T, T, T, T,
198 4
Hay 14.73  15.30 14.56 - 14.71 14.66 14.92 14.83  14.82
\J3hne 14,09 16.35 17.19 16.73 14.70 14,03 17.11 15.74
July 15.39 16.66 0.00 15.51 13.62 13.09 16.82 13.01
August 15.15 16.02 0.00 15.66 11.64 12.63 15.35 12.35
September 14.25 16.09 0.C0 15.29 12.41 12.68 15.57 12.18
October 14.68 14,96 V.00 15.04 12.78 13.04  15.51 12.2%
Mean -14.72 - 15.73 5.29  15.49 13.30  13.39 15.87
¢ (0.05) a = 0.42 b =C.33 c = 0.88 d = 0.87
1985
June 15.03 14.38 20.11 14.60 24.13 14,92 15.59 16 .97
July 14.64 316.53 18.10 16.12 23.62 14.67 15.89 17.08
August 12.51 14.89 0.00 14.28 0.00 0.00 16.15 8.26
October 11.49 13.45 0.00  11.69 0.00 0.00 - 12.43 7.01
Mean 13.42 14.81 9.55 14.17 11.94 7.39 15.02
cp (0.05) a = 0,54 b = 0.42 c = 0,94 d = 0.93
a = CD for treatments c = CD for nonths between treatments
b = CD for months d = CD for wonths within the treatment



Tgble 15. Clay content (%) of gettled sediment

¢cD (0.05)

) Treatments
Year/Month o T T Mean
T 1 T T 4 T 5 ’I‘6 ‘I‘.;.
1984
Ay 34.25 33.75 32.53 33.93 34.60 34.94 34.44 34.06
June 36.87 37.40 22.67 36.89 25,35 28.68 38.63 33.78
July 34.51 34.87 0.00 35.19 22.33 22.81 36.05 26 .54
migust /30.13  33.55 0.00 32.43 18.95 23.96 35.19 24 .89
September 30.56 31.62 0.00 30.95 15.24 18.77 33.76 22.98
October 20.97  31.11 0.00 30.90 15.21 19.88 32.24 22.76
Mean 32.71 33.72 10.87 33.368 21.95 24.84 35.05
cp (0.05) a = 0.49 b = 0.45 c = 1.19 d = 1.2
1985,
June 33.91 35.66 26.13 35.84 7.38 34.22 36.82 29.99
July 32.49 35.590 21.78 36.78 5.10 32.22 36.91 28.70
august 30.46 33.79 .00 33.56 0.00 0.00 33.86 18.81
October 24.71  27.00 0.00 27.07 .00 0.00 27.55 15.1%
Mean  30.40  33.01  11.98 33.31  3.12 16.61 ' 33.79 _
a = 0.97 b = 0.51 c = 1.27 d = 1.13

=ntea
atment
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'1‘7 was significantly the highest and T3 the
lowest. The other treatments differed gignificantly
except T2 aqd T4 which were on par in the first yéar.
The dominance of T, was maintained throughout the year
except in May when all the treatments were on par.
Thefe was a graduzal decrease over the months. Monthly
differences within each treatment were, in general,
significant in the initia=l months and insignificant

towards the end.

In the second year, an almost same trend of the
first year wag observed except for the fact that TS
gave the lowest value. The-pattern of prominence of
each treatment over the months was also almost comparable

to that of the first year.

The above results showed that the settled sediment
was more clayey in the initial months and sandy in the
final monthg. Silt and gravel content slso showed reduct-
ion over the passage of time, but the rate of reduction.
of gravel content was manifegted in s more consplcous
way than that of silt. On direct continuous hitting of
intense rainfall on heavily tilled soil, individual soil
particles especially smaller ones will get easily detgached
because of splash effect. When 95 per cent of the soil

loss 1in sheet erosion process is due to the raindrop



impact (Ya2dav, 1961) and more than 87 per cent of the
aggregates of the interrill erosion is constituted by
soil particles of less than 0.5 mm (albert et al. 1977),
the more clayey nature of the eroded soil in the initial
months 1s cognisable. The-comparatively high gravel
content in the early months may be due to the high sedi-
ment carrying capacilty arising out of the uninterrupted
and accumulated flow of the run-off., With increase in
protective role of the vegetal cover (Tables 42 a & b)
and comparatively lesser erosive rains towards the end
(Table 5 and Fig. 7 & 8), soil particle detachment and
splash erosion are practically reduced and give only a
little quantity of clay and silt. This will essentially
increase the sand content of the eroded =soil. 'The very
high content of sand (70.10 per cent) and very low clay
(5.10%) in the grassed plot are in support to this. The
obeserved differences in gravel, sand, silt and clay
contents between various treatments and months, can

therefore be explained.
3.2 Suspended sediments:

Tables 16, 17 and 18 show the suspended sand, silt

and clay percentages,respectively.

3.2.1 Sand:

Though, many of the treatments were comparable,



Table 16. Sand content (%) of suspended sediment
Treatments
Year/Month  ~ 7T T - Mean
T, T, Ty T, Tg T¢, T,

1984

—May ‘8.38 8.14 2.90 7 .89 9.02 6.33 7.36 7.15
June 11.03 9.35 3.49 9.45 6 .08 3.01 9.98 7.49
July 9.5 9.75 0.00 B.98 1.82 '2.93 5.11 5.44
August 2.90 3.43 0.00 2.60 0.00 0.00 2.56 1.64
September 2.45 3.50 0.00 2.47 0.00 0.00 1.64 1.44
October 1.34  0.71 0.00 0.86 _ 0.00 0.00 1.66 0.65

Mean 5.93 5.81 1.07 5.37  2.82  2.05 4.71

cD (0.05) a=1.17 b = 0.66 c = 1.89 d = 1.75
1985

June 7.15 8.73 0.00 7.05 0 .00 8.20 7 .68 7 .76
July 6.12 7.52 0.00 8.16 0.00 3.46 7.80 6 .61
August 2.71 _ S5.63 __ 0.00  3.32 _0.00 0,00 _ 2.83 2.89

Mean 5.33 7.29 0.00 6.18 0.00 2.90 4.58

¢cp (0.0S) a=1.39 b = 0.70 c = 1.70 d = 1.57

a = CD for treatments ¢ = CD for months bet;.ween treatments

b = D for months d = Ch for months within the treatmant



Table 17.

Silt content (%)

of sugpended sediment

Treatmegts

Year/Month  cecemaec——— - ——— _— Mean
B _Tl Tg- Ty Ty T, T T.,
19584
May 45.57 ° 44.17  33.08 45.85 43.71 47.86 . 44.74 - 43.57
June 46.36 48.86 31.75 4B.51 46.30 38.90 46.95 43.95
July 43.56 - 46.46 30,07 49.53 37.20 35.290 47.38 41.36
August 38.25 37.98 20.13 42.05 15.99 21.80 45.52 31.67
September 38.85 - 38.42 0.00 39.78 0.00 17.82 42.02 25,27
October 32.49 35,21 0.00 37.28 0.00 14.66 41.03 22.95

' Mean 40.85 41.85 19.17  43.84 23.87 29.39 44.61

cp (0.05) a = 0.79 b = 0.75 e = 1,95 d = 1.98
1385
June 45.45 45.89 23.82 45.30 11.83 45.84 45.23 37.63
July 49.28 47.90 15.39 44.87 0.00 37.17 46.43 34.44
August 37.42 36.12 0.00 39.71 0.00 4.34 38.03 22.23
September 17.23  14.69 0.00 22.73 0.00 8.17 13.98. 10.97

Mean 37.36 36.15 9.80 38.15 2.96 23.88 35.92

cD (0.05) a= .34 b = 0.88 c = 2.35 d = 2.33
a = CD for treztmentg c = CD for months between treatments
b = CDh for months d = CD for months within the treatment




Table 18. Clay content (%) of suspended sediment
Year/Month — —— ~—_treatments Mean
T, T T, T, T, Tg T,
1984 '
May 46 .05 47.69 64.02 46.25 47.27 45.81 47.91 49 .28
June 42.61 41.79 64.76 42.03 47.62 58.09 43.24 48.59
July 43.28 43.79 69.93 41.42 60.98 62.48 47.50 52.77
August 58.85 S5B.59 79.85 55.35 85.04 77.53 51.92 66.73
Septerber 58,69 58.08 100.00 57.75 100.00 82.18 56.34 73.29
October 63.17 64.77 C.00 61.86 0.00 85.34  53.98  47.44
Mean 52.61 52.45 63.09 50.78 56.82 68.58 50.14
cD (0.05) a = 1.58 b = 0.86 c = 2.50 d = 2.24
1285
June 47.36 45.38 74.89 47.65 B8.17 45.96 47.09 56 .64
July | 44.59 44.57 B4.61 46.97 100.00 59.37 45.77 60 .84
August 59.87 58.24 0.00 56.97 0.00 ©5.67 59.11 47.12
October B2.77__ 85.31  0.00 77.27_ Q.00 91.88 86.02  60.46
Mean  58.65 58.38 39.88 57.22 47.@2 73.22 59.50
cD (0.05) a = 1.13 - b =0.92 c = 2.38 d = 2.43
a = Ch for treatments c = CD for months between treatments
b = CD for monthsa d = CD for months within the treatment



T. and T, recorded significantly higher'values than T3

1 2
which gave the lowest value. Barring the initial two-
three months, in T,. Tg and T, there were no sand at all.
Over the months, sand content showed a drastic reduction
in all the treatments with October recording significantly

the lowest value.

In the second year, the initial values itself were
lower than that of the first year. T3 and T5 throughout
the year, and all other treatments towards the end,
recorded zero values. The monthly differences wére signi.

ficant.
3.2.2 5ilts

The mean values showed that ‘I’7, very closely
followed by T,, was significantly higher to all other
treatments. T3 gave the lowest value. As in sand, silt
also showeé a reduction over the months within each treat-
ment. June gave the highest value and Qctober the lowest.

Monthly differences were significant in many cases.

In the second year, an almost similar trend was

maintained between the treatments and months.
3.2.3 Clay:

Treatment means differed significently. T, gave

the highest value and ibfthe lowest. For the first three
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months, while T. gave the highest value, towarde the

3

final months Ty superseded T Contrary to sand and

3°
silt contents, there was a sharp Increase in clay
content over the months in eaéh treatment. Except for
the initial few months, the monthly differences weré
also significant. The clay content in Ty and TS was

very high that it reached even 100 per cent in September.

In the second year, the trend was almost same as

that of the first yeer. T

3 and 'I‘5 gave maximum values

by July itself.

Suspended sediments are mainly congtituted by
minute particles which will not settle down quickly.
among the particles, clay, being the finest, will be in
a suspended state for longer pericd than silt and sand.
Therefore, the very high and low percéntages of clay and
silt'respectively, and negligible portion of sand seen
in the run-off of all treatments are explainsble. The
presence og gome quantity of sand in the susgpended state
may be attributed to the turbulent nature of the run-off
while sampling consequent to high erosive rainfall
especially in the initial months. In subseguent months,
the sand content became negligible and was even absent
in T3. TS and Tg probably because of the leasser erosive

rainfall and better protective =bil ities of the treatments.
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4. Total gravel, sand, silt and clay lossges:

Figs. 16 and 17 illustrate the total gquantity of
gravel, sasnd, silt asnd clay particles eroded by each
treatmernt in each year. Table 19 provides the percentages

of individual fractions to the total soil logs.

It could be seen that T7 in both years eroded the
highest quantities of all soil particles. In the first

year T, gave the lowest value and in the second year TS'

3
The 352 t of eroded soil of T, in the first year (Table 11)
was constituted by about 53 t of gravel, 116 t of sand,

60 t of silt and 111 t of clay. Corresponding percentages
of these fractions to the total eroded soil were 15, 33,

17 and 32, respectively. 1In T3, out of the 8 t eroded soil,
about 36 per cent i.e. 3 t was composed of clay. It con~ .
tained relatively little gravel i.e. only 6 per cent

(0.5 t}. In the second year, in T, and T; there was: no
gravel loss; the coarser particles were relatively legser

and éonsequéntly the clay portion measured almost 50 per

cent of the eroded soil.

Except TB' the suspended sediment load of both clay
and gilt to total soil loss was less than 5 per cent in
the first year in all the treatments. It was less than
10 per centiin the second year-except in T5 and T3. Sand
constituent of the suspended sedimenf, in general, oould

account only less than 1 per cent. Relatively high



Table 19.

Year-wise gravel, sand, gilt and clay contents (%) in eroded soil

Year/Trea~ _ Settled sediment §t-xspe§ged sedimen_t:.- ______ Total sediment
tment Gravel Sand sSilt clay sand Silt Cclay Gravel Sand Silt Clay
19284
T | 10.66 36.92 '11.24 27.58  0.74 3.59 '3{59 10.66 37.66 15.03 31.18
T, 15.09 33.20 12.23 27.09  0.77 4.14 4.02  15.09 33.98 16.38 31.11
T, 5.70 33.49 12.11 24.23 0.60 5.00 11.76 5.70 34.00 17.10 35.99
T, 21.90 34.686 5.93 27.08  0.75 4.32 4.03  21.91 35.12 10.26 31.12
Tg 12.82 41.48 11.55 17.78  0.44 3.34 3.92  12.82 41.90 14.90 21.71
Ty 12.22 40.58 10.72 22.70  0.32 3.46 5.04 . 12.22 40.90 14.18 27.74
T, 15.16 32.36 12.22 26.80  0.72 4.73 4.80  15.15 33.08 16.95 31.59
1985
T, 14.97 34.33 10.84 24.26 0.8l 5.69 5.06  14.97 35.14 16.54 30.31
T, 16.04 31.73 10.68 25.01  1.07 6.14 6.19 16.04 32.81 16.82 31.20
T, 0.00 1B.55 8.20 10.66  0.00 11.48 38.52 0.00 18.85 19.67 49.18
T, 14.36 31.05 10.66 25.40  1.06 6.58 7.19 14.36 32:11 17.24 32.59
T, 0.00 29.73 10.81 2.70 0.00 5.41 43.24 0.00 29.73 16.22 45.95
T, 18.38 29.88 9.45 21.39  0.54 3.94 5.15  16.38 30.42 13.40 35.51
T 15.22 30.19 11.21 26.26 0.39 6.00 6.35  15.23 31.48 17.21 32.49

~
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percentages of suspended sediment to total soil loss
seen in T3 and T5 are indicative of the very low settled

sediment losses.
S Nutrient loss:

Percentage contents and total losses of the primary
and secondary nutrients through eroded soil and run-off
as affected by different treatments are dlscussed in the
following section. Zero values are indicative of zero

erosion conseguent to treatment effects as already explained.
5.1 Primary nutrients:
S.1.1 Contents in eroded soil:

Totzl contents of nitrogen, phosphorus and potassium
in the eroded soll at monthly intervals are presented in

Tables 20, 21 and 22,respactively.

