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In north eastern hill region of India shifting cultivation
commonly known 8s ‘Jhuming' is widely practised on steep slopes of
moxe than 40 per cent. This most primitive system of ﬁumq.
believed to have originated in the Neolithic period around 7000 A.C.
(Shaxma 1976), is not only confined to Nerth Eastern Region and
other parts of India but is also prevalent in other countries of
the werld like wet tropics of south Dsst Asia, Africs, Centrel and
south Amerioce (s5chlippe1956, Cenklin 1957). In nerth east India
it is practised almost in all the states with some variations from
tribe to tribe except the two tribes of Angami of Nagaland and
Apathani of Arunachal Pradesh (Goswami 1971).

It has been estimated that about 36 million square kilometres
of land or about 30 per cent of worlds exploitable soils axe at
present under shifting cultivation which prodace the ulk of the
food for mores than 250 million people or absut 8 per cent of the
world population (Hauck 1973), Though exmct statistics is not
available, & rough estimate given by Mmuxherji (1974) shows that 2
million people in India cultivate approximstely 11 million hectares
of land under shifting cultivetion, According to the report of the
Mational Commission on Agriculture (Part IX on PForestry 1976)
4,92,000 tribal families of North Eastern region of India are
involved in jhuming and the total area affected by jlaming is
2,694,000 hectares while 453,000 hectares remain under jhum at any
one time and these clearly indicats the magnitude and severity of
the problem. The percentage of population dependent on this s tem
of cultiwtion varies !m&“%inmnulﬂ"&ilum. the
worst affected areas being Nagsland, Mizoram, Arunachal Pradesh and
Garo Hills of Meghalaya,
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In early days the system worked well and1m§-dotrhnnu.\
as it is in present days becaAuse there was a great balance between
population and soil fertility and thcuton*:\;::;;&od soil ercs ion
(Dmtiri 1973) as 8 result of longer fallow cycle of 15 0 20 years
to recoup the soil fertility, structure and organic mstter acontent,
The system was able to provide just sufficiant oalories with
minimum risk and least income wvariability. But with the rapid
growth of population the ares under shifting cultivation is also
increasing at fastexr rate and as a result the {hym cycle of resto-
ration has gone down from 20 to 30 ysars in the past to 2 to 3
yoars at present. The system of cultivetion has become one of
the most unproductive systems and the farmers depending on this
are nearly starving. rrom resources degradation point of visw
it can further be regarded as one of the most destructive forms of
land use as well as & wasteful practice because it does not only
involve;deforestation leading to accslersted ercsion and low pro-
ductivity of land but also causing ecnlogical imbalance that affects
1he hydrological cycle, mutrisnt recycling, micro-climate and biotic
enviromments including soil micro floras and faunkl activity as well
as other adwverse meio-cecnmic effects (Cunningham 1963, Borthakur
et al., 1976, Lal and Cummings 1979) Mt o1ee Foquires & huge
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area to sustain the pcpuhuau,\ Since the time scale is inwvolwved
in the prooess of degradation of land and water rescurces, its
harmful effects by the common people are normally realised only
when the harm has already been done to & great extant, Recent
studies in India on silting of 17 major reserwirs indicated th-t.‘

their life had been reduced by 3 times the expected because very
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vast areas of forest have been deforested (Tejwani 1977)., Xanwar
(1972 a, b) reported that India was snnually losing 6,000 million
tonnes of soil from 91 million hectares which are reported to be
suffering from ercvsion problem,

Inspite of its devastating effects on ecoclogical system
and lower productivity, the system is till continmuing without any
serious thought of regsneration of land Fherefore it has become a
matter of great concern, Howaver, since this mathod of food producs
tion is a way of life and therefore difficult te do away with, it
is necessarxy that some remedial meksures are suggested which may
lead towards minimum eros ion hizards resulting in sustained pro-
ductivity per unit area of land. Many efforts in the past were
made by warious agencies to wean away the {hym cultivators from
this wastaful method of cultivation but without much success
primarily because the measures suggested were not in full agreement
with the soclio-economic and cultural structure of people hasically
involved with the systam, Although a number of studies were made
in the past but they were mainly confined to anthropological and
socio-economical aspects, No worth mentioning study could be made
eithexr on the quantitative or qualitative sevaluation of its effects
on run-off, soil erveion and nutrient losses or to develop cropping
systems with appropriate prodaction technelogy tc minimise soil
ayos ion, conserve physical environment of crops for better producti-
vity.

There is no precise information awailable in the north-eastern
region, whare the rainfall is high and slopes are very steesp, on the
quantitative and qualitative evaluation of the effuct of different



cropping system on the productivity of crops. on run-off, soil

exos fon and nutrient lossaes, Keeping these ideas in view, the
present investigation was undertaken by involving ten different
treatments, corprising of cropping,.systems and manpagement practices
with the following broad objectives

1. Crop production potentiality under different cropping
systems and fertilizer manmagement following clearing and burning
of vegetation in slopy land,

2. T0 estimates the run-off, soil ervsion and nutrient lossss
under different cropping and land use systems.

3, 70 estimnte the differsnt parsmeters of exos ion equation
most appliceble on stesper slopes in the north east hill region,

4. To explore the economic feasibility of continuous crepping
through adequate ferxtilization,
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4. RERVIEW OF LITERATURR

shifeing cultivetion haa been practised in different forms
throughout the world since time immemorial. Out of the tropicsl
sone it 1is also prevalent in Kores in temperste Asia, It was
practised in tweden even upto 1920, In Asia apart from India,
shifting cultivation is found in Philippines, Indo-China, Malaysia,
Burma and Ceylon, In India, it is also practiced in Orissa, Andhra
Pradesh and madhya Pradesh (Palit, 1973; sSorthakur, 1976). The
systam of cultivation is known by different names in different
parts of the world such as *Milpa® in Mexico and Cejtral Americe
“Conuco® “Tosa” “monte” and "Chaco” in seuth America, "Maingin® in
4he Philippines, "Chem" in sxi 1anka, “Lam* in vietnam, “xay" in
lAcs ., and "ladong™ in Indonesia, In English it is also omlled
*slash and burn agriculture® "bush following® and "swidden farming®.
Recently the term “lLand rotation® was coined for shifting cultivation
systems in which the farmers live in permanent settlements, as
opposed to "true" shifting cultivation, in which both fislds and
settlemants move (sanchex, 1976),

In north-eastern India it is known as Jhuw, in Orissa \pldu'.
‘Dabi, ‘Koman' or ‘Brings’ in Mmstar as Deppa’, Kumari, in Western Ghats
'‘mt, in 5.E. Rajasthan penda’, ‘Bewar or Dahia in Madhys predesh
(3howmik, 1976),

Approximately ten million hectares are cleared annually by
shifting cultivwation alone and it is estimhted that beciuse of
increas ing demographic presgure the arable land area in tropical
countries may have to be increased from 737 million hectares in
1970 to 890 million hectares in 1965, with an annual rate of 6 to
10 million hectare of new land development (oerma, 1973%; Boer,
1977; T™hijsse, 1977; a, by silva and 1aurence, 1977).

There are many aspects on which further investigations are
needed to derive more precise and specific information with parti.
cular refersnce to soll, climte, vegetation and land forms which
may be of practical and scientific value, Although very little
information is available on these aspects under humid and sub-humid
tropioal conditions more specifically undexr treditiomsl situations



vwhere cultivation has become one of the most menacing problems,
However, 8 good dea]l of wrk has baen done in othar countries of
the world where various workers have studied run off and erocsion
losses under different soils, crops and cropping systems under
varying slopes and mapagament praccices and some of the governing
principles involved in the process.

4.1 1088 of biomsss/natursl vegetation

The main concept of shifting cultivation is dependence on
forest regenexation period as the source of nutrients to crops.
These hutrients are graduklly accumulatsd during the fallow period
and provide an altermative to fertilization, The total biomsss of
mature tropical forest ranqges from 200 to 400 ¢t / ha of dry matter,
studies conducted in Zaire (Bartholomew et a1, 1953), chama _
(Greenland and Kowasl, 1960, vanams (Golley et al, 1969) and Puerto
Rice (Ovigton and Olson, 1970) indicated that the propertion of the
mein forest parts is fairly constant, Approximately 78 % of the
biomass consists of brenches and trunks, 15 ¢o 20 X of roots, 4 o
6 % of leaves and 1 to 2 % of litters. DeSyle and Packer (1972)
reported fuel load of 115 tonnes / acre on Miller Creek (elewation
ranging from 4200 to 5000 feet with a slope average of 24 X and a
range from 9 to 35 X) and 104 tonnes pex acre on Newwan Ridge
(elevation ranging from 4400 to 5400 feet with & mean slope . ofF
55 % ranging from 44 0 76 %), About 88 X of this fuel was coarsa
debris more than 4 inches in diameter,

2.2 Mutrisnt storsge in wvegetation

The xenge of nutrient content in total biomeass of mature
forests in Zaire, Ghana, Pankme and Puerto Rice reported by sanches
(1978) were nitrogen 701 - 2044, phosphorus 33 - 137, potassium
600 « 1017, cmlcium 653 -~ 2760, magnes ium 381 ~ 3890, sulphur 196,
iron 43, ginc 13, menganese % and copper 3 kg / ha.

2.3 Nutrient storage in soil

The magnitude of the nutrient storage capacity of west
African Alfisols in equilibrium with a meture forest was estimsted
by Greenland and Kowal (1960). The top 30 om layer of an Alfisel
contained 2.6 times as much total nitrogen as the biomsss and about
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the same amount of exchangeable calcium and magnesium as the total
plant, calcium and magnesium, The top s0il contained 75 %X of the
biomass potassium as exchangeable potassium but only 9 ¥ of the
biomass phosphorus as available phosphorus (Sanchez, 1976).

2.4 Mining of nutrients

™e existence of a nearly closed nutrient cycle between a
mature tropical forest and the soil was first recognised by Hardy
(1936) in Trinidad,

The avallable literature that includes all the four socurces
of nutrient transfer is that of Nye (1961) for an Alfisol from
Ghana which is given in the following table.

Table 1 Annual nmutrient additions from a mature forest to an
Alfisol in Ghana

Transfer patinay Df{q/n;:.;ur = = Kt ha g
Rain vash 12 3.7 220 20 18
Litter fall 10,528 199 7.3 é8 206 45
Timber fall 11,200 36 2.9 6 82 8
Root decomposition 2,576 21 1.1 9 15 4
Total 24,304 268 15,0 303 332 1%
Annual turn over (%) 7 13 11 a3 12 19

Source 1 sanchez 1976 as calculated from data by Nye (1961)

The nutrient additions from the vegetation to the soil are
nicely balanced by the nutrient uptake by the vegetation from the
top soil. Apparently the shallow nature of tropical forest roots
provides a very effective means of maintaining a newly closed
nutrient cycle (Nye and Greenland, 1960),

Dommergues (1963) observed that total dry weight of the
vegetation in a mature forest may be 86 much as 3,400 ¢t / ha
contributing annually 200 kg N, 100 k¢ P, 900 kg K, 2700 kg Ca,
and 250 kg mg, to the soll,



2.5 Effects of clearing and burning on soil properties

The »rocess of shifting cultivation starts with the clearing
and burnin¢ operations of the existing vegetation which not only
affects the vegetative ground cover but also many physical and
chemical properties of soils and thereby influencing run-off and
801l erosion behaviour to great extent,

2¢5.1 Temperature

Alr temperature over a burning wroplcal forest may attain
450 to 650°C at 2 cm above the soil surface, Temparatures decrease
at a rate of 100°C / cm below the soil surface for the first § cm
(2inke et al., 1978). Below this depth no changes in soil temperature
was recorded during burning in Colombia (sSuarez de Castro, 1957).
The maximum air temperature increased from 25 to 32°C after a forest
was Cleared in Thailand, but no change was recorded in minimum air
temperature (Applied scientific Research Corporation of Thailand,
Bangkok ASRCT 1968),

T™he maximum soll temperature at 7.5 om depth increased from
27 to 38°C when the forest was cleared in Chana, while the minimum
temparature remained at 24°¢c (Cunninghan, 1963).

sanchez (1976) reported increase in top soil temperature by
7 to 11°C when a forest was cleared because of higher solar radia-
tion. Lal and Cummings (1979) reported soil temperaturs of 8c°c

Wi
at 2 om depth uyé—mayae:oceed 40°C even as deep as 10 cm,

Vegetation removal increases diurnal soll temperature
fla‘fctuatians to levels as high as 20 to 30% in Nigerlan Aftisols
(Lal et al,, 1975). 1In a virgin forest of Gautemala only 4 per cent
of the total solar radiation reaches the soil surface (:snelaver,
1970). Consequently, the incoming solar energy reaching a cleared
soll is 25 times greater than in the forest.

24542 Phys ical properties

Amongst the phys ical properties soil structures, water
holding capacity, poroeity, infiltration are generally affected



by temparature which depends on the type, quantity of ourning
materials and durecion of burming.

2:%5.2.1 4011 structure

It is known that clearing and burning osuse & deteriorstion
of soil physioml properties. urning incressexi infiltreaction reates
&and the 01l agyregate fracetions larger than 0.2% mm in an Andent
of Colombik (Luares ce Caglps. 1957), Popanoce (1957) reported that
the oulk donu ity of the 5 to 10 Cnm léyer oi Gustamalan wlcanic
so0llas incredged ixom O.56 to 0,66 g / cc afear clearxing and decreased
frum C.,74 to 0.70 g / cc aftar 3 ov 5 ymars of forest regenerstion,
timilar result has bean also reportad oy Meckex and Wwilliams (1976),

oharp deCresse in infiltration race on an Oxisol of axesil
fxrom 82 t 12 om / hour was recordad when the originei forest was
cleared and the land was cultivated for 15 yaarxs (Moura and 3uol,
1972). In Alfisols of Nigeria, Ial et al (1975) reported reduced
infileration mtes aftar forest clearing and cultivetion, A decresse
in total poros ity from 32 o 43 % and & similar decresce in weter
etable aggregatos ovar 3 years of clearing were reported on Alffiscls
from Ghana, which ware kept bare for that pariod of time (Cunningham,
1963). Seubert (197%) recorded decressed infiltraticn rate from
26 to 14 om / hour after clearing a mature secondary forest on sandy
ultisols of peruvian Amezon during the first yesir. In Alfisols from
Tripuxrs (Indis) Jha st al (1979) reported decressed water holding
ompacity of soil due w urning,

2.5.3 Chemical changes
2.5.3.1 Ash composition

The composition of ash depends upon the type of urxning
mterials. Ramakrishnan and Toky (1981) rxeported higher concentré-
tion of Ca in dicot treas, X in bamboo and ? in herbaceocus species.
seubert (1975) analysed the ash samples collected imnedistely after
buming a 17 years old secondary forest growing ﬁn Ultisol of Peru.
The ash continad N (1,72 4)e P (Ol %), K (0,97 %), CB (1,92 %),
Mg (041 %), 7o (019 K)o Mn (019 X)), N (180 ppm) <n (137 pom)
and Cu (79 ppm), i
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2.5.3.2 Changes in soil »'

The extent of change in solil pH depands on the soil proper-
ties and quantity of ash, In an Alfisol from Ghans, Nye and
Greenland (1964) showed that the »'' increased from 5.2 to 8.1 in
the top 5 om layer right after ourning and decreased to 7,0 after
2 yedrs, The P in the S to 15 and 5 to 30 om layers incressed
from 4.9 to 6,2 with burning and decreased to 5 after 2 years,
Horthakur et al (1981) reported increase in ?H due to burning by
O.4 unit in Ultisol of Meghalaya. Awasthi et al (1981) recorded
change in »'! from 5.1 to 6.6 in the bun system of burning in Alfisol
from Central Plateau of Khasi Hills (Meghalaya). 8rinkmenn and
de Nascimento (1973) showed that the P’ of Oxisol top soils increased
from 3.8 to 4,5 with burning and decreasad quickly to drigimal level
within 4 months, Seubert (1975) found that the P’ increased from
4.0 to 4,5 in the top soil of an Ultisol and this lavel remsined
stable during first year. 2zinke st al (1978) reported increased »
of soil in Thailand due to burning but it came oeck to original ptl
after 4th year of regrowth. Lllis et al (1982) also reported
increaged ot in the soil of Tasmania (Australia),

H

2:5.3.3 Exxhangeable bases

The changes in exchangeable Ca, Mg, K levels aftar burning
have baen reported by Ellis et al, (1982) and Nye and Greenland,
(1964), sorthakur et al, (1981) and Zinke et al (1978). Increase
in the concentrations of bmses depends on the type of forast vege-
tation. Ellis et al (1982) reported, 250, 150 and 20 per cent
increase in the concentretion of Ca, Mg and K in mixed foreet
against only 30 % incresse in Ca in dry sclerophyll forest in
Tusmania, Percent oskse saturation in former vegetation increased
from 39 to 60 per cent against 63 to 71 per cent in oase of latter.
Similar trends of exchangeable mtmﬁs ware reported by Perry at al
(1958 ) Charlaes Cr'ywer and Cole (1971) Nye and Greenland (1974) and
sSeubert (1975), Theodore et al (1976),

2,5.3.4 5011 organic matcer

of
Although iaixning volatilizes most nt.he carbon, sulphur and

nitrogen present in the vegetation, it has little effect on soil
organic matter, MAurning in the process of shifting cultivation

¥



doas not destroy s0il organic matter, 504l tamperature during
msurning are not hivh enough for a sufficiently long time for come
bus tion, except in reburn plle biuationégan%éiﬁf by Nye and
Creenland (1964) in Ghapa, seubert (1975) in rPeru actually showed
small increase in soll organic carbon and total nitrogen after
murning, Increase in organic carbon after aurning has baeen also
reported ny Nye and Greenland (1964) and 1al and Cummings (1979).
These have been attributed to incomplete cambustion of the vegeta-
tion and measurement of charcoal particles as organic clrbogiaﬂc%ﬁ 177e)
the other hand dorthakur at al (1981), Ellis et al (1982), Zinke

et al (1978), Jha at al (1979) reported a decresse in the content

of orgenic carbon, Ellis et al (1982) found that mean concentrations
of both C and N for burnt coupes wers lower than those of uncut
control, although the ratio did not diffexr, sanchez (1982) working
on the dymamics of nitrogen in shifting cultivation and related
cropping systemg in the humid tropics of iatin amerioca under pre-
domindted oxisols and ultisols reported that losses of nitrogen
through clearing and burning are at about 20 to 25 ¥ of the N exist-

ing in the eco-sys tem,

2.5.3.5 Cation exchange capacity

Brams (1971) in two oxisols from oierxo Leone okserved that
a 50 per cent reduction in s0il organic matter within 5 years after
clearing resulted in a 30 per cent reduction in CEC, sanchez (1976)
reported that the change in pH and organic matter contents of solls
under shifting cultivation affected their effective CEC bechuse of
the predominant pH dependent status in many shifting cultivation
areds., During the first few months after burning the effective CEC
of a feruvian Ultisol increased from 2.9 to 3.4 meq per cent, pro-
bably as & result of the pH increase due to burning, At later stage
CEC decreases because of decrease in pH and soil organic matter
contents. Theodore et al (1976) however reported lower C,E,C.
after burning. Ellis et al (1982) also reported incresse in CEC
for the first two years and then decreased slightly in the soils of
Tasmania (Australia). 2zinke et al (1978) also reoorted increased
CEC in burnt samples in soils from Thailand,
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2,5.3,6 Awallabla p

The aveilable P lavel of a suill incressesupon slash and
burning oscduse of high phosphorus contents in the ash, Nye and
Greenland (1960) reported increase in » from 7 to 25 kg P / ha,
<inke et al (1978) obtained higher walue of P in ournt field (1.1
g / m?) than the unburnt forest (0.2 g / m%). Awasthi et al
(192)) and sorthakur et 81 (1981) reported slight incresse in
available P due to burning in the Alfisols and Ultisols of Meghalaya
(India),

The decrease in aviilable phosphorus with cropping has also
been reported by anchez (1976) and Zinke et al (1978).

2,6 Effect of land clearing, different crops, cropping systems and
managemant practices on run off and soil losses

2.6,1 EZffect of land clearing on runcff & soil losses

Popence (1957) reported little surface erosion in cleared
fields having steep slopes because of low ulk density of the soil.
cuarez de Castro (1957) under soil conditions of Colombia reported
that run off decreased after clearing and this he attributed was
due to increase in permeability of soil due to burning. Le Buanec
(1972), 1Al (1974) and 1al et al (1975), besed on their studies in
Ivory Coast and Nigeria, reported huge amounts of soil loss after
land clearing., singh and singh (1978) from gsteep hill slopes of
Burnihat (India) reported 3 - 7 tonnes of &0il per hectare to slide
down in the process of cuttiny the forest, burning, clearing and
dibbling of seeds. Singh (1978) in a study on soil erxve ion under
shifeing cultivation from steep hill slopes (80 to 70 %) at Burnihat
estimhted 146.,6 and 170.2 t / ha of soll losses during first and
second year of shifting cultivation as against the soil losses of
30,2 and 8,2 t / ha / yr under abandoned Jhum land (lst year follow)

and bamboo forest respectively.

2,6.,2 Effect of different crops &and cropping systems on run oft
and soil losses

SuArez de Castro (1955) from his study on erosion in a coffee
producing region of Colombia on 43 % slope reported water losses in
excess of 50 % of the total resinfall and soil losses of over 500 t/ha/y
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from base plots. Iie alsoc okserved that during the same period
adjacent plots with 53 % slope having good vegetative cover had
nagligiolae weter and s0il loeses. !Hudson (1957) from his study

on 4.5 % elope reported 127 times greater soll loss and 13 times
grea ter runoff from the unprotected ferrallitic sandy clay loam
s0il than plots covered with mosquito gauge nylon net. A plot with
grass covar gave results similar to the one with mosquito gRuge net
covar., ¢ imilar results hnlre been reported from elsaewhere &lsgo
(Hudson 1957, lmtchimcmHQSe. Hudson and Jackson 1959, Elwell and
stocking 1978). 1langbein and schumn (1958) and Douglas (1967) indi-
cated that sediment yield increased with effective rainfall upto a
point where improved vegatative ground cover leads to less eroe ion.

Horner (1960) working on the effects of cropping systems on
runoff, erosion and crops yleld on Palonse silt loam at Pullman,
Wwashington, reported that crop rotations that include lagume gress
sod crops were more effective for runoff and eroeion control, main-
tenance of soil organic matter and high wheat yields than the un-
fertilized pea-wheat and fallow systems., Summer following caused
the largest exosion losses and the most rapid depletion of organic
matcter,

Rooge (1967 ) reported from his work in Senegal that on plots
cultivated for 10 years, the surface runoff accounted for 21 per
cent of the rain water and carxied 9,26 ¢t / ha of soil per yaar.

On an average a layer of 0,6 mm deep was removed armutuy,( Fournier
(1967 ) chserved that erosion losses even on 1.5 % slope were 1420,
433 and 945 tonnes per knz under sorghum, groundnuts and rice
resipectively. Kelman (1969) in a study on s$0il loss from small

plots with 25 4 slope in Mt.Apo reported exponential rate of increase
in so0il loss with decreasing vegetativa cover, Kowal (1972) reported
from northern Nigeria, an average soil loss of 10 ¢t / ha / yr,
Charreau (1972) from West Africa recorded negligible runoff and soil
eros ion under forest cover. &olil arcsion under gress fallow occupied
intermediate position between forest and cultivated land. wWrighay
(1969 ) from a catchment study of Mbeya Range reported maximum runoff
from cultivated catchment to an extent of 76 cusec / m2 as compared
with 12 causec / m2 from the forested region. Rapp at al (1972)
raeportaed a negligible soil loss from thicket grass plot.
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Young (1974 ) reported negligible soll loss from virgin forest,
Brunig (1975) also reported very low amount of s0il loss of 0,2
t / ha under virgin forest whereas cultivation increased soil loss
to an alarming rate of 600 to 1200 ¢t / ha / yr.

Wwhile reviewing the ercsion losses from agricultural lands
(runoff plots), Tejwani et al (1975) found that losses were the
highest in bare fallow and the least under grass cover. Legumes
such as moong (Phageolus aureus ) and cowpea (Vigna sinensis) suffered
lower erve ion losses than non-legume such as jowar (sorghum vulgare),
bajra (Pennisetum typhoideum) and maize (Zek mays ).

Elwell and stocking (1976) proposed that vegetal cover should
be included as an independent factor in the universal soil loss
ejuation, on the basis of the very significant differences in cover
produced of different growth stages by crops and differences observed
in soil ercsion /hen the soil was even partially protected by netting
(Alna et al., 1979).

Chakraborty (1976) on the basis of his study through des igned
runoff plots under Tripura condition reported that under naturel
grass cover 49.8 % of the precipitation was lost as runoff with a
corxesponding soil loss of 1432,0 kg / ha from 3 % slope whereas
62,6 % of the precipitation was logt with corresponding loss of
2440,0 kg / ha from 6 per cent slope,

Khybri et al (1977) studied the soil conservation value of
common hill crops and grouped them into three classes as follows 3

i) High runoff and soil loss - Maige, soybean (Glycine max)

i1) Medium runoff and soil loss -~ Jhangora (Paspalum scorbie
culatum) Mandua (Elusine
coracana ) and Niger

{culzotia abyssinice)
11£1) Low runoff and soil loss -~ Napier gruss (Pennisetum
gurpureum )

Juo and Lal (1977) found perennial or annual pigeon pea as
a good soil building and conserving crop Aina, Lal and Taylor
(1979 ) reportad that vegetal cover provided by close canocpy and
low growing soybean was quite effective in controlling ercsion.

At Kota, Pratap Narain et al.. (1978) reported higher soil
loeés and runoff under soybean (Glycine hispida ) and urd (Phaseolus
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mungo) (about 6 t / ha and 20 % of rainfall) when compared with
jowaxr + arhar (cajanus cafan) and cowpea (about 3.3 t / ha and
14 4 of rainfall),

dhatia, et-a1 (1977) on the basis of @ vtudy at Kanpur with

2,35 per cent slope reported minimum goil loss from Jowar plot on
contour while loss for up &nd down cultivation was minimum under
ma ize crop,

2.6,2.1 s5trip cropping
In West Africa strip cropping showed limitad success in

reducing runoff and erosion losses. The results of exyeriments
conductad at IITA (1974) on the effect of different m"ﬁ,ﬁ %%v s
on runoff soil logses were in order of eowen"rwwmiza,\ gonjon
et al (1968) from experiments in MadaghsCar recommended that contour
benches be nlanted with gresses to reduce runoff losses. Jurion and
Henry (1969) suggested improvement of shifting cultivation by deve-
loping & corxidor system of rotation which although was f£ound
successful in reducing runoff losses and soil erosion, yet it was

a waghful use of land and certain,pf not an intensive method of land
utilization. Roose and Bertrand (1971) found that permanent grass

strips 2 to ¢ m wide were effactive in controlling runoff losses,

Didmiterescu (1977) working on the contribution of growing
crops in strips in the Moldavion plain emphds lsed the advantages
of growing crops in strips. However, tha rasults of experiments on
strip cropping conducted at I[ITA using altexmate s&trips of maize
and cowpeas Were not in favour of strip cropping{Laol j974)

2.6,242 Mixed cropping

One of the most characteristic features of 'Jhum' cultivetion
is mixed cropping which bes ides , meeting the food requirements,
ensures grester risk minimization. Mixed cropping, with the so
called soil depleting and soil protecting crops bks Deen tried
by many researchers. Michandani at al (1958) studied the effect
of mixing pigeon pea or blackgram in ‘gora’ paddy and maize on soil
and water losg in runoff plots., They obeerved that mixed cropping
did not reduce 01l loss which varied from 3,28 to 2,55 ¢t / ha and
runoff which varied from 8,6 to 6,4 par cent of total rainfall.
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Hays (1961) showed that total s0il and water loss from agricultursl
areks oan be reduced significantly by inter planting of legumes
between corns, Norman e%-&l1 (19%4) concluded on the besis of experi-
ments conducted upto mid 1960's in Kenye, Malawi, Nigeria, sudan

and Tanzania that more than one acre of crops in monoculture wes
raquired to equal the yield of an acre of intercropping. Theyle
advocated intercropping &8s one of the modifiomtion: and altermative
to shifting cultivation, Recent studies on intercropping under
optimum technology by Har wood (1973), Rmo (1974) and Krantz et al
(1974) indicated substantial (SO ¥ or more) yield increases from
various combinktions of alternate row cropping over these of two
separate pure cultures, Pournier (1967) reported that mixed cropping
of maizae with magocatle peas proved effective in controlling soil

exce ion in Madagescay. In India its inportance was highlighted
almost 30 years ago by Alyer (1949).

The effect of intercropping msize with tylosenthes gracilies
was .tnvo?t.iqlt.ed at Intexmational Institute of Tropioal Agriculture

(n'n\) at Nigeria. 5, gracilis, though it provided excellent pro-
toction against runoff -~ erosion, s found to be aggressively
growing crop and competes strongl wxm maize for the small quantity
of available water in the root aonct Aé Deochanda Research station
of Damodar Valley Corporation (UVC), Hazsaribagh (Anon, 1972), it

was found that ‘gora‘’ paddy + Jowar was the most suitable mixed
cereal cxop for reducing erosion (4.1 tonnes / ha soil loss and
runoff 17.2 % of rsinfall) when compared with mixing either blackgram,
finger millet, ground nut, pigeonpea, maize, cotton (Gossypium spp.)
or castoxr with ‘gora’ paddy (4.7 - 8.4 tormes / ha soil loss and
runoff 21.5 - 24.5 per cent of rainfall), At DV, Hazaribagh,
intercropping of cowpea with cotton reduced soil loss from 6.4 to

4.1 t / a and runoff from 3O to 19 per cent when campared with
cotton alone; ground nut and greengram reduced the soll loss and
runoff to some extent and blackgram and cluater bean did not have

any affect on soil runoff and soil loss (Anon, 1972).

Greenland (1975) has emphas ised that mixed cropping has a
significant role in tropical agriculture., 1lal (1976) observed that
a crop with rapid development of ground cover such &s soybean and
cowpea, would be suitable for those regions whers frequency of
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erosive storms is high, espocially early in the ¢rowing season,

In study conducted at Aurnihat in mini watersheds to evaluate
the effect of different land usee on runoff and sediment yleld
Borthakur et al (1978) reported & loss of 13.3 and 214,8 mm of
water as runoff with corresponding soil losses of 5.1 and 76.8
t / ha during first and second year of shifting cultivetion res-
pectively. At Kota, Pratap Marain et al. (1978) reported higher
501l loss and runoff under soybean (Glycine hispida) and urd
(Phaseoclus mung) (about 6 ¢t / ha and 20 % of rainfall) when compared
with Jowar + arhar (Cajanus cajan) and Cowpaes (about 3.3 ¢t / ha and
14 % of rainfall),

Thamas et al (197!) in a study of relationship between
erove lon losses and grags cover suggested that & critioal welue of
15 0 20 % is important. A wvalue less than this erxrosion was found
to be intense whereas at higher values apvove 15 to 20 % there is
little further reduction in scil loss. mﬁfa (1979) also reported
similayr result from the range land areas of Kajiado,

Newnan et al (1979) reported that while yleld of individual
crop gtuwn in mixture was depressed such reductions were more than
offs et by intercrops mixtures resulting in higher returns per
mixture in terms of walue, as well as higher and more evenly epread
out employment of labour, as compared to mono-cropping.

2.7 Effact of different cropping systems and management practices
on nutrient loss
2.7.1 Organic carbon and nitrogen

Daley and Miller (1923) obtained a loss of 111 kg of nitrogen
from 5818 kg of s0ll loss per hectare from fallow shelby loam on
3.68 % slaope of which only 6.7 kg was in nitrate form. Duley
(1926) reported very small loeéses of nitrogean in ammonium nitrete
and nitrate ionic form because he observed that soluble nitrogen
was mostly in organic form but annual loss of nitrogen in this
form wag insignificant.

Knooblauch et al (1942) reported an annual loss of 1287 kg.
and 75 kg / ha of organic mscter and nitrogen from plots left fallow



18

ag against a8 loss of 377 kg ana 21.3 kg / ha of organic matter and
nitrogen, respectivaly when cover crop Wwas established and msnure
applied from Collington sandy loam s80il having 3.5 per cent slope,

Neal (1943,1844) cobtained an enrichment rxatio as high as
4 to 4.7 for oryganic matter from Collington slit loam, Hays et al
(1948) obtained an annual loss of 47 kg / ha of nitrogen from
Fayette s1ilt loam planted to oats but this loss was reduced to

2.2 kg / ha when planted to corn,.

Free (1946) onserved no differance between ammonioal form of
nitrogan in eroded soil and original soil from Heneoye silt loam,
but found that eroded material contained 48 % less nitrate nitrogen
than the original soil, 3ryant and slater (1948) reported an annual
loss of 11.6 kg / ha of dissolved nitrogen from Dunkirk sandy loam
on $ % slope and less than 1.1 kg N/ ha from Ontario sandy loam
on 8 % slope. Hays et al (1948) reported an annual loss of 1065
kg / ha of organic mRtter from moderately eroded Fayette silt loam
and 748 kg / ha from saverely eroded phage, Jackson (1952) and
MAssey et al, (1953) in their study from two Wisconsin solils obtained
an enrichment ratio of 1.34 and 1.24 for total nitrogen and organic
metter from Alemm silt loam and an enrichment rates 1,08 and 1.15,
respectively from Fayette silt loam. Moe et al. (1967) ohserved
the greatast loss of nitrogen to an extant of 1,5 % of the applied
fertilizer nitrogen after 5 inches of rainfall from sod and fallow
plots receiving ammonium nitrate pallets.

Geal at al, (1968) working on an alluvial soil at Lucknow
(India) found that the loss of nutrients increased with incresse
in the degree of slope. They reported that with an increase from
1.5 t0 3,0 par cent slope, the losses in raespect of organic matter,
nitrogen, phosphorus and potash were doubled while the losses in
respact of calcium and magnes ium was more than three times.

Goel and Khanna (1969) in their study from Uttar Pradesh
{Indla) oservad that the loss of nutrients from plots left fallow
on 8.5 per cent slope were two to three times higher than the
losses when the plots were under some crxope. They reported a loss
of 245.8 Xg / ha of orgenic matter from cultiveted fallow-bariley
treatmant., This loss was reduced toc 86,9 kg / ha under sesamum -
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gram rotation. They further estimated the losses of plant nutrients
by water arocs fon in alluvial tracts of Uttar Pradesh under different
cropping pattern., Losses Of total N varied from 7.37 to 13,64

kg / ha under vwarious crop rotations,

dhatret al. (1971) reported highest loss of nitrogen amount-
ing to 228.1 kg / ha under cultivated fallow followad by 79.9 kg /
N / ha under ma ize-wheat rotation and no loass of nitrogen under
grass cover under Dhulkot silty clay loam soil on 8 % slope at
Dehradun (Indies), shatret al. (1971) in their study from Thulkot
silt clay loam on 8 per cent slcope in Doon valley (India) obtained
a loss of 2167.7 kg / ha of organic carbon under cultivetad fallow
conditions, whereas the loss from grass cover was nil.,

Dadyle and Packer (1972) reported a loss of 387 kg / ha of
organic mattar from Newman Ridge., Kowal (1972) reported an average
loss of nitrogen ranging from 7 to 19 kg / ha per year for some
soils in Northern Nigeria. lal (1976) cbserved that the magnitude
of nitrogen losses in runoff 1is affected by cropping syetems and mode
of crop raesidue managemant., Mmssd on observations from small runoff
plots, he found that losses of nitrate nitrogen in the runoff water
during one ssason 1973 were 3,3 kg / ha from bare fallow, 1,5 kg /
ha from conventionally tilled maize, O.,1 kg / ha from no till maize,
and 0,04 kg / ha from unmilched maize plots.

Sorthakur et al. (1978) from their study of Burnihat reported
a loss of 84,7 and 1321,0 kg / ha of organic carbon from the first
and second year of ‘Jhum’ cultivation,

Jayaram et al. (1982) reported an enrichment ratio of 2.09
and 2.43 for organic matter and 2,55 and 2,21 for nitrogen loss from
the clay soils of two plots plented to sorghum and safflower, res—
pectively on én average slope of 1.5 per cent from reinfed vertisols
of 3ellary (India),

2.7 «2 Phosphorus

soarseth and Chandler (1938) observed that phosphorus applied
to the soils remmin in the surface layers unless mechanically incorpo-
ratad into lower depth, They concluded that 60 per cent of the
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supexrphosphate applied over & 26 year neriod was loet by ercs ion
from a nearly level field of Norfolk loamy sand undar Cotton=Ccorn-
ot legume rotation.

Rogers (1942) obtained an enrichment ratio of 1.3 for total
phosphorus, 8s estimated by 0,002 N sulphuric acid, £rom Dummore
s1ilt loam on 20,25 % of slope cropped to wheat,

Rogexs (1942) reported loss of phosphorus f£rom applied
tripfle superphosphate on Dunmore silt loam in a csermanent pasture
through simulated reinfall, Prom the first one inch shower, the
loss was 9.1 % of the 224 kg superphosphate applled per hectare,
The second shower (arxried away 4,3 % of the initially applied
phosphata, Under simulated showers on dry soll about 22 ¥ of the
applied phosphorus was eroded away initially.

Volk (1945) could not account for 26 % of the native and
applied phosphorus over &8 14 year period on Hartsell fine sandy
loam planted to cotton and he cons idered this loss to have occurred
through erosion. Bedell et al., (1946) observed that nearly 60 %
of phosphorus lost through ercsion was in organic form. Ensminger
and Cope (1947 ) reported 70 per cent loss of added phosphorus to
an unlimed nearly level Norfolk sand cropped to cotton.

Ensminger (1952), working with Hartsell fine sandy loam of
2 to 4 per cent slope, coms ldered that phosphorus that could not
be accounted for in the surface 16 inches of soil, plus that
removaed by crops. was lost through the process of erosion.

Gupta and s5ingh (1967) from their study on Gangetic alluvium
tracts of Uttar Pradesh (India’) ohserved that calcium bound phosg-
phorus was more vulnersable to erosion losses than aluminium bound
and iron aluminium occluded phosphorus,

Ial (1976) mentiocned that movement of phosphorus from agri.
culturel lands was: primarily with the soil solids. He reported
that loss of phosphorus in tropical regions may be as low as O to
2 kg / ha per season &s measured from runoff plots. Borthakur et al.
(1978) reported a loss of 80 and 211 kg of P,0g / ha from £irst anad
second year of ‘Jhum'’ cultiwtion.
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Jayrem et al. (1982) working under dsllary conditicns of
India obta inud an enrichment ratio of 2,09 and 2,43 for total
phosphorus from the clay solls of two plots planted to zorghun
and safflower, respectively.

2:7.3 alcium, potassium and magnes Lun

intley and Niller (1923) repurted & loss of total Calcium
amounting to 424,55 kg /  from vare uncultivaved »0il from shelby
loam as compared to no loss undex sod cover. Duley (1926) chserved
that annual loss of potassium in solution from Shelby loam was
only 1.1 k¢ / ha under whant and 10 - 1 kg / ha under sod,

Miller and Krusaek@pf (1932) reported a total loes of 513
kg / ha of toeal ealcium and 200,%5 kg / ha of magnes ium £from shelby
joam cultivated to & depth of 10 om,

Kohnka (1941) observed that although lirtle is known about
potasalun losses from newly fertilized fialde, but such losses
could be signiyicent when light rainsoccur or during the first
period of more intense storms,

Knoblaugh et al, (1942) obtained lasews of total potassium
amounting to 477 kg / I froam Collington sandy loam whare as this
loss was reduced to 110 kg / hk undar & cover crop receiving manure,
Yohrly losses 0f tousl pothssium fram freshly ploughed shelby loem
in Mizsorie ware found to be s high & 1400 ky / e and this loss
wis reduced to less thian J.4 kg / h under blue grass s0d cover,
Knoblauch et &), (1942) reported an annull 1ossé of 113 kg / ha of
total aelcium from unprotectad Collington sandy loam soil wheress
this loss was yeduced to 28 kg / b under manure apnlied cood crop
cover with an encrichment ratio of 2,41 anc 2,06, respaectively.
Highexr weluses 0f enrichmant recio for avatllable potassium have
been reportved by various workers (Roger, 1941, Massey at al.. 1953
and stoltenbery and #“hita 1953), Neal (1943, 1944) obta ined an
enrichment reatio of 5.4 foxr avallable potassiun & compared to
1.4 for cotal potass ium,

Hays st al, (1948) olmerved that loes of available potass fum
was 290 and 0,6 kg / ha from Fayette silt loam under vat apnc corn,
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racpectively vhereas the loss of total potassium amountad to 956
ke / ha from cat and 29 kg / ha under corn.

Aryant and slatar (1948) evaluated losses of oalcium,
magnes ium and sulphur fram ontaric loam (fallow) and Dundrik,
silty loam on 5 % slope under corn, The losses Of soclunle omlcium,
magnes ium and sulphur from the formar voll were 6,7, 1.5 kg / ha
and from the later soil were 13.4, 4.0 and 4.7 kg / ha, respectively,

squarez de Castra and rRodriguez (1955, 1958) reported runoff
losses of large quantities of calcium and magnes ium in runoff water
amounting to 238 and 152 kg / ha from oare soil with 22 per cent
slope in well agqxégated Andept from Chinchina, Colombia, Goel
ot al, (1968) also studied the affect of so0il texture on nutrient
losses through runoff and omsarved that loss of nutrients increased
with incresse in the finenpess of the soll. From theixr study they
found that although the maximum losges were in the £ ine textural
soil., the camposition of the runoff flowing throuyh such soils was
poorer in nutrients than from coarse textured soils, as exhibited
by the enrichment ratios in clay loam,

Bhattet al. (1971) oxerved that Doon wllay condition of
Jttar Pradesh, Dhulkot silt clay loam on 8 % slope continued to
suffer heavy losses of nutrients till middle of Auqust during
south West monsoon whan cropped to maize and there after the
losses decremased, Major quantities of plant nutrients were loust
during the f£irat fortnight of July, when the soul was cropped to
sorghum fodder and sunhemp and thereafter the losses ware little,
The cultiwted plot, however, continued to incur loss of nutrients
throughout the rainy season.

Kowal (1972) reported an aversge annual loss of calcium,
magnes ium and sodium in runoff water and eroded soil ranging from
14 to 30 kg / ha, aarnet 8t al., (1972) ewaluated runcff losses
from artificial high intensity rain storms from steep ultisols
and inceptisols of Puerto Rico. 391‘«} raported substantially lower
runoff and nutriant removal from better aggregated uUltisols.

tal (1976) also raeportaed large runoff losses of potassium
calciam, and magnes ium from runotff plots. K lossas ranged £rom
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0.l to 13.4 kg / ha per cedson and Ca fxom O to 4,2 kg / ha per
season, In & recent study of nutrient losses in water runoff of
the wataershed experiment of IITA, xXang and lal (1981) reported
that concentration of Ca, Mg, X and Ma tended to be highest in the
£irst month of the experiment when the rainfall was highest and to
be lower in subseguent two months., However, thers was no clear or
cons istant relation between the amount Of runoff and the concentra-
tion of these nutrients in the runoff though tha concentration of
Ca and Mg tended to decrease more rapidly with time than K,

Sorthakur et al, (1978) reported a loss of 1.6 and 12.5
kg K0 / ha during f£irst and second year of *‘Jhum® cultivatiocn at
surnihat (India).

Under 3ellary condition of India, Jay_;-m et al, (1981)
reported enrcichment ratios of 2,24, 2,69 and 2,15 for exchangeble
potass ium, calcium, and magnes ium from the ares planted to sorghum
whereas from the area planted to gsafflower, the ratios obtained for
these nutrients were 2.38, 2,99 and 2,34, respectively.

2:7 «4 Hicro-nutrients

Practically thexe is no information available on loss of
micro-nutriente in runoff and eroded sediments, Howevar, in a
study made in 2hilippine on leaching losses of micro-nutrients showed
that lossas of iron rangedbetween 10 to 144 kg / ha and manganese
from 4 to 30 kg / ha per year(Somchey, 19#6)

In a recent study of nutrients losses in water runoff at the
watarshed experiment of IXITA, Kang and 1al (1981) raported the micro-
nutrient losges under various land clesring and soil management
treatments, The losses of iron ranged between C.2 to 4.3 kg manganese
0.04 to 35 kg and zinc form from 0,09 to 0.58 kg / ha under different
treatments,

From the above limited review it is evident that the informk-
tion available 50 far on nutrient lossees in runoff and eroded saedi-
ments undexr various cropping and mamagement practices is far from
adeqquate, Howaever, under Indian Condition an idea of the extent of
problem can be had from the (review of Kanwar (1967) and by Goswami

Q7202 b&
and sarkar (1978). mnwaymportgd on the basis of soill having a
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slope of 0,5 % and the loss of putrients peing 5 - B8 kg N, 10,7 kg
P,0g and 42,8 kg K,0 / A, calculated that the minimum annual loss
from Indian soil would amount to 2.5, 3.8 and 2.6 million tonnes
of N, P2¢)5 .”"fespective.ly. which is much greater than the consump~
tion of these nutriants in India through fertilizers,

2.8 affect of erovsion losses on soil fertility and crop yields

cne of the greatest drawbacks and the main criticism of
shifting cultivwtion is its short period of cropping in relation
to its fallow period and comparstively very low crop ylelds in
subsequent years which compell the cultivators to shift their land.

Pendlaton (1954) in & very eéndy soil of Trinidad noted
that it was rather impogsible to reise 8 second crop due to deple~
tion of s0il fertility. Popence (1957) on the bhgls of exparimants
carried out in Northern Gautemala concluded that “the three impor-
tant reksons for the decline of crop production in shifting culti-
vation yields oan be attributed to decline in soil fertility, weeds
and pests®,

Cowgill (1988) in Central Petan found that cultivetion
caused an alsolute decresse in all elements measured., By comparing
the results of first year 'milpas’ with those of the second year,
she found that pH decreased by 1.3 per cent, organic matter by
6 - 8 per cent, total nitrogen by 5 - 9 per cent phosphorus by
1.8 per cent and the exchangeible potassium, sodium, magnes fum and
calcium decreased by 19.6, 30.0, 3.5 and 15 per cent, respectively.

Nye and Greenland (1960) while reviewing the work on yield
declines during cropping periods observed that decline in crop
vyielde axe more marked in forest than in savenna areas. Reply
et al, (1961) reported that under unfertilized condition artificial
remowm]l of 7.5 and 15 om of top soil caused 8 decrease in the yield
of bariey by 21 and 58 ¥ respectively averaged over a ten year
pariod whereas under fertilized condition (9 kg N + 12 kg 7 + 11 kg
K / ha) yield reductions were 19 and 46 % respectivaly. Howaver,
on the basis of soll amalysis data monitored for soil changes
before and aftar buring as reported by Popenoce (1957) at (autamela
and that of Cowgill (1969) in Central Paten, Nye and Greenland (1964)
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found very little correlation between yield decline &and measured
soll changee. oioan!(1972) also reported steady decr=ase in ferti-
lity of soil cover over & period of many years under continuous
cropping with a ghort fallow in the Casamance arxea of southern
LHenegal. 3eeslay (1972) reported 1S5 and 30 % reduction in yield
when S and 15 cm of top soil was eroded,

The experiments conducted in North Carolina state Univers ity
(1974) revealed that there was high correlation between yleld dece
line of continuously grown upléand rice in Turi Maguas ~eru with
decxressas in exchingeable potassium and incretses in alluminium
saturstion., Sanchez (1976) also found high correlation between
fertility depletion and yleld decline from low base status ultisols
and oxisols.