Perusal of the data showed that contents of all
these nutrients were comparétively higher in the initisl
months. In: some treatments, nitrogen and potassium
contents were even higher than that of the s0il1l matrix.
For example, when the inhérent N content of the surface
soll was 0.148 per cent (Table 1) it was 0.151, 0.152 and
0.150 per cent,respectively;in T,, T. and T, in the first

2 5 6

month of first year. All the treatments except T3 recorded

higher values of K_than the initial so0il status of 0.226



Table 20. N content (%) in eroded soil
Treatmentasa
Month - - -

T, T, T, T, T T, T,
1984
May 0.144 0.151 ©0.135 0.141 0.152 0.150 0.141
June 0.123 0.140 0.131 0,130 0.142 0.133 0.134
July 0.121 0.130 ©.121 ©0.122 0.114 ©0.121 0.123
August 0.112 0.121 0.123 0.103 0.096 0.101 0.101
Septenber 0.102 ©0.101 ©0.000 0.102 0.093 0.103 0.102
October 0.094 ©0.093 ©0.000 0.101 ©0.086 0.086 0.112
1985
June 0.139 0.157 ©0.136 ©0.144 0.110 0.110 0.157
July 0.113 ©0.144 0.103 0.139 0.079 0.100 0.133
August 0.115 0.133 -0.090 0.122 0.000 0.C00 0.134
Septerber 0.000 0.119 . 0.000 0.109 03000 0.000 0.110 .
October 0.095 0.093 0.000 0.090 0 .000 0 .090 0.088




Table 21. P content (%) in eroded soil

Treatments

Month -
T4 T, Ty _ T, T, T T,

19584
May 0.043 0.051 0.041 0.044 0.053 0.044 0.046
June 0.040 0.050 0.041 ©0.040 ©:041 0.043 0.039
July 0.038 0.036 0.039 0.036 0.03% 0.034 0.041
August 0.033 0.041 0.023 0.033 0.022 0.031 0.022
September 0,030 0.031 0.000 0.034 0.021 0.022 0.031
Octaober 0.031 0.030 ©0.000 0.029 0.013 ©0.031 0.033
19853
June 0.035 0.039 0.032 0.031 ©0.033 0.034 0.036
July | 0.031 ©0.036 0.032 0.033 0.024 0.037 0.033
August 0.026 0,033 0.019 0.031 ©0.000 0.000 0.032
September 0.000 0.033 0,000 0.031 0.000 03000 0.031
October 0.030 0.035 ©.000 0.035 0.000 0.000 0.033




Table 22. K content (%) of eroded soil

Treatment¢ts

Month - -
T, T, T, T, T, T, T,

i1984"
May ' 0.227 0.255 0.221 0.227 0.270 0.241 0.227
June 0.227 0.253 0.192 0.201 0.251 0.241 0.215
July ' 0.230 0.225 0,189 0.207 0.237 0.224 0.206
August 0.188 0.219 0.203 0.214 ©0.203 0.203 ©0.186
Septenber 0.196 0.212 0,000 0.184 0.203 0.201 0.179 "
October 0.196 0.181 0.000 0.185 0.185 0.160 0.172
19285
June 0.177 04242 ©0.188 0.200 0.161 0.220 0.228
July 0.182 0.241 0.184 0.207 ©0.154 ©0.217 0.238
August 0.173 ©0.196 0.175 0.180 0.000 0.000 0.182
Septenber 0.000 0.000 0.000 0.000 ©0.000 0.000 0.192

October 0.167 0.179 0.000 0.163 0.000 ©.000 C.179




per cent. In general, over the months, all the treat.
ments showed a gradual decrease, registering values as

low as 0.086% for N in T; a=nd T, 0.013 per cent for P

5

In T, and 0.160 per cent for K in Tg at the end of first

5
year.

In the second year, the declining trend over the

months was spectacular.
5.12 Contents in run-off:

Tables 23, 24, and 25 contain the concentrations
of dissolved N, P andti,respectivelx}in run-0f£f st monthly

intervals.

Ag In the case of nutrient contents of eroded soil,
here algso the concentratlions were higher in initial months
‘and thereafter showed a decrease. Ts,the grassed plot,
recorded the ﬁighest content of dissolved N in both years.
Here the values varied between 1.08 and 3.7%5 ppm in the
first year whereas 1.14 and 3.28 ppm in the second year.

N concentrations in Tl Wwas comparatively lower than that

in other cropped trestments with the initial value of 2.04
ppm narrowing down to 0.97 ppm in October of the firsé
year. T7, when fallow also recorded lower values compara-
ble to Tl‘ P content was the least and K the hiéhest among

the three nutrients. P content was always less than 1 ppm



Table 23. N content (ppm) In run-off

Treatmentas

Month f- - - . -
T, T, T, T, T, T, T,

19814
May 2.04 3.06 3.11 2.53  3.75  3.03 2.04
June 1.99 3.07 32.10 2.15 3.54 .2.28 2.07
July ©1.80 3.22 3.18 2.19 3.04 2.03 1.79
August 1.26 1.93 1.62  1.38  2.32  1.51  1.26
September 0.96 1.33 1.00 1.00 1.42 0.96  0.98
october 0.97 1.05 0.96  0.99 1.08  0.93  0.99
1985
June  2.04 2.93  2.99 2.07 3.28 3.20 3.23
July 1.75  2.59 2.65  2.00 3.30 3.01  3.12
August 1.44 2.11 1.72 1.64 2.94 2.06 1.93
Septenber 0.91 1.65  1.51 1.06 1.87 1.34  1.03
October 0.82 0.96 . 0.99.  1.07 1.29  0.92 1.03

Decerber 0.53 0,97 1.04 1.06 1.14 0.99 0.92




Table 24. P content (ppm) in run-off
Treatmentes
Month - -
Tl T2 T3 T4 T5 T6 'I’.,

1984

May 0.25 0.62 0.53 0.39 0.51 0.45 .31
June 0.24 0.40 G.46 Q.40 0.54 0.39 0.24
July 0.25 0.34 0.29 0.27 0.31_ .25 0.25
August 0.156 0.21 0.19 0.16 0.07 C.1l1 Q.12
Septenber 0.09 0.13- ©.10 . 0.10  0.08 0.11  0.12
Cctober Tr 0.09 Tr 0.07 Tr 0.05 0.07
1983

June 0.19 0.46 0.44 0.35 0.45 0.39 Q.43
July 0.13 0.46 '0.38 0.35 0.36 C.30 0.37
August 0.08 0.24 0.24 0.22 Q.13 .20 0.19
Septenber Tr 0.22 Tr 0.10 Tr 0.08 0.09
October Pr 0.09 Tr 0.06 Tr “pr 0.0%
Decerber Tr .08 Tr 0.05 Tr Tr Tr




Table 25. K content (ppm) in run-off
Treatments
Month -
Tl T2 T3 T4 T5 T6 T7

1984

May 2.80 4.78 4 .04 3.01 4.64 3.76 2.96
June 2.37 4.17 3.71 2.87 4.11 3.75 2.31
July 2.04 2.22 2.11 2.00 2.77 2.85 1.8%
August 0.89 1.62 1.74 1.56 1.48 1.72 0.90
September 0.95 1.13 Q.08 0.96 1.08 0.91 Q.07
Cctober 0.61 0.92 0.97 0.77 0.74 C.85 0.76
1985

June 2,75 4.51 4.12 3.91 5.10 3.39 4.27
July 2.02 3.43 3.42 2.89 2.39 2.82 3.56
August 1.15°  2.02 2.02 1.93 2.03  -2.08 2.40
Septerber 0.78 1.01 1.380 1.72 1.03 1.35 1.56
October 0.77 0.96 O.74 0.96 0.89 0.69 1.00
Decenoer 0.57 0.82 0.4 0.92 0.72 0.94 0.83
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in all the treatments and even became undetectable in

7. and T. towards the end. K content was higher

1¥ =3 5

o T3 and T5 in both years. Tl recorded the lowest

value. Over the months concentrations of dissolved K

T

in T

also showed s declining trend with the lowest value of

0.48 ppm in T In general, all the intercropped treat-

3.
mente consistently recorded higher concentrations of

dissolved nutrients in all the months during both years.
5.2 Secondary nutrients;
5.2.1 Contents in eroded soil:

Ca, Mg and S8 contents ¢f eroded soil are reported

in Table 26, 27 and 28 respectively.

As 1n the case of primary nutrients, a cleerly
decreasing tfend in their contents over the months was
the general feature observed in these nutrients too. The
highest Ca content was revealed in T, where it varied from
0.073 per cent in May to 0.043 per cent in October of the
first year. '1‘2 also registered sl ightly higher contents
in the initial months, than the inherent values (Table 1).
When the total Mg content of the soil matrix was only
0.248 per cent in T, it even reached 0.265 per cent in
June of the first year, the highest value observed during

the entire period of the experiment. T7 also registered

e



e

Table 26. Ca content (%4) in eroded soil
Treatments
Month — -

T T, T3 Ty Ty Te T,
1984 |
May 0.054 0.061 ©0.036 ©0.054 0.054 0.054 0©0.073
June 0.050 0.050 ©0.034 0.060 0.054 0.054 0,077
July 0.051 0.063 0.038 0.063 0.043 0.043 0.070
August 0.049 0.054 ©0.031 ©0.053 0.0486 0.046 0.061
September 0,046 0.046 - 0.000 0.058 ©0.037 0.043 0.062
October 0.Q37 0.0580 0 .C00 0.051 0.031 0.044 0.043
1.985
June 0.030 0.042 0.032 0.043 0,037 0.041 0.042
July 0.030 0.043 0.031 ©0.041 0.033 0.034 0.042
August 0.030 0.040 0.029 0,040 0.000 0.000 0.041
September 0.000 0.036 ©0.000 ©0.035 G.000 0.000 0.038
October 0.032 0.041 ©0.000 0,040 0.000 0.000 0.041

LT,




Table 27. Mg content (%) in eroded soil
T reatments
Month — - -
T, T, T, T, T Te T.,
19814
May 0.253 0.264 0.194 0,243 0.203 0.243 0,261
June 0.243 0.265 0.193 0.233 ©0.245 0.235 0,253
July 0.256 0.248 0,104 ©0.236 0,196 ©0.246 0.234
August 0.247 0.240 0.091 0.213 0.191 0.247 0.243
Septemnber 0.248 0.242 ©0.000 0.218 0,187 0.223 0.242
October 0.231 0.244 - 0,000 ©0.211 ©0.111 0.192 0.226
1885
June 0.225 0.230 0.208 ©.21%1 0.195 0,217 0.228
July 0.215 ©.230 0.184 0,207 ©0.172 ©0.205 0.227
August 0.214 0.224 0,000 0.187 ©.000 0.000 0.207
September 0.000 ©0.208 ©0.000 GC.187 C©C.000 ©.000 0,202
October 0.199 0.190 ©0.000 ©0.184 0.000 0.000 0.223




Table 2B8. 5 content (%) in eroded soil
Treat m entas
T .. T3 Ta s Ts T

1984

May 0.020 0.093 0.081 0.082 0.071 0.073 0.094
June 0.090 0.096 0.074 0.082 0.072 0.071 0.082
July 0.088 0.087 0.070 ©0.093 0.084 0.080 0.084
Auqust 0.073 0.096 0.053 0.084 ©.078 0.072 0.080
Septenber 0.074 0.087 0.000 0.071 0.079 0.070 0.086
October 0.065 ©0.08% 0.000 0.070 0.071 0.064 0.077
1985

June 0.062 0.073 0.062 ©0.071 0.051 0,073 0.073
July 0.054 0.066 0.063 0.070 0.043 0.061 0.071
August 0.046 0.061 O0.000 0.062 0.000 0.000 0.068
September 0.000 ©0.071 ©0.000 0.063 0.000 0.000 0.061
October 0.041 0.062 0.000 0.061 0.000 0.000 0.061




high values and was 0.261 per cent in the initisl month
which decreased to 0.226 per cent at the end of first
year. T2, T4 and T7 registered the highest S content,
where the values varied from 0.081 to 0.0%3, 0.070 to
0.082 and 0.077 to 0.094 per cent,respectively,in the
first year. In the case of T3 and T5 all these nutrients

gave comparatively lower values than the other treatments,

throughout.

An almost similar trend with comparatively lower
values was the general feature in the second year. How-
with

ever, T. recorded Mg and S levels even less than T

5 3’
values ranging from 0.172 to 0,195 and 0.043 to 0.051

per cent,respectively.
5.2.2 Contents in run-off:
Data are reported in Tables 29 and 30.

Eventhough, the total Mg content of soil was higher
than that of Ca, the dissolved Ca was more then that of
Mg. S content in run-off was below the detectable level,
throughout. As in the case of eroded soil, concentration
in run-cff also came down with increase in time register-
ing the lower values at the end. But in many cases the
decrease was not progressive. T2 \recorded the highest

Ca content of 2.75 ppm in July and 1,90 ppm at the end of



Table 29. Ca content (ppm) in run-off

Treatments

Ty T, Ty T, Te Te T,
1984

May 2.10 2.10 2.08 2.24 2.06 2.09 2.29
June 2.10 2.14 2.07 2.26 1.85 2.09 2.14
July 2.54 2.75 2.03 1.99 1.34 1.98 2.15
August 2.36 2.55 1.89 1.84 1.59 1.20 1.87
September 1.82 1.99 1.49 1.81 0.84 1.06 2.18
October 1.58 1.90 1.61 1.89 0.95 1.06 1.68
1985

June 1.75 2.04 1.73 1.96 1.94 2.06 1.97
July 1.72 2.12 1.83 1.94 1.71 1.52 1.89
august 1.85 1.80 1.31 1.58 1.23 0.99 1.95
Septenber 1.05 1.28 1.21 1.01 0.81 1.00 0.85
October 1.23 1.30 1.28 1.23 0.83 0.97 1.04

Decenber 1.06 1.23 0.89 1.26 0.58 0.86 1.03




Table 30,

——

Mg content {ppm) in run-off

Treatments

Manth - - — ——
Tl T2 T3 T4 TS T6 T7

1984

May 0.56 0.54 0.51 0.57 0.48 0.45 0.54
June 0.50 0.50 ©.48 0.50 0.47 0.44 0.50
July 0.40 0.43 0.42 0.51 0.23 0.43 0.42
angust’ 0.38 Q.45 0.40 Q.40 0.25 0.31 0.33
Septerber 0.35 0.40 0.37 0.41 0.15 0,30 0.44
October _0.40 0.42 0.30 0.34 0.21 0.356 Q.44
19285

June 0.43 0.45 0.37 0.40 Q.34 0.32 0,40
JulY 0.37 0.43 0034 0037 0030 0031 0034
August 0.31 0.41 0.34 Q.37 Q.30 0.30 " 0.42
September 0.32 0.34 0.31 C.40 Q.28 0.22 Ga32
Octocber Ga.34 0.36 0.30 0.31 0.24 0.22 0.35
Decenrber 0.32 0.33 0.29 0.31 0.29 0.22 0.28
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first yeasr. The lowest initiesl and final values viz.
2.06 snd ©.95 ppm were shown by TS' In the second year
also similar trend was fol lowed but with lower values
than the first year. 1In the first year higher initial
values of Mg varied between 0.45 ppm in Ty and 0.57 ppm
in T, and lower finsl values between 0.21 ppm in Tg and

4

0.44 ppm in T%. These values were 0.32 ppm in T., 0.42

ppm in Tz, 0.22 ppm in T6 and 0.33 ppm in Tz, during the

second year.

Water erosion of soll is a selective process
especially in the wash erosion stage (Hudson, 1984). Due
to the dispersive actlon of raindrops and selective transpo-
ration of detached soll particles, the eroded sediment will
be more clayey than the soil matrix for reasons already
explained in item 3. 2s the colloidal content of a secil
ls the most decisive factor in determining its fertil ity
(Sekhon and Ghosh, 1982) the increased concentration of
majority of nutrients in the initizl months is attributed
to the high ciay contents obaervgd. To 1lluatrate, T5
though heavily fertil ized, registered lower values of N
in the eroded soll as compared to all other treestments
from July onwards in the firet year. The same decrease
in contents of major cstions of Ca and Mg were also seen
in T.. Consultatlon of the Tables 13 and 15 revealgd that

5
eroded soil in T5 was more sandy and its clay content was




around 15 per cent towards the end of the first year

and reached even 5 per cent in July of the second year.
whereas in other treatments which registered comparatively
higher contents of nutrients, the clay fractionsof the
eroded soll were also high. Hence the variations seen

in the nutrient_levels of eroded soilg of different treat-
ments can mainly be due to the differences observed in
theilr colloldal fractions. The same reason, to a large
extent, holds good for the decreasing trend in the nutrient
levels observed over the stages in both years. Further,
the reduced availability of nutrilents consequent to
continued cropping and erosion can also be a possible
factor. Among the six nutrients, the highest concentration
was seen wlth Mg closely followed by K. Other nutrients
followed the order W )>Ca »S >P. Thils sequence is in agree-~
ment with the inherent status of these nutrients in the soil
matrix (Table 1) and suggest that nutrient loss through
eroded soil is proportionate to their respective soil
contents. Hence, higher losges of nutrients in T 'and T

7 2
and lower losses in Ts and Tb can be explained.