On the basis of informations aweilable from unfertilized
but adequately weeded expariments, it was revealed that in general
S0 per cent yield decline was reached by the fourth to sixth conse-
cutive planting., (Anthony and Willimil1956, Cutling et al 1959,
Nye and Greenland 1960, Nye and stephans 1962, Newton and Jamisson
1968, Abuzeid 1973, and IITA 1974)., 1lal et al. (1974) reported
fxom west frica that crop yiaeld decremsed by 50 %, when 1 inch
top soil was lost. Saha (1976) reporxrted yialds of crops grown
under ‘Jhum’ condition in different narts of north eastern region
of India, It varied from place to place and ranged as follows 1
Paddy (4 to 11 ¢ / ha)y maize (0.3 to 1.7 ¢ / ha)s millets (0,55
to 4.82 q / ha); raw cotton (0,05 ¢to 1.47 ¢ / ha)r sesamum (0,49
g / ha)s turmeric dry (0.31 q / )7 ginger (0,01 to 0,12 q / ha);
yam (O,12 to G, 50 q / ha)s dry chillies (0.04 to O, 40 q / &)
tobacco (C.07 ¢ / ha)s; omesava (0,57 to 0,60 ¢ / ha). Rai (1978)
on the basis of survey work undertaken on ‘Jhum' lands at surnihat
reported that rice yield varied from 5.36 to 13,40 ¢ / ha on lands
having wrying slopes from 33 to 88 per cent, He also reported
that yield and yield attributes of rice increased as the situations
changed from top to bottom portion of the plot, Awasthi (1977)
working on production potential of *‘Jhum’ land under different crop
managament practices reported the yield level of different crops
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Area Crop Pure stand Mixed stand Mixed stand
->

No fertiliser Fertilizer
10% Cassava 230,49 153,99 237,90
10% Yam 15.19 21,66 33.33
10% Ginger 1.69 0,91 l.16
10% Mmize 3,64 12,61 16,74
10% Hesanam 1.29 8,38 12,98

Aorthakur et al.,(1979) aleo reported sharp decline in yield
of third consecutive crop in shifting cultivation areas of North
Eastaern Hill region of India,

langdale et al. (1979) obtained corn (Zea mays L.) ylelds of
2,226, 4674 and 6429 kg / ha on severaly eroded, moderately eroded
and unervded soil (alluvial soll) respectively averaged over 3
years. ‘

Khybri et al. (1980) in a study on the effect of top soil
removal on growth and yield of maize under deep alluvial silt loam
01l of Dehradun (India) reported that yileld of maize grain decreased
from 3701 kg / ha (control) to 1304 kg / ha, where 30 cm of surface
s0il was removed, On an aversge every centimeter of top soil
removed, thircwas 76 kg / hs reduction in grain yleld,

Frye st al, (1982) in a study on soil ervsion effects on
propertias and productivity of two Kentucky soils, rasported 12 and
21 % lower corn grain yields for Maury and Crider soil under eroded
condition &s compared to uneroded soil, They also reported higher
clay content, higher bulk density, lowar organic carbon content for
the Ap horizon of eroded soil as comparad to uneroded soil. Avail-
aple water holding cepacity averagad 4 to 5 % lower in the surface
layer of eroded soil.

2.9 Effect of fartilizer application in improving yield and pro-
lopajng, the sgpeping period
Nye (1960) has mentioned that in much of the West Africe

a period of 3 years of cropping and a 10 years of fallow would
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usurlly maintain the forest fallow, A series of continuous cropping
experiments conducted in liadan, Nigeria from 1922 to 1951 has baen
summarised by Vine (1953, 1954 and 1968), which showed that yleld
can be maintained at levels between 0,4 to 1.7 tomnes per hectare

of corn, about 7 t / ha yams and 12 ¢ / ha of cassave almost indefi-
nitely with sporadic applications of 60 kg N/ ha and 20 kg P / ha
as ammonium sulphate and ordimary superphosphate,

In Food and Agriculture Organization, Rome Freedom From
Hunger Fertilizer Progremme (1968) reported some responses to
applied phosphorus. The responses were particularly large for
tubers and vegetable crops.

gmrtholomew (1972) pointed out that relatively low yield
such as 600 - 1200 kg / ha maize, do not remove more than about
15 kg / ha of N in the harvested grain and therefore such modest
yields could be maintained for long periods with only smal]l amounts
of fertilizer after taking into consideration maturel N supply from
rain water and non-s ymbiotic fimmtion,

Jones (1972) obtainad corn yield of 3 to 7 t / ha and high
yields of dry beans and seed cotton in ultisols of Namunglo, Uganda
with fertilizer appliomtion of S1 kg N, 22 kg P, 63 kg K, 32 kg 5
and 78 kg <& / ha,

In a study on the role of fertilizer in the improvement of
shifeing cultivation Adetunji and Agboola (1973) concluded that
with the use of fertilizers, higher yields have been obtained and
maintained although not for an indefinite period.

However, a series of long term experiments conducted throughe
out Africa have proved that fertility could be maintained for at
leasgt 10 years of cropping by use of inorganic ferxrtilizers and
manures (Vine, 1954; stephans, 1969 Dabin, 19712 Abu Zeid, 1973,
Ofori, 1973),

Viewag and wWilms (1974) in their study on prooblems associated
with a change from & shifting to permanent cultivation on a light
801l in the Kilombero walley Tanzania have pointed out that after
silx years of cropping, yields fell to zero, despite reasonable
dressings of NPK, The application of cattle manure and lime
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markedly improved the crop but neither seemed to be a practicabnle
position. He further concluded that on the tasis of thelr early
stage of investigation no imorovemant could e suggested on the
customary method of shifting cultivation as practised by farmers
on that soil type,

2410 Review of work done on some of the parameters of universal
solil less egquation
2,10,1 Erosivity indices

various workers have used different erosion indices to
correlate soil loss. Wischmeir e3.ai. (1958) reported that the
product of kinetic epergy of the storm and the maximum intensity
of the rainfall dring the £irst 30 min of @ storm which he termed
as El,, was most significantly correlated with soil loss determined
on the standard field plots., Hudson (1971) on the basis of his
aexperiments in Rhodes iq indicated that accumilative kinetic energy
of storms with intensity greater than 25 mm / hr was better corre-
ljated with soil loss than 8130. He also pointed out that storms
with intensity of less than 25 mm / hr were not ervsive, Ahmed
and Breckner (1974) as well as 1Al (1976) on the baeis of experiments
conducted in the tropics found lower corralation between E13° and
soil loss. 1al (1976) reported a better correlation with the
product of total rainfall amount and peak storm intensity (Alm)
than either Elyo OF KE © 1.

Roose (1978) working on the use of the universal soil loss
equation to predict exveion in West .frice indicated that this
auation seemed to be well adapted to the majority of cultivated
solls in Wwest ~frica, He further, pointed out that to be of maxi-
mue use in west . frica more data war needed to modify the wWischmelr
tSmith equation for soils with swelling clays, for mountainous
regions of recent orxigin and for sahArien and Mediterrennean zZones
whaere usually intense rains are important. In India the research
on soil loss prediction has been reviewaed by singh et al, (1981),
At Deshradun, Coimbatore and Ootacumond experiments were conducted
to £ind out correlations batween DI values and the soil loss from
pare plots, At Dehradun, Ram 3abu et al. (1970) found better
correlation between 2130 values and soll loss. .t Coimimtore,
Balasubramaniamand siverappan (1981) found highly significant
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corralation co-efficient (r = 0,89 to 0,96 for varying slopes)
between the product of kinetic energy and maeximum 30 minutes
intensity. However, at Qotacemend, s et al, (1967) chserved
bettexr correlation with Bl ¢ which explained only 17 per cant
variation., s5ingh et al. (1981) concluded that till sufficient
soll loss data from filaeld plot for large number of storms from
various countries become available to disprove the reliability of
3:130 value in estimating soil loss. 2130 mAy be taken as the most
reliable estimate of rainfall erosion potential., Ram 3apu et al,
(1978 ) besed on 15 yeaxrs precipitation data of 44 locatiors repre
senting different zones of India prepared Isocerxrodent map of India,
Recently Raghunath et al, (1982) based on the rainfall data from
400 ordimary rainfall recording stations representing various
climatic zones computed seasomkl and annual 5130 valuesz for these
stations and preparad the isopleths map of Indisa on the basis of
isoerodent map of Ram dabu et al. (1978). At Burnihat, the experi-
mental site falls in eastern zone between 750 to 1500 erosion
index line,

2,10, 2 Loll erodibility factor (K)

The s0il erodibility factor (K) in the universal soil loss
equation is the index of the resistance of soils to erosion, It
is estimated directly by runoff plot which is costly »roposition.
It can also be estimatad based on various soil properties but
this is more cumbersome process. It Can be easily estimdted by
s imple nomograph develoned by Wischmeir et al. (1971).

In U,5.A, Wischmier et al., (1971) found the erodibility
factor (K) to vary between 0,03 to 0.6 for a mmjority of soils.
At Ibadan (in Nigeria) 1al (1976) found soil erodibility factory (K)
to vary betwaen 0,06 and 0,36 depending on the time after forest
removal and the tillage techniques are adopted,

Roose (1978) besed on the raesults of about 50 annual experi-
ments from dest Africa indimted that ferrallitic soll are very
res iatant with erodibility factor (K) ranging f£rom 0,02 to O, 20
whereag ferruginous tropical soils are much less resistant after
3 years of cultivation (K is incremsing from 0,03 to 0,20 « 0,30).
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The work done on s0il erodibility factor in India hss Dbeen
reviewed by cingh et al, (1981)., On an average it varied from
low values of 0,04 for lateritic solls of Ootacamund to high
wlues of 0,30 for Dehradun (Tejwani et al, 1975).

2.10,3 Cropping mamagement factor (C)

T™his factor expresses the comoined influence of vagetative
cover and the various culturel nractices on soil erosion, For the
purpose of calculation Wischmier and cmith (1978) suggaszted to
divide the crup season into eix crop stages, 3Sut under Indian
condition where the crop season 1s short, Pratap Marain et al,
(198Q) and Rao_et al., (1981) swjgested to divide the growth period
into 3 stages vix, seeding to one month stage of crop growth f£from
one to two months crop growth and fram two months after ©w Crop
harvest, The cropping management factor 'C' can bs calculated
for each crop growth pariod as par following method,

R % X 501l loss %

IC" value =
100 x 100

In abeance of crop stage growth period data the 'C' factor
can be calculated basad on the total seasonidl soil lnse data,
pratap NMarain et al, (198Q) working on 'C’ factor at Kota region
of Rajasthan observed that the grass cover of NDichanthium anmulatum
permitted almost no soll loes whereas sorghum -~ pigeormmea rotation
was found to be quite effective in reducing soil loss with °C’
value of 0,33 and others, Crops like cowpead, green gram and
soybean etc, were also in the similar range.

At Vasad (Gujarat) Nema et al, (1978) found cowpes as most
effactive crop with *‘C*' walue of 0,32 followed by groundnut and
graengram with *‘C' values of 0,38 and 0.47, respectivaly,

R8O (1981) in his study from runoff plots under lateritic
soil conditions of Kharagpur found best protection with pub (Cynodon
dactylon) with a 'C’' value of 0,04 as compayred to 0,17, 0,35, 0,28
and 0,38 for cowpea, maize, paddy and pigeon pes, respectively,
Detailed review on 'C*' factor under Indian condition has been done
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by >ingh et al, (1981)., #ut in most of tha conditions cropping
management factor (C) has been evaluated only from very mild slope
and is based on first approximation in amsance of crop stage data,
Information is still lacking dn this aspact from sgeaep slopes,

scope of further work

A good deal of work has bean done in other countries as well
28 in Indik on runoff and erosion losses under different soils, crops
and cropping systoms with varyine slones and management nractices
leading to the development of various emperiocml equations for estie
mating rainfall eros ion potential, soil erodibility factor, crop
management factor slope gradient and conservation nractice factor
atc. for effective s0il conservation planning. It is apparent from
the review of literature that most of these studies are confined to
low and milder slopes and less aggrassive rainfall conditions,
There 1s no nrecise information availaple on runoff and erosion
loeses and its effect on s0il productivity with particular reference
tc high intens ity rainfall, steep slope and existing cropping and
mankgement systems.

Under high ra infall conditions of north eastermmn hill region
of India, adoption of shifting cultivation on very steep slopes
(higher than 60 %) and even in marginal and submarginal lands with
reduced Jhum cycle of 3 to 4 years has become one of the most
menacing problems of major concexn.

It is therefore envisaged that there is great scope Of study

8011, water and nutriaent losses aé well as plant growth studies in
such high minfall and steep slopes, These asic informations will
help the future research workars in the development of appropriate
conservation measures for checking eroesion losses, estimating some
of the parameters of universal soil loss equations taking into
explicit account of rainfall pattern, soil characteristics and
prevailing mixed cropping systems with almost zero tillage along
with other improved crop and soil management praccices,
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3. MATERIALS AND METHOIX

In the present investigation entitled "Production potential,
runoff, soil and nutrient losses under different cropping systems
and manpkgement practices on steep slopy ‘Jhum’ land", the details
perth ining to materials used and the methods followed are given

in this chapter under appropriate heads,

3.1 Location

The study was conducted at the Indian Council of Agriculturel
Reseirch Farxm in the premises of -0il Conservwation and Treining
Institute, aurnihat (26°N, 91.5°E) in the ¥ast Khasi Hills of
Meghalaya, India. The place is looated about 90 km south of
shillong on the shillong-Gauhati high way. ‘“The area lies at an
altitude of 100 metre above mean seaflevel. The topography of the
area is undulating and rolling type with steep slope gradient of
S8 to 70 per caent which is the predominent slope representing
ma jority of the areks in the region as whole,

3.2 pescription of climate, s0il and vegetation of the
experimental site

3.2.1 Climate

The area is characterised by sub-humid tropical climate
with wet and dry seasons extending from May to ceptember and
October to April, respectively., The average annual rainfall is
around 1581 mm (Teble 3,1). Nearly B2 % of the total annual
rainfall is received cduring the months from May to september,
June, July and August are the wettast months and December and

January are the driest months,
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Table 3,2 Monthly distribution of frequency of falls of erossive
rainfall amounts and events during the cropping sessons

(1979 - 1981)

Months Total Amount of erosive rainfalls in mm / day
Tinfall g.15  15-25 25-35 35-45 45-55 Greater Total
than 55
1979
Jun 198.4 24,6 64.3 58,4 Nil Nil Nil 147.3
(14) (2) (3) (2) {(7)
Jul 433.8 42,1 40,4  Nil 37.9 Nil 1943 314.7
(22) (4) (2) (1) (2) (9)
Aug 184.9 Nil Nil 26,2 Nil Nil 57.2 83.3
(9) (1) (1) (2)
sep 106, 4 Nil Nil Nil Nil 54.6 Nil 54.6
(7) (1) (1)
oct 165,3 Nil Nil Nil Nil 48,8 Nil 48.8
(6) (1) (1)
Total 1088,.8 66,8 104.7 84.6 37.9 103.,4 281,5 648,7
(58) (6) (5) (3) (1) (2) (3) (20)
1980
May 277.1 30,7 41.4 Z7.9 78,7 Nil Nil 178.8
(19) (3) (2) (1) (2) (8)
Jun 450, 1 20,3 24,1 99,4 3546 48,3 121.2 348,.8
(17) (2) (1) (3) (1) (1) (2) (10)
Jul 252,0 19,3 43,2 58,4 Nil Nil 58. 4 179.3
(21) (2) (2) (2) (2) (7)
Aug 192.8 7.9 16,58 Nil Nil 50,8 Nil 7%.2
(19) (1) (1) (1) (3)
sep 191.5 Nil 68,1 29.7 Nil Nil Nil 97.8
(15) (3) (1) (4
oct 80,0 Nil Nil 26,7 Nil Nil Nil 26,7
(7) (1) (1)
Total 1443.5 78,2 193,3 242, 1 114,3 99.1 179.6 906,6
(98) (8) (9) (8) (3) (2) (3) (33)
l981
Jun 104, 4 20.1 16,0 Nil Nil Nil Nil 36,1
(11) (2) (1) (3)
Jul 441, 2 19.1 70,1 59.7 Nil 50.8 156, 2 355.9
(21) (2) (4) (2) (1) (2) (11)
Aug 211,9 Nil $0,0 34,0 Nil 53.4 Nil 137.4
(13) (3) (1) (1) (S)
Lep 222,0 12,7 21.6 Nil Nil Nil 68,3 102.6
(12) (1) (1) (1) (3)
Total 979.5 51.8 157.7 93.8 Nil 104.2 224.5 632,0
37 5 (9 3) (2) (3) (22)
Figures parenthes cate number of ra il events,
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The data on monthly distribution of erosive rainfall events
{Table 3.2) indicate that the highest number of rainfall events (98)
occurred in 1980 followed by (58) in 1979 and (57) in 1981 with
corresponding rainfall amounts of 1600,2, 1442.1 and 1259,.,2 mm,
respaectively during the three years. The highest number of ercs ive
rainfall events (33) was also recorded in 1980 followed by (22) in
1981 and (20) in 1979. The amount of rainfall under these erosive
events accounted for 56,7, 50,2 and 45.0 per cent of the total rain-
fall amounts received curing three years of 1980, 1981 and 1979,

respectively,

It is evident from the reinfall data that frequency of
occurrence of the erceive rains exceeding 25 mm per day is much
higher in the month of June and July in 1979, May, June and July
in 1980 and July, August and september in 1981,

The mean monthly maximum tempereture ranges from 26, 1°c in
December to 37.1°C in August and the mean minimum tempersture from
8.7°C in January to 25.0°C in July.

3.1,2 5041

The s0ils of the experimental plots can be broadly class if ied
as oxisol having plinthi%& nodules within one metre from the soil
surface, The parent material consisted of sand stone., A thin
layer of quarts 1is also not uncopmon, Kaolinite and mica are
dominating clay, minerals (Munna Ram et al., 1979). Internal
drainage of the so0il is quite good., s ome of the physiml and

ant
chamicml properties of the soll jg presented in Tanle 3,3,



Table 3,3 Physical and chemical properties of soil (0«15 om depth)
at experimental site

Mechanical composition *cmn %Ei gu- Water stable

sity g/cmi aggregates

graater than
Sand 541t Clay 0.25 s
70.2 16,2 13.6 Sandy 1.18 43.8%

loam

pH Organic E.uum“u%-wﬁn e-m

carbon hange
(%) city uq/:oo Calcium acgaouuu Potassiwm

5.84 1,25 Te45 3,80 1.57 0.67

Table 3,4 Spatial distribution of plant species at experimental site
before burning

Plant species Dengity/ Percentags of tet
=l sl plant spase
1. Imperata cylindrica P, Beauv 1.3 4.6
2. Grewia elastica Royle 1.14 29,7
3, Panicum khasianum Munro 0.3 8.2
4. Eupatorium odratum Lo 0.25 6.5
Se Smilex =p 0.14 3.%
6, Ricinus communis C.10 2.7
7. 8cleria terremstris (L) Fass 0.10 2.7
8. Capillipedium sp 0.08 2.2
9. Yilis = 0.07 1.9
10, Litsasa sp 0.05 1.4
11. Solanum indicum L, 0.04 1.3
12, Callicarpa arborea 0.04 1.1
13, Mikania micramtha H.H8.K. 0.04 1.1
14, Thyssmolacna magims Kunse 0.02 0.5

15. Miscellaneous 0.10 2.7



3.2.3 vegetation
Tha ared origindlly supported climax forest of sal (. horea

robusta ) with its associates, 3ut 8s & result of heavy exploitation

of primiry foreset dus to shifting cultivation during the last 40
ysars or s0, the nresent vegetation around the study 8rea cons ists
mostly of degraded and shrub forests, Whan the area was taken up
for constructing runoff plots for the study in 1977, the secondary

forest vagetation was mostly domimated oy Dendrocaiamus hamiltonii

(a bambon species alongwith few schttarad trees and shrub species

which are given as follows 3

&) Tree specles

1, Coxdia myxa 2. Chikressia tabularis
3. Tooma ciliata 4. Careys arborea
5. Callicarps arborea 6, Meuia fistula
7. billenis pentagyma 8. Dillenia indica
9. Derris robusta 10, Duabange sonneretioides
11, Emblioca officimlis 12, zxythrims suberosa
13, Ficus glumerata 14, Gmelins arborea
15. Premina latifolia 16. uemecarpus anacardium
17. schime wallichii 18, Lterculia villosa
19, streeospermum chellenoides 20, Lhorea robus ta
21. sapium bacostum 22, Oroxylum indicum
23, Macarxrsnga denticulata 24, lagerstnoemia parviflore
25. Litsaes polysltha 26, BSambax ceiba
27, Tetramelac nudiflora 28, Trewia nudiflore
29, Termimslia Lmlerice 30, vitex peduncularis

b) Under shrubs and bamboos and canes
1, Adhatoda vosica 2, Autidesma diandrun
3, Claerodendron infortunhtum 4. Eupatorium odorxas tum
S. Ricinus communis 6. Flemengis brackata
7. Calamum tenus 8. :mmboosa paliida
9. damboosa toolda 10, Teinostachyuwn dullum

11. Dendrocalamus hamiltonii
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3,3 Description of the experiment

In order to study "rThe production potential, runoff, soil
and nutrients losses under diffarent cropoing systams and manages
mant practicas undexr steep slopy Jhum lani' fielu experiments
were conducted with ten trestments comprising of cropoing systems
and management practices using runoff plots durin: threse cropping

seasons of 1979, 1980 and 1981,

3.3.1 Cleariny, burning and construction of runcff plots

The expaerimental site was cleared menuAlly oy cutting and
falling the traws and shruis of existing secondary forest vegeta-
cion curing 1977 for constructing the runoff plots, Ten runoff
plots 0f 20 m X 2 m size ware constructed on the cleared :ite
having & mean slope of 65 per cant, The boundary of each runoft
plot was enclosed with cozr;gatad ghlwmnised iron sheet by insert-
ing it o a depth of 20 cm below the soil surface and allowing
20 om above tha ground level, Each runoff plot we provided with
runoff collection taks which were installed at lower outlet of
each plot. The work on the construction of runoff plots wes
completad vy the end of 1977, .fter the completion of the work,
all the ten rumff plots were left fallow for complete one yeer
during 1978 and the paturel vegetation was allowed to grow &o
that the nplots oould aub“;o properly. BSefore assigning the
trehtments in 1979, observations were thkan on secondary vegeth-
tion by puttin: the (uadrats of 10 s, matre &t randomly &t &ix
places and counting the number of different species, The details

of different epecies given in the Teblas 3.4 revealad that secondsry

vagetation wae dominated ny Impersea Cylindrica followed by Grewia

elastica, Panicum khasians and Rupstorium odore tum,
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After this observation, the plotiwere cleared manually
by cut slashing the secondary vegetation in the month of January,
1979 and allowed to dry till March, 1979, The weight of dry
material of slash was taken for each runoff plot befcre burning
which ranged from 15 to 40 kg per plot of 40 s§. metre, vhere it
was less tham 40 kg, the dry material was obrought from out side
&0 a5 to make the weight equal in each plot amounting to 10 ¢t / ha,
The burningy wa: done on Sth April, 1979,

3.,3.2 Treatmant detalls
The ten treatments were assigned to 10 runcff plot. The

details of treatments are given below,

T - Grasg cover

5 = Uncultivated bare fallow (Vegetation not allowed oy the
use of hand hoe, Khurpi

'r3 - Maize along the slope
’1‘4 - Maize across the slope

Ty = Maize intercropped with sesamum, soybean and pigeon pea
during 1979, 1980 and 1981, respectively

PR Rice s0le cropping
'r., - Topo-gejuential strip cropping (without any fertilizer)

'1‘8 - ‘Topo-gequential strip cropping (with fertilizer @ 80 kg
N + 60 kg PO + 40 kg K,0 / ha)

Tq = Mixed cropping (without any fertilizer)

-~ Mixed cropping (with fertilizer 3 80 kg N + 60 kg P

0. +
40 kg K,0 / ha) 275

3.3.3 Mathod of sowing
Jdnder topo-gequential strip cropping system, cassave
(Manihot esculenta Cranz) was planted in the upper most plot and

the other crops in desending order of maize (Zea mays L) fox tail
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millet (setaria italios (L,) deauv,), sesamum (Lesamum indicum L. )

soybean (Glycine max Merr.) each comprising of 10 per cent ares
and the remaining 50 pexr cent ared down oelow was sown with sole

rice (yryza sativa L.)

The crops were sown manudlly in each season by dibbling
2 to 3 seeds per hole with diboling stick except cassava which

was planted by using stem cuttings having 6 to 8 eyes.

A8 regards seeding of mixad cronoing treautments, the amount
of saed rate worked out for the specified area of asch crop in
topo-seguential cropping was mixed together and sown 15 to 20 om
apart by dibbling method., Required numpder of cassava sets were
nlanted randomly in the entire plot. Thin napier grase was

plantad through root slips.

3.,3.,4 Method of fertilizer anplication

The plots with fertilizer treatments were applied with
80 kg N, 60 kg P,0g and 40 kg K,0 / ha in the form of ammonium
sulphate, single super phosphate and muriate of potash, respect-
ively. The memsured quantity of fertilizer for each plot was
mixed together and applied in the diboling holes made adjacent to
the seeding holes 80 as to avoid direct contact of fertilizer with

seeds. The calender of culturel operations are presented below

alen £ ltural ations

Pardeuldrs ~ T T T T T T T T Yo%oT T T 1868 T T T1%eT T T Remarks |

‘-”-“”-‘”*“*”““"-----.3~“-—“-—-~~ - .

—‘n-‘m~ﬁ-~w~““~~”~~n~_~~~-—-—u

1. Date of sowing pigeonpead 8,5,79 10.5,80 8.5.81
18,5.81

2¢ Portilizer application 8,5.79 10.5.,80 845481 By dibblin

method adjt
cant to
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Plate 1 & 2 A view of runofsf plot with collection system
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e vbsinGubauiuil Supnpuiu- SRRy SUBIRUR W
3, varieties of crops
grown and spacing
adopted
- Grass{Thin Wapier) 20xiOcm 20x10cm 20x10cm
Cassava (Local) 100x100em  100x100cm  100x100cm
Maize (Ganga«S5) 50x25cm 50x2Scm S0x2 Sem
Pox tail méllet 20x10cm 20x10cm 20xiDom
(Local)
ma(m’m« 20x10cm 20x%10cm 20x10cm
Sesamum (Local) $0x2%cm 50x25cm 50x2Scm
Soybean (Local) SO0x2Scm S0x25cm S0%x2S5cmn
Piguonpea (Local) 5%50x25em  50x2%5cm 50x2 5cm
4. Establishment of crops
(75% germination)
Cagsava 27.5.79 1.6,80 3.5.,81
Maize 13.5.79 17.5.80 13.5.81
Fox tail millet 13.5,79 17.5.80 13.5.81
Rice 13.8.79 17,5.,80 13,5,81
Sesamon 22.5.79 17.5.80 12.5.81
Pigecnpes - - 24.5,81
Se Date Of MRt T 0.6.79  11.6.80  9.6.81 By xadall
Date of weeding
10.7.79 12.7.80 10,7.81
6. Date of flowexring ,
Maize Tasselling 132,79 137,80 18,7.81
Silk8ing 19.7.79 17.7.80 24.7.,81
Rice Flowering 31,7.79 28.7.80 3,8,21
7. Date of harvesting
Cassava 10.,11,79 10,11,890 25.,11,81
maize 23.,8,79 11.8.80 18,8,.61
Fox tail millet 25.8,719 7.11.80 8.,10.,81
Rice 27.8.79 25.8,80 Te%.8%
Seshmun 15,10,.79 18,10,80 14,150,812
Pigaonpea - - 23.,11.81

Q’*&&Q.
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1 2 3 1 -

.vlmt protaction - - - Aa per prac=

measures tice in Shum
mlt&“ﬂ@,
no plant proe
tection measure
was adopted

3,4 Collection of soil samples

501l samples (O ~ 15 cm depth) were collected before and
after burning on 5,4.79 and 20,4,79, respactively and a¢gain on
4.1.82 after three years of cropping. Camposite samples were
drawn by combining the soils from top, middle and bottom from
~each runoff plots. solls were air dried and ground on wooden
planks with roller and passed through 2 mm seive for analysis,
Ash samples were collected after burning. The soil samples
were aphlysed for some physical constants, organic carbon, CEC
and exchangeable oations, towal P, K, Ca, Mg, 4n, Cu, Fe and M,

3.5 Measurement of runcff and soll loesas

The runoff collection device, installed at the lower end
of the slope, comprised of silting tank, multislot divisor (S clots)
and a series of tanks (Big. 1 ), A view of the runoff plot along
with the collection system is shown in plate No,1 & 2.

Runoff was measured avery morning following a rainy day,
A 500 ml of the sadiment water runoff mixture was collected from
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each plot after thoroughly churning the collactad material in the
tank from every event of runoff occurrence, useparation of liquid
and solid material could not be done bacause of large nmumbar of
samples and thorafora‘. the water was dried in oven at 60°C for
determining the s0il loss. The samples of eroded sediments were
bulked monthwise and the composite sample was used for chemioal
amlysis for estimating mutrient losses.

3,6 Detarmimation of physioml and chemioal properties of soll
3,6,1 Particle size distribution

Particle sizse distribution was measured with the help of
Bouyoucos (1936) hydrometer using sodium hexametaphocephate as
dispers ion agent,

3.6.2 Bulk density
It was determined as per clod method,

3,6,3 Water stable aggregates

Water stable aggregate amalys is was performed by Yoder's
sieve method as modified by van mfvels methods as described by
Balch (1965),

3.6.4 pH
50il pH was detarmined with the help of pH meter in soil
water retio of 1 s 2 3 5 as described by Jackaon (1958),

3.6.5 Organic carbon
organic carbon was determined oy Walkley and 3lack Wet
oxidation method as described by Jackson (1958 ),
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3,6.,6 Cation exchange capacity

CiC was mehsured by leaching the soile with N neutral
ammonium accetate solution by the method of schollenberger and
Dreivelbis (1930) as described by Jackson (1958).

3,6,7 2xchangeable catiomne (Ca, Mg and K)

These cations were determined in the leachate of CEC,
Ca and Mg were measured with the help of Atamic absarption
spectrophotameter while K by Flame photometer.

3.6.8 Total nutrients in solils

1 g soil sample was digested with 10 ml 70 % perchloric
acid and volume was made up to S0 ml, Tothal P in the extract
was estimated by developing the colour with ammoniun metavensdate
Jackson, 1973) and total K by flame photometer, The rest of tha
slemants (Ca, Mg, Zn, Cu, Fe and Mn) were determined with the
help of Atamic absorption spectrophotometer,

3.,6,9 Enrichment ratio

Enrichment ratio was worked out by dividing the concentra-
tion of the respective elaments in eroded sediments by concentre-
tion of the elament in soil from which runoff origimated,

£

3.7 Alo-metrical observations
3,7.1 Percentage ground cover

™he percantage oi ground cover under each tre:tment wes
asgsessed at fortnightly interval beginning two weaks after sowing
by visual observetions using point quadret: frame of ome sQuare
metre having one hundred holes each of 10 x 10 em, The whole
plot of 40 square metre was divided into 10 plots of 2 x 2 metre
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size from top to bottom, The quadrate was placed at random in
all the ten plots and the percentage ground cover for each system
was estimated by taking the average value,

3,7.2 plant height

Ten plants from each sub-divided plots were randomly
salected and tagged, Plant height was messured at 15 days interval
starting from 15 days after sowing 8s per standard method adopted

for eaach croo,

3,7.3 Numbax of tilleriper plant
The obsarvations on number of tillers in rice and millet
wera periodicalily recorxded from the same tagged plants which were

selected for haeilght measurement.

3.,7.4 Fresh and dry weight of plants

The fresh welghtiof tagged plants were taken after harvest-
ing, For dry weaight determination, the above ground portion of
aach tagged plant were cut and chopped into piece: and kept for
suphdrying. After sun drying, it was kept in the oven for 48 hours
at 60°C, The constant oven dry weight was recorded for above and
below ground portion (in case of cassava only) of the plants,

3.8 Yield components and yield
3.8.1 Plant stand

Obsexrwation on £iml stand of each crop was taken by count-
ing the number of plant from one square metre ares from ten places
at randomly from top tw bottom portion of the emch runoff plot,



3.8.2 arrenness percentage
In case of maize, barrenness percentige was worked out by
counting the numbar of bearing and non=bearing plants.

3.8,3 langth of panicle
Length of panicles was measured in ckse of rice and millet
crop from the ten sample§ plants,

3.8.4 Number of graims / cob or panicle

T™he nurver wf greing per cob and per panicle W& counted
for ten sampled cobe and panicles, In case of cassava, number of
tubers per plant were also recorded,

3.8.5 Test weight

one hundred kernels in case of waise and one thousand
grains in omse Of rice were counted and their weights were
recoxded,

3,846 Grain and tuber yield

Fim)l grein yield per plot of 4 square metre Sres wes
recoxded after proper sun drying and adjusted to 15 % moisture
level, xwin yleld of sampled plants recorded ssparately ws
added for omiculating the yield per nectare, In okse of cassava
fresh waeight of tuovers wers recorded dnd dry matter was expressed

at 18 per cant of the fresh weight of tubers,

3.8,7 scover and straw yiesld
T™he £imkl weight of stovar and straw yield par plot was

recorded after prover sun drying upto constant weight,
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3.9 Determinmation of some of the parameters of universal soll
loss equation

The universal soil loss equation, developed by Wischmedr
and smith (1965) based on the statistical analysis of more than
10,000 plot years of runoff plot data, is an erosion model to
predict the long time average soil losses fxom & gpecified land
in a specified cropping and management syste, The equation is
A=wRKS LCP where A 1s the computed soil loss per unit ares,

R, an index of rainfall excsivaness, K, an index of soil erodibility,
8L, a topographic index including both the angle and length of the
slope and is expressed as the expected ratio of soil loss per unit
area from a field slope to that from 22,13 metre length of uniform

9 per cent slope under identioal condition, C, the crop management
factor expressing the combined influence of vegetal cover and cule
tural practices, and P, an index showing the effectiveness of
supporting eresion control practices on s0il logs such as contouring
strip cropping, terracing, faming, up and down slope,

3.9.1 Calculation of erceion index ‘BIyn’

The rainfall facwor (R) in the soll loss equation is
the messure of erosfivity i.e. the potential ability of reins to
cause erosion and can be precisely estimated for a particular loca-
tion by totalling erosion index values (EI,,) of all storms in a
year, The erosion index is one hundredth of the product of the
kinotic energy of rain storms and its maximum 30 minutes intensity
(Wischmeir, 1959 and 196l1). since xainfall intensity data were not
available, an alternate method as suggested by Raghunath et al..,
(1971) was followed for estimating the ervsion index velue (21,,)

from daily rainfall amounts by estimating EIX fxom the publ ished

1140



43

table given by Raghunmath et al., (1971). From this estimated wvalue
of EII“Q. the 2130 was calculated by us ing the regression equation
EI;, = 7.65 + 24,26 EX,, . computed by Raghunath et al,, (1982),

3.9.2 Calculation of soil erodibility factor °X’

soil erodibility factor is expressed as soil loss in
tonnes / ha /EI unit on 9 per cent slope 22,13 m long under conti-
nuous cultivated fallow, But since in Jhum system of cultiwtion
practically zero tillage is adopted, soil lm data from unculti-
vated bare fallow plot at 65 per cent slope of Burnihat was cone
verted to 9 per cent slope as per following slope gradient equation
suggested by wischmeir and smith (1978),

S = 65,41 54n% + 4,856 5in + 0,65 where
S = 5lope gradient factor and C = angle of the slope

3.9.,3 Calculation of cropping management factor °C*

The cropping management factor (C) in the soil loss
squation is the ex;zcted ratio of soil loss from land cropped under
specified conditions to the corresponding soil loss from clean
tilled fallow onidentical soil and slope and under the same raine-
fall, The cropping management facter ‘C' was worked out as per
method suggested by Rao (1981) and singh et al.., (1981),

Ratios of soil from cropped plots to corresponding loss
from uncultivated bare fallow plot were worked out periodwise and
'C' factor wvas amlculated for these period as per following method,

'C' value - LL-L%—-—-%—-E—}-I :gi lcss

Percentage of monthly erosion index: 'R’ factor was worked
out from the monthly erosion index value of E 11440 ,
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3,10 statistical analysis of data

In view of limited resources and difficult terrain where
the work was conducted, the experimental design followed was non-
replicated hierarchichal des ign (Snedeecor and Coshram /%yﬁom an
attempt has baen made to partition the veriability between plots
within sampling time and between sampling time within plots, The
standard srrors of meins hAve been provided in the tables to gauge
the extent of differences hetwesn troatments in the light of the
veriabilities indicated by standard errors,

Inter-relationships of daily as well &s monthly amount
of rainfall, runoff and soil loss was computed on the basis of
pooled data for 3 cropping seasons through computor, Likewise
correlation and regression amlysis was also performed between
runoff and nutrient concentrstion in sediment, and soil loss and
nutrient concentration to £ind out the relationship.
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4. RESULTS

The results of the investigation have been presented in
two broad classifications. In one case (4.1) the results of plant
stand, growth behaviour yield and yield attributes of crops have
been described and in the other part (4.2) the effect of different
stages of cultivation as well as cropping systems on physico-
chemionl properties of soil and soil, water and nutrient losses
have been presanted, As has been statsd sarlier soybean crop put
forth good vegetative growth, it flowered but pods were not formed
50 afa ylelds could aot}::unud and in subsequent year (1980)

it was replaced with pigeon pea,

4.1 Effect of different systems of cropping and management prectices
on final stand of plants, growth, yield attributes and yield of
differsnt crops are presented herewith

4.1,1 Plant stand

The data on £imm]l stand of crops grown under varied
systems of cropping and menagemsnt practices are presented in
Table 4,1,

“ae et MBimE

There was well marked differences in plant stand of maise
under different cropping systems in different years (Teble 4.1).
In 1979, the maximum stand was observed under the intexcropping
system of maige with sesamum (60,8000 plants / ha) followed by
maize along the slope (59,300 plants /7 ha) and maize across the
slope (56,000 plants / ), Plant stand was found to be comph-
ratively less under topo-sequential (43,000 and 30,000 / ha) and
mixad cropping systems (55,000 and 43,000 / ha) with and without
fertilizer applications.
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puring tha cropping season of 1980, the maximum plant stand
was recorded under sole cropping of maize along the slope (70,500 /
ha) closely followed by mixe acroes the slope (70,300 / ha) and
ma ize intercropped with soybean (65,000 / ha); under topo-sequential
and mixad cropping system, the density of plants was comparatively

less,

In 1981, maximum plant stand was recorded under sole cropping
of maize acroes the slope (76,800 / ha) followed by maize inter-
cropped with pigeon pea (75,000 / ha) and maize under topo-
seguential cropping system receiving no fertilizer application
(73,000 / ha). Plant stand wes slightly less under mixed cropping

& ys taem,

FPertilizer application in general was found to have slightly
adverse effect on plant stand in topo-sejuential system of cropping
in all the three years and in mixed cropping during 1979 only
(Tmble 4.1).

%ei, . Rice

In general the plant dens ity of rice was higher during the
cropping sesson of 1981 and 1980 than in 1979, There was no
appreciable difference in the plant stand of rice in warious systems
of cropping except in mixed cropping system under which the plant
stand of rice was found to be slightly less.

Fextilizer application slightly reduced the plant stand
specially under strip system of cropping in all the J seasons and
[VEN
in mixed system of cropping Als'ns only.
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Table 4.1 Plant stand of different orcps grown under varied of”
cropping and manpagement practices

Cropping & ystems No, of plants / gz
1979 1980 1981
1. Maize along 5.9 7.1 7.1
2, Maize across 5.6 7.0 77
3. Intexcropped maize 6.0 6.5 7.5
4. Associated crops - sesamum/soybsan/
pigeon pea - - 1.3
%« Rice (sole) 23,9 25,2 36.2
6., Topo-sequential cropping without
fertilizer
4) Caspava (10 % area) 0.1 O.1 C.1
b) Maize (10 %)area) O. 4 0,6 0.7
c) Fox tail millet (10 % area) 1.5 0.8 1.8
d) Sesamum (10 % ares) 0.9 0.6 0. 4
@) soybean (10 ¥ aream) - - -
£) Rice (50 % arxea) 12,4 12,3 13.9
7. Topo-saquential cropping with
fertilizer
a) Cagséva (10 % area) Q.1 C.1 O.1
b) muize (10 % area) 0.3 O. 4 0.6
c) Fox tail millet (10 % area) 1.0 0.5 1.2
d) sesamum (10 % area) 0.8 0.5 0.2
e) soybean (10 % area) 0,6 1.9 -
£) Rice (50 % aren) 9.6 11.8 11.9
8. Mixed cropping (without fertilizer)
&) Cassava (1C % area) O.1 0.1 0.1
b) Mmize (10 % area) 0.6 0,3 0.6
¢) Pox tail millet (10 % area) 0.7 0,7 1.8
d) sesamum (10 % area) 0.7 O. 4 1.3
e) soybsan (10 % area) 1.6 - -
£) Rice (50 i area) 4.4 5.7 9.0
9. Mixad cropping (with fertilizaer)
&) Cassave (10 4 arom) Ol O.l 0.1
b) Maize (10 % area) C. 4 0.5 0.6
C) Fox tall miliet (10 % area) 0.7 0.3 1.3
d) sesamum (10 % axea) 1.3 0.3 1.2
@) soybean (10 % area) 1.0 - -

£) Rice (S0 % ares) 3.1 12,8 9,6
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413 rox tail millet
Almost similar trend like rice was observed in plant stand
of millet under different systems of cropping except that the plant

stand of fox tail millet in 1980 was found to be quite low in all

the systems of cropping.

4,104 sesamum

Cantrary to other crops, plant stand of sesamum was found
to be maximum in mixed cropping system &as compared to topO=
sequential cropping system axcept in 1980 when the plant stand was
found to be Quite low, Pertilizer appliomtion resulted in slightly
reduced stand of plants under topo-sequantial cropping system but
incressed under mixed cropping system,

4;1:5 Cassava
There was no appreciable difference in £imal stand of
cassave plants under different systam of cropping and manpagement

practices,

4J2 Growth attributes

In general the growth rate of different crops was characters
isad by slow rate of increase at the beginning followed by & rapid
increase and afterwards it cessed towards maturity. The time lag
between planting and mepid increase phase ranged between 60 to 70
days in cassave and 45 to 60 days in maize, rice and millet,

4/2,1 Plant height

Mhize 1 Maximum height of maize at maturity was attained
under mixed and topo-sequential cropping systems except in 1980
when plant height decressed under mixed cropping system (Teble 4.2).
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tlight incresse in height was recorded when mhize was s0wnh ACKOLS
the slope, The maximum rate of growth, as detemined in terms of
growth in height Of plants / cm, whs observe: afta?’ 55, 56 Cmﬂk
days of planting during the cropping sesson of 1979, 1980 and 1981,
respectively., The average rate of growth was cons ldersbly hicher
(2,13 and 1,87 om / day) for topo-sgequentisl and mixed cropping
systems (2,09 and 1,73 om / day)with and without fertilizer appli-
cation as compared to other three cropping systems of maize i,e,
maize along and across the slope or intercropped with cesamum,
soybesn and pigeon-pea which had «n average growth rate of 1,885,
1.64 and 1,75 om / dny, respectively during the cropping sesson of
1979. similar trend in growth rate was olserved in 1980 and 1981
except that the growth rste of naise when intercropped with pigeon-
pes was much slower (1,79 an / day) in cowpirisop with the growth
te Of maize in other cropping systems,

Rice s The maximum plant height of rice at maturity wes
recordad undar sole Cropping &s compared to topo-sequential or
rixad systam of crooping in all the three yesrs, sole rice showed
fas ter growth than rice in topo-sequential oxr mixed cropping
gystem in all the three year: axcapt in 1981 when there was no
significant difference in tha growth rate of rice under sole or
mied cropping syatems (Table 4.2 to 4.4), Pertilizer application
significantly incressed the plant height under topo-sequential as
wall as mixed cropping systems with corresponding higher growth

mte,

Fox tail millet 1 The plant height of fox millet .mcxmi’;od
8lightly under mixad cropning system &s compéred to topo-sequential
cropping & ystam aexcept during the crop sesson of 1979 when the
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Table 4,2 Average plant heights in om of different crops grown
under varied systeams of cropping &nd management prece
tices at different timings of sampling

Avexage plant height Absolute growth zrate
(om) (cm/day)

mys after sowing Imys after sowing
40 -3-1 70 110 40 5% 70 110

1979 Cropping systems

Maizo along $1.6 74.8 99,6 151.5 1.29 1,55 1,32 1.29
Maize aACross $7.4 82,0 103,95 154,2 1.44 1.64 1,37 1.7
M ige intercropped
with &esamun $54.3 80,5 105,1 158.9 1,36 1.75 1.64 1,35
Maize Topo-sequential
cxop (=P) 0.6 78.6 99.6 151,2 1.27 1.87 1.40 1,29
Maixe Topo-sequentisl
arap (+F) $6,0 88,6 112.4 175.0 1.40 2,13 1.68 1,57
Maige in mixed
cxopping (=F) 47,3 73,3 98,8 142,1 1,18 1,73 1,37 1,2}
Maize -~ mixed
cxopping (+F) 62.8 94,2 115.2 165.3 1.52 2,09 1.49 1.38%
MeAn “.3 810" 1“.9 156.9
S, Em : 1.9 2.8 6.1 4.1
Rice sole cropping 49,3 74,7 986.5 129.5 1,23 1.69 1.%9 0,78
Rica Topo-sequential
crop (=F) 43,2 70,8 92,0 119,4 1.08 1,84 1.41 0,69
Rice Topo-sequential
cxop (+F) 49,0 80,2 105,2 148.4¢ 1.23 2,08 1.67 1.08

Rice mixed cropping(-~F) 31.8 52.5 67.9 10¢.2 0,80 1,38 1,03 0,91
Rice mixed cropping(+F) 42.1 67.8 91.7 134.,8 1,05 1.73 1.59% 1.08

HMoan 43,1 69,2 9l.1 127,3
Se Em 4 3.2 47 6.3 7.6
Millet Topo-sequential
crop (-ﬁ') 32.0 66,0 94,2 159.8 0,80 2,27 1,88 10“
Millet Topoe-sequential
Crop (+F) 3902 83.6 110.0 176.5 0098 2.96 1076 1.‘7
Millet mixed
aeropping («F) 15,3 43,3 68.2 136,2 0,38 1,83 1.66 1,45
Hillet mixad
cmgim ("‘F) 16,0 5002 79.0 147.9 0.‘0 2.28 1.92 1.72
Mean 25,6 60,8 87,9 15%.1