The variations in nutrient levels of run-off can
mainly be attributed tolthe relative mobil ity and leacha-
bility of various ions in the erosion cycle. In an acid
humid region soil,Cé largely occurs in the exchangesble

form. The laterite soils of Kerala, in general, 1is acidic
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with low CEC and the exchangesble cations occur in the
order Ca> Mg> K >Na (Venugopsl and Koshy, 1976). Though
the total Mg in the soill was approximately 4 times that
of Ca (Table 40) the dissolved Mg, in the run-off was
only 1/%th to that of Ca especially in the initial months.
Also, dominance of dissolved Ca over Mg was the trend in
all the treatments throughout the period of experiment.
The high contents of Ca observed, can thereque, be attri-
buted to the higher exchangeable‘Ca in soils and the
greater mobil ity of this catlon in the acidic condition.
Earlier reports (Kanwar, 1976 and Sanchez, 1976} are in
conformity with the findings of the present study. K, ag
expected, recorded the hilghest concentration among the
cationg in run-off. Predominantly kaolinitic soils of
the experimental area coupled with mmonovalent nature of K
increase its leachability in erosion cycle. Higher content
of N observed is possibily due to the greater mobility of

N03 N, it being weakly held by the colloids. The low
contents of P recorded are probsbly related to the low
levels of native available P and high P fixation capacity

of the goils of the experimental aresa.

Among the treatments all intercropped and fertilized
ones persistently showed higher contents of dissolved
nutrients irrespective of the probsbly high crop removal.
This can only be attributed to the increased readily soluble

form of nutrients consequent to fertilizer application.




| For instance, highest contents of N, P and K were
obtained in the run-off of Tg which received the maxi-
mum fertilizer dose (220 kg Urea, 310 kg Single Super
Phosphate and 80 kg Muriate of Potash per ha per year).
This view is further strengthened by the corresponding
lower contents of dissolved N, P and K throughout in Tl'
a non-fertilized plot, and T,, a cultivated fallow plot,

in the first year.
5.3 Total nutrient logs:

Table 31 and Fig. 18 and 19 furnish the detalls

of total nutrient losses through eroded soll and run-off.

All the treatments eroded considersble quantities
of nutrients especilally in the first year. The data
reveals that losses of all the nutrients except P and X

were maximum In Tﬁ followed by T The highest losses of

2°
P and K were observed in T, e Quantities of ercded N, P,
K, Ca, Mg and S in Kg/ha were 415.98, 115,89, 67§.50,
241.80, 878.32 and 298.89)respective1y in T&. T3 remained
the lowest in nutrient drain, recording corresponding
values of 13.94, B.46, 12.28, 5.63, 13.49 2nd 5.45 respec-
tively. In the case of primary nutrieﬁts. losges through
run-off, 1in general, was lower than 10 per cent of the

total except in T3 where 32.78 per cent N, 67.61 per cent

P and 25.49 per cent K were contributed by run-off. Among



Table 31. Loss of total nutrients (kg/ha) throﬁgh eroded goil and
nin-c££f
Treatments
Nutriente - -
B T, I3 Ty Tg Te 7
1984
N 329 .35 395.00 13.94  344.88 122.75 200.28 415.98
p 92.04 119.51 8 .46 101.42 48.77 53.71 115.89
K 569 .70 697.32 18.28 562.B0 320.66 344.21 679 .50
Ca 142.54 183.39 5.63 168B.49 62.69 79 .57 241.80
Mg 644.70 716.51 13.49 598.65 243.86 314.12 872.32
s 213.C6 247 .20 5.45 211.27 85.54 100 .64 298.89
1985
)| 51.55 174.11 4.41 139.11 3.58 £6 .95 248.12
P 11.40 41.53 0.70 30.30 C.43 14.48 58.07
K 68.02 271 .66 6 .65 203.08 4.13 95.556 384.12
Ca 18.84 57.97 2.62 51.82 1.20 24 .22 80.96
Mg 71.50 240.72 1.77 188.35 0.65 83.25 345.53
s 19.03 67.71 C.35 58.56 0.08 25.49 107 .72
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the secondasry nutrients, S loss through run-off was so
negligible that it could not be detected. Loss of dig-
solved Mg was very low and centered around one per cent
while such losg of Ca was above 10 per cent, always. In
the case of T3,loss of dilssolved Mg was only 5.64 per cent

while that of ca was 58.61 per cent.

There was very congpicous reduction of nutrient
erosion in all the treatments in the second year as
compared to the first yesr. However, T, continued to lose
highest quantities of all nutrients., Ty recorded the
lowest value. Percentage loss to total through run-off
as depicted iIn Fig. 19 was higher than the first year.

Tg and Tq recorded higher values with Tgs recording the

highest always.

The séverity of nutrient drain conseguent to soil
erosionlhas exténsively been documented(Khanwar, 1972 a;
Goswami and Sarkar, 1975 and Singh end Biswas, 1982).
Even st the lowest interpretable value, India is annually
eroding much higher quantities of W, P and K than what is
added through fertilizers (Kanwar, 1982). In the present
study, the nutrient losses are at an alarming rate of
416 kg N, 116 kg P, and 680 kg K in the cultivated fsllow
plot. This =mounts to about 924 kg Urea, 1500 kg Single

Superphosphate and 1365 kg Muriate of Potash and is worth
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no less than ks 5400/- a year (2ppendix-III). lLosases of

240, 880 and 300 kg/ha of Cca, Mg and S,respectively,are

in addition to this. This 1llustrates the gravity of
economic loss, in addltion to the lose of fertile top

gsoll and non-point source of environmental pollution from
cul tivated steép hill stopes, if soil erosion continues un-
sbated. But by two years of grass cultivation the nutrient
drain could so effectively be controlled, that it eroded
only very negligiBle portion of nutrients. Though the
grassed treatment received sbout 220 kg. Urea, 310 kg
Singl e Superphosphate and 80 kg Murlate of Potash per ha
per year total loss of the nutrients Waslless than one per
cent as compared to unfertilized cultilvated fallow plot of
the first year. This protective abil ity of grass against
soll degradation was manifested in a measursble way even
in the first year and with 10 per cent of grass stripping
as in Tﬁ of second year. Grasg stripping could reduce
more than 40 per cent and 60 per cent losses of major and

secondary nutrients, respectively.

A8 there was not much differences in the percentage
contents of nutrients in eroded soll between treatments
within months (Tables 20, 21 & 22), variastions in their
quantities will essentislly reflect the magnitude of soil
loss. The differences observed in the quantities of elements

In run-off between treatments and nutrieﬁts are the reflecfions



of their relative mobility and leachabil ity in erosion
cycie. Since soluble fraction of the nutrients consti-
tute a major share of the run-off loss, the comparatively

high gquantities seen in the fertilized plots are expected.

As the total =zmount of nutrient loss 1s a function
of its concentration and magnitude of the transporting
media, differences exhibited by each treatment are explaina-
ble in the light of the respective soil and run-off losses.
The notable hike in percentage nutrient logss through run-

off In T, in first year and T3 and TS in the second year

3
is an indirect indication of the low share by eroded soil
to total loss. This becomes highly spectacular in second
year, when soll loss was ﬁractically negligible in T3 and
T_ (Table 8). Here, more than 70 per cent of N, P, K and

Ca losses were constituted by run-off only. It even crossed

90 per cent in Tg for N, K and Ca in the second year.
6. Soll physical changes:

The important soll physical characteristics viz.
particle density, bulk density, total porosity, aggregate
size distribution, infiltration rate, particle size digtri-
bution and water holding capacity were monitored at hal £-

yearly intervals in all the treatments.
6.1 Particle density, bulk density and total porosity:

Particle density, bulk density =nd total porosity



Table 32. Particle density, bulk density and total porosity at half-vearly

interval

Months after planting

Treatments

T Tz T3 Ty Ts e T9

At plantings

1. Particle density (g/cm’) 2.76 2.74 2.77 2.74 2.77 2.77 2.78

2. Bulk density (g/cm>) 1245 1.45 1.43 1.45 1.45 1.43  1.43

3. Total porosity (%) 47.46 47.08 48.37 47.08 47.65 4B.33 48B.56
6 months:

1. Particle density (g/cmd)  2.76 2.76  2.77 2.75 2.75  2.78  2.77

2. Bulk density (g/cm>) 1.48  1.28  1.56 1.46  1.40 1.43 1.44

3. Total porosity (%) 26.38 46.3B 43.68 46.01 49.09 48.56 48.01
12 nmonths:

1. Particle density (g/cm>)  2.78 2.76 2.78 2,76 2.78 2,77 2.76

2. Bulk density (g/cm°) 146  1.50 1.60 1.46 1.38 1.40 1.49

3. Total porosity (%) 47.48 45.65 42.44 47.10 S50.35 49.46 46.01
18 months:

1. Particle density (g/cm’) 2.77 2,78 2.78 2.78 2.78 2.78 2,78

2. Bulk density (g/cm) 1444 1.51 1.63 1.47 1.36 1.40 1.51

3. .Total porosity (%) 4B.01 45.68 41.37 47.12 51.08 49.64 46.04
24 monthg: .

1. Particle density (g/cm>) 2,76 2.78  2.77  2.77 2.78 2.77  2.77

2. Bulk density (g/cm>) 1.42 1.50 1,60 1.48 1.35 1.40 1.50

3. Total porosity (% 48.55 46.04 51.43 45.58

42.24

46 .57

49 .46

Yo7
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as influenced by different trestments are presented in

Table 32 and details of porosity in Fig. 20.

Particle denslty, as expected, did not show any
notable change between the treatments over the periods.
It varled between 2.74 to 2.78 g/cma. Before imposing
treatments, bulk density and total porosity ranged
between 1.43 to 1.45 g/cm° and 47.08 to 48.56 per cent,
respectively. In the case of T; and T, the bulk density,
gradually showed an increase with corresponding decrease
in the total porosity upto 18th month and thereafter a
decrease. Tg showed an exactly reverse trend with a
definite decrease in bulk density values upto 24th month
with corresponding, increase in porosity values. The
bulk density decreased from 1.45 to 1.35 g/cm3 while total
porosity varied from 47.65 to 51.43 per ceﬁt. Tl also
showed improvements in its physical characteristics though
not at the rate of TS‘ but in a notzble way. Here, the
bulk density registered a gradusl decrease from 1.45 to

1.42 g/cm3

with a corresponding increase of porosity from
47.46 to 48.55 per cent. In Tb, the bulk density decreased
from 1.43 to 1.40 g/cm® by the 12th month and thereafter
it was static. The porosity showed =n increase of 48.33

to 49.46 per cent. However, in Ta and T&, erratic variat-
ions were observed in both of these characters.

Flg. 20 reveals the distribution of soil voids wviz.

inter and intra-sggregate voids. In the beginning, all
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tﬁe treatments, had about 18-20 per cent of their volume
oécupied by macropores. Tg and T% showed a gradual increase
over the stages and even crossed 20 per cent by the end of
the experiment. 1In T3, it showed » drastic reduction and
went below 10 per cent. »ll other treatments, except Tl’
exhibited a gradual decrease over different stages. T,

reglstered an initisl decrease and subsequent improvement.

The bulk density. and in turn the total porosity
which reﬁlect the looseness or degree of compaction of a
soil, are to a lsrge extent, influenced by soll masnagement
practices {Rusgsel, 1973 and Singh, 1980). Before imposing
treatments, the goil was almost ideal for cultivation as
exhibited by the bulk density vslues and pore-size distri-
bution. But two years of experimentation made the soil
in T3 more compact bringing down the porosity from 48.37
to 42.24 per cent. This can be attributed to the occasional
ponding of run-off in the inter-ridged area during the
rainy season, which lead to siltation,'surface crusting
and subseguent compaction. Further, this might have =lso
accelerated the vertical erosion and consequent clogging
of macropores by the minute clay particles (Hudson, 1984) .
This wes evident from the low infiltration rate recorded
by T3 (Table 36). uhereass in T, the grassed plot, there
was a marked improvement in the physical condition. NMore
root distribution, high earthworm sctivity =nd practically

full protection of the soll surface (Teables 47, 49 a, 49 b,

I3



42 » and 42 b) Efrom the direct hit of raindrop might

have contributed For the better physical conditions.

nll these factors are ~pplicsble to some extent in the
rice cropped plots too. Tﬁ recorded slight detericra-
tion in the physical conditions. Exposing the soil to
direct, intense =nd continuous reoinfall, affect its
physical properties ﬁainly because of the soil dispersion,
verticsl erosion =nd high sediment carrying capacity by
the overflowing water (Hudson, 1984). Mound cultivation
of cassava wWas as deliterious as thrt of cultivated
fallow in crpusing deterioration of the physical condition
of the soil. This became further estsblished by Tl

wvherein soll was subjected to less disturbsnce in the

absence of inter crops.
6.2 rggregate size distribution and stability indices:

- The data on aggregate size‘distribﬁtion and stabi.

lity indices are reported in Tables 33 and 34,respectively

Efféct of grass (Ts) on aggregate size was conspi-
cous even at the 6th month of observation as indicated by
the bigger aggregates. But all other treatments showed
a notable reduction in the proportion of this factor
especlally those of zbove 2.5 mm dismeter. TS' maintained
higher values for aggregates of above 2.5 mm throughout

the investigation. Percentage of aggregates of =bove 5 mm
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able 331. Aggregate fize Jfstr ibution (%) at half yearly intervals 125
planting/acut eqate il L b Db A
sine T , ot,  t, 1. o= o1

1 2 'I'3 T4 T5 Tb T

e e A A e ———— —

1. 5.00 mm . 10.13 10.08 11.00 15.14 1C.48 10.41 11.01
2. 2.50 — 5.00 " . 14.14 13.98 12.98 14.14 14.40 11.78 1e.00
3. 1..00 - 2.50 * : 20,24 21.11 20.24 20,20 20.13 18.11 20.10
4., 0,50 - 1.00 ™ 23.82 22.18 23.90 22.18 20.48 21.11 20.48
5. 0.25 - 0.50 =  20.30 19.14 20.00 .20.10 20.49 20.10 21.11
6. 0,25 * - 11,11 14.50 12.78 13.21 14.00 16 .49 13.30
§ months
1.  5.00mm  7.79 . 7.99 7.14 8.01 14.10 9.78 4.70
2. 2.50 - 5.00 * 13.14 12.19 11.38 12.81 16.38 14.40 10.16
3. 1.00 - 2.50 = . . 13.78 13.11 16.11 21.33 11.10 10.97 13.19
4. 0.50 - 1,00 * 24.10 23.78 18.91 18.98 20,16 21.00 21.78
S. 0.25 —.0.50 * 21.78 26.11 26.19 23.10 20,10 22.10  23.80
6. 0.25 * 19.41 17.02 20,27 16 .40 18.14 21.83 26 .79
12 ‘months
1. 5.00mm - 9.90 7.9 . 6.91 7.89 15.00 10.10 5.01
2. 2.50 - 5.00 * 14429 13.10 13.41  13.11 16.10 17.18 a.91
3. 1.00 - 2,50 " 14.10 11.70 14.98 10.21 10.11 11.10 14.13
4. 0.50 - 1.00 ™ 20.10 24.18 20.98 21.04 21.78 19.10 20.78
5. 0.25 - 0.50 ® 21.17 24.99 26.10 24.04 18.00 23.18 24.38
6. 0.25 " 20.54 18.14 17.89 23.66 19.01 19.34-  26.79
18 months
1. . 5.00 mm 10.14 6.81 6.89  7.50 16.00 11.78 &.81
2. 2.50 - 5,00 ® 14.18 11.71 11.34 11.00 19.20 19.10 9.01
3. 1.00 - 2.50 = 16.195  14.89 14.10 10.18 11.12 10.11 11.48
4. 0,50 - 1.00 * 20.10 24.10 20.98 24.18 16.17 18.19 20.29
5. 0.25 - 0.50 * 20.00 21.08 24.10 26.10 21.10 20.17 24.18
6. 0.25 « 19 .39 21.41 22.59 20.94 16.41 20.65 28.23
24 mobthe
1. 5.00 mm 11.00 . 5.50 6.80 7.81 18.41 10.6G 6.90
‘2. 2.50 - 5.00 20.00 10.20 10.90 9.10 15.20 18.20 10.14
3. 1.00 - 2.50 * 17.10 12.50 ~ 11.35 11.75 12.00 10.80 11.16
4. 0.50 - 1.00 * 20.00 '22.10 21.00 24.00 15.75 26.00 1%.19
5. 0.25 - 0.50 " 16 .00 24.94 . 20.00 26.10 19 .60 20,00 24.78

6. "0.25 15.90 24 .88 29.95 21.24 15,04 20.46 2d.813



Table 34. Stability index, structural coeff{icient
. weight diamcter at half-vearly interval;

e r R A N . e e e

honths atter
planting

1. Stability
index

2. Structural
coefficient

3. % aggregate

stability
4., Mean weight
diameter
6 _months
(._: .
1. Stability
index
5 2. Structural
: cnefficient
3. % aggregate
stability
4. Mean weight
diameter
&a_months
i. Stability
index
2. Structural
coefficient
3. % aggregate
stability
_ 4. Mean welght
diameter
1B months
1. Stability
index
2. Structural
coeﬁfﬁqient
3. % aggregate
. stabdl'iey "
4.'-Mean weight
"' dlameter
24 months

1. Stabilicy
index

2. Structural
coefficient

3. % aggregate
stability

4. Mean weight
diameter

% agregate stability and

meAan

45.21

0.80

80.00

1.75

44.10

0.76

76 .00

1.68B

74.00

1.72

48.00

0.80

38.19

0.69

35.14
0.66

66 .00

.78.00

1.66

39.19

0.68

68 .00

318.09

. 0.8

1.72

70.00

1.60

41 .98

0.72

315:06

0.68

46 .48
Q.76
76.00

1.97

49.73
0.79
79.00

2.01

81.00

1.76

45.14

0.74

74.00

1.63

46.19

0.77

77.00

1.75

4B.10

0.78

78.00

1.90

79.00

1.70

331.28

Q.64

€4.00

1.21

35.10

n.67




increased from 14.10 to 18.41 and that of 2.5 to 5 mm
from 16.38 to 12.20 in Tg. Te, and Ty al so showed signs
of structursal improvement, but not at the rate of TS'
All other treatments registered structural instability
and consequently increased the proportions of smaller

aggregates bringing down the values of other indices.