5. m v SQQ 9.0 9.1 8.6
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1979 Cropping systems

Aversge plant height
{cm)

mys aftar sowing

Absoclute growth rate

(om/dmy)

mys after sowing

40 5 70 110 40 S5 70 110
Capsave Topo-se&iuential
Crop (=F) 47.5 69,0 106,44 282.5 1,19 1.43 3.47 0,95
Caspava Topo-gaguential
cxop (+F) 56,2 77.5 131.2 330,0 1.41 1l.42 2.91 1.12
Cassava mixed
cropping (~F) 44,2 74,3 115,7 303,6 1,11 2,01 2,76 1,01
Cassava mixed
croppling {(+F) 45,6 82,2 132,2 356,6 1,14 2,44 3,33 1. 2
He Emm : 2.7 1.6 5.4 16.1
Lesamum Topo-gequantial
aropping («F) 16,0 35,2 45%.6 0,40 1.28 0,69
sesamum Topo-seguantial
cropping (+F) 20,0 56.4 74.6 Ce 8O 2,43 1,321
tionames mixed
cropping («F) 13.6 28.8 37.4 O.34 1.01 0,57
tiesamen mied
cropping (+F) 15,9 38,1 50,6 O.44 1,55 0,77
Mehn 16,4 39,9 852.1
S. Eﬁ : 1’3 509 8.0
Hoybean Topo-gequential
crooping {(-F) 23,4 36,4 67.8 0.59 0,88 2,09
soybean Tepo~sequential
cxepping (+F) 38,0 54,4 75.2 C.88 1.29 1.39
sSoybean mixed
cropping (~F) W9 41.5 57.8 Ce?5 077 1.89
Soybakn mixaed
mm ‘0?) 31.8 ‘505 69.5 Co80 .91 1,60
Mean 30,0 44,4 67.6
be Em + 2.4 3.8 13,6

+¥ apd «F stand for with and without fertilizer
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Table 4.3 Average plant heights (in on) of different crops grown
under varied systams of cropping and menagement practices
at different timings of sampling

Plant heights (cm)

Almolute growth rate

1980 Cropping (em/day)
s8Yys tems Days after sowing mys after sowing
a5 40 858 90 2% 40 S8 90
Maize .10ﬂq 57.0 92.9 115.4 162.0 2,28 2,39 1.5 1,33
Maize across 59.5 96,0 122,5 173.3 2,38 2.43 1.77 1.45
mize inter~-
cropped with
soybein 5l.2 91,7 120.4 1758.2 2,05 2,70 1.91 1.57
Maize topo-
sequential
cropping(-F) 53,2 92,6 114,0 161.6 2,13 2.63 1,43 1.36
" ize topo-
sequential
cropping(+F) 62.8 116.4 141.8 192,6 2,51 3,57 1.69 1.45
M ized mixed
cropping (-F) 44,9 89,5 108,4 136.3 1.80 2,97 1.26 0,80
Ma ized mixaed
Mean 53.6 95,8 119.5 164,.6 2.15 2.81 1,5812,60
s. E. : 2.5 3.5 “1 6'8
25 40 8§ 70 100 2% 40 85 70 100
Rice sole
cropping 49,6 83,0 95.7 106.6 114,6 1.98 2.23 0,85 0,73 0,27
Rice topo-
sequantial
cmppinq(-!') 5603 8703 97.2 10‘:0 11°n6 2.25 2.07 0.66 0"5 0.22
Rice topo-
sequential
cropp ing(+Fr) 62,4 104,0 126,8 133,6 142,3 2,50 2,77 1.52 0,45 0,29
Rice mixed
Rice mixed
axopping (+F) 60,8 85,9 109,6 115,1 124.3 2,43 1,67 1.58 0,37 0,31
Mean 55.1 8506 103.6 111.3 119.1 2020 .04 1,20 0;51 Qe 26
5, Em + 3.1 5.8 6,7 6.3 6,7



Table 4,3 (Continwmed)

plant heights Absolute growth rate
1980 Cropping (em) (cm/day)
Sys tens mys after sowing Days after sowing
40 -3.3 70 100 40 55 70 100
Millet topo-
socjuential
cyopping (~F) 71.0 118,6 126.6 138.4 1,78 3,17 0.53 0,39
Millet topo-
sequential
cropping (+F) 84,68 159,0 170,0 184.,8 2.12 4,95 0,73 0. 49
Millet mixed
Millet mixed
cropping (+F) 65,4 117.7 132.4 154.9 1.64 3,49 0,98 0,75
MNean 70;9 12700 138.6 15%.9 1.78 3.74 0.77 O, 58

s, Bm+ 5,0 10,7 10.6 10,2

40 58 70 180 40 85 70 180
Assava topo-
sequential
cropping (-F) 51.5 100,5 167.7 272.8 1,29 3,27 4,48 0,95
Cassave topo-
seuential
cropping (+F) 69.0 137,9 221,0 344,0 1.73 4,59 5,54 1,12
Cassava mixed
cropping (-F) 64,8 129.6 211,0 324,0 1.62 4,32 5,43 1,03
Cassavwe mixed
cropping (+P) 77.5 182,% 235,8 360,1 1.94 5,00 5,85 1,13
Mean 68,7 130,1 208,9 325,1 1.65 4,30 5,25 1,06

S. Bm + 5,4 10,9 14,6 19,0

SOEAMUR tOPO-
seuential
cropping (~F)
Sesamum topo-
sequential
cropping (+P)
Sesamarn mixed
cropping (~F)
Sesamum mixed
cropping (+F)
Mean

S, Ba +

+F and -F indiomtes with and without fertilizer



™ble 4.4 Plant heights (in cm) of different
systamg of cropping and managemant
on different dates
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crops grown under varied
practices when samplied

Plant heights

Absolute growth rate

1981 Cropping (cm) (cm/day)
& yo tems Iays after sowing Dmys after sowing
15 30 45 60 90 15 30 48 60 90
Mmisze slong 16,4 43,4 73,5 112.5 139.5 1,09 1,80 2,01 2,60 O,90
Ma ize acroes 17.4 44,2 77,0 120,0 147.9 1,16 1.7992.19 2.87 0,93
M ize inter-
cxopped with
rigaonpea 16,1 39,2 68.8 99,0 129.6 1,07 1.54 1,97 2,01 1,02
Miize TODO-
sequential
cropping (~F) 16,7 44,6 82,4 130,0 151.0 1i.11 1.86 2,52 3,17 0,70
Ms ize Topo-
sejuential
cropping (+F) 22,1 54,6 98,4 152,5 175.0 1.47 2,17 2,92 3,61 0,75
Moln 17.7 ‘502 0000 12208 1‘8.6
S, Em+ l.1 2.5 S.1 9.0 7.6
Rice sole
cropping 14,9 32.%5 59,9 90,4 0,99 1,17 1.83 2,03
Rice Topo-
seqquential
cropping (-P) 15.8 32,0 51.4 83,1 1.03 1,10 1,29 3.11
Rice Topo-
secuential
cropping (+F) 16,2 34,3 56.2 86,4 1,08 1,21 1,46 2,01
Rico mixed
Rice mixed
cropping (+F) 12,6 34.3 68,6 10%.4 0,84 1,45 3,29 2,45
Mean 14,1 32,5 58,6 91,0
5, Em + 0.9 0.9 2.9 3.8
Hillet Topoe
seguential
cxopping (=P) 14.6 36,6 99,0 124.8 0.97 1.47 4.16 1,72
Millat Topo-
sequential
cropping (+F) 18,8 46,4 109,.6 137,.2 1,25 1.91 4,21 1.84
Millet mixed
Millet mixed
cropping (+F) 9.7 34,1 93,0 138,4 0,65 1,63 3,93 3,03
Mean 11,8 35,5 96,3 132.,8
S Em+ 3,1 4.4 5,4 3,2



Table 4.4 (Continued)

60

plant heights (cm)

Absolute growth mmte(cm/

1981 Cropping DRys after sowing Days after sowing
2 18 30 45 60 90 15 30 45 60 90
Chagsava TopoO-
segquential
cmpm ("F) 9.5 2700 55,0 102.4 252.5 0.63 1.17 1.8” 3. 16 1.07
Cagsave ToO~
sajuential
cxopping (+F) 12,0 29,9 58,5 111.5 262,55 0,683 1,19 1,95 3,53 1,08
cassave mixed
cropping (-F) 11.0 28,0 851.0 115,0 277.5 073 1.13 1.53 4,27 1.16
Cagsava mixad
cyopping (+F) 14,0 32,7 59.7 131.7 292.5 0,93 1.25 1.80 4,80 1.15

Mean 11.6 29.4 56,1 115.2 271.3

8. Em * 0.9 1.3 1.9 6.1 8,8

15 30 45 60 160 5 30 45 60 160

sesamur Topo~
saquential
cxopping (=F) 8,8 17.8 59,0 117.8 266.,8 O.59 0.60 2,75 3,25 1.49
Losdmun TOpOw-
sejuential
cropping (+F) 9.4 20,0 62,2 125.4 280.8 0,63 0,71 2.81 3.55 1.58
Sesamum mixsd
cropping (=F) 7.5 16,2 53,5 114.9 265.,2 0,50 0,58 2,49 4,09 1,50
sesamum mixed
cropping (+F) 9.8 25,8 65,8 128,33 286,9 0,65 1.07 2,67 4,17 1.59

Mean 8.9 19,9 60,1 121.6 274,.9

S, Em+ 0,5 2,1 2.6 3.1 53

18 30 4% 60 200 18 30 4% 60 200

Pigeon pea
intercropped
with mhize 11,3 26,4 76.8 132,8 328.,0 0,75 1,01 3,36 3,73 1.39

+F and «F stAnd for with and without

fertilizer
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plants attained greater height under topo-ssquential system of
cropping than under mixed cropping system, Fertilizer application
had appreciably increased the plant height of millet under both the
systems of cropping in all the three years,

Cagssave 3 The plant height of cassava was conspicucusly
more under mixed cropping systems (300, 324 and 277.5 con) than
under sole cropping (282.5, 272.5 and 252,55 em in 1979, 1980 and
1981, respectively). PFertilizer application increased plant height
under both the systums of cropping., The rate of increase in height
was very slow upto 25 to 40 days, slightly incretsed yto 45 to 58
days and there after rapid incresse in height was observed upto 80
w 70 days after planting.

sesapum 3 The plant height of sesamum was more under tOpO-
sequential cropping system than under mixed cropping system during
the year 1979, wheress during the cropping season of 1981 no well
marked difference occurred in plant height between the two cropping
systems, The rate of growth was also slower under mixed cropping
system than under the sole cropping system, Fertilisxer applica-
tion significantly increased the plant height under both the
systems of cropping although the rate of incredse was coms iderebly
biqhar under topo-sequential cropping system than under mised
crxopping system,

Pigeon ped 3 The plant height of pigeon pea was slightly
more under sole cropping than when intercropped with maize, slight
decrebse in plant height was also recorded under fertilizer applied
plots, The rate of increase in plant height was slow upto 30 days

but thereafter rapid increase occurred upto 60 days after sowing,
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4.2.2 Tillexring in rice

No well mirked difference in tillering was observed due to
various systams of cropping except that fertilizer apolication had
wall pronounced effect on tillering of rice under bhoth the cropping
systems, PFertilizer applioation incremged the total number of tiller
per hill by 19 per cant in 1979 and by 13 per cent in subsequent two
years of cropping whereas effective tillers per hill was incremsed
by 29, 23 and 8 per cent under topo-sequential system of cropping
and by 42, S8 and 32 per cent under mixed systam of cropping when
compared to plots receiving no fert.nizer..

4.2,3 Vegetal cover

Marked differences were observed in vegetal ground cover
provided by different crops under varied cropping systems. In
general the development of ground cover was found to be maximum
during the cropping season of 1980 as compared to other two years
(Table 4.5).

A8 regards the effect of cropping systems on vegetal cover,
the quickest cover was provided by the Napiler gress followed by
sole cropping of rice, maize intercropping systams and sole
crovping of maize, Appliomtion of fertiliser helped in providing
ground cover much earlier as compared to cropping systems receiving
no fertilizer application., The rapid rate of incresase occurred
fxom 30 to 40 days after sovwing to 45 to 55 days after sowing when
more than 50 per cent of ground cover was provided by almost all

the systams of cropping,

4.3 Biommss production
The data on total biomdss production as influenced by
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Table 4,5 Percentage of vegetal ground cover under varied systems
of cropping and management practices in different years
at different dates of samplings

Days Cress Maize Maize Maise sole Topo~ Crop- Mixed Crop

YOAX Lgter ocover along across inter- rice sequen~ ping ping
sowing cropped tial
e 4 +r -F +r

1979 40 19,0 10,6 13,3 5.8 25,5 20,9 23,9 12,0 12.1
L1 72,1 54.4 69,4 73,3 84,0 55,1 57.7 48,4 52,3
70 84,7 63.8 79.9 B8B6,5 89,8 70,5 90,3 70,9 77.7
90 90,2 64.6 81.2 86,5 89,8 75.8 93,9 75,2 82.4

1980 25 26,3 12,7 13,3 11,5 14,8 13.9 21.0 14.0 14,0
40 86,3 35,5 42,7 45,8 52,5 36,1 45.7 30,65 31,3
$5 100,0 74.6 82,8 84.8 88,1 70,0 B4,2 5041 82,7
90 100,0 77.8 8l1.8 84,8 88,1 79,6 89,7 59.0 68,1

1981 15 3.3 8.0 6,7 7.3 10,5 6,2 6,6 8.7 6.4
30 36,9 20,7 6,6 18.1 28,1 20,2 28,0 15,2 27,2
45 85,7 62,6 55,8 59,4 57.4 35,1 38,6 31.3 46,0
60 85.7 62,6 56,5 59,4 72,2 43,8 85,8 43,4 60,0

+F and «F indicates with and without fertilizer application



different systems of cropping and manmigement practices along with
percentages of relative contrioution of individual crop is given

in Table 4,6, There was no well marked difference in biomass
production of meize when sown aither along (21.35 ¢ / ha) or across
the slope (22,13 g / ha ) but the aversge production Wwas reduced
(19.68 ¢ / ha) under intercropping system primarily because of the
failure of intercrops in 1979 and 1980 but during the cropping
season of 1981 when maize was intercropped with pigeon pea, the
total biomass production of intercropoing system was more (19,68

q / &) becauze pigeon-pes proved successful as intexcrop, In
general, the biomkss production was maximum in the first year of
cropping and there after it decreacsaed in subsequent two yeirs,

The decrease was in order of 16 and 33 X with maize along the slope,
O and 29 % with maize across the slope and 9,2 % with intercropping
system in sutsequent two years, The average production of biomess
under sole rice was low (12,92 ¢ / ha) as compared to other Croppe-
ing systems, The magnitude of decrease in biommss production of
sole rice was also much higher i.,e, 38 and 82 ¥ in subsequent in
1980 and 1981, respectively,

The average total production of biomees under mixed cropping
systam aven without any fertilizer applimmtion was more (27,20
q / ha) than the average production of 22.16 g / ha under topo-
sequantial systam of cropping &s well as other cropping systems
like sole cropping of maize along or across the slope, intercropping
system and sole crxopping of ride,

Pertilizer applioation increased highexr biomsss production
under both the systems of cropping. Thers was increasing trend in
biomass production in mixed cropping system wich fertilizer
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™ble 4.6 Total biommss production in q / ha under different systess
of cropping and management practices in different years

Cropping & ystems 1979 1980 1981 Mean
Grass cover
Mrize along 25, %6 21,49 17,00 21.3%
M iza across 24.86 24.90 17.53 22.13
M ize intercropped 20,96 19,04 19,05 19,68
sole rice 21.61 13.31 3.83 12,92
Topo-saquential cropping (=F)
1, Cassave (10 % area) 13,44 7.91 8.94 10,10
2, Maize (10 % area) 2,21 1,69 3,26 2,39
3. Rice (50 % area) 10, 29 7.89 .82 6,87
4, Millet (10 % area) 1.78 1.81 1.58 1.71
S, Sesamun (10 % area) Mailed 2.%0 1.38 1,29
Total 27.72 21.80 16,95 22.16
Topo-geguential cropping (+F) .
1, Cassavw (10 % axea) 17,00 15,63 11.48 14,70
2, Maize (10 % aren) 2.92 2.04 3.71  2.89
3. Rice (50 % area) 16, 22 13,34 5.38 11.65
4, Millet (10 X area) 2,00 1.97 1,55 1.84
5. Sesamum (10 % area) Failed 2,75 1.63 1.46
Total 38,14 35,73 23,7% 32,54
Mixed crepping (-F)
1, Cassava (10 % axea) 15,44 24,55 9.13 16,37
2, mize (10 % arem) 3,08 1,7 3.64 2,26
3, Rice (50 %X area) 2,03 7.11 railed 4,.%7
4, Millet (10 % axea) 1.04 0.56 1.52 1,04
S, Sesamum (10 X area) Mmiled Q. 25 8,63 2,96
Total 21.59 33,54 21.92 7,20
Mixed cropping (+F)
1, Cagsavwe (10 X area) 18,086 29,80 21,02 22,96
2, Maise (10 % aren) 6, 66 1.24 6,00 4,63
3, Rice (50 %X area) 4.81 6,64 reailed 3,82
4, Millet (10 X arxea) 2,64 1,18 2,02 1,95
S5, Sesamum (10 % area) railed 0,685 12,25 4,30
Total 32.17 39,51 41,29 37,66

+F and «F indioates with and without fertilizer



application whereks under topo-saquential system of cropping

decreds ing trend in total production of biomss wks observed,

As Tregards the relative contribution of individuwl crop in
pmduc;.tng total biomass under topo-gequential and mixed cropping
systems, cassave ranked first by contriimting 45,58 % of the
biomass foldowed by rice (30.09 %), maize (10,79 %), millet (7.72 %)
and sesamum (5.82 %) under topo-saquential cropping system without
fertilizerx application as compared to the relative contribution of
60,18, 16,80, 10,88, 8,31 and 3,82 %X of cassavwe, rice, sesamum,
ms ize and millet, respectively under mixed cropping system without
fertilizer appliomtion, More or less similar trend of variation
was observed in fertilizer treated plots under both the systems of

cropping,

4,5 Yield contributing chaxacters and yield of different crops
4,5.]1 Maize

Pexcentage of harren plants : In genexal percentage of
barren plants was higher (46,7 %) in 1980 (Table 4.7) than in
1979 (29.84) and 1981 (28.8 %). As regards the influence of
cropping systems , the mean percentige of barren plants was found
to be minimum under topo-sequential (29.3 and 26,4 %) and mixed
cropping systems (32,2 and 25,2 %) with and without fertilizer
applications, respectively., The percantage of barrenness was
high undexr maize planted across the slope (54,2 %) followed by
intercroppaed maize (41.7 %) and me ize planted along the slope
(35,7 %).

Number of grains / cob t1 The average numper of grains / cob
was more (Table 4,7) in 1981 (208) than the cropning seasons of
1979 (146) and 1980 (142). As regards the influence of cropping



g7

™mble 4,7 Growth, yield attributing charscters and yleld of maize
undexr varied systems of cropping and management practices

Cropping systems

Chars~ Years Maise Maize Maize Topo-sequen- Hixed MeAn S,.Em
cters along across inter- gt __g____mgg ____me_im_ (+)
cropped ~F +P
Final 1979 151,5 154.2 158.9 151,2 175.0 142.1 165.3 156.9 4.1
g:}:;t 1980 162.0 173.3 175.2 161.6 192,5 136.3 151.2 164,6 6,8
(em) 1981 139.5 147.9 129.6 151,0 17%.0 140.0 160.0 149.0 5.7
Mean 151.0 158.5 154.6 154.6 180.,8 139,5 158.8 156.8 4,7
Plant 1979 5,9 5,6 6.1 4.3 3.0 5.5 4,3 4.9 0.4
:}‘fﬁ’ 7.0 7.0 6.5 6.0 4,0 3.3 4.5 5.5 0,6
har= 1981 7.0 7.7 7.5 7.3 6,0 5,5 6,0 6,7 0.3
VOSt  Lean 6.7 6.8 6,7 S.8 4.3 4.8 4,9 5.7 0.4
parren-1979 44,9 63,2 51,2 9.7 9.3 20,5 10,1 29.8 B.6
ness % 1980 33,7 46,0 34.1 46,4 41.80 69.2 55,6 46,7 4.7
1981 28.4 53.4 39,9 31,9 28,0 10,0 10,0 28.8 8.9
Mean 35,7 54,2 41,7 29,3 26,4 33,2 25,2 35,1 3.8
Nam- 1979 168.9 162.0 126,7 140.0 200,0 80,0 142.5 145,7 14.2
g::i:: 1980 186.1 185.5 171.9 100.0 223.0 61.5 66.0 142.0 24,5
/cob 1981 163.9 160.8 147.3 299.8 360,0 110,2 212,8 207.8 34.1
Mean 173.0 169.4 148.6 179.9 261,0 83,9 140.4 165.2 20,1
1000 1979 266,3 227,0 270,0 235,7 298,0 297.5 313.7 272.6 12,4
3§;::: 1980 189,1 186.% 166,9 260,0 264.6 160.2 265.2 227.5 19,0
(g) 1981 167.2 166.0 152,7 206.8 241.7 202,1 240,8 196,8 13,7
Mean 207.5 193.2 196,5 234.2 268,1 253,3 273,2 232.3 12,7
Sto= 1979 13,6 11,8 10,3 9,0 11.7 17.6 27.5 16,5 2.4
yiela 1980 13,1 113.7 127 9.7 105 7.1 8.1 180 1.0
(@/ha) 1981 9.5 7.7 12,3 18,2 22,5 14.2 29,3 16,2 2.9
Mean 12,1 11.1 11.8 12.3 14.9 13,0 21,6 13.8 1.4
Grain 1979 12,0 13.0 10.7 13.1 17.5 13.3 39,1 17.0 3.8
{:}ﬁf) 1980 8.4 11.2 6.7 7.3 9.9 3.6 4.7 7.3 1.0
1981 7.5 9.8 6.7 14.7 14.6 12.3 30,8 13.7 3.1
Mean 9.3 11.3 7.9 11.6 14,0 9.7 26,7 12.6 2.1
Har- 1979 0,47 0,52 0,51 0,60 0,60 0,43 0,59 0,53
I;:ﬁx 1980 0,39 0,45 0,33 0,43 0,48 0,34 0,35 0,40
1981 0,44 0,56 0,35 00,44 0,39 0,46 0.51 0.46
Mean 0,43 0,50 0,40 0,49 0,48 0,48 0,83




systams , the average number of grains / coo was recorded to be
maximum under topo-gequential cropping systems receiving fertilizer
applimation (261) which was appreciably higher than the plots recei-
ving no fertilizer application (180) followed by maize along (173)
and maize across the slope (169), ‘The number of grains / cob was
apprecianly reduced under mixed cropping without any fertilizer
appliomtion (84) although faortilizer applicmtion incremsed the
grain number (140) and this was at par with intercropped maise

(149 ),

Test weight of grains s Averaged over cropping systems, 1000
grain weicht was more (272.6 and 227.5 g) during the cropping
seasons Of 1979 and 1980, respaectively) in two previous years than
those recorded in 1981 (197 g).

The mean weight of 1000 greins was higher under mixed
cropping system (268.1 and 234.2 ¢g) followed by topo-sequential
cropping systems (268.1 and 234,2 ¢g) with and without fertilizer
application, Thus, fertilizer applioation hag increased the test
waight under both the two systems,

stover yield 1 Averaged over cropbing systems, the stover
yield was relatively moxe in 1981 (16,30 q / ha) and 1979 (14.49
q / ha) than in 1980 (10,67 q / ha). The average stover yield of
mhize did not differ widely under different systems of cropping
excapt in osse of fertilized plots under mixed cropping which
raecorded appreciably higher mean yield of 21,60 ¢ / ha than in
other cropping systems which ranged between 11,25 to 14,90 q / ha,

Averaged over cropping systems, the maximum grain yield of
16,95 q / ha was obtained during the cropping season of 1979
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followed by 13.72 q / ha and 7.29 ¢ / m in 1981 and 1980, res-
pectively. M ize in mixed cropping system with fertilizer appli-
cation gave the maxbum yield of 24,75 q / ha which was appreciably
superior to the yileld obtained under other cropping systems, the
mean grain yield under vwhich ranged between 7.92 to 11.58 q / ha,
Faertilizer gpplication under topo-sequential system of cropping
increasad the grain yield by 50, 36 and 1 % in the cropping season
of 1979, 1980 and 1981, respectively over other cCropping systems.
The percentage increase in yield of maize under mixed cropoing
system was particularly higher due to fertilizeg application than
topo-~sequential cropping systam,

Harvest index : The harveet index (grain yield divided by
total plant dry weight harvest) walues showed wide differences
(Table 4,7) under different systems of cropping. The lowest
hixvest index (0,40) was recorded in the intercropped maize and
the highest wlue was recorded under mixed cropping with fertiliser
(0.53).

Correlation between grain yield and yield atributing characters

The simple correlation co-efficient between mize grain
yield and some of the important yield contrilmuting characters are
given in Table 4.8, The dath revealed that stover yisla and 1000
grain weight showed significant positive correlation with yield
whereas barrenness percentage exhibited highly s ignificant negative
correlacion with grain yield, The walue of Rz {Co~afficient of
determination of multiple regression equation) showed that 74
per Cent of veriations in grain yield was accounted for by the
six characters included for study. The algsbric sigm of regression
comafficient values indicated that characters like stover yield (xs).
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Table 4.8 Simple correlation co-efficients between maize grain
yleld and yield attributing characters (Pooled data
of 1979, 1980 and 1981)

"2 5 *s *g % *

Characters rinal marren~ Kernel 1000 s5tover Crein
plant ness % nuisber grain yiald yield
sttand walight

xl Plant

he ight -0, 2294 =0,1259 0,%604* 0,2601 0, 2101 00,2373

x, Pimal plant

stand - 0.1424 0,2769 =0,7587* 0,0671 00,2014
%, Barrenness % - - w0, 2505 «=0,1562 «0,5757**.0,6205**
Xg 1000 grain

weight - - - - 0. 2462 0O,4342*
Xe, Stover , N

y1‘1d - - - - - o. 853‘.*

Mmiltiple regress ion equation:

Y = =3, 471 + 0.0(!8):1 - o.oooovxz - 0.0702:3 - 0.016::‘ + 0.0137:5 +
1.0’3%

R = 0,86197 R2 = 0,74
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1000 grain (xs) weight and plant height (xl) in the order of
weightage showed additive effects whereas Rrrenness percsntige
(%;), grain numbers / cob (x,) and plant stand (x;) showed negative
effects on grain yleld,

Rice
Effective tillers / hill s+ In geneml, the number of effactive
tillers / hill wes slightly more (Mable 4.9) in 1980 (3.17 / hill)
than in 1979 (2.53 / hill) and 1981 (2.12 / hill). No signifiaant
difference occurred in the pumber of effective tillers / hill among
various cropping systems of rice except that under topo-sequential
system of cxopping it was slightly more,

Panicle length s Averaged over cropping systems, the maximum length
of panicle (Table 4.9) was obsexrved in 1979 (24.74 ém) followed by

those in 1980 (21.06 cm) and 1981 (20.74 cm), 'm.ora ws no signi-

fieant difference in panicle length of rice under different systems
of cropping except that fertilizer application increased length of

panicles under topo-sequential and mixed cropping systems,

Number of filled grains / panicle

The average number of filled grains per panicle (Teble 4.9)
wae comparatively more in 1979 (101,10) and 1981 (102.43) than in
1980 (81.88)., PFertilizer application had appreciably increased
the average numober of grains £rom 95,6 (in unfertilized plot)
to 105.4 in fertilised plot under topo-sequential cropping, the
corresponding figures in mixed cropping is 74 (in fertilized plot)
and 94 (in fertilized plot).
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Growth, yleld contributing characters and yield of rice as
influenced by different systems of cropping and management

pYactices
——SERRING system
Characters Years Sole Topow-saquen~ M cropping Mean S.Bm
rice lc in ()
- +F TwF +F
Fiml plant 1979 129.5 119.4 148.4 104.2 134,.8 127.26 7.4
height (cm) 1980 114.6 116.6 142.3 103.6 124,3 119.08 6,7
1981 90,4 83.1 86.4 89,6 105.4 90.98 1.8
Mean 111,58 104, 4 128,7 99,1 121.5 112,40 5.0
Plant 2 1979 23,93 24,76 19.16 8.80 6,16 16,56 3.8
stand/m 1980 25,18 24,66 23,56 11,46 25,60 22,09 2,7
1981 20,85% 19.40 11.25 18,06 19,10 17.73 1.7
Mean 23,31 22,94 17.99 12,77 16.95 is.80 2,0
Effective 1979 3.10 3.06 2.36 2,32 1.83 2.53 0,2
tillers/ 1980 2.62 3.25 3,80 3,91 2,28 3.17 0,3
hill 1981 1.98 2,20 2.38 1,75 2.31 2.12 0,1
mn 20 57 2.“ 2.35 2¢ 66 2. 14 2.60 0. 1
Panicle 1979 24,8 24,2 24.7 25,2 25,1 24,7¢ 0,2
length(cm) 1980 21.3 1.7 22,9 18,5 20,9 21,06 0.7
1981 0.8 20.8 22.8 19.8 20.3 20,75 0.6
Mean 22,2 22.2 23,5 20,9 22.1 22,20 0.4
No, of 1979 116.0 92.9 111.7 82.7 102, 2 101,10 6.1
£illed 1980 65,8 $4.0 98,4 65,3 85,9 81.88 7.0
grains/ 1981 101.3 100,0 106,0 Miled Peiled 102,43 1.8
panicle Mean 94.4 95.6 105,4 74.0 94,1 97.70 5.1
1000 t 1979 21.82 22,43 23,24 21.14 21.22 21,97 O.4
grain 1980 22,73 23.52 22,97 22,20 22.46 22,58 0.1
weight (g) 1981 20, 18 21,41 21.86 rajled rpailed 21.15 0.5
Maan 21.58 22,12 22,69 21,67 21,84 22,00 0,2
(Q/ ) 1980 7.10 8.56 19,59 12,71 9.56 11.50 2,2
1981 2.27 2425 7.95 ailed Failed 4,16 1.9
Mean 7.58% 7.85 17.12 7,75 8,50 .80 1.8
ara in 1979 8,33 7.83 8,63 1,208 2,18 85,65 1.6
(g / ) 1981 1.56 1.38 2,81 miled Pailed 1.92 0,4
Mean 5.37 5.48 6,17 1.39 2,98 4,30 0,9
Haxveast 1979 0,39 0,38 0. 27 0,32 0,23 0,32
index 1980 0,47 0,46 0, 27 0,11 0, 28 0,32
Mean 0,42 O, 41 0,26 0, 15 0, 26
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Test weight of grains s There was no significant difference
in 1000 grain weight of rice boﬁwoen various systems of cropping
except that fertilizer application had slightly increased (Table
4.9) the 1000 grain weight under both the systems of cropping,

Straw yleld : Averaged over cxopping system, straw yleld
(Table 4,9) of rice was of the same order in 1979 (12,01 q/ M)
and 1980 (11,50 q / ha) but it was appreciably reduced in 1981
(4.16 ¢ / a),

As regardes the effect of different cropping systems on straw
yield, there appesred to e no significant difference in average
straw yleld of rice undex different systems of cropping except
that treatments undar topo-sequential system of cropping receiving
fertilizeaer appliontion had appreciably higher (17.12 q / ha) smi
yield than the average straw yield of other systems rxanging from
7.55 to 8,50 q / ha,

Grain yield 3 Aversged over cropping systems, the qrnin yield
of rice during 1979 and 1980 was of the same order i.e, &g%:i and
ﬁ;_l;re_q / ha, respectively but during the year 1981 it was appre-

I-92
ciably reduced to 4516 ¢ / ha,

There was no appreciable difference in the average grain
yleld of rice under sole cropping (%5.37), topo-sequential cropping
with (6,17 ) and without fertilizer application (5.48 q / ha). But
the grain yield of rice was appreciably reduced undor mixed cropping
system both with (2.95 q / ha) and without (1,39 ¢ / ha) fertilizer
application, The percentage incremse in grain yield due to appli-
cation of fertilizer was nomiml in first year i.e. only 10 %,
where there was no increase in second year but in third year of
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cropping there was spectacular increase of 104 % under topo-
sequential system of cropping whaereas under mixed system of
cropping the increase in yleld due to application of fertilizer
was 70 and 147 % in f£irst and second years, respectively but in
the third year of cropping rice plants failed to produce any grain,

Harvest index 3 Avaraged over cropping systems, thers was
no eignificant difference in harvest index in different years of
cropping. 3t there was well marked difference in the harvest index
of rice under different systems of cropping., The imrvast index
value was appreciably reduced f£rom O,41 to 0,26 in fertilismed
topo-sequential cropping but under mixaed cropping the harvest
index wlus increased from 0.15 in untreated plot to 0,26 under
fertilized plot,

Correlation between grain yield and yield attributes of rice

The data on corrslation co-~efficient values indicated
highly significant positive correlation of grain yield with straw
yield and 1000 grain weight and significant positive correlation
with plant height as well as plant stand (Teble 4,10). The wlue
of R3 (co-efficiant of determination) revekled that 82 per cent
of variation in grein yleld of rice was accounted for by these
saven yield contributing characters, The algebric signs of
multiple regression equation for predicting yield indicated that
except plant height, all the other six characters showed additive
effects on grain yield, The weightage of additive aeffect ws in
the order of 1000 grain weight (xs). effective tillers / hill
(x,), number of filled grains per panicle (x¢), plant stand ("2)'
straw yield (x,) and 1000 grain weight (xs) whereas the weightage
of negative effect of plant height was considerably low (0,0085).
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Table 4.10 simple correlation co-efficients between some of the
imporeant plant characters and yleld of rice

X2 3 "1 *s *s 5 Ym
Plant Effec- Panicle No, of 1000 sStrew  Gra
Chaxacters sund/mz tive length tiller grein yleld yield
tﬂhm/ (cm) greins weight q/la q/ha
plant

x, Average
plant
height
{cm) 0. 209 0.212 0, 508 0, 218 0. 595 0.786 0,870

zpltnt 2
stand/m - 0,282 =0, 214 0,036 0,441 Q. 248 0, 657

x5 Effactive
tillers/

xg Panicle

length
(cm) - - - 0. 552 0,016 0,243 0,368%

No, of
s filled
graine/

1000
"6 grain
waight
ing - - - - - 0.778 0,722+

x7 Straw
yielad
{(qg/Ta) - - - - - - O, 7210

Y = 39,14 - 0.00le + 0O, 233::2 + 0.789:(3 + 0.654::‘ + O, Olsxs + O.942x6
+ O.C83x’

R = 009“
R%= 0,82
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Fox thil millet

1angth of eaxrs s Averaged over cropping systems, no appre-?
ciable difference occurred in the average sar length (Teble 4.11)
of fox tail millet in different years of cropping, The differences
in the ear length under topo-sequential and mixed cropping systems
were not wider, But application of fertilizer incressed the mean
length of ears to 24,00 om over 17.77 in unfertilized plots under
topo-saquential cropning systamy the corresponding figures under
mixad cropping wers 26,5 and 17,26 om,

straw yleld s The mean strxaw yleld of fox tail millet
(Table 4,.12) was of the same oxrder during 1979 (12.12 q / ha) and
1981 (11,32 q / ha) but it wes appreciably low in 1980 (8,53 q/a),
Under unfertilized condition, the mean astraw yield was very low
(6.80q / ha) in mixed cropping system as against high yleld of
11.%2 4 / a obtained under topo-sequential cropping system,
Apprication of fertilizer showed spectacular increase in straw
yield under mixed cropping system than under topo-seqjuential cropp-
ing systam., The percentage incresse in straw yileld due to appli~
cation of fertilizer over contrxol plot was 14, 35 and 31 per cent,
in three successive years under mixed cropping system whereas
under topo-sequential system of cropping the per cent increases
were 9, 6 and O pexr cent in 1979, 1980 and 1981, respectively.

Grain yield : Thare was no a&ppreciahble difference (Tble
4,11) in the grain yield of fox tail millet in different years of
cropping, But 8s regards the effect of cropping systems, the grein
yisld was appreciably reduced under mixed cropping system (3,57
q/ ha) as compared to the grain yield (5,58 q / ha) under topo-
sequential cropping system, receiving no fertiliser, Under



‘mble 4.11 Growth, yield contributing characters and yleld of
fox tail millet as influenced oy different systems of
cropping and management practices

T

5
plant Years TOpO-sejuen= ﬁ'a

Mean 5, Em
charecters .e.l_mm ..r.eez.i.n.n__ (2)
Fiml plant 1979 159,8 176.,6 136.2 147.9 185,13 8,63
height (cm) 1980 138.4 1B4.8 145,6 154.9 155,93 10.20
1981 124.8 137.2 130,7 138.4 132,78 3,15
MeAn 141.,0 166,2 137.5 147.1 147.95 6,40
plant stand/ 1979 15.2% 10,0 6,50 7.25 9,75 1.98
me 19860 7.80 4,50 6,50 3,30 5,53 1,00
1981 18,30 12,00 18,30 12,80 15,35 1.98
Moan 13.78 8, 83 10. 43 7.78 10. 21 1.31
ears in om 1980 17.90 23,60 17.77 21.60 20, 22 1.43
1981 17,20 22,40 16,80 20,20 19.15 1.32
Mean 17.77 24,00 17.26 20,50 19,88 1.54
strew yleld 1979 12,00 13,13 6,74 16,60 12,12 2,04
(¢ / ha) 1980 11.55% 12,24 3.5 6,84 8,53 2.01
1981 11,00 10,80 10.,1% 13,33 11.32 0,69
Mean 11,52 12,06 6,80 12,26 10,66 1.30
Grain yield 1979 5.75 6,88 3,63 9,75 6. 50 1.27
(q / ba) 1980 6,50 7.50 2,08 5,00 5.27 1. 18
1981 4,50 4,63 5.00 6,87 $,25 0. 55
Mehn $.%8 6.34 3.7 7.21 8.68 0,78
HArvest 1979 0,32 O, 34 0,3% 0,37 0.35
index 1980 0,36 0,38 0437 0,42 0,38
1981 0. 29 0,30 0,33 0,34 0,32
Mean 0,32 0,34 0,35 0,38 0.35

Table 4,12 Simple correlation cow~efficients between some of the
important plant characters and yield (Pooled dat@ of
1979, 1980 and 1981) of fox tail millet

%2 * *s Y
Characters Plant stand Langth of straw yield Grein
/ma ears inam g/ yield
x, Fimal plant hcidmt(an) -0,4876 00,7531 O, 2088 0, 4023
x2 Plant stalnd/n - -0,3672 0. 2570 -0, 1109
X, btraw yield (q/ha)
at 15 X moisture - - - C,9105*

Miltiple regression equation
Y = 0,993 + 0.0131x1 - Q. 1456):2 - Oy ].(702!'::1;3 + O, 5874::4

R = 0.9727
Ri= 9, 9461
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fortilized condition the average grain yileld was slightly more in
mixed cropping system (7,21 q / ha) as against the grein yield of
6,34 ¢ / ha under topo=sequential cropping.

Harvest index : The walue of harvest index was slightly
moxre (0,38) in 1980 than 1979 (0.3%) and 1981 (0.32). The average
value of harvest index was slightly more under mixed cropping
systems (0,38 and 0,35) as compdired to the walues of 0,34 and 0,32
under topo-sequential system of cropping with and without ferti~
ger appliaation, respactively,

Correlation between grain yield of fox tail millet and yleld
contributing charxscters

Only straw yield showed significant positive correlation
with grain yield of fox tail millet, As indiomted by az values
(co-efficient of determimation) of multiple regression squation
(Table 4,12), the percentage variability in grain yield accountaed
for by these four characters were more than 94 per cent, The
algebric signs of regression cowefficient showed maximum additive
effact of straw yield (x‘) followed by plant height (xl) vhereks
the weightage of negative sffect was more for plant stand (xz)

followed by ear length (x;).

Cassava

Aversge number of tubers / plant

The average number of tubers per plant (Table 4,13) did not
differ widely in different years of cropping, But systems of
cropping had reflected influence on average number of tubers per
plant. The average number of tubers per plant was appreciably

higher under mixed cropping systems (11.33 and 8.16) as compared
to topo-sequential system of cropping (5.19 and 5,86) with and

without fertilizexr applioations,
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Table 4.13 Growth, yield contributing chaxactexs and yield of cassawa
as influenced by different systems of cropping and manage-

ment practices

Cropping sgm
Yeaxrs  Topo-sequen- M cropping

plant Mean Se Bm
cheracters £ial cropping ___ _ (2)
=) +F ™ +p
Aversge 1979  282.5 330.0 303.6 356.6 318.2 16,08
plant height 1880 T72.5 344.0 324.0 360,0 325.1 19,02
An(em) 1981 52,5 262,5 L17.5 292.5 271.3 15.9%
Mol n 69,2 312.,2 301.7 336.,4 304,9 13,93
AVErage nuf- 1979 8,25 5.75 9,25 8.75 8,00 0,78
ber of tubers/ 1980 3.87 4,33 9.75 12,25 7.50 2,09
plant 1981 8,67 S. 50 $.50 13,00 7.42 1,86
Mean 5.86 S.19 8.16 11.33 7.64 1.39
Mean tuber 1979 0, 348 0,630 0.338 0. 418 0, 343 0,09
weight/plant 1980 0.266 0,462 0,357 0,371 0.364 00,04
Ja1(xg) 1981 0. 247 0,300 0,260 0,268 0,269 0.01
Mean 0, 287 0.464 0,318 0,352 0,355 0,04
Dry matter 1979 33,7% 43,13 45,00 52,50 43,60 3.85%
yiald of 1980 45,00 86,25 123,75 138,75 98,44 20,96
plants (g/ha) 1981 40,41 57.00 42, 25 88,12 86,70 11,15
Mean 39,72 62,12 70,00 93,12 66,24 11,02
Tuber yield 1979 a87.50 362,44 312,50 365,94 332,09 15,81
(q/Ta ) 1980 97.50 200,00 347.85 458,00 275,09 78,97
1981 140,00 165,00 143.12 348,75 199.22 50, 1%
Mean 175,00 242,48 267,82 389,90 268,80 44,87
Dry mattar 1979 100,63 126.8% 109,38 128,08 116,24 6,73
yleld of 1980 34,13 70,00 121,75 159,25 96,28 27,64
tubers at 1981 49,00 $7,75 50,09 122,06 69,73 17,55
38K moisture Mean 61.25 84,86 93,74 136,46 94,08 15,70
(¢ )
Harvest 1979 Q.75 0.7% 0.71 0,71 0,73
index 1980 0.43 0,48 0,50 0, 53 ©. 48
1981 0. 58 0, 50 0. 55 0, 58 0.55%
Mo n 0,58 0. 57 0.59 0, 61
Table 4,14 simple correlation co-efficients between plant characters
and tuber yield of cassawa
* * *a b
Characters Average tu-~ Mean tuber IXy matter Grein yleld
bexr number waeight in kg vyield g/ha
Xy plant height{cm) 0©,3802 0,672 0,571 0., 7472
Xy Average tuber
mr Lo .0‘ m 2 0. 586 0. a 11 LA
"3 Mean tuber yield - - 0, 059 0, 484
Xy Pry matter yleld
of plant (q¢/ha) - - - 0,552

maltiple regress lon equation
Y = «271.48 0,458 + 31.<>Cht2 + 486,62 - 0,139
R = 0,982 RZ = 0,9684 3 4
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Dry matter yield of plants excluding tubers

The average dry matter of plants was significantly more in
1980 (98.44 ¢ / ha) than in 1979 (43.60 q / ha) or 1981 (56,70
q / bl)o ‘The dry matter yleld of plants was appreciably higher
under mixed &ystem of cropping (93,12 and 70,00 ¢ / ha) as compared
to topo-sequential system of cropping with and without fertilizer
applioation (62,12 and 39.72).

Tuber yiseld

Averaged over cropping systems, maximum tuber yield was
obta ined in 1979 (332,09 q / ha) followed by the year 1980 (275,09
g/ ha) and 1981 (199,22 q / ),

As regards the effect of cropping system, the mean tuber
yield wws signifioantly more under mixed cropping system (389,90
and 267,82 q / ha) a8z compared to the average yield of 242,48 and
175.00 q / ha under topo-sequential system of cropping with and
without fertilizer application, The percentage incresase in tuber
yield due to fertilizer applimmtion was 46 and 40 per cent in

mixed and topo-sgequential cropping system,

Harvest index

Averaged over cropping systems, the value of harvest index
wag maximum (Table 4,14) in 1979 (0.73) followed by 0,55 in 1981
and 0,48 in 1980 (0,40).

As regarxds the effect of cropping systems there was negli-
gible difference in the value of harvest index due to different

cropping systems,

Corralation between yield and yield characters
The plant height and average number of tubarz per plant



aexhibited highly significant positive correlation with tuber yield,
As revealed by R® values (co-efficient of determination) all the
four characters included for study accounted for more than 96

per cent variation in tuber yield of cassave, The algebric signs
of regression co-efficient showed maximum additive effect of mean
tuber weight (x,) followed by average number of tubers pexr plant
(x;) and plant height (x,) whereas the dry matter yield showed

negative effect on tuber yield of caasawe,
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4,2 Rffect of different stagus of shifting cultiwtion and cropping
systems on soll properties, runoff, s0il and nutrient losses
4.2.1 stages of shifting cultivetion and soil properties

A perusal of data swsmrised in Table 4,15 revealed con-
slderable changes in physioal and chemioal properties of soil as
affected by diffarent stages of shifting cultiwtion, The sand
percentage decreased from 70,2 t0 55.5 per cent after three yearxs
of cropping. Bulk density of soil decreased slightly from 1.18 to
1.13 g / o’ as a result of burining but incressed slightly to 1.16
g/ cn3 after three yesars of cropping, The solil aggregate fraction
larger than 0,25 mm also incressed due to burning,

The organic carbon content increased from 1.25 to 1.38
per cent but afterwards decreased to 1.23 per cent, Burning caused
rise in soil pH welue from 5,65 to 6,95 which declined ®o 5,32,
even slightly balow the origiml level after tiyee years of cropping.