The stability indices (Table 34) also revealed a
clear picture of the dominating influence of Té on soil
structure. This was evident from- the high values regi-
stered for all the structural indices viz. stability
index, structural coefficient, per cent aggregate
stabil ity and mean weight diameter as compared to otﬁer

treatments, throughout the period of investigation.

Aggregates are secondary units of primary éoil
particles, particularly clays (Singh, 1980). These are
formed under natuvral conditions and mainly influenced by
methods of farming, root activity, addition of orgenic
matter, activity of soil organism etc. (Uriyo, 1979).
Structural stabill ity is supported by the stabil ity
indices which are calculated based on the concept that
a unit weight of large aggregates is more indicative of

good structure than an equal weight of small aggregates.
| Structural coefficient values tending to 2Zero is indica-
tive of poor aggregation and a value close to unity, a

high degree of aggregation. Judged from the above values,
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structurél coefficient of 0.82, as seen in grassed plot
at the final stage, exé;ains the profound influence of
grass on soil aggregation. Comparable values seen in
T6' the rice cropped plot, to T5 can also be explained
as the effect of vegetation. T7 recorded the lowest
vaiue of 0.61 for this index in the 12th month. The
total sbsence of vegetation, organic matter and, above
all, the continuous impact of raindrops are the possible
factors which impede the structural development. However,
the slight increase in this index (0.64) observed towards
the end of the experiment cen be attributed.to the grass
stripping followed in the second year. Low values of T

2

and T, are indicative of the deteriorating effect of

4
mound planting of cassaves on soll aggregation. The bene-
ficial effect of less seil disturbance in the interspace

is evidenced by the high value of 0.80 in Tl'

6.3 Infiltration rates:

Table 35 provides the details of infiltration at
the beginning for the vwhole experimental gite. This
represents the average values of three locations.

Initial infiltration rate was as high as 82.80 em/hr in
"the first five minutes. The steady-state infiltrability
of the soil was 11.40 cn/hr with an accumulated infiltra-

tion of 81.70 cm within 300 minutes.



Table 35.

Inflltration detalls at the beginning of the

— e S - e S T e - ——

experiment
—Eiapsed a;;. of water )
time infiltrated
(minutes) (cm)
5 6.90
10 5.10
20 6.90
30 4.80
45 5.60
60 4.70
90 6 .80
120 6.00
180 12.10
240 . 11.40
300 11.40

Cumulative

Infiltration
rate infiltration
(cm/hr) (cm)
82.80 6 .90
61.20 12.00
41.10 18.90
28.80 23.70
22.40 29.30
18.80 34.00
13.60 40.80
12.00 46 .80
12.10 £8.90
11.40 70.30
11.40 81.70
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Infiltration detalls were studled in each treat-
ment at half yearly intervels. The data are presented

in Table 36.

At the 6th month of observation, in all the treat-
ments, there was a decrease in the initial infiltration
rate as compared to 82.8 cm/hr before the experiment.
Thereafter, 1t showed an improvement except in T3. T3
showed the lowest value of 21.6 cm/hr at the 18th month
end T the highest of 97.44 an/hr at the end. The steady
state infiltration remained more or less constant through-
out the investigation in all the treatmgnts except in T3.
T3 recorded the lowest value of 3.11 cm/hr at the end
with a gradusal decrease over the months. Cumulative
infiltration increased continuously in T5 and recorded the
highest value of 101.50 cm at the 24th month. Whereas in
T. 1t was declining over the stzsges and registered the

3
lowest final value of 24.38 om.

High initial infiltration rate and cumulative
infil tration seen in TS are the reflectlons of its water
absorptive capacity. Better aggregation and consequent
porous nature of the soll as already discussed, increase
the infiltration rate to values close to hydraulic conducti-
vity (Uriyo, 1979 and Zein et al. 1980). Further, the
increased transpiratory withdrawal of dense grass canopy

might have also influenced to a great extent, the initial
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Table 36. Inflltration detalls at half-yearly intervals.
Months T Tr ; atments o
after - e e e e e e e e e e e
planting Tl T2 T3 T4 T5 T6 T7
6 monthss :
1. 19.48 19.11 20.10 20.10 20.00 19.48 19.49
2. 57.60 53.80 37.20 61.20 67.20 62.40 48,00
3. 10.30 11.10 8,10 11.20 12.40 11.80 8.50
4. 67.60 71.00 51.70 72.50 82.70 76.30 56,70
12 montha:
l. 18.40 18.11 12.10 19.14 18.48 18.98 18B.74
21 81.50 73,20 33.60 75.60 90,00 85.20 69.60
3. 11.70 11.40 4,90 11.60 12.50 11.60 9.60
4. 86.40 B82.,60 38,50 85.10 96.40 88,30 £&92.00
18 months:
1. 18.34 18.96 19.10 18.37 18.46 18.96 18.74
2. 81.60 74.4C 21.60 73.20 88.80 B8B4.00 62,20
3. 10.84 10.60 3.18 10.30 12,70 11.80 11.50
4. 71.90 67.70 28.80 67.10 95.70 87.60 76.20
24 months:
1. 18.17 17.48 18.11 18.44 18.00 17.96 18.10
2. 79.20 76,80 25.20 73.20 97.44 B1.60 75.60
3. 11.20 10.81 J.11 11.20 12.50 11.60 11.40
4. 73.10 73.76 24.38 70.30 101.50 84.60 80,80
Notei-
1. Average molsture content of upper 30 cm soil (%)
2. Initial infiltration rate for the first five
minutes (cm/hr)
3. Steady-state infiltrability (cm/hr)
4. Cunulative infiltration for 300 minutes (cm)



flux controlled infiltration rate (Hillel, 1971). High
values obtalned in TS can be explained in the light of
above observations. Crusted and compacted soil surface,
for reasons already explained in item 6.1, might have
made the s0ll less permeable to water in Ty which resulted
in low infiltrability. The comparatively low values
observed in other treatments can be explained as follows.
When the vegetative cover was not enough to provide proper
protection to the bare ground against the impact of rain-
drops, with each successive rainfall, the infiltration
rate was reduced due to the increasing blockage of macro-
pores by translocated soil particles. (ﬁriyo, lé?g and
Hudson, 1984). This resulted in low values as compared

to other vegetally covered treatments.
6.4 Particle size distribution:

Influence of various treatments on the soil texture
was determined by the particle size analysis of 2 wm

sleved fraction. The data are presented in Table 37.

Proportions of sand, silt snd clay remained constant
around, 50, 15 and 30 per centlrespectivelyJthroughout the
experiment, Iirrespective of the treatments. Thils is infact
expected, since particle size distribution is one of the
most stable soil characteristics littie,modified by cultiva-

tion or other.practices within a short period of time. It



Table 37. Particle size distribution at half yearly intervals

- — —— - -

Months after Treatments

planting o
T, T, T, T, T T T,

At planting:

Sand (%) 50.14 50,48 50,00 50,00 49.11 49.90 51.78

silt (%) . 14.56 15.00 14.96 15.11 16.66 15.78  14.789

Clay (% 31.48 30.48 31.38 31.41 31.13 30.76  30.39
6 monthss

sand (%) 50.11 4%.78 48.79 48.78 48.11 50.11 50.46

silt (5) 15.16 16 .10 16 .78 15.00 16,00 15.48 16 .43

Clay (%) 31.11 31.10 32.34 32.38 31.98 31.00 30.00
12 monthas:

sand (%) 50.44 S50.14 49.48 49.11 49.59 50.11 50.00

silt (%) 14.78 16.00 16.00 16.40 15.78 16.43 16.11

Clay (%) 30.96 30.46 31.43 31.00 31.31 31.41 30.34
18 months:i

Sand () 49 .46 50.11 ' 49.33 50.00 49.14 50.06 49.47

Silt (%) 15.46 16.00 15.89 15.41 16.19 15.69 16.78

Clay (%) 31.04 31.10 31.90° 31.60 31.48 31.28 30.78
24 months: ) .

Sand (%) 50,14 50.11 49.11 50.78 S50.00 49.%0 50.78

silt (%) 16.00 15.78 16.00 16.19 15.11 16.41 15.44

Clay (%) 31.C0 31.00 31.84 31.04 31.78 31.40 30.98
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can also be assumed that selective transport of soil
aggregates bﬁ water erosion process (Loch and Donnollan,
1983) has no influence in changing the soil texture,
within a period of two years, no matter how severe be the

erosion.
6.5 Water holding capacilty:

Water holding capacity at 0.3 and 15 bars corres-
ponding to fileld capacity and permanent wilting point of

each treatment are presented in Table 38.

Between the treatments and different stages of
observations, there were no noticeable changes in these
values. Fleld capacity and permanené wilting point were
centered around 20 and 12 per cent,respectively, in all

the treatments, throughout the stages.

lvater retention of a soil at a particular suction
is more influenced by its texture than structure (Hillel,
1971). In the present study, the data on mechsnical
composition of soil (Table 37) showed that, the clay
content remained unchanged between treatments. Hence,
the uniform trends observed in the water retention capa-

cities can be explained based onh the 2bove observations.
7. So1l chemical changes:

Changes in the total contents of all the primary



Table 38. water holding capacity (%) at 0.3 and 15 bars at half-
vearly intervals

'y .
Months after Treatments

planting ~ A — : i
Ty Ty Ty Ty Ty Te Iq

At planting: .
1. 0.3 bar 20.13 20.11 19.98 20.41 20,11 20.98 20.36
.2« 15 barg 12.39 13.18 12.31 12.11 13.45 12.38 11.98

& months:

le 0.3 bar 19.78 20.48 20.48 20.11 20.36 20.19 19.37
2. 15 bars 13.44 13.16 12.32 11.48 12.41 12.36 11.48

12‘months:

l1. 0.3 bar 21.00 20.78 21.14 19.98 21.40 20.46 20.41
2. 15 kars 12.34 12.13 11.48 11.78 12.06 11.48 13.00

18 months:

1. 0.3 bar 20.78 20.14 21.13 20.13 21.48 19.98 20.36
2. 15 bars 11.34 13.00 11.16 13.08 11.48 12.00 12.01

24 months:

1. 0.3 bar 20.04 19.98 20.48 20.C0 21.3% 20.00 19.00
2. 15 bars 12.20 12.80 11.98 12.88 12.31 11.98 12.36




and secondary nutrients, organic carbon, pH and C.E.C.
were studled at hal f yearly intervals. The data are

discussed below.

7.1 Primary nutrients:

Table 39 contain the data on N, P and K contents.
Nitrogen content of soil recorded a progressive decline
with dlfferent stages of sampling in T& ranging from
0.141 to 0.134 per cent. The trend in respect of other
‘ treatments was inconsistent. T&, recorded the lowest N

content among the treatments.

Phosphorus levels were nearly ldentical through-
out the period excempt in T.7 where a definite decrease
over the sampling stages was observed and the values

varled from 0.054 to 0.047 per cent.

As in the case of nitrogen, a slight decline in
potassium level over the stages of observation was
noticed. However, none of the treatments revealed any
definite trend in the content of this clement. 2Anong
the treatments, the highest initial vslue of 0.231 per

cent was observed In T. and the lowest final wvalues of

6
0.220 per cent in '1‘1, T4 and T5.
7.2 Secondary nutrients:

Data are reported in Table 40.
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Table 39. N, P and K content (%) of the soill at half-yearly

intervals

Treatmentasag

Months after

. i S o —

planting
T1 T2 T3 T4 Ts T6 T7
Nitrogen (N)
At planting 0.142 0.141 0.144 0.141 0.144 0.143 0.141
6 months 0.140 0.142 0.143 0©.140 0.141 0.139 0.138
12 " 0,138 0.137 0O.141 0.140 0.144 O©.141 0.137
18 u 0.,140 0,136 0.138 0.134 0,143 0©0.140 0.134
24 n 0.138 0.136 0,139 0.136 0.140 0.138 0.134
Phosphorus (P)
At planting 0.058 0.057 0.055 0.053 0.056 0.056 0.054
& months 0.054 0.0% 0.051 0,053 0.05% 0.054 0.050
12 " 0.056 0.048 0,054 0,051 0.054 0.054 0,050
is # 0.057 0.051 0.055 0,047 0.054 0,050 0,048
24 u 0.058 0,051 0.05% 0.053 0.054 0.051 0,047
Potassium (K)
At planting ©.228 0.226 0.226 0.224 0,228 0,231 0.226
é months 0.224 0.218 0.228 0.226 0.226 0,226 0,220
12 H 0.225 0.216 0,228 0.226 0,270 0.224 0.221
18 " 0.221 0.221 0,231 0.230 0,224 0.228 0,218
24 " 0.220 0.224 0.224 0.220 0.220 0,224 0,223
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Table 40. Ca, Mg and S content (%) of the soil
intervals

at half-yearly

at £
Months after Tre menta

- - - St - Sy sa S e

planting
T, - T, T, T, T, T T,
Calcium (ca)
At planting 0.061 0,058 0.056 0.058 0.062 0.060 0,064
6 months 0.068 0,058 0.056 0.050 0.063 0.063 0.054
12 °© 0.063 ©.054 0.055 0,061 0.061 0,062 0.053
18 n 0.059 0.054 0.054 0,051 0.058 0,058 0.053
24 0 » 0.054 0,055 0,054 0.058 0.054 0.058 0.056
Magnesium (Mg)
At planting 0.244 0.248 0.238 0.243 0.244 0,245 0.244
6 monthgs 0.228 0.234 0.233 0.243 0,243 0.246 0.240
12 @ 0.234 0.232 0.234 0.243 0.245 0.244 0,238
s ® 0.224 0.221 0.234 0,243 0.241 0.242 0.240
24 - @ " 04230 0.225 0.220 0,238 0.245 0.243 0.236
Sulphur (S)
At planting 0.108 0.110 0.110 0.108 0.114 0.104 0.10%
6 mnths 0.114 00112 0-108 00114 00108 00107 00102
12 - 0.104 0.104 0.111 0.108 0.11l1 0.104 0,094
i8 v ~ 0.114 0.100 0.104 0.109 0.104 0.108 0,101
24 " - 0.106 0.098 0.101 0.100 0,114 0.104 0.094
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The contents of secondary nutrients viz. Ca, Mg
and S were.not influenced by the treatments at different
stages of observation. However, a slight decreasing

trend was noticed towards the end..