Burning of soil also caused substantial increases in almost
all the major and micro-mitrients but these nutrisnts tsnded ¢o
decrsase aftar 3 years of cropping, The cation exchange capacity
increased by 27 pex cent with burning but again decreased by 17
per cant aftexr 3 years of cultiwwtion, Among the exchangeable
cations, there was maximum increase (165 %) in exchangeable msgnes fum
closely followed by increases of 99 and 43 per cent in exchangeable
potassium and calcium, respectivelys corresponding decreases in
exchangeable magnes fum, potassium and calcium after 3 years of

cultivetion were 23, 39 and 13.4 per cent, respectively,

Total phosphorus, potash, calcium and magnesium increased
by 24, 15, 50 and /7 per cent, respactively with burning wiereas the
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Table 4.15 Phyeical and chemical properties of s0il (O - 15 com
depth) as influenced by different stages of shifting

cultivation
efore After After 3
Particulars burning burning years of
cropping

Phys ical properties
Machanical Sand 70.2 - 55.5
Compositfon silt 16,2 - 18.3

Clay 13.6 - 26,3
Texture sandy loam
Bulk density (g/en%) 1.18 1.13 1.16
water stable aggregate 43.8 60,8 47.7
(greater than 0,25 mm)
Chemical properties
pH 5.74 6,95 5.32
organic carbon (%) 1.25 1.53 1,23
Cation exchange capacity (Ci&C) 7.57 .47 6.16

(')""W//mg )

Exchangeable cations
(meg/100)
Calcium 3,78 5.31 3.29
Magnes ium 1,57 4,48 1.21
Potass ium 0, 67 1.26 0,41
Total nutrients
Phoaphorus P (ppm) 158,40 195.80 123,30
Potassium K (%) 0,33 0.38 0.2%
Caledun Ca (%) 0.22 0,23 0.18
Magnes jum Mg (%) 0,42 C.46 0,38
Iron Fe (%) 4,20 3.00 5.30
Manganese Mn (powm) 576,00 636,00 534,00
zinc Zn (ppm) 75.50 86,00 67.80
Copper Cu (ppm) 23,20 24,30 20,80
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pexcentages of decrease in these eleaments after 3 years of cropping
were 22, 24, 14 and 9,5 per cent, respectively., Increases of 12, 9
and 4,5 per cent were also observed in csse of zinc, manganese and
copper, respectively with burning which again decreased by 10.2, 7.3
and 10,3 per cent after 3 years of cropping. In contrast to these
three micro-nutrients, the total iron content decreased from 4,21
to 1.0 per cent with burning but again increased to 5.3 per cent
aftar 3 years of cultiwation,

4,2,2 Cropping systems and soil properties

The datk on the influence of different cropping systems
on some of the physical and chemioal properties of soil are presented
in Table 4,16, In genarsl different cropping smtems resulted in
slight decredse in bulk density and increase in organic carxbon
content of the z0il after three ysars of cropping. T™he nxim
increase in nrganic carbon contant of soil was ohsexrved under grass
cover from 1,29 % to 1,46 X with corresponding decrease in bulk
derns ity of soil from 1.16 to 1.11 g / ma after three ysars of

cropping.

slight variations were also ochserved in chemical contentrs-
tione of soll nutrients due t different systems of cropping although
there were no appreciable differences among themselves, The cone-
centration of almost all the nutrients decressed appreciably after
three years of cultivation but the maximum decrefse was observed
under bare fallow plot,.

4.2.3 Runoff and soil losses in relation to erocsive rainfall
The data on percentage contribution of erceive rainfall in
causing runoff and soil loas given in Table 4.17 indicate that runoff
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Tble 4,16 Effect of different systems of cropping and mamgement
practices on some phys ical and chemical properties of soil

Parti~ Timing Gress Bare MR ize Maize Mnize Sole Topo-se Mixed
culars covar fa- along across inter- rice gquential cropping

llow cropped cropping

-k ™ 4 S 4 +7

Balk 33 1.16 1,23 1,28 1.18 1.14 1.24¢ 1,20 1,10 1.18 1,16
dmg.:g.y AB 1,14 1.19 1.10 1,14 1,14 1,22 11,07 1.07 1,10 1,15
(g/em?) AC 1.12 1.33 2,00 1,16 1.13 1,18 1.13 1.18 1,02 1.16
pH

BB 5,50 5,50 6,10 6,10 5,60 5,10 5,60 6.60 5,80 5,50
A3 6,00 6,80 8,20 7,10 7,70 6.70 7,80 6,90 6,20 6,10
AC 5,10 5,20 5,50 5,40 5,50 5,60 5,50 5,10 5,00 5,30

organic 833 1.29 1.17 1.32 1.17 1.29 1,25 1,35 1.45 1.14 1,05
oarbon AB 1. 53 1. 42 1078 1. 50 1.70 1.30 1. 65 1.80 31,33 1.239
(%) AC 1.46 0,99 1,07 1,26 1.38 1,42 1.,3C 1.07 1,26 1l.10

C.E.C, 33 7.4 6,1 8,1 7.7 7.6 7.5 7.5 8,5 7.9 7.4
(meq/ A3 8.2 10.2 10,7 10,4 .3 8,0 1.1.3 9.6 8,7 8.1
100) AC 6,7 4.7 5.8 6,2 6.2 6,8 5,2 6,2 7.4 6.4

Total » 33 150 137 200 137 87 137 187 187 137 125
(ppm) A3 250 187 287 137 187 212 187 187 187 137
AC 137 137 125 112 112 112 137 137 112 112

Total K B 3020 2760 3600 2980 2760 3380 3950 3480 3580 3440
(ppm) AB 3450 2900 3950 3900 3950 4000 4050 3950 3800 3580
AC 2860 2185 2530 12875 2645 2875 1955 2070 2530 2300

Total B3 2240 2200 2620 2880 2480 2500 1760 1770 2200 1820
Ca AB 2360 3020 4110 4220 3660 2700 2930 3700 3120 2700
{(vpm) AC 2200 1660 2000 1640 1640 2000 1720 1420 1940 1680

Total A8 3976 38221 4570 4026 4889 4713 4165 4532 3949 3800
Mg AB 4820 4086 5307 4235 5291 5164 4966 4350 4070 3894
(ppm) AC 3481 3388 3965 3542 4312 4092 3740 3954 3910 3794

Ex, B3 308 72 300 308 264 224 200 352 200 200
K AB 328 384 48B4 664 648 420 768 540 360 300
(ppm) AC 1% 138 138 178 138 147 147 200 184 168
EX, B3 684 704 800 672 720 700 755 952 883 688
Ca AB 856 880 1464 992 1176 968 1272 1000 1104 904
(ppm) AC 684 648 566 732 646 664 624 752 656 608
Ex, B3 184 176 184 168 184 176 200 224 192 192
Mg A3 382 448 688 576 688 608 592 512 464 448

(ppm) AC 128 120 182 160 1280 136 120 168 200 144

BB = Before burningy AB = After burning:
AC = After 3 years of cropping
+F 8nd P stands for with and without fertilizer
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Table 4.17 Percentage contribution at different freguency intervals
of rainfall amourts causing runoff and scil loss under
bare fallow

Frequen~ Erosive %X of Runoff % of soi) % of
cy inter- rainfall total in mm total loss total

Yoar wvals amount erosive runoff in soil
of erosive inmm rainfall t/ha loas
rainfall/
day in mm

25 - 35 84,58 13,04 8.0%5 8,46 1. 24 6.97
38 - 45 37,88 5.83 2,80 2,94 2.39 13.44

45 - 55 103,38 15.93 16,77 17.62 4.23 23,75
55 281,46 38.76 33,23 34,90 3,91 21.95
Total 648,73 95,20 17.80

1980 5 - 15 78,18 8.62 20,48 7.10 1,75 6, 24
15 - 25 193,29  21.32 65,78 22,81 4,48 15,97
25 - 35 242,14 26.71 59,72 20,70 8.40 29,97
35 - 4% 114,30 12,61 40,68 14,10 1,69 6.02
4% - 55 99,06 10,93 44,72 15,50 6.43 30,06
55 179.% 19,81 57,12 19,80 3,29 11,73
Total 906,55 288, 50 28, Ot

1981 5 - 1% 51,81 8.19 23,94 11,28 24,59 11.96
18 - 28 157.72 24,96 40,47 19,10 3¢,89 17.94

2% - 35 93,73 14,83 42,81 20,30 41,53 20, 20

45 - 55 104,185 16,48 46,41 21.88 40,65 19.77

88 224,54 35,53 58,27 27,5 61.95 30,13
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and soil loss were greatly influenced by the daily rainfall amount,
In general the minfall amount grester than 25 mm per day was found
to be more conducive in omusing runoff and soil loss as compared to
lower rainfall amounts below 25 mm per day. The rainfall amounts
greater than 25 mm per day constituted tha highest (67 to 73 %)
percentage of total exrosive reinfall and caused maximam runcff and
s0il loes amounting 64 to 79 and 67 to 78 per cent of wwAl runoff
and soil loes, respectively, The lower rainfall below 25 mm per day
constitutad about 30 per cent of tothl exrcsive rsinfall and accounted
for only 3¢ to 3¢ per cent and 22to 33 per cent of total runoff and

soil loss, respectively,

4.2.4 Crxopping systems and runoff

iffect of different vagetal cover on runcff and runoff
co-afficient 1s given in Tebles 4,18 and 4,19, In general the
highest water loss through runoff occurred during the cropping
sehson of 1980 (188,2 mm) followed by 1981 (13%0,2 mm) and 1879
(66,1 mm) which acoounted for 13,0, 14.3 and 5.5 per cent of total
minfall during the three cropping semsons, respacctively, Averaged
OVver trsatments, monthly runoff followed the same trend as that of
rainfall pattexrn i{,e. higher the rainfall in the month, higher was
' the runoff, July was the month recording highest rumoff during 1979
and 1981 whareas in 1981 June resulted in the maximum runoff, As
regards the influence of various treatments, unailtiveated bare
fallovw plot resulted in maximum runcff wilues of 95.2 mm, 288,5 mm
and 211,9 mm with corresponding percantages of runoff co-efficients
of 7.9, 20,0 and 20,2 during the cropping seasons of 1979, 1980 and
1981, respectively. The gxress cover recorded the least runoff of

57.6 mm (4.8 %), 24.1 rom (1.7 %) and 25,2 mm (2.4 %) and thereby



D

o
35

Tahle 4,18 Effect of vegetative cover offexed by different cropping
systems and mamgament practices on runoff during differ-

ent months
Trea tmants May Jun Jul Aug sep oct Total
1979
Grass cover 7.8 34.8 4.2 5.4 5.4 57.6
mre fallow $.5 64,6 8.5 5«1 10,5 98,2
Maize along 8.1 48,6 11,5 33,2 10,4 8l.8
Ma ize across 4.9 33.8 6.6 2.9 5.8 51.0
M ize intercropped 5.2 40,7 6.8 3.2 %.5 65,4
Sole rice 7‘3 3?.6 5-6 4’6 2.1 57.2
Topo=-geuential «F 10,3 45,3 8.5 3.7 8.1 75.9
Topo=gejuantial +F 10,0 41.0 4.5 3.9 3.6 63,0
Miﬂd ‘F 5;8 32' 2 5.8 “ 1 2.‘ 50.3
Mixed +F 8,9 36,3 9.0 3,9 2.7 60.8
Mean 7.8 41.5 6,8 4,0 6,0 66,1
Se Em : 0. 62 3.“ 0.72 0. 26 1; 62 ‘. 54
1980
Grass cover 6.5 8.9 4.6 2.7 lo‘ o 24,1
oaxre fallow 41,9 112.1 63,2 34.1 32.3 4.9 288,5
Mx ize along 39.7 103.9 47.4 29.7 30,1 2.4 2531.7
Maize acroeas 43.6 84.7 45,5 38,0 23,7 2.8 238,3
Maixe interxcropped 45,7 92.7 38,9 30,1 19.7 2.2 229,3
sole rice 32,7 79.5 28,8 10,7 14,2 o) 168,9
TIDO-E ‘Iuﬂnt“l -p 29.1 98.8 ‘108 10.9 6.4 1.7 10307
'lbpmulmnthl +¥r 29.7 90,0 32,7 14,1 3.5 1.5 171.5
Mixed +P 25,3 86,4 33,1 10. 2 8.9 3.1 167.0
MeAn 31.7 84.9 36,1 19.0 14,3 2,2 88,2
be Em + 3.85 8,97 4.91 3,98 3,63 0,33 23,04
1981
Gress cover o 7.6 13,2 4.4 25,2
Bare fallow 12,0 97,3 66,8 38,8 211.9
Maize ‘l@nq 14,2 92.9 51.6 28,3 187.0
Mh ise across 10.0 92.9 $1.0 2?.0 18009
Maize intemmpped i8.5 107.0 59.9 39.6 225,0
Sole rice 10,7 78,7 45,6 20,5 155,585
Topo-seuential F 11.8 86,1 40,9 17.7 156, 5
Topo-gejuent ial +r 14,1 88,6 36,3 16,3 155.3
Mixed -F 8.7 75.0 34,1 9.9 127.7
Mixed +F 10. 2 73.9 40, 4 12,5 137.0
Mean 1.0 80,0 47.0 21,2 150,2
S. Em + 0,97 8.68 4,73 3.58 17.58
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Table 4,19 Influsnce of cropping systems on runoil cowefficient
in different montha of year,

L W AR WD G A A AR N R GRE WY W SR W AR N WD AR G W AU Y AR S R e P P SN S SES ABN Gl e

Treatmants May June Jul, Aug. Sep. Oect Total
1976

Gress cover 3.93 8.0 2.2 o 3.3 ‘07‘
Bare fallow L0 14.9 3.0 8 6.3 70%
Maize along 4.1 1.2 6.2 3.0 6.3 6.7%
Maize across 2.9 7.8 3.6 2.7 3.5 ho22
Maize ﬁ:’cemmpped 205 90‘ 3.7 z.O 501 ‘“
Sole rice - 3Q7 aoz 200 03 1.3 1’
Topoesequential «F 5.2 10, o 3.5 4.9 6.27
Nixed «F 209 7.‘ s ; 3.8 10" Q“
Mixad oF 4,5 8.4 8 3.7 1.7 346
1980

Grass cover 2.9 2.0 1.8 1.4 0,7 = 1.67
Bare fallow 18.4 26.9 25.1 17-z 16.9 6.1 ‘!9-3
Maize along 17.5 23.1 18.8 15. 150Z 305 17.4
Malze across 19.2 18.8 18.1 19.7 12. 3.5 1‘0”
Sole rice 1.4 7.7 11 .5 BeD Te 8. 11.70

'i'opo-quntial -F 12,8 22.0 16.6 5.6 3.3 2.2 13.07
gmntial *F 13.1 20.0 13.0 Z.; 1.8 1.9 11&

Mixed »F 11.2 19.2 13.4 5.3 4.6 3.8 '53
1981
Grass eover 1.7 6.1 2.0 2,40
Bare fallow 11 9 22.1 3‘ . | 16.1 20,20
Maize along 13.6 21.0 26,0 12.8 ‘!?:g
Naize across 95 21.0 23.7 12.1 17
Maize intercropped 17.7 26,2 27.9 17.8 21 .44
Sole rice 10.2 17.8 21.2 9.2 1482
Topo-cecmential oF B3 203 8 1o bree
uen 3 ) . »
Mixed ﬁ% * 8.3 17.0 15.9 ZO’ 1247

Mixed +F 9.7 1603 13.8 506 1’ -“

‘“““‘“‘“”“n““M‘“-‘--‘m‘-'—--‘--‘--
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caus ing an appreciable reduction in runoff by 39.5, 91.6 and 88,1
per cent over bare fallow in the cropping seasons of 1979, 1980 and
1981, respectively. The other cropping systems found to more effec-
tive in reducing the runoff were sole crop of rice which resulted
in a reduction of 39,9, 41,5, 26,6 per cent followed by mixed cropp-
ing with percentages reduction in runoff of 36.1, 42,1, 29.1 per cent
and topo-sequential cropping & ystems with corresponding reduction of
20,3, 34,6 and 26,1 per cent over bare fallow treatment, PFertilizer
appliostion as management practices in the last two cropping systens
proved to be slightly better in reducing runoff ag compared no
application of fertilizer, Maize along and across the slope contrie
buted large quantity of runoff and was only next to are fellow
treatment, Maize along the slope was able to reduce the runoff by
only 14,1, 12.1, 11.8 per cent whereas maixe when intexcropped with
legume was found to be at par with sole cropping of maigze. On the
bas is of three cropping seasons data, the ganersl trend of runoff
under various cropping systems and management practices revealed
that there was reduction in runoff in descending order as bare
fallow, maize along and across the slope as well as intercropped,
topo~gequential cropping with fertilizer, sole crop of rice, mixed
cropping with fertilizer and grass cowver,

4,2.5 Cropping systems and soil loss

The data on soil loss during 1979 to 1981 are presented in
Table 4,20, The minimum soil loss of 13.4 ¢t / ha was recorded during
the cropping season of 1979 which increased to 19.7 and 148.1 ¢t/
in 1980 and 1981, respectively. As regards the monthly soil loss
in July it was the highest soil loss of 8.1, 71.7 t / ha during 1979
and 1981 whereas in 1980, June recorded the maximum soil loss of
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Teble 4,20 Rffect of vegetative cover offered by different cropping
systems and management practices on soil loss (t / )

Trestments My Jun Jul Aug Sep oct Total
1979
Gress cCover 0.5 5,13 1,03 1,15 o,11 8,32
;mre fallow 208 10,18 2,31 3,95 0,28 17.80
Mmize along 0,59 7.2% 3,12 1.1%9 0,27 12,42
Maize accross 0,53 4,80 2,51 1,15 0.14 9,13
Ma ize intercropped 0,40 13,80 1,13 0.73 0,32 1e6.38
sole rice 0,74 6,33 1,76 1,75 0,10 10,68
Topo~sejuential ~r 0,94 85.74 5,14 .12 0,21 13,18
Topo-gequent ial +F 1.50 68,09 1.59 1.39 0,17 10,74
Mixed -F 0,63 14,40 2.41 2,04 0,21 19.69
Mixed +r 0,83 7,23 4,19 2.7% 0.39%9 15.39
Mean o.78 8,10 2,52 1.76 0,22 13,38
B¢ EM :t 00 10 1.11 0.‘2 0.31 0003 10 21
1980
Grags cover 0. 84 1.27 0,34 0,20 0,03 O 2,58
mre fallow 1.57 17.2¢ 4.76 2.43 1.6 0,40 28,04
Mmize along 2,08 14,57 1.93 1,38 5.78 0,14 115.88
Mhize acrous 1.30 14,66 3.57 1. 26 2,30 0,20 23,29
sole rice 1.49 7.99 2,28 1,00 1.93 0 14,69
Topo~gequential «F 1.83 13,29 .13 2,03 .14 0,01 20.43
Mwmml +¥ Q. 94 10, 10 3,36 0,28 0. 65 0.10 15.43
Mixed «F le12 19,04 .11 0,89 C.85 0,19 24,20
Mixed +F 1,11 15.48 1.83 0,38 0,84 0.34 19,95
Mean 1.44 12,62 2.47 1.45 1.59 0,185 19,72
be Em + 0, 14 1.62 0.38 0,42 0.51 0,04 2,32
1981
Gress cover o 3,30 14.1¢ 2,91 20,35 20,35
mmxe fallow 19.29 90,34 66,94 29,04 205,61
Maize across 11.76 95,42 61,54 24.18 192,90
M ise intercropped 29,76 96,42 81,68 234,48 212,34
sole rice 8,20 75,92 48,11 14,32 146,55
Topo~goquantial +F 17.11 62,19 38,54 14,81 132,65
Mixed -F 15,29 61.72 35,97 6,94 119.92
Mixed +F 11,08 §7.99 38,14 10,40 117,61
Mean 15.49 71.69 44,73 17,24 149,185
L, Em + 2,03 8,69 4,91 3,14 18,15
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12,6 ¢t / ha, 1In all the three ysars of cropping the maximum soil
loes of 17,8, 28,0 and 205,6 t / ha was recorded under bare fallow
treatment, The other cropping systems which appreciably reduced

the s0il loss was sole crop of rice, topo-sequential and mixed
cropping systems, The percentage reductions in soil loss over hbare
fallow was 40.0,’47.6 and 28,7 per cent in 1979, 1980 and 1981,
respectively under sole crop of rice, 39.7, 45,0 and 35,5 per cent
under topo-gsequential cropping with fertilizer in three successgive
years and 26.1, 27.1 and 26,3 per cent in 1979, 1980 and 1981, res~
pectively under topo-gsequential cropping without fertilizer applica-
tion, Mixed cropping without fertilizer resulted in a reduction of
0, 13,7 and 41,7 % whereas mixed cropping with fertilizer application
further reduced the soil loss by 13.5, 28.9 and 42,8 per cent over
bare fallow treatments,

4.2.6 Relationship between rainfall, runoff and solil loss

Linear rxegression amlyses of the relationships between
rainfall and runoff and rainfall and soil logs, from pooled data
of three seasons, were carrisd out to evalunte the efficiency of
different types of vegetal covers under varied types of croppings,
as per the method suggested by Hillel, (1967 ) and rrasier (1975).
The linear regression equation (following Hillels notation) is
Re A + B where R is runoff per storm, P is storm size and A and
B are the co-efficients of the linear regression equation. 7The
threshold velues i.e. miniml rainfall necessary to produce runoff
obta ined from the P axis intercept (i.e. A./3) is denoted Pge The
co-efficient B represents the runoff efficiency after the threshold
rainfall has bheen exceeded,
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The linear regression squations besed on pooled results
of three years for individual rxainfall events and runoff of amount,
rainfall and soil loss and runcff and soil loss are given in Table
4.21 whereas the relationship between monthly rainfall and runoff,
monthly rainfall and soil loss and runoff and soil loss has been
presented in Fig, 3, ¢ and 5, respectively,

4,2,6,1 Rainfall and runoff

The threshold rainfall to initiate runcif was found to be
minimum (2,65 mm) under bare fallow treatment &8s against the maximum
threshold retention value of 5.59 mm for grass cover treatment,
The rainfall efficiency to initiate runoff after threshold as expected,
wag maxium (B = 0,20) for bare fallow plot anc the lowest (B = 0,046)
for grass cover, indioating thexreby the high rate of infiltration
under gress cover, JFor the other treatments the values for threshold
retention and xunoff efficiaency lie in between the two extreme values
of bare fallow and grass cover trsatments, Amongst cropping systems,
sole cropping of rice followed by topo-sequential and mixed cropping
with and without fertiliser application were found to be more effi-
cient in reducing runoff as compared with widely spaced crop of
ma ize along the slope or intercropped meize, although maize when
planted across the slope was more efficient than the other two treat-

meants,

4,2.6.2 Fminfall and soil loss

T™he rainfall efficiency in iniciating soil loss was lowest
(B = 0,011) in case of gress cover and highest in mse of bare fallow
plot (B = 0,091), although threshold retention value was slightly
lower (2,79 mm) under gress cover as compared to that of bare fallow
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‘mble 4,21 Regression ammlysaes of the relationship between runoff (mm)
and daily rsinfall amount (mm) (pooled data of 1979, 1980

and 1981)
Regress ion equation 5 rz Threshold F wmlue 5B of regre-
va lue attribu-~. ssion co-
table to efficient
the regre- (+)
ss ion
(N=219) Yl mel, 28640,046 b 0,87 0,32 5.%9 104, 59 »* 0. 022
Yz =, 53140,200 b 0,64 0. 40 2,65 147, 19** 0,023
Y3 uel,71340,192 b 0,67 0,45 3,72 178,54 0,022
Y‘ -0.6&40. 171 b 0.65 0‘42 3.55 1550‘5*' 00011
Yo -“()0571""00 1‘2 D O.M 0.41 ‘.02 152.“** 0.011
Y., (), 720+0,163 b 0,70 C. 49 4,41 205,73 %> 0,018
Y9 w0,52540,126 b 0,60 0,35 4,15  118,77** 0,012

Regression amalyses of the relationship bestween soil loss(t/ha)
and rainfall (mm)