Consultation of the above tables reveals relatively
smaller changes 1In the total nutrient contents over the
stages and between treatments. The total nutrient content
of a soll 1s a more or less inherent feature,primarily
dependent on its minerology and textural composition
(Hsu and Jackson, 1960). The goil of the experimental
area comes under the vellanikkara series (Soil Survey
Report, 1976). Description of pedon of the experimental
site (Item 1.3i1 of Materials and Methods) shows that
A horizon is having a thickness of 25 cm. Since the
surface horizon of a soil series usually reveals a more
or less uniform chemical composition, the relatively
smaller variations in the total nutrient contents as
observed during the period of study is explainable. But
the slight decrease in nutrient contents observed towards
the end, 1is indicstive of the probable nutrient depletion
that may manifest aftér several years of continuous and
hazardous methods of cultivation (Mithrachaly and Koshy,

1967 and Kamprath, 1977).

7.3 Soil pH:

PH also did not reveal a noticesble change or a



definite trend in its variations during the experimental
period (Table 41). 1In general, it centered around the

value 5,80.

pH remained unaffected probably due to lack of
sufficlent time for the treatment effects to bring about

any notable change.
7.4 Cation exchange capacity (CEC):

Table 41 revesls that CEC showed an almost similar
trend as that of organic carbon. At the end, T2 gave the
lowest value preceded by Tﬁ. It was also noticed that TS
- and Th gave values of 12.73 and 12.38 per cent,respectively,
which were higher than the initial values (Table 1).

The CEC of a soll is an inherent property obviocusly
affected by the nature and amount of minerals and organic
fractions (Tisdale et al. 1985). The textural composition
of the so0il being more or less identical (Table 37), changes
in CEC between treatments can well be related to that of
the organic cerbon content. This is clearly manifested
in 'I'5 and Tb where higher organic carbon contents have
' been observed. A reverse trend is also noticed in T, and
T,, which recorded correspondingly lower orgsnic carbon

7
levels.




Table 41.

Months after

at half-yearly intervals

planting

pH, CEC and organic carbon content of the soll

141

T, T, T, T, Tg Tg T,
pH
At planting 5.85 5.78 5.85 5.80 5.78 5.78 '5.84
6 months 6,001 5.81 .5.80 5.75 5.85 5.81 5.81
12 5,90 5.85 6.05 5.81 5.80 5.83 5.83
18 = 5,80 5.8 5.85 5,884 5.85 5.88 5.84
24 5.86 5,91 6.05 5,80 5,89 5.85 5,91
CEC (meg/100 g)
At planting 12.40 12.48 12.34 12.41 12.48 12.36 12.38
6 months 12.04 12.30 12.36 12.40 12.51 12.33 12.33
12 ¢ 11.48 11.38 12.15 12,31 12.49 12.18 11.47
18 v 12.38 11,04 12.36 11.48 12.65 12.44 11.36
24 ® 12.05 10.48 12.33 12.00 12.73 12.38 11.58
Organic carbon {%)
at planting 1.64 1.64 1.61 1.63 1.61 1.61 1.59
6 months 1.64 1.60 1.60 1.59 1.60 1.58 1.48
12 1.58 1460 1455 1.4B 1,62 1.60 1.47
18 & 164 1,58 1.56 1.53 1.64 1.59 151
24 " 1.58  1.54 1,58 1.53 1.65 1.60 1.50

— v —— o —




7.5 organic carbon content:

over the stages, a slight reduction in organic
carbon content was recorded by all the treatments except

T where an increase was observed. TH showed the lowest

5!
value of 1.47 per cent at the end of first year and there-
after exhibited sign of improvement. T2 and T4 al so

recorded lower values, especilally towards the end.

The change 1n organic carbon content of each treat.
ment parallels almost to the trend of soil loss (Table 11).
T, eroded the maximum quantity of soil followed by T, and

T4. TS was the least erosilve treatment. Cohsequently,

T7 registered the lowest organic carbon content, preceded
by Té angd T2. while TS gave the highest value of 1.64 per
cent higher than even the initial status of the soil
(Table 1). As the surface soil is fairly rich in orgenic
carbon and it remains to be the most erosive, the above
observed variatlons are underétandable. Coupled with
this, the organic matter bulld up due to possible root
and stem decay will, to a large extent, reflect the

incressed organic carbon content of grassed plot. Slight

improvement 1n rice grown plot is also attributed to this.
8. Protective ability of treatments:

The protective ability against soil, run-off and

nutrient losses as influenced by total canopy cover, soil
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binding ability of roots and earthworm activity of

different treatments are discussed below.
8.1 Canopy cover index:

Total canopy cover index (combined canopies of =all
the species) are given in the Tables 42 a, 42 b and
Fig. 21.

In 1984, all the treatments differed significantly.

TS recorded the highest wvalue and T

treatments followed the order T., T

1 the lowest. Other

2° T3 and T4- Over

the months also, this was almost the same trend. '1‘5 and

T6 registered sharp increase in the early stages reaching
higher pesks in August. Subseguently, there was a sudden

decline. In 7,, T, and T4 a gradual increase cver the

2° 73
months and subsequent reduction towards the end was
observed. ‘I‘1 showed only a slight increase but never

reached the wvalue one.

Second year also exhibited an almost same trend as

that of the first year.

Peak values of canopy cover index of grassed plot
(TS) in both years are indicative of the dense nature of
land cover that could cffer about eight times protection
than that of the bare grbund. Even in the first month, it

could cover the land to the extent of 1.42 times and in

J/



Table 42 a.

Total cancpy cover index in 1984

Treatmentgs
Month - - - Mean
T s s Ty T Te T

June 2.01 0.10 0.08 0.03 1.42 1.72 - 0.56
July 0.04 0.57 O.4E 0.15 3.21 3.91 - 1.40
Audust 0.38 0.02 0.81 0.41 7.82 5.14 - 2.58
September 0.49 1.23 1.06 0.63 4.63 4.57 - 2.10
October 0457 1.48 1.39 0.77 3.86 0.22 - 1.38
Noverber 0.65 1.53 1.45 C.81 3.36 0.33 - 1.35
Decenber .0.67 1.07 1.00 0.72 2.06 0.35 - 0.98
Mean 0.40  0.99 0.90 0.50  3.77 2.32 -~
¢b (0.05) a = 0.08 b = 0.02 c = 0.07 4 = 0.06
a = CD for treatments c = CD for months between treatments
b = CD for months d = CD for months within the treatment

R



Table 42 b.

Total canopy cover index in 1985

Treatments

Month - - Mean
T Ty T3 Ta Tg Tg Ty
May 0.82 0.40 0.40 0.67 0.34 0.48 0.00 0.44
June 0.B6 0.50 0.48 0.70 3.08 2.18 0.28 1.16
July 0.87  0.93 0.84 0.79 7.37 4.23 0.90 2.28
August 0.88 1.24 1.00 ©.89 B8.48 5.44 1.75 2.81
Septezber 0.92 1.30 1,15 0.24 4.73 4.91 1.36  2.19
October 0.94 1.60 1.46 1.02 4.18 0.60 1.49 1.61
Novenber 0.97 ° 1.67 1.54 1.05 3.20 0.61 1.45 1.50
Decerber 0.98 1.18 1.11 0.96 1.98 ©0.63 0.8 1.10
Mean 0.90 1.10 1.00 0.88 4.17 2.38 1.01

CD (0.05) a = 0.05 b — 0002 c = 0-08 d = 0.06
a =Ch for treatments ¢ = CD for months between treatments
b = CcD for months d = CD for months within the treatment
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all the erosive months land surface was effectively
covered. In T6 also,‘ crop canopy was denser enough to
cover the land surface, almost five times than the bare
ground during the pesk period. All other treatments were
having comparatively open canopy indicating lesser protect-
ion against the fall ing raindrops especlally during the
initial months. Even in Ty where five times cassava

than that of T, was accommodated, land surface was practi-

4
cally open in the initial months of south-west. monsoon.

N

8.2 Rainfall interceptionll

That portion of rainfsll retained by the crop canopy
refers to the intercepted rainfall. Influenced by the
extent and density of ground cover,-interception detaills
help to explain the run-off and soll loss experlenced by
each treatment. Tables 43 a and 43 b contain the inter-

ception details,

As evident from the results, in the first year, all

T5 recorded the highest annual value of 35.23 per cent

and T1 the lowest, 8.50 per cent. T2 and Té continued to

be on par throughout and T, remained the lowest except

the treatments differed significantly barring T

1l
in October. TS and Tb registered higher values, almost

throughout the first year.



Table 43-a.

Rainfall interception (%) in 1984

Treatments

Month - Mean
Tl Tz T3 ) 'I'4 TS T6
May C.C0 0.00 0.00 0.00 0.00 0.00 0.00
June 0.65 4,57 . 3.24 1.16 17.04 18B.36 7.50
July 2.81 18.82 17.04 7.32 35.25 28.96 18.37
August 0.06 24.56 23.49 15.55 39.856 .40,75 25.55
Septerber 13.93 26.73 .25.98 18.13 39.61 33.60 . 26.33
October 16.03 31.16 30.27 21.57 '424.39 9.40 25.47
Mean B8.50 21.17 20.00 12.75 35.23 26.22

a = CD for treatments ¢ = CD for months between treatmentsg
b = CD for months d = D for months within the treatment



Table 43 b. Rainfzll

interception (%) in 1985

Treatments

Month —_— Mean
T1 T2 T3 T4 ‘I‘5 T6 T7
May 23.18 14.47 13;95 14.09 12.82 14.71 0,00 13.;9
June 25.52 23.63 22.B3 24.06 34.41 3%.00 15.36 26.49
July 26,00 32.C0 34.96 30,20 41.39 45.85 31.03 37.65
August 32.67 42.03 40.10 40.71 56.42 50,85 33.09 42.27
September 35.70 48.58 40.63 41.17 39.12 29.05 36.43 38.57
October 31.37 41.20 39.83 34.18 34.93 18.90 33.89 33.48
Noverher 20,87 30.67 29.76 258.82 16.41 16.58 28.97 24.58
Mean 27.90 33.22 31.59 30.54 33.64 3C.71 25.54

cp (0.05) a=1.14 b = 1.18 c = 3.08 d = 3.12
a = CD for treatments ¢ = CD for monthe between treatments
b = CD for months d = CD for months within the treatment
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In the second year, Tg and Tg maintained increased
interception sbilities upto August and thereafter a decrease.
More than 50 per cent -of the rainfall was intercepted in
'1;5 and T, in August. 1In 'I‘z. the increase was gradual
upto September =nd it maintained superiority over the rest
of the trgatmenta upto the end. T3 also showed more or

lesp same trend as '1'2. Tn the last two months there was a

reduction in interception in all the treatments.

8.2.1 Rainfall interception ss influenced by 1its
characteristics: !

The interception of rainfall is influenced by its
charactefistics also. The daily rainfall characteristies
and percentage interceptilon in each treatment are provided
in A_ppendix-'II._ The particulars in respect of July 1985
were selected so as to have enough erosive rainfall and

canopy to intercept in all the treatments.

In general, an increase in rainfall interception
with increase in canopy cover was the feature observed
in sll the treatments. then canopy cover (X) was regressed
with corresponding rainfall 1n‘;:erception (Y) a strong
linear relationship (r = 0.910%*) with regressfon equation
Y = -0.050X + 6.07 was obtained.' The observed increase in
rainfall interception in all the treatments over the period
1s hence conceivable. Linear increase in rainfall inter-

ception with increese in canopy cover was noticed by other



workers also (Wischmeler, 1975; Hussein and Laflen,

1982 and Morgan, 1985). More than 50 per cent inter-

ception noticed in both grasced and riced plots (T5 and

T6) when they offered maximum land cover znd comparatively

lower interception in T, throughout, further lend support

to the above finding. A very sharp decrease in the inter-
ception values noticed in T, in both years during October i
is indicative of the sudden decrease in total canopy cover

consequent to rice harvest.

The reversing trend observed in all other treatments
during October and November 1985 warrented further analysis.
Table 44 reveal%d that rainfall in£erception was negatively
correlated with all the rainfall characteristics except
duration. Among the negatively correl ated characteristics,
kinetic energy and EIlS were the highly correlated ones.
Amount of rainfall was significant only next to them.

This is suggestive of the fact that when canopy cover is
almost uniform, interception is more influenced by the

" hitting power of the rainfall as decided by its kinetic
energy or EI, .. Perusal of the Appendix-II further
revealed that rainfall amounts of almost aame level had
glven rise to quite different interception percentages.
For example, storms of 11 mm and 11.25 mm on 24-7-1985 and
25-7-1985 had EI15 values of 4.02 and 6.91 respectively.

Eventhough the amounts of these rainfall were almost same,



Table 44. Correlation between percentage interception (Y) and rainfall

characteristics (X

(No. of observations= 22)

chai:izgii;tics r Regression egquation
1. Rainfall amount (mm) - 0.,572~* = 66,663 -~ 0.314 X
2. Duration (hr) + 0.324% = 63.735 + 0.028 X
3. Kinetic energy (mt/ba cm) - 0.603* = 66.7680 - 0.014 X
4. EIIS - 0.582; = 62.754 - 0.177 X
8. EI,g - 0.565% = 62,832 -~ 0.263 X
6. AL, - 6.560* = 63.656 - 0.407 X

* Significant at 5% level
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when the dense grass canopy could intercept 82.91 per
cent of the first rain, it-was only 54.91 per cent for
the second one. Similar interception percentages were
gseen with rainfall of strikingly different amounts too.
Rainfall of 8.25 mm and 13.25 mm occurred on 13-7-85 and
17-7-85, recorded interception percentages of 68.96 and
68.16 ,respectively. But these rainfzll had almost uni-
form EI

15
reiterates that when cenopy cover is almost sameg, inter-

values of 4.79 and 4.99,respectively. This

ception is more influenced by energy characteristics of
the rainfall; the more the erosivity, the lesser will be

the interception.
8.3 Splash erosion:

Splash erosilon iz a measure of so0il detachability
by the impact of raindrops. Tables 45 a and 45 b provide

the detalls of splash erosion as influenced by different

152

treatments. Table 46 contains the ecorrelation coefficients

between rainfall characteristics and splash erosion in

each treatment.

In the first year, 'I‘7 recorded significantly the
highest value ang Tg the lowest. Other treatments were

in between. T, and T, were on par. Over the months too,

this was almost the same trend with some eceptions. Except



Table 45 a.

Splash erosion (g/mz) in 19984

Treatmentsg

Aonth Mean
T1 T2 T3 T4 T5 T6 T7
May 10.46 11.94 13.49 11.12 10.96 9.84 12.49 11.48
June 60.63 66.92 69.61 ©60.52 23.29 21.63 65.52 52.5%9
July 45,66 62.67 7T72.15 64.07 4.33 8.72 72.18 47 69
August 11.22 15.42 15.08 18.18 Q.18 C.84 18.91 11.41
September 11.96 7.84 13.87 19.57 0.41 2.91 27.64 12.03
October 14.79 B.75 10.46 15.20 1.46 9.00 27.41 12.44
Mean 26.46 28.92 32.44 31.45 6.77 9.83 37.36

cD (0.05) a = 1.78 b = 1.32 c = 3.55 d = 3.48
a = CD for treatments c = CD for months between treatments
b = CD for montha d = CD for months within the treatment




Table 45 b. Splash erosion (g¥m?) in 1985

Treatments

Month —— - - Mean
T, T, T, Ty Tg Te s
May 6.22 10.27 17.76 10.16 1.48 6.81 10,99 7.67
June 65.60 B3.34 95.47 81.35 10.53 18.60 B3.29 62.59
July 24.97 29.88 39.80 42.73 1.43 2.21 30.99 24 .57
August 8.60 9.16 12.01 1S5.14 ©0.11 0.48 9.00 7.79
September " 0.30 0.21 0.20 0.18 0.00 0.00 0.18 0.15
October 4.86 5.21 B8.82 10.11 0.21 4.82 4.75 5.54
Decenber 1.07 0.87 1.10 2.10 0.00 0,81 0.91 0.98
Mean 15.95 19.8% 23.59 23.11 1.97 4.82 20.01

¢h (0.05) a= 0.93 b = 0.69 c = 1.91 d = 1.84

a = CD for treatments ¢ = CD for months between treatments

b = CD for months d = CD for months within the treztment
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the initial two months, T7 and Ts continued to record
the highest and lowest values,respectively. 1In the
first two months TB gave the highest vslue and Tb,the

lowest.

Te became significantly lower to all other treat-

ments in the second year. Further, as compared to the
first year, all the treatments recorded lower values and
T_ the lowest. ‘I‘3 gave the highest value and was on par

5

with T4. TB was slightly preceded by TS' Over the

months the cassava intercropped plots viz, T4, T T

3’ "2

and T7 recorded higher values than others.

The highest splash ercsion observed in Ta of the
first year was due to the uninterrupted raindrop impact
on the cultivated bare fallow, where there was no prote-
ctive cover to rob off the energy of the falling rain
drops. {(Mutchler and Young, 1975 and Hudson, 1984). then
important rainfall characteristics were correlated with
correcsponding splaéh erosion, higher positive relations

were seen with AL (r = 0,932%%) and EI . (r = 0.923%%)

15
(Table 46). This, coupled with the observed reduction
of splash erosion in other treatments with varying levels
of vegetal cover, explains the increased splash and soil

erosion of the cultivated bare fallow plot.

Barring T3, the variations seen in other treatments
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were to a great extent,proportionate to the amount of
canopy cover (Tables 42 a & b). In general, splash
erosion decreased with increase in crop canopy cover

in a linear way. High correlation coefficients observed
with grass (r = 0.963**) and rice (r = 0.,9514**) inter—
cropped plots were indicative of their better protective
abil ities compared to othef treatments. Comparatively
weaker correlation coefficients between gplash erosion

and rainfall characteristics (Table 46) observed in treat-
ments with vegetation further explain the energy dissipat-
ing power of vegetal cover as corroborated by Hudson (1971);
Meyer et al. (1975) and Hussein and Laflen (1982). The
weakest correlation observed in TS‘ wherein the lowest

gplash erosion was seen,'further gsupport this view.

The variqtions seen in cassava intercropped treat-
ments are, to a great extent, proportionate to the amount
of canopy cover except in T3. The reduced rate of gplash
erosion seen in T2 towards the end as compared to T4
substantiates this. But, all the cassava treated plots
gave significantly higher values almost throughout, no
matter whether the minimum number of cassava as in Th
or the maximum possible nurber as in the T2 was accommodated.
The initisl slow growth of cassava, severe soll disturbance
due to mound planting, larger exposed area and the possibly

high energy of leaf drips (Noble and Morgan, 1983 and



Table 46. Correlation coefficients (r) between rainfall characteristics and
gplash erpsion in each treatment
Treatments
Ralnfall S — - - S -
characterigtics i
Tl T2 T3 T4 ‘I‘S T6 ‘I‘7

E_g_g_g' (No. of observations —~ 16)
1. Rainfall (mm) 0.893%% 0,360%*% 0.8154% 0,822%* O0,671F 0.749*% 0O.891%*
2. Kinetlc energy -

(mt/ha cm) N.900** (O.,863%% (0,832** 0.800** (0,583% (0.604~ 0.008%%
3. EIIS 0.842*% (Q.,788%* Q,775%*% (O.B84*% 0,467 0.611* 0.023%%
4. A%ﬂ 0.815%*% (0,822%* 0.B47*% 0.888%** 0,426 0.553 0.932%%
1985 (No. of observations - 20)
1. Rainfall (mm) 0.770*% 0,715 0,780*+* (0.,813** (0.481 0.442 0.705%%
2. Kinetic energy

(mt/ha cm) 0.748%* ©.694%% 0.756*%* 0,793**% 0.456 0.418 0.768%*
3. EIIS 0.471 0,407 0.474 0.474 0.322 0.343 0.4167
4. AIm 0.620* 0.566* C.650* 0.674%% (0,333 G.384 0.638%%

* Significant at 5% level
Significant at 1% level

& &



Finney, 198B4) are the possible reasons for this.

Higher values seen in T, when compared to T

3 2
might be due to the accldental flow of run-off into the
splash collection assembly becsuse of trenching. 'm-
splte of the lesger canopy cover, lower values recorded
in Tl can be attributed to the undisturbed nature of the
soil as well as the 2llowed weed growth during the second
year. Comparatively lower values seen in Ta towards the
end of second year are indicative of the protective

ability of grass stripping.
8.4 -Soil binding ability (F):

Soil binding sbility (F) is the ratio of total
volume of roots to its thickness expressed as radius
(Bhimaya, 1950). Data on F and root characters of both
grass aﬁd rice during the rainy months are furnished in

Tableg 47 and 48,respectively.

With advancement of time, soil binding ability of
grass showed a rapid increase and reached a peak value by
the end of the first year. This was more or less main-
tained around 300 in the second year. Table 47 showed
that there was only a slight Increase in the mean radius

of the roots from beginning to the end of the experiment

whereas, the volume of roots was conspicously increasing.
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Table 47. Root characters and soil binding ability

of grass
Volume Soil
- of Mean binding
Year/Month ro_ot'.s/m2 radius ability
(ml) (mm) (F)
19814
June 41.8 ’ 0.33 124.79
July 81.71 0.41 199.20
August 114.15 0.42 271.79
September ' 126.71 0.44 286 .36
October 138.47 0.47 293.61
November 143.19 0.48 298.31
December 146,45 0.49 298.87
1985
May 133.18 0.46 300.39
Jpne 144.45 0,47 © 307.34
July ' 158.18 0.51 310.16
Aungust 159.91 0.51 313.55
September - 164.16 0.52 315.69
October 157.15 0.51 308.13

November 156 .00 0.52 300.14

December 154.50 0.52 297.12




160

Table 48. Root characters and soil binding ability

of rice
Volume Soil
of Mean binding
Year/¥onth roots/m2 radius ability
{(ml) {rom) (F)
1584
June 36 .18 C.31 116.71
July 76.18 0.38 200.47
august 90.76 0.41 221.37
September 89 .48 0.41 218.24
1985
June 38.18 0.30 127.27
August 93.10 0.40 232.75

September 21.76 0.41 223.80
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This was reflected in the soil binding ability. 1In
both years, rice gaﬁe a trend of initial low value
and a high final value towards maturity. 2as ih the
case of érass, here also, the volume of roots was

directly responsible for soil binding &blil ity.

Soil binding ability slso indicates the rami-
fying effect of fibrous roots which prevents the soil
particles from being detached and transported by falling |
raindrops. This is one of the main reasons for the
reduced soil and splash erosion in grase and rice cropped

plots (Table 11 and 45 a & b) as explained previously.
B.5 Earthworm activity:

Data on wormcast, a measure of earthworm activity,

are reported in T3bles 49 a & b.

5

and T3 the lowest. Tg Was also superior to 2ll but only

next to TS‘ This was almost the same trend over the

In both years, T. registered the highest activity

months except the first two months of the first year.
Tl' Tz, Ty and T7 were more or less comparable to each

other throughout.

5 and T%

indicates the physical fitness of soil of these treat-

Hic_jh earthworm activity obgerved in T

ments. Dense vegetal cover, iIncreased root activity and



Table 4% a. Amount of worm cast {g/mz) in 1984

Treatments

Month _ Mean
Ty o T3 Ty Tg Te Ty
May 8.22 7.27 9.16 7.16 7.17 7.86 6.67 7.64
June 16.35 1B.95 18.19 18.79 17.89 19.29 16.29 17.97
July 32.20 26.79 16.50 26.29 56.32 46.25 22.73 32.46
August 42.66 25.96 5.02 33.82 77.41 52.57 23.20 37.23
Septerber 59.10 36.66 8.50 38.91 120.80 76.22 23.16 51.93
October 36.94 29.83 14.01 44.69 119.10 85.09 20.50 50.02
November 17.93 9.82 B.68 15.63 102.66 32.02 11.14 28,27
Decerber 3.73 2.80 0.72 1.61 42.79 24.18 2.59 11.22
Mean 27.15 19.77 10.11 23.36 68.03 42.93 15.79

CD (0.05) a = 4.11 b = 3.46 c = 9.37 d = 9.15

a 5 CD for treatmentsg c = CD for months between treatmentsgs

b = CD for months a

= CD for months within the treatment
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Table 49 b. Amount of worm cast (g/mz) in 1985

Treatmentes

Month - - Mean
I, T Tq Ty Tg Te T,
May 12.38 8.82 2.99 7.27 20.64 7.15 5.090 9.19
June 17.6% 13.62 4.23 17.00 30.57 21.02 14.44 156 .94
July 24 .95 40.42 10.24 30.80 81.61 40.04 22,99 37.15
August 44.58 41.23 7.66 5B0.54 116.09 99.93 39.88 57.13
September 41.60 45.08 3.59 41.55 120.82 100.31 48.08% 58.57
Qctober 32.5 33.00 4.33 _32.48 137.14 66.01 34.96 49 .64
November 21.26 9.98 7.25 9.93 43.82 13.11 11.36 156 .67
Decemrber 4.72 1.38 0.81 1.25 27.01 .58 1.16 6.5
Mean 25.894 24.19 5.13 23.85 73.34 45,77 22.24

cb (0.05 a= 2.84 b = 2.73 c = T7.23 d 7.22
a = CD for treatments c = CD for monthg between treatments
b = CD for months d = CD for months within the treatment
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comparatively lesser soil impoverishment consequent to
erosion may explain the high earthworm activity observed.
The increased porosity (Table 32), infiltration rate
(Table 36) and stability 1nd1ceé (Table 34) exhibited

by these treatments as already explained might have been
influenced partly by the eartﬁworm activity. Tubular
pores made by earthworms will be beneficial in terms of
movement of water, =oll air or roots (Douglas et al. 1980).
The kinetic energy of falling raindrops required to dis-
rupt wormcast, was 5 - 54 times greater than thatrequired
to disrupt natural soil aggregates (Vieeschauwer and Lal,
1981{. These observations may also help explain the
lesser run-off, low soil dispersion as exhibited by the
sugpended sediment load of run-off and very low to zero
goil losg seen in these-tréatments. In T3, the lowest

earthworm activity was noticed due to so0il compaction

consequent to treatment effect as already éxplained.
B.6 Crop management factor (C):

It is the ratic of soil.loss from land having speci-
fied crop management to that from continuous cultivated
fallow with identical soll, slope and rainfall. It reflects
the effect of vegetal cover, crop sequence, length of grow-
ing seasons and tillage practices on soil erosion and is

designated as the combined protective ability of each crop



management practice (Hudson, 1984), The monthly and
total ¢ values for each treatment are furnished in

Table 50.

in the first year, the highes£ monthly and total C
values were reccrded by T2 and the lowest, by T3. From
July onwards, Ty recorded zero values. T4, though record-
ed higher wvalues in the initial months than Tye wilth regard
to the total, T, gave higher value. T5 was always lower

1

to' T. and started regilstering zerc values from August

6
onwards.

In the second year, May 2nd November recorded Zero
values since rainfall wag not sufficient enough to cause
erosion. All the treatments registered substantial reduct-
ion in C values in this year. Total ¢ value was the highesé
in T. followed by Tz and Tﬁ' Throughout the year, wvalues

7

were zero in ‘I'5 and T

3 except June in the latter.

The trend of chenges in C values of =ach treatment
in both years will precisely fit to that of the soil loas
explained previously (Item 2.3). The highest total wvalue
Of 0.731 recorded by T, illustrates the vulnersbility of
casgava cultivation in accelerating soll erosion. Drastic
reduction of this value to 0.216 in the second year empha-
sises the sustainability potential of trees in hill slope

farming. However, the very low C value of T, in the second

1



Table 50. Crop management factor (c¢)

Treatmentas

Year/Month -
Ty T, T, T, T, Te T,
1384
May 0.072 ©0.075 ©0.004 0.075 ©.054 0.061 -
June 0.216 ©0.254 0.009 ©0.226 0.109 0.127 -
July 0.165 0.226 0.000 0.218 0.053 0.093 -
Auguset 0.040 0.051 ©.000 0.050 0.000 0.004 -
September 0.119 0.080 0.000 0.099 0.000 0.001 -
October 0.084 0.045 0.000 0.074 0,000  0.006 ~
Total 0.696 0.731 0.013 0.668 0,216 0.292 -
12853
May ©.000 0.000 ©0.000 0,000 0.000 0.000 . ©.000
June 0.019 0.053 0.001 ©0.046 0.000 0.026 0.086
July 0.027 ©.131 0.000 0.120 0.000 0.024 0.190
august 0.003 0.021 0.000 0.021 0.000 0.001 0.032
September 0.000 0.000 ©0.000 ©0.000 0.000 ©0.000 ©.000
October 0.004 0.011 0.000 ©0.015 0.000 0.000 _ 0.006
Total 0.053 0.216  0.00lL ©0.202 0.000 0.051 _ 0.310
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year, can mainly be attributed to the undisturbed
nature of the soil. The very high soil protective

ability of grass is manifested in T,., both in the

5°
first and second year. T3 also recorded practically
zero values because of the complete control of soil
erosion effected by mechanical bunding across the slope.
Taungya cultivation as followed in T, also reduced the
C factor but not tq a satisfactory level. This is
attributed to the continued disturbance in the second
year. T inspite of the soil disturbance, gave
comparzsble values to that of grass especially ﬁowarés
the end of second year. Thisfdue to the soil‘protective
ability of riée crop which makes rice taungya preferable
than cassgava. Tﬁ in the second year 1s an improvement
of T2. This treatment should have recorded at least

the same value of T, of the first year. But gave only
0.310. Moreover, the value was approaching zZero by

‘Movember., This iz attributed to the considerable reduct-

ion in soil loss due to grass stripping.
9. Growth of Bucalyptus:

Growth of Eucalyptus as influenced by different

treatments 1s discussed below.

Height, canopy spread, collar girth and girth at

breast height over bark (GBHOB) are provided in Tables
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51, 52, 53 and 54 respectively.
9.1 Helght:

The main effects and interaction effects were
significant. T, plants were the tallest and were
superior to all other treatments throughout. At the
end of the‘experiment, Tz plants were the shortest
and were on par with TS plants. T6 plants, though
slightly inferilor to many other treatments especially
in the initial months, reached statistical parity with

Tl at the 24th month of planting. T4 plantg were on

par with Ty and T3 with TS at this month. Over the
stages and especially towards the end, treatment

effects becaﬁe insignificant and some initially inferior
treatments even overtook others. For example plants

in T. were significantly inferior to zll other

6
treatments except TS upto 12th month of planting.

Later on, it overtook others except T, and even becsne

1

comparable to the most tallest plants of Tl at the end.

In TS' trees were inferior even to T2 upto 18th month

and thereafter, showed signs of improvement. &mong the

o T3, and T4, stagewise

differences were mainly insignificant upto the 15th

casgava cropped plots, viz. T

month and later om, T, maintained significant superiority

over others.



Table 51.

Height (m) of Bucalyptus

Treatmentas

Month after - Mean
planting Tl T2 T3 T4 T5 T6
At planting 0.35 0.36  0.34  0.37 0.37 0.34 0.35
3 1.65 1.30 1.30 1.35 1.24 1.52 1.46
6 3.47 3.31 3.31 3.24 1.84 2.50 2.98
9 4.60 3.90 3.90 3.91 2.26 3.16 3.62
12 5.64 4.42 4.42 4.56 2.96 3.81 4.29
18 7 .60 5.62 5.65 6.21 4.86 7 .05 6.17
21 8.79 7.02 7.43 8.23 7.00 B.63 7 .85
24 9.69 7.75 B.34 9.14 7.90 9.36 8.62
Mean 5439 4.28 4.45 4.69 3.62 4.67
¢cD (0.05) a = 0.19 b = 0.14 c=0.5 d= 0.35

a
b

nu

CD for treatments

CDh for months

N

= ¢D for months between treatments
= CD for months within the treatment



Table 52. Mean canopy spread (m) of Eucalyptus

Month after

— - Mean
T Ty Ty Ty Tg Te
At planting - - - - - - -
3 1-38 0-83 0.89 1-07 0-77 0.60' 0.92
6 1.82 1.28 1.33 1.61 1.11 1,29 1.41
o ©1.93 1.37 1.40 1.74 ' 1.20° 1.45 1.52
12 2.01 1.43 1.43 1.84 1.31 1.56 1.55
15 2.11 1.52 1.51 1.91 1.45 1.70 1.70
18 2.22 1.58 1.60 1.98 1.56 1.77 1.78
21 2.25 1.64 1.67 2.04 1.68 1.84 1.85
24 2.32 1.70 1.73 2.12 1.79 2.00  1.94
Mean 1.37 1.42 1.40 1.74 1.36 1.53
cp (0.05) a = 0.10 b = 0.08 c = 0.21 d = 0.20
a = CD for treatmentsg c = CD for months between treatments

b = CD for ronths d = CD for months within the treatment



Table 53. Collar girth (cm) of Eucalyptus

Treatments

Month after —_— - Mean
planting Tl T2 T3 T4 Ts- 'I'6
At planting 0.35 0.32 0.34 0.31 0.39 0.31 0.34
3 1.49 1.33 ° 1.26 1.40  0.74 1.18 1.23
6 3.81 2.42 2.40 3.23 1.77 2.22  2.64
9 5.70 2.76 3.25 4.15 2.66 3.61 3.69
12 6 .68 3.35 4.22 5,29 3.70 4.77 4.67
15 7.56 4,13 5.19 6.53 4.52 5.71 5.61
18 8.38 5.27 6.16 6.95 5.84 7.12 6.62
21 9.42 6.21 7 .07 7.73 7.17 8.13 7.62
24 10.14 7.41 7.94 9.14 8.35  9.06 8.68
Mean 5.95 3.69 4.20 4.97 3.91 4.68
ch (0.05) a = 0.22 b =0.10 c = 0.33 d = 0.24
a = CD for treatments c = CD for months between treatments
b = Ch for months d = D for months within the treatment
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9.2 Canopy spread:

Main effects showed that treatmentswere signi;
ficant except T, and T3 which were on par. Tl recorded
the highest cenopy spread of 2.32 m and Tz,the lowest
of 1.70 m at the end. Ty and TB plants closely followed
Tl' Differences were also significant in the early
stages and showed an almost comparable trend as that of
height. In T2 and TS' throughout the period, the canopy
spread was significantly lower to Tl' In T4. the stage~
wigse differences were significantly inferior to Tl upto
the 9th month of planting and thereafter the differences

were, In generzl, insignificant. Tg attailned comparable

values wlth that of T4 from 15th month onwards.

9.3 Collar girths

Treastment differences were significant. ‘I‘l Pro-~

duced the thickest plants and T,, the thinnest. Other

¢
treatments were in-between. Though the thinnest plants
were seen in the grassed plot (T5) upto the 9th month,
towards the end it maintained significant superiority
over the cassava cropped plots except T4. Tb and 'I'4

were comparable at the end.

9.4 GBHOB:

GBHOB, an important growth parameter and a reliable



Table 54. Girth at breast height over bark (GBHOB) in cm of Eucalyptus

Month after Treatmentas

planting Tl Tz T3 T, T, Ty Mean
At planting - - - - - - -
; Sl
6 2.07 1.62 1.81  1.98 0.64  1.55 1.61
) 3.28  2.02  2.29  2.53  1.47  2.37 2.33
12 4.16  2.32  2.81  3.34  2.43 3.3y 3.08
15 5.43  2.96  3.64  4.28  3.08  4.38 3.96
18 6.69  3.80- 4.66  5.23 ° 3;91  5.98 5.05
21 7.37  4.33  5i12  5.97  4.56  6.43 5.63
24 8.46 5,29 6.18  6.96  5.90  7.35 6.69
Mean 5.35  3.19  3.78  8.33  3.13  4.49
cp (0.05) a = 0.13 b = 0.05 c = 0,17 d = 0.13

i

CD for monthg between treatmentsg
CDh for months within the treatment

CD for treatﬁents c
CD for months s

i

a
b



yvardstick to measure the growth rate, showed an almost

similar trend as that of collar girth. T, was signi-

1
ficantly superior to all treatments with a final value
of 8.46 cm, and maintainéd guperiority In all the stages
of observations. With increase in time, T, recorded
comparatively lesser values than Tl' At the 24th month,
it recorded conly 5.2% c¢m and was significently inferior

to all other treatments.

Fig. 22 illustrates the rate of increase of above

growth parsmeters at different stages of observations.

In gsneral, canopy spread showed a high initial
growth rate followesd by a steep decreaée and subsequent
stabilizatilon over the stages in all the treatments. TFor
other parasmaters, the initi;l increase and subsequent
decrease were still more stesper in T,, Tg, Tb and T4.
The growth rates of these parameters were generally less
during 9 - 18 months. In TS and Tbrthe initial growth

rates were comparatively less with pronounced peaks for

height and collar girth during 18 -~ 24th months.

Morphological expressions mentioned above will
indicate that trees were very robust in T1 end very weak
in T, and Tg (Fig. 23 and Plates XIX - XXIV). &As there
was no competition for space and energy between the trees

and intercrops as in other treatments, the increased
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growth andigrow?h rates of T1 plants were expected.
General weakness and low growth rates of trees in Tz
further explain this. As evident from Flg. 24, height
of cassava in all the cagsava intercropped plots viz.
T

T, and ’I‘4 never exceeded that of sucalyptus. Even

2’ 73
then, the lowest growth rate of eéucalyptus was observed

in T, followed by T, end T,. Since T, accommodated five

2
times caasava and Ty four times than that of T,, this
can mainly . be attributed to the increased competition
for space and nutrients corresponding'to cagsava popul a-
tion. Further, very severe soil loss (Tzable 11) and
conseguent nutrient drain (Table 31) in T2 might have
also aggravated the external stress on tree growth.
Though there was substsntial soll loss in ‘I’4 and
practically no loss in TB‘ trees were comparatively
robust in T,. Tis is indicative of the fact that tree-
crop competition is more decisive in determining the
initial growth than soil and nﬁtrient losses. This is
more evident in Tg, the grasged plot. Here the tree
growth was suppresged and that they were inferior as o
those of Tz. Fig. 24 1llustrates that trees were |
continuously overtopped by the dense grass canopy upto
the fourth months of planting. The canopy competition
coupled with severe root compeﬁition of grass might have
depr ived Ty plants of sufficient sunlight'and'nutrients.

Riced plot (Tb),when compared. to T, remained inferior in
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mény of the growth parameters upto the end of the first
year and later on regained superiority and even became
coméarable to Tl' in the.case of height, st the end.

This is because of the much less competition offered by

rice, compared to grass.

In the second year, because of the difference in
tree crop canopy orientation, influence of the inter-
crops on trees was not that much adverse as that of
first year (Fig. 24). The initial retardation of growth
and subsequent improvement towards the end in many of the

intercropped treatments are Indicative of this.
10. Economics:

Destructlve sampling was not envisaged, in the
experiment and hence, the yield of eucalvptus (wood
volume) of each treatment was worked out by the formula
suggested by Chaturvedi (1973). To have a strictly
realistic approach, total income was arrived at based
on the lowest probable price of each commodity. Table 55
providea the economics of each treatment and Fig. és
1l1lustrates the net income end percentage contribution

of eucalyptus to total income.

In the first yesr, the highest net income of

ks« 3.70 thousand was recorded by Tz, cleosely followed by

[



Table 55, Grose income, expenditure and net income ('000 Rs/ha) of each treatment
o o First year Second year
No. Iteln =l mememeememme e e e e ——————————_———————— e e ———_————
M T1 '1'2 ?3 '1‘4 T5 T6 Tl '.'l.‘2 T3 'I'4 T5 T& T_’
e ——— e ——————— -..-___-_--___..____...:. _____ e e o i B R e e A i |
I. GR(USS INCOME
1. Eucalyptus wood 1.10 Q.24 Q.37 0.56 0.16 0,47 /.06 2.50 3.68 5.0% 3.17 5.7 0.26
(¢ ks 150/m3) (7.34) (1.60) (2.44) (3.70) (1.09) {3.16) (53.74) (16.63) (24.55) (33.63) (21.16) (39.11) (1.71)
2. Cassava ’
) 1) Tuber - P 7,09 6.16 2.24 - - - 6.69 5.59 2.20 - - 6.09
(& ks 500/t) (14.18) (12.31) (4.48) ’ (13.38) (11.90) (2.40) (12.18)
ti{) Marxetable stems - . 1.10 0.90 0.23 - - - - 1.06 0.91 0.23 - - 0.93
{® & 100/1000C Nos} (11.01) {9.00) (2.30) (10.60) {9.10) {2.31) (9.28)
1. Grare - e - - 9.42 - - - - - 9 .80 - 1.0%
(@ ks 150/t) (62.80) (65,33} (7.24)
4. Rice
1) Grain - - - - - 2,48 - - - - - 2.45 -
(& ks 1500/t) (1.65) (1.63)
11} Straw . o
(® fs 500/t) - - - - - - 1.69 - - - - - 1.62 -
) (3.38) : {3.28)
Total 1.10_ ~B.43 T.43 3.03 g9.58 .. 4 .64 8.06 10.25 10.54 7.48 12.97 9.93 B.36
11. EXI'END ITURE
1. Labour 1.55 4.10 5.20 2.05 4.85 2.50 0.25 2.40 2.80 1.00 2.85 1.58 1.95
2. Inputs 0.25 0.63 0.55 0.33 1.35 0.81 - 0.38 0.30 0.08 0.87 ©.56 C.66
Total 1.90 4.73 5.77 2.38 6.20 3.31 0.25 2.78 3.10 1.08 1.72 2.14 4.61
LI NET INCOME -0.70 .70 1.66 0.65 3.38 1.33 7.81 7.85 7.74 6.48 10.12 B.35 4.41
Note Fiqurer (n parenthexis denote the Juantity of economic produce in the units
Jiven tor Qross income calculation. Labour charge was calculated @& s 30/-
Fer ran and .28~ per woman. ’
Lort of ¥ 1n the forwm ot Ures (45X) - B S.11/kg
Cort of P in the forwm of OSF {18%) - W 12.92/xg
Cort ot K 1A the form ot mMOP (60X) - kB 2.61/k3y
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T3 with a8 value of Is. 3.38 thousand. The lowest

profit of Rs. 0.65 thousand was registered by 'I‘4 and

Tl geve a net loss of k. 0.70 thousand.

Substantial increase in net income was observed

in the second year in all the treatments. T, which

5’
was slightly inferior to T, in the first year, over-
took all other treatments with the highest net income
of . 10.12 thousand. T, ceme next to thils with & value
of 5. B.35 thousand, though it was inferior to many
trestments, in the first year. 2ll the cassava inter-
cropped treatments became inferior to these two. Tl'
whiéh showed a net loss in the first year, became
profitable in the second yea“r with a net income of

ks 7.81 thousand, a value which can closely be compared

with that of T2. T, of the second year produced a profit

of s 4.41 thousand.

The comparatively low end‘non-repeated cost of
cul tivation and high growth rate, over the yeare, have
brought sbout an increase in the net income share of
eucalyptus. This ié clearly evidenced by T1 {eucalyptus
alone) which produced a net loss of k. 0.70 thousand in
the f;ré; yYear and a net profit of k. 7.8l thousand in

the second year. Here, vhile the cost of cultivation
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through labour and inputs was fs. 1.80 thousand in the
first year, it was just . 0.25 thousand in the second
vear. But yield of eucalyptus, showed the highest

value of 53.74 ma/ha. a seven times increase over the
first year. Similarly, in rice cropped plot (T6) about
60 per cent of the net income was contributed by eucalyptus
resvlting in a total of k. B8.35 thousand. All the cassava
intercropped treatments too, registered substantial
increace in net income in the second year, lirrespective
of the fact that cassava population remained constant
during both years. This was clearly due to the increased
percentage contribution of eucalyptus to total income as
evidenced from Fig. 25. But, even when the tree crop
contribution to total income was more than 67 per.cent

as in T, of the second year, total net income was always
higher in other cassava intercropped treatments for
increased population of cassava. TS' the grass cropped
plot, became the most profitable in the second year,
though the income contributed by tree crop was only sbout
~ 25 per cent. This can be attributed to the very high
grass yleld which alone accounted for &s. 9.80 thousand
out of £.10.12 thousand profit. Though the grass yield
of first year was comparable to that of the second year,
net income was far less than the second year for the

initial high expenses through labour and inputs.

This income-expenditure snalysis based on the quantity
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of economic produce per se will be -misleading especially
when the sustainabil ity and acceptability of a production
éystem is concerned. For example, by accommodating
maximum possible number of cassava as in T,e @n income

of ’s. 3.70 thousand/ha can be expected in the first year.
But T2 method of cassava cultivation can erode as high as
300 t of top solil/ha/yr which is equivalent to asbout

1.5 cm depth of soil (Table 11}. This much soil will
amount to the loss of major mineral nutrients worth no
less than k. 5.39 thousand (ﬁppendix-I;I) and convert the
above profit of fs. 3.70 thousand, to & net loss of ks. 1,66
thousand/ha/yr. Further, st this alarming rate of soil
loss, the whole A horizon can disappear within 16 years
and make the soll unproductive and barren. On the other
hand, grass farming can contrel the erosion completely

and make @ net income of k. 10.12 thousand in the second
year. But the lack of a subsidilary food crop may make
this treatment unacceptable by the hill slope farmers

who practice subsistence farming. It can be seen that,

T7 of the second year was profitable to the extent of

Es. 4.41 thousand/yr. Further, this treatment could reduce
the soll. erosion by gbout 41 per cent as compared to Tz,
a most erosive treatment, by one year time. LConvinced
from the results of grass farming, 1t can be concluded
that, grass strips once egtabl ished can control soil

erosion satigfactorily and make T7 of the second year

an economically and ecologically preferable one.



Plate XIX Tree growth in eucalyptus alone treatment
R ~ A 2N _,Jntl..l.

Plate XX Tree growth in eucalyptus + five cassava
on mounds at 24th month.
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Plate XXI Tree growth in eucalyptug + four cassgava
on ridges across the slope at 24th month.

Plate XXII Tree growth in eucalyptus + one cassava on
mound at 24th month.
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Plate XXIII Tree growth in grass cropped plot at
24th month.

Pl ate XXIV Tree growth in rice cropped treatment at
24th month.
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SUMM ARY

2n experiment was conducted at the Instructionsal
Famm, College of Horticulture, Vellanikkara, for a perlod
of two years from May 1984 to 2pril 1986 to study the
effect of agrotechniques for soil conservation in taungya
systems on a 25 per cent sloppy land. Eucalyptus, the
main tree component was intercropped with the usually
cultivated taungya crcops of cassava and rice. The effi-
clency of cassava planting on ridges, grass farming and
grass stripping was also investigated. ERun-off and soil
loss were quantified by installing multi-sleot device
consisting of 47 slots and brick masonry settling tank
speclfically designed for the project. The salient results

of the experiment are summarised below.

1, To explein and interpret the run-off and solil loss,
some of the basic relations relevant to the experimental
situation had been worked out. It was found that, run-
off was highly correlated with the amount of rainfall

(r = 0.930**%) closely followed by kinetic energy

i

(r 0.912**) and AIm (r = 0.848%*) . s5o0il loss showed

the maximum correlation with Exls {r = 0.977*%%) followed
by Bl (r = 0.941%*) and AL . (r = 0.931**). sSoil loss
was less correlated with run-off and indicated that erosion

was more influenced by rainfall characteristics than run-

off. Eventhough, the depth of rainfall was highly correlated
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with all its characteristics studled, stronger correla-
tions were observed with kinetic energy (r = 0.975%*)

AL (0.903**) and EL, g (r = 0,859%%),

2. Cul tivated fallow plot produced the highest run-
off Of 1259 mm (53 per cent of the total rain).

Eucalyptus + cassava on bunds across the slope produced
very little run-off as compared to other cassava inter-

cropped treatments. Eucalyptus + grass became most

—_ -
efficlent in contrclling run-offlby accepting more than

—

96 per cent of totgl rain in the second year.

5. Cul tivated fsllow plot had eroded the highest
quantity of 352 t of soll per ha per yr. Mound method

of cassava cul tivation, irrespective of its population,
was more erosive than intercropping rice. Grass treatment
could completely control the soil loss énd was better

than eucalyptus + cassava on bunds across the slope.
Replﬁwiof the cassava popul ation with

,_.__,/"_“‘—
grass strips could reduce the soil erosion by 41 per cent

o — e ——

within one year than the full cassava cropped plot. Tré;

planting alone could reduce the soill erosion 1 by 87 _B7 per

e T e P N —

cent in the second year.

——— PR

4. Eroded soil was, in general, more clayey than the
soil matrix, especislly in the_ initial months. In grass
and rice intercropped plots, the loss of finer soil

particles was‘comparatively less.



S. The total contents of primary and secondary
nutrients in eroded soil were higher in the iniltial
months. Majority of these nutrients recorded higher
percentages'than thelr respective inherent soil contents.
Concentrations of dissolved N, K and Ca in run-off were
higher than other nutrients. Contrary to the higher Mg
content of soil compared to Ca, dissolved Mg was only
1/5th to that of Ca. 2mong the primary nutrients, dis-
solved P was the lowest. S content in run-off remained
undetectable throughout. In general, &sll the intercropped
treatments, .consistently recorded higher concentrations

of dissolved nﬁtrients in both yecars.

6o Cultivated fallow plot had lost 416, 116 and

680 kg/ha of N, P and K respectively. S8Such losges were
395, 120 and 697 kg/ha respectively in eucalyptus + five
caggava on mounds. Crass farming, irrespective of high
fertilizer application, effectively reduced the primary
nutrients logses to 4.0, 0.40 and 4.0 kg/hs respectively
in the second year. Ridging was alsb comparable to grass
farming in controll ing nutrient drain. Regarding the
losgses of secondary nutrients, the highest gquantity of
242, 2878 and 299 kg/ha of c& Mg and S respectively were
eroded by cul tivated fallow plot closely followed by

eucalyptus + five cassava on mounds. By eroding only

1843



1857

2.0, 0.70 and 0.10 kg/ha respectively, grass cul tivation
followed by cassava on ridges were effective in controlling

the losses of secondery nutrients also.

7. Bulk density and total porosity were affected by
continuous tilling and cassava cultivation. Grass inter-
cropping followed by rice, improved the total porosity
and maintained the desirable voild ratio. Regarding the
soil structural stability and permeability characteristics
also, grass and rice cropped plots remained superior to

others.

8. The influence of various treatments on soil texture
was negligible and the proportions of sand, silt and clay

remained constsnt around 50, 15 and 30 per cent recpecti-

vely throughout the experiment. Water holding capacity

at 0.3 and 15 bars also did not exhibit any noticesble

change between treatments.

9. Total contents of both primary and éecondary
nutrients showed relatively smaller changes over the
stages and between treatments. pH did not reveal a
notable change and it centered around 5.80 always. Theré
wag a slight reduction in CEC towards the end in all
treatments except grassed plot, where, an 1lncrease was
observed. Organic carbon content also revealed an almost

similar trend as that of CEC.
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10. In grass and rice 1ntercropped-treatments, the
combilned canopy cover was denser enough to provide five
to eight times protection than that of the bare ground.
An increase in rainfall interception with a corregpond-
ing increase in canopy cover was observed resulting in
more than 50 per cent of interception in these treatments.
The highest splash erosion was observed in cultivated
fallow plot. The extent of splash erosion seen in

othér treatments was almost proportionate to thelr

combined canopy cover.

11. The peak soil binding sbility of grass remained.

around 300 and thet of rice around 200.

12. Measured in terms of wormcast, the earthworm
activity was maximum in grassed plot (73.34 g/hz)
followed by riced plot (45.77 g/hz) in the second year.
Cassava 6n bunds across the slope produced the lowest

wormecast (5.13 g/mz).

13. Eucalyptus + grass and eucalyptus + cassava on
ridges across the slope gave lower C values approaching
zero and indicated their effectiveness in controlling
501l erosion. Maximum C value of C.731 was observed in
eucalyptus 4+ five cassava on mounds. The protective
abllity of grass stripping was reflected by the lower

C value of 0.310.



14. The robust trees were observed in eucalyptus
alone treatment. Eucalyptus + rice and eucalyptus +

one cassava on mounds were less harmful to tree growth.

The weakest trees were seen in eucalyptus + five cassava

on mounds. In grass cropped plot, the vigour of the
trees was lesg in the first year but it improved in the

second year.

15. The thhes; net income of fs. 10.12 thousand/ha was
produced by eucalyptus + grasgss followed by eucalyptus +
rice with a net profit of .8,.,35 thousand/ha in the
second yesr. Eucalyptus alone produced a profit of

se7.34 thousand/ha. Eucalyptus + five times cassava

than taungya contract regulation eventhough had produced

a net income of k. 7.81 thousand/ha it resulted in very
severe soil and nutrient logs. Eucalyptus + cassava +
10 per cent grass gtrips gave a net profit of fs. 4.31
thousand/ha within one year. Wwhen acceptability,
sustainabil ity and profitabil ity are taken inbo.account,

thiaz treatment seems to be better.

186lth
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FUTURE LINES GF WORK

The following future lines of work are

guggested.

l. Similar experiments may be conducted on
different agroclimatic zones of the state on varying

slopes.

2. Instead of grass gtrips, strips of other
economic crops such as pineapple, sweet potatc and

medicinal plants can be attempted.

3. Posegibilities of providing live mulch by
close growing leguminous crops to dissjpate rainfall
erosivity and reduce splagsh and wash erosion,
especlally in the initial months of cassava cultivation,

can be tried.

4. Tailoring of crop and‘planting geometry
so as to have maximum canopy cover by way of crop

improvement and@agronomic measures can be investigated.



-
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Appendix I. Month.wiee {mportant metesorological data during the exverimental period

Maximum max imum Min{mum minimum

Month :Sﬂgera- tsﬁsera— :E?Eera- tzizera-' Eﬁ;igi:; Sunshine Ralnfall
(*cC) (*cC) (*c) (*c) (X} {hr} (=)
1984
May 34.50 37.00  25.80 22.80 55.00 247.10 243.90
June 29.00 - 33.00 22.70 21.00 82.00 42.30 709 .35
July 28.60 *30.80 22.90 21.00 78.00 79.40 627.75
August 29.30 30.50 22.20 21.50 74.00 155.40 237.70
September 30.40 32.60 23.20 22.00 68.00 194.50 152.55
October 29.90 33.00 22.10 16 .00 68.00 187.50  350.50
" November . 32.10 33.80 23.10 20.00 54.00 219.00 7.80
Decsmber 31.90 35.00 20.80 16 .50 46 ,00 277190 16 .40
1.9.85
January 32.60 15.00 22.60 18.60 52.00  278.20 14.70
February 34.70 37.00 22.80 18.60 40.00 248.40 0.00
March 36.10 40,00 24.60 22.50 . 45.00 279.30 2,00 .
April 35.50 37.00 25.10 21.90 $3.00 246 .50 ., 20.10
" May 34.10 17.00 21.30 21.60 60.00 209.40 _ 205.90
June 28.30 31.00 22.10 21.€0 84.00 64.60 829.%5
July . 28.50 30.50  22.70 21.50 77.00 84.10 709.50
_ August 28.80 30.20 22.70 20.50 79.00 89.30 294,50
Sepiember 30.5%0 34.00 23.00 21.50 €9.00 59.30 £3.00
"October : 31.10 +33.00 22.5%0 21.10 66,00 201.70 321.05
November _  31.80 36.00 22.30 19.00 59 .00 211.70 13.40
- December . 32.20 34.00 . 22.90  18.60 45.00 272.50 56.80
. .
1986 '
January 32.50 34,po- " 22.40 20.00  45.00 279.78 1.20
February 34.20 35.50 22.10 19.50  40.00 248.70 1.20
_ March 36.20 40.30 24.30° 22.80 42.00 261,80 $.95

April ' 36 .00 39.00 © 25.20 . 22.00, - 67.00. ' 251.00 20.10
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Appendix-II. DPaily-rainfall characteristics and interception (%) of July 1985

_—._-.—--.-.-—_——_.——-_-—.—_____....--—-—--—_—_—_—..H--—-..—_—.—-.----.-..-..__..._...._..._._——._—-.—_—..._._...——..-.-—_.-———-—-—-.-.-—--

Rainfall characteristics Rainfall interception::{%)
Date AT;E?t cion ﬁéZ?;;c Phis Moo T, Ty Ty Tg Ts T,
(hr) (mt/ha '

cm ) ‘ .

(x) (x,) (Xli (x,) (Xg) (v,)  (¥,)  (¥,) (Y,)  (¥g)  (¥g) (Y,)
1-7-85 31.00 4.80C 627.10 10,66 13.02 41.76 48,71 44.76 49!i8 50.76 52.16 46.10
2-7-85  97.50 9.57 2221.02 106.61 54,89 26.18 37.16 36:38 36401 39.41 38.16 35.04
3-7-85 17.25 0.53 417.86} 10.30 8.+80 44,71 249.76 49.78 -44,)6 54.96 53.10 43.90
5-7785 24.50 4.63 $62.20 15.74 9.92 40,78 46.10 44.19 40,08 57.16 58.46 46.16
6-7-85 27.50 1.5%7 667.30 18.68 9.63 30.16 38.16 40,16 49,990 42,00 43,19 37.18
1-7-85 9.00 0,43 217.52 6.53 2.70 28.96 33.96 30.79 31.64 62.07 60.11 32.81
8-.7-85 9,50 2.00 213.08 "4.69 2.69 36.39 41.76 42.34 40,11 61.16 58.19 40.76
9.7-85 90.00 8.38 2194.96 175.60 74.70'_ 25.94 31.90 28.76 26,14 38.30 39.40 32.91
10-7-85 , 16.00 6.63 283.88  3.41 = 9.08 50.76 63.18 61.51 60.59 69.17 60.76 .61.84
12-7-85 10.00 0.50 237.10 6.16 2.60 28.98 36.18 35,34 37.18 .43.74 42.64 34.04
13-7-85 8.25 0.47 119 .85 4.79 2.48 36.38 42.78 40.96 37.11 68.96 67.40 40.10
15-7-85 19.50 1.45 365.15 11.32 9.36 40,76 51.74 48.89 44.45 72.16 70.43 46,16
16-7-85 _ 35.00 2.62 713.88 25.70 12.60 19.78 32.76 30.30 36.17 48.46 46.49 28,34
17-7-85 13.25 2.75 248.37 4.99 1.50 47.18 46.73 57.90 50.14 68.16 64.01 63.01
18.7.85 14.50 1.02 365.61 12.01 8.70 26.94 - 33,71 30,33 36.11 39.79 37.39 29.16
20-7-85 12,25 4.43 485.74 6.42 2.08 31.89' 47.10 48.00 45.14 64.18 60.19 41.01°
22-7-85 9.25 1.88 189.63 3.79 - 1.85 36.39 43.81 40.31 42.91 72.18 64.16 40.98/
23-7-85 18.25 2.65 394.81  5.53° 6.59 40.76 49.01 46.79 44.11 76.16 70.23 41.71
24-7-85 11.00 1.67 201.54 4.02 2.20 42.18 v50.16 &1.73 50.73 B2.91 80.10 6 50.10
25-7-85 11.25 1.82 384.18 | 6.91 2.03 21.24 37.5 38.31 37.73 54.91 54.46 38.34
30.7~85 14 .50 0.75 358.30 6.45 6.53 39.36 48.14 47.11 40.96 64.78 63.91 f4lo76

31-7-85 °  22.00 " 1.73 493.07 11.83 5.28 30.98 41.10 42.10 40.11 68.10 66.00 43.81
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Appendix-ITI.

Quantity and corresponding price of major eroded nutrients

Quantity of major

Egquivalent amount of

nutrient loss fertilizers Corresponding price
(kg/ha) {kg} in &s
-E— ; K _Ure; SSP HOP Urea OSP MOP Total
(45% N) (18% P,0;) (60% Kzo)
1984 . _
T1 330 92 570 733 1188 1145 1686 1189 1489 4364
‘I'2 385 120 697 B78 1550 1400 2019 1550 1820 5389
T3 14 8 i8 31 181 36 71 181 47 299
T4 345 iol 563 767 1305 1131 1764 1305 1470 4539
T5 173 49 321 3s4 633 645 883 633 839 2355
T6 200 54 344 444 698 691 1021 698 89B 2617
T7 416 116 680 924 1499 1365 2125 1499 1775 5399
1985
'I‘1 52 11 68 116 142 137 267 142 178 587
'I'2 174 42 272 387 542 546 890 542 710 2142
T3 4 1 7 9 13 14 21 13 18 52
'I’4 - 139 31 203 309 401 408 711 401 530 1642
TS 4 0 4 9 o 8 21 o 10 31
T% 57 14 96 127 181 193 292 181" 251 724
T7 248 58 384 551 749 771 1267 749 1002 3018
Note: Cost of N in the form of Urea (45%) -~ fs. 5.11l/kg
Cost of P in the form of OSP (18%) - fGs. 12.92/kg
Cost of K in the form of MOP (60%) - . 2.61/kg
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ABSTR2ACT

M experiment on 'Agrotechniques for soil
conservation in taungya systems' was conducted at
the Instructional Farm; college of Horticulture,
vellanikkara for a period of two years from May 1984
to April 1986. The main objéctives of the experiment

were to assess the run-off, soll nd nutrient losses

~,

\‘
as influenced by the important taungya practices and
to evolve economically end ecologically wviable agro-

forestry measures for soil conservation.

Bucalyptus, the main tree component, was
1ngercrppped yith the usually cultivated taungya crops
;; casgava and rice. 'The efficiency of cassava planting
on rildges, grass farming and grasé stripping was also
investigated. There were seven treatments replicated
thrice in RﬁD. Daily run-off and soll loss were
gquantified by installing multi-slot device consisting
of 47 slqts and brick masonry settling tank specifically

degigned for the project.

various railnfall characteristics were related
vig-a-vis run-off and soll loss., It was found that run-
off was highly correlated with the amount of rainf€all
(r = 0.930**) closely followed by kinetic energy
(r = 0.912*%) and AL (r = 0.B4B**). Soil loss showed



maximum correlation with EIls (r = 0.977%%). A
comparatively lesser correlstion of run-off with soil
loss (r = 0.790**) indicated that erosion was more

influenced by rainfall characteristics than run-off.

Cultivated fallow plot produced the highest

run-off of 1259 mm (53 per cent of the total rain) and
e0il loss of 352 t/ha/yr. Mound planting was very much
deleterious irrespective of the cassava population. Rice
taungya was comparatively harmless. Grass farming was
more efficlent than ridging in controlling soil erosion
and run-off. It accepted more than 96 per cent of the
rain and eroded only 0.40 t/ha of s0il in the second year.
Replacing 10 per cent of the cassava populstion with grass
strips reduced soil erosion by 41 per.cent thanlthe
maximum cassava treated plot within one year. Tree
planting elone could'redudé the soil erosion by €7 per

cent in the second year.

The eroded soil was, in general, more clayey and
contained more nutrients than the soil matrix especially
during the initial months. Cultivated fallow plot had
lost 416, 116, €80, 242, 878 and 299 kg/ha of N, P, K, Ca,
Mg end s reépectively. Such lossges were 395, 120, 697,
183, 717 and 213 respectively in eucalyptus + five cassava
on mounds, one of the most erosive treatments. Grass

farming, irrespective of high fertilizer spplication,



effectively reduced the above nutrient losses respectively
to 4.0, 0.40, 4.0, 2.0, 0.70 and 0.10 kg/ha. Ridge
planting of cassava was also pomparable to grass farming

in controlling nutrient drain.

Mound planting of cassava cultivation affected
the soll physical characteristics. while grass, rice
and 2zero cultivation improved them. Appreciable chemical
changes were not manifested between treatments during the

investigation period.

- The most robust trees were observed in eucalyptus
‘alone treatment. The weakest trees were seen with
eucalyptus + five cassava on mounds. The highest net
income of ks« 10.12 thousand/ha produced by eucalyptus +
grass combined with the complete control of soil erosion
in the second year make this treatment the most ideal.
However, the absence of a subsidiary food crop limits
its adoption on a wider scale. When acceptsbility,
profitabil ity and sustalnabil ity are tzken into account,
the treatment eucalyptus + cassava + 10 per cent grass

strips seems to be a better system.