(n=219) Y, =-0,030+0,011 b 0.36 0,13 2.79 31,43 %% 0,003
Y, ==0,327+0.091 b 0.41 0,17 3.58 43,92%* 0. 002
Y; ==0,37640.088 b 0.42 0,18 4,77 46,347 0. 004
Y, =~0,509+0,095 b 0,43 0,18 5.36 49,35 04095
Yy =-0,29140,089 b 0,42 0.18 3.26 46,764 0. 004
Y, =-0,40140.073 b 0,40 0.16 5,47 41, 44" 0. 004
X, =~0,119+40.053 b 0.40 0,16 2.25% 42, 18%* 0,001
Y =-0.330+0.072 b 0,45 0,20 4.58 53,71%* 0.004
‘tg mu), J244+0,066 b 0,46 0,21 4.89 58,04 % C, 004
Y, o=~0.31740.063 b 0,45 0.21 5,05 56, 17 *+ 0. 005



95

Table 4,21 (Continmued)

Regress ion equation r r? Threshold F velue 8E of regre-
value attribu~ ssion co-
table to efficient
the regre- (+)
ssion

Regression analyses of the relatiomship between
801l loss (t/Ta) and ruroff (im)

(nm=219) Y1 = 0,048+40,195 b 0,52 0,27 0,235 81,38+ 0. 007
Y, = 0,012+40,420 b 0,59 0,38 0,03 118, 64> 0. 004
Yy = 0.081+0,406 b 0,55 0,30 0,20 94,75 0, 008
Y4 = 0.03840.459 b 0,55 0,30 0,08 94, 10%* 0,027
Yy = 0, 10140,442 b 0,63 0,40 0,23 143,85** 0,009
Yg =0, 096+0,510 b 0,62 0,38 0,19 132,94%+ 0, 002
X, = 0, 15540,302 b 0,54 0,29 0,52 8%, 29w+ 0. 004
Yo w0, O0B+0,.474 b 0,66 0,43 0,02 163,23 % 0,056
Yo = 0.036+40,468 b 0,69 0,48 0,08 197,57 %+ 0.017
Yy o™0e 047+0.448 b 0,68 0,46 0,11 184,93 w» 0. 038
Y

1 = Grass covery Y, = Mre fallow; Y, = maize alongs

Y, = maize acxoss) Yy = maize intercropped; Y, = s0le ricey
Yy = Topo-seuential -F; Yg = Topo=sequent ial +¥

= Mixad cropping -F; YI.O
** significant at 1%s n = Number of chservations

= Mixed cropping +F)
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plot (3.58 mm), The effectiveness of different Cropping systems in

arresting soll loes was more or less similar to the relationship of
rainfall and runoff,

4,2.6,3 Runoff and soil loss

The runoff efficiency, after threshold retention in ocsus ing
soll doss, s lowest (0,195) for gress cover with high threshold
ratention vwlue of 0,25 ma; under bare fallow the threshold retention
valus was lowest (0,03 mm} and the runcff efficiency was high (0.42),
No apprecimble diffarence was observed in the velues cof runoff effi.
ciency in other cropoing syetems except undar the unfertilizsed topo-
aaquantial cropping system, which showad low runcff efficiency
valuas (0.30) and high threshcld retention value (0,52 mm). Under
bare fasllow there wez maximum soil loss per mm of runoff, whereas

it was minimum under gress cover,

4,2,7 Bnrichment ratio

Except total magnesium and manganese the mekn (over the
years ), Enrichment fatio of the sediments for almoat all the nutrient
studied, were higher than unity (Teble 4,22), indiosting thereby
that sulntantial losses nf these nutrients in the eroded material
have taken place over the yeirs, Avaraged over tre:2tments, the
miximun value of enrichment ratio was ocbtained for total cepper
(6.4) followed by exchangeable K (3.9), toesl calcium (3,6), total
Zn (3.4) and exchangeable calcium (2.3). Thae enrichment reatios for
other nutrients renged from 1.09 to 1.95. <Grass cover, sole cropping
of rice, mixed ancd topo-sequantial cropping systems were found to be
quite effective in reducing the anrichment retion.
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Table 4.22 Nutrient enrichment ratio of eroded sediment as influenced
by different systaems of cropping &nd management practices
in different yeaxs

C s
oo E' iﬂsa!!! mo-sc e~ HMixed Mean

Mitx L= Yeir Crgss aare Mai- Maize Ma
ents cover fal- 3ze across se rice quential cropping
low along intex- =F 4F «=F aF
cropped

organic 1970 1,20 1.47 1.33 1.38 1,52 1,23 1,14 1.14 1.17 1.57 1.31

°';§";°" 1960 1,23 1.36 1,27 1.31 1.16 1,22 1,02 1,19 1,43 1,66 1,29
1981 0,93 1,09 1.05 1.06 1,05 1,02 0,84 0,79 1,06 1.24 1,01
Mean 1,12 1.31 1,22 1.25 1.2¢ 1,16 1,00 1.04 1,21 1.49 1,20

Total P 1979 3.17 3.65 2,31 2.99 2.5¢ 3.41 2,51 2.81 3.28 4,30 3.10
1980 1,83 2,41 1.61 2,06 1,62 1,85 1,55 1.61 2,11 2,48 1,97
1981 0,78 0,95 0,75 0.89 0,71 ©,77 0,60 0,68 0,82 1.29 O,82
MORR 1,93 2,34 1.56 1,98 1,62 2,01 1.55 1.70 2.07 2.69 1.95

Total K 1979 1,31 1,61 1.19 1.20 1.87 1.17 0,91 1.95 1,09 1.49 1.31
1960 1,92 2,45 2,03 1.84 2,15 1,72 1,44 2,12 1,85 2.35 1,97
1981 1.85 2.24 1.72 2,39 2.93  1.97 1.44 1.91 1,72 2,07 1.99
MOAn 1.69 2.10 1,65 1.81 2,32 1.62 1,27 1.76 1,55 1.94 1,77

Totel CA 1979 3.63 6,21 4,21 4.39 4.42 3.53 5,35 7.11 3.30 5.77 4.39
1980 2433 2,87 2.58 2,89 2434 1,85 2.91 3,39 2.51 4.13 2.78
1981 3.13 3.60 3,06 3,29 3.37 2468 3.11 3,83 2,52 4,95 3,35
Mean 3,03 4.23 3,28 3,50 3,38 2,69 3.79 4.78 2,78 4.95 3.64

Total Mg 1979 0.69 0,78 0,65 0,67 0,71 0,65 0,57 0,62 0,60 0,88 0,83
1980 0,64 0,69 0,60 0,60 0,55 0,51 0,58 0,58 0,63 0,74 1,06
1981 1.40 1.34 1,27 1,33 1.13 1,07 1.16 1.12 1,12 1.39 1,23
Mean 0,91 0,94 0,84 0,87 0.80 0,74 0,77 0.77 0.78 1.00 0,84

Exchan~ 1979 2.36 4.84 2,83 2,06 2,54 2,60 3.40 2,32 2,25 3.03 2,82

geable K 1000 6,0110.29 5.21 3.80 9.97 8,18 5.71 4.45 9,6213.99 7.72
1981 0,81 1.36 1,14 0,85 1,19 0,96 1,29 0,77 1.18 1.44 1,23
MOAD 3,05 5,50 3,06 2,24 €.57 3.91 3.47 2.51 4,35 6,15 3.88



Teble 4,22 (Continued)

(<)
GO

Cra- are Maize Maize Maizse sSole Topo-ge

(% o ing & ystoms

Mixed Mean

Mitri- Yer g8 fa-~ along acce- inter~- rice sequential crop-
eants cowar llow ross cropped gégg
-F +F -, +
Bachan- 1979 3.92 4.19 3.44 3.13 2.98 2.01 3,13 3.59 1.88 2,79 3.10
g:"’“ 1980 2,07 2.43 2,12 2.10 2,67 2.17 2,03 2.13 1.87 2.97 2.26
1981 1,64 1.75 1,63 1.56 1.83 1.78 1.47 1.36 1.38 2.07 2.81
MoAn 2,54 2,79 2.40 2.26 2,49 1.99 2.21 2.36 1.71 2.61 2.34
g;"’“ 1980 0,99 1.11 1.25 1.10 1,08 0.93 0.72 0.91 0,90 1.19 1.02
1981 0.89 1439 1.56 1.46 1.70 1,52 1.14 1.31 1.11 1.30 1,35
Mean 0,94 1.15 1.30 1,20 1,30 1.10 0.87 0.99 0.89 1.11 1.09
Total 1979  3.63 3.19 2,77 3.33 2.68 2.87 2.49 3.76 2.20 4.70 3.16
Zn 1980 3.20 3.36 4.33 4,31 3.00 3,77 4,16 3,86 3.27 3.81 3.71
1981 4,45 3,04 3.42 4.16 2.56 3.37 4.00 3.31 4.15 4.69 3.71
MORN  3.76 3420 3.52 3.93 2.75 3.34 3.54 3.64 3.21 3.30 3.42
TOtALl 1979 B8.35 6.45 8,17 7.58 7T.44 B.38 9.13 7.71 7.36 6.80 7.74
Cu 1980 11.3511.53 9.63 9.98 8.81 8.92 9.47 7.52 9,72 7.17 9.41
1981 5.04 4,61 5.40 5.56 5.27 4.87 5.82 6,24 5.67 5,10 5.35
Mean 8,25 7.53 7.73 7.71 7.17 7.39 8.14 7,16 7.58 6.36 7,50
Total 1979 1.01 0,98 0,83 0.86 0.58 0.78 0,81 0.87 0,77 0,64 O,69
Mn 1980 0,97 0,74 0.79 0,93 0.71 0,66 0.75 0.79 0.77 0,81 0,79
1981 1,03 1.06¢ 0.87 0.94 0,72 0.82 0,86 0,85 0,84 0,89 0,89
Moan 1.00 0.92 0.83 0.91 0,69 0.75 0.8l 0,84 0,83 0.78 O.84
Total 1979 1.02 0,98 1.00 0,90 1.05 0,99 0,99 1.01 0.87 0,99 0,98
Fe 1980 0,97 1.0¢ 1.10 0,90 1,00 0,88 0,95 0,93 0,98 0,93 0.97
1981 1039 1430 130 1.15 1.37 1,30 1.32 1.29 1.29 1.29 1.30
Mean 1. 13 1.11 1013 0,98 1. 1‘ 1.“ 1.9 lgm 1.0% lom 1.03
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4.2.7.1 Punoff and concentration of nutrients

Amlysis of the correlation co~efficients (Teble 4,22,1)
drawn between rxunoff and concentration of nutrients in the sediments
revekled that there was significant positive correlation between
runoff and concentration of organic carbon, total potassium, total
sxchingeable magnes fum, total manganese and total irony in cass of
other nutrients the relationships were positive but not signifioant,

4,2.72 5011 loss and concentration of nutrients

Amalys is of the correlation between soil loss and nutrient
concentration in the sediment indiosted non-s ignificant (MTable 4,22.2)
relationship except in mse of toeal magnesium and total iron con=-
centration in the sediment in theﬂbnc soll, 50 no attempt was made
to £ind out the relationship between soil loss and nutrient concen-
tra tions,. under other cropping systems,

4,.2.7.3 Correlation hetween concentration of organic carkton and other
nutrients

Carrelation betctween concantration of organic carbon and
other nutrients indicated a highly sicnificant relationship (Table
4,22.3).

4,2.8 Effect of different cropping systems and management practices
on nmutrient losses in eroded sediments

4.2,8,1 Oorganic carbon

The dath on organic carbon loss in sediments are presented
in Table 4.23, The loss of organic carhon in ths eroded material
was comphAratively small 189,9 kg / ha during the first yeax but
in second year it incressed to 347.1 kg / ha and in third year it
was as high as 1892,7 kg / ha, In 1979, the maximum loss occurred
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Thble 4,22,1 Relationship between concantration of nutrient elements
in exrvded soil and monthly runoff (mm) for bare fallow
treatment (Pooled for 1979, 1980 and 1981)

Nutrients Regress ion equation r

organic oaxbon (%) Y= 0,641 + 00,0137 x 0, 563 »»
Total K (ppm) Y= 266,972 + 5,1238 x 0.524*
Total Mg (ppm) Y= 13%09.843 + 31,1410 x 0,545*
Total Mg (ppm) Y= 84.433 + 11,5630 x 0.480*
Total Mn (ppm) Y= 235,2670 + 3,.29285 x 0. 499+
Total Fe (%) o 1.9524 + 0,0384 x 0, 625 »*

* gignificant at 5%; ** gignificant at 1%

Table 4,22.2 Relationship between concentration of nutrient element
in eroded soil amd monthly soll loss

mtrients Regress ion egquation o
Total Mg (ppm) Y= 1787.229 + 53.910 x 0, 683 *+
Total Fe (%) Ym 2,626 + GC,083 x 0, 504 *

Table 4,22.3 Relationship between concentration of nutrient element
and organic carbon (%) in soil under are fallow

treatment

Nutrients Regress ion equation r

Total P (ppm) Y= 100,079 + 137.826 x 0, 72w
Total K (ppm) Y= 46,015 + 356,632 x 0,889**
Total Ca (ppm) Y= 122,094 + 991,943 x 0,528+
Total Mg (ppm) Ye 817,509 + 1573,354 x 0,671+
Bech K (ppm) Y= 23,506 + 528,924 x 0. 5S0*
Exch Ca (ppm) Y= 6,339 + 1126,528 x 0.786 **
Rxch Mg (ppm) Y= 22,229 + 104,052 x 0, T78%*
Total Zn (ppm) Y 49,770 + 113,858 x 0.822#%
Total Cu (ppm) Y= 12,772 + 113.146 x 0,732%*
Total Mn (ppm) Ym 91,121 + 231,143 x 0,853 »*
Total Fe (%) Y= 0,958 «+ 2,070 x 0, 819w
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Table 4,23 Monthly losses of organic carbon in kg / ha in different
years as influenced by varied cropping systems

Trea tments My Jun Jul Aug sep oct Total

1979
Grass cover 10,14 99,52 8.56 118,22
Sare fallow 25.16 202,58 19.16 246,90
M ize along 11.80 134,85 44,62 191. 27
M ize across 9.81 85,92 29,52 125,25
sole rice 11.62 120,90 20,33 152,85
Topo-sequential -~F 18,33 98,12 49,38 165.83
Topo-sajuantial +r 30.45 107,54 18,26 156,25
Mixed -F 11.34 233,09 13,74 258,17
Mixad +F 18,59 130,86 37.33 186,78
Maean 15,60 148,25 26,03 189,88
Se Em t 2.32 20,11 ‘.31 18.81

1980
Grass cover 16,20 21,70 4.82 2,13 O, 21 - 45,006
mre fallow 38,90 311.88 71,46 51.41 20,55 1,72 495,92
Maize along 37.5%8 244.61 33,81 30,5 79.12 0,81 426,43
M ize acroes 28,12 233,08 59,93 25,41 29,52 0,75 376,81
M ize intercropped 50,98 223,02 38,64 80,50 8,89 0,36 402,39
sole rice 32.41 131,79 385,13 13.25 18.76 - 239,34
Topo-sequential «P 39,13 219.20 49,52 32,37 10,42 0,13 350,77
Topo-sequential +F 27,13 198,02 57.317 5.27 10,86 0,36 299,01
Mixed +F 31.65 308.84 28,83 6,80 10,26 3,00 389,38
Moan 33,25 225,70 41.33 26,30 19,69 0,82 347.10
S. Bm ¢ 2,92 30,80 5,99 7.69 7,05 41,29

1981
Grass cover - 39,60 169,68 34,92 244,20
mre fallow 231,48 084,08 903,69 392,04 2611, 29
Maize along 322,951242.68 769,10 282,35 2617.08
Mmize across 158,76 1145.04¢ 738,48 290,16 2332.44
Maize intexrcropped 446,401301,67 620,16 465,48 2833,71
50le rice 110.70 979,37 577,32 184,73 1882.12
Topo-gequential +F 230,99 746.28 520,29 155,51 1653, 07
Mixed -F 299,35 722,12 431.64 62,46 1445,.57
Mixed +F 176,17 695,88 514,89 109,20 1496, 14
Mean 215,77 893,50 572,38 211,05 1892, 69
31.49 116,52 65.71 44,98 241,687

&, Em +
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in the month of July which amounted or 78 per cent of the total loss
during the year whereas in 1980 and 1981 the maximum loss was recorded
in the month of June and July and July and August whch accounted for
76,9 and 77.4 per cent of total loss in two successive years,

respectively,

Among the different cropping swstems tried, the grass cover
proved to be most effective in reducing tha loss of organic carbon
through excsion followed by sole cropping of rice, strip cropping
and mixed cropping systems., Gxsss cover reduced the organic carbon
losses by 52, 91 and 91 per cent in three successive years over bare
fallow treatment, under strip cropping without 2ny fertiliser appli-
cation there were reductions of 33, 29 and 32 per cent and that of
with fertilizer appliomtion reductions of 37, 40 and 37 per cent in
three successive yers, respectively, It is furcher, interesting
o note that mixed cropping with fertilizer appliation was able
to reduce tha organic carbon losses by 34, 21 and 43 per cent in
1978, 1980 and 1981, respectively but mixed cropping without any
fertilizer application reduced the loss of organic oarbon in the
first two years by 24 and 21 per cent whereas in the third year,
it caused appreciable reduction (43 per cent), Prlanting of maize
acxoss the slope, althoughwas able to reduce soil loas by 49 and
24 per cent in the first and second year of cropping but it reduced
the loas by only 11 per cent in the third year of cropping.

4,2.8,2 Total phosphorus

It is ovident from the data given in Table 4,24 that 1981
proved to be more hazardous in causing maximum loss of phosphorus
19.85 kg / ha as compared to the losses of 6,3, and 5.6 kg / ha
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Table 4,24 Monthly losses of total P in kg / ha in different years

as_intlusnced by varied crepplng systems

Trea tments My Jun Jul Aug sep oct Total
1979
Grass cover 0. 34 2.44 0.33 - 3,11
Mare fallow 0.79 5,09 1,04 1.28 8,120
Mmizxe along c.38 3,63 1.48 0,27 8.76
M ize across 0,33 1.92 1.00 0,24 3,49
M ize intexcropped 0,28 6,89 0,51 0,33 8,01
sole rice 0. 46 2,83 0,57 0,57 4,43
qumntul +F 1.16 3.‘9 0,75 0, 66 6,06
nix‘d +F 0. 60 ‘070 1.99 1.31 8. 60
Mean 0.54 4,13 1.0¢ 0,59 6,31
Se Em + 0,09 0.57 0,17 0,13 0.70
1980
Grasg cover 0,20 0,32 0,10 0,03 Q.10 - 0.7%
mzre fallow O.44 4,82 .30 0,78 0,57 0. 19 8.10
Maize along 0,37 3,86 0,53 0,36 2,31 0,07 7.50
M ize across 0,30 3.88 8,98 0, 27 0. 69 0, 08 6,20
Maize intercropped 0.%52 3,78 0. 69 1,7¢ 0,20 0,03 6.96
sole rice 0.,3% 2,24 0,80 0,25 0,45 - 3.89
Topo=sequential «F 0,49 3,92 0,75 0,51 0,33 0,02 6,02
Tapo-gsequential +F 0,26 3,23 0,93 0,07 .18 0,04 4.71
Mixed =F Q.28 4,78 Q. 55 O. 22 0. 23 0,09 6,12
Mixed +F 0s31 4.32 0,49 0,11 0O,2¢ 0,15 $.62
Maan 0.3% @&.51 0,69 0,43 0. 53 0,07 5.59
5. om 2 0,03 0,43 O0,1¢ 0,16 0,21 ¢,02 0.66
1981
Grass cover - 0. 37 1.58 0. 36 2,31
are fallow 2.64 10,12 9.17 30 98 25. 91
Maise along 5,38 12,61 10,65 0,79 29,43
l‘!lila acYoss 2. 20 13.0? 7q‘9 °Q89 23.85
Ma ize intercropped 5.57 13.21 7.08 2,14 28,00
Sole rice 1.44 8,50 3,61 8.89 14,44
Topo~gequential ~F 2,61 11.17 4,37 0,86 19,01
Topo~geuential +r 3,20 8,52 4,82 0,92 17.46
Hixed -F 2.29 8,46 4.5 0,26 15,81
Mixed +F 1,66 10,84 9.54 0,53 22.56
Mean 2,70 9.69 6,30 1,16 19.8%
8o Em 4 0,46 1,20 0,9¢ 0,89 2,54
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during 1979 and 19680, respectively. In July there was maximum loss
of total phosphorus(4.13 and 9.69 kg / ha accounting for 65 and 49
per cent of the total loss during 1979 and 1981, respectively).

In 1980, the maximum loss occurred in June which amounted to 63

per cent of the total loss in the year, wWith regard to the effect
of warious cropping systems and managemeant it followed similar trend
of variation as was observed in cmse of the losses of organic matter;
the total phosphorus loss, however, much lesser than any other
nutrients.

4,2.8,3 Total potassium

An apprisal of the data in Table 4,25 suggested that pota-
st ium loss increased rapidly from first yeaxr (45.42 kg / ) to
third year (1025.27 kg / ha), In July there was maximum loss to
the extent of 32,77 kg and 494,36 kg / ha amounting to 72 and 48
per cent of the total losses of 1979 and 1981, respectively. As
regards the effect of cropping systems on pothssium loss 23,76 to
114,01 the losses ranged f£rxom 43 kg / ha under grass cover to 62,4
to 1688,26 kg / ha under intercropped ma ize,

4,2,8,4 Total omlcium

A parusal of the data in Teble 4,26 shows that the total
cdalcium loss was highast during 1981 and followed by 1979 and 1980,
Again the loss was cClosely related to the pattsrn of soil loss.
Grass cover was found to be most efficient in reducing the oalcium
loss., High oalcium loss was obtained in bare fallow followed by
waize intaxcropping system,
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Table 4,25 Monthly losses of total K in kg / ha in different years

25 _Anfluyenced by varied cropping systems

Trok tments May Jun Jul Aug sep oct Total
1979
Grass cover 2.71 17.“ 3. 61 23.7‘
mre fallow 7.04 38,19 7.15% £2.38
Maize along 3.29 29,03 10,14 42,46
MAaize across 2. 36 15,60 70 51 25, 47
mine intercropped 3,08 55,09 4.23 62,40
s0le rice 3,78 23,5% 5,30 32,63
Topo~sgejuential -pF 4,30 22,38 12.86 39.54
Topo-gejuential +F 7.84 27,34 5.16 48, 54
Mixed ~F 3.31 64,78 4.82 72.88
Mixed «+F 6.14 34,34 13,63 54,11

Mean 4.39 32,77 7.44 45,42

., Em + C. 61 5. 08 1.12 g. 00
1880
mas cover 6. 18 7 ® 93 1. 97 OQ 61 O. 10 - 16. 73
are fallow 18,84 118,89 26,68 19,10 6,74 1.53 188,78
M ize along 22,75 90,96 11.94 10.17 20,21 0.71 156,74
M izae across 12,84 79,96 18,40 7,853 6.92 0,67 126,32
sole rice 15.83 47,92 11,41 4.98 4,62 84.76

Topo-gejuential -F 21,13 75,72 18,82 8,65 3,02 0,17 127.581
Tapo-sequential +F 15,31 60,62 22,38 1,71 2,57 0,55 103,14

Mixed «F 14,05 104,52 15.856 5.79 2.48 0,87 143,27
Mixad +r 18,13 92,65 15,32 2,65 2,94 1.66 133,35
Mean 16,86 76,10 15.42 8.98 5,22 0.6% 122,92
S. Em + 1.65 9,92 2,16 2,7% 1,79 0©.16 14.84
1961
Geass cover - 11,29 80,60 22,12 114,01
parxre fallow 109,98 514,93 381.56 220,70 1227.14
M ixe along 122,72 524,68 432,97 121,92 1202, 29
M ize across 67,03 725,19 467.70 183,77 1443,69
M ize intercropped 169,63 732,79 392,77 393,07 1688, 26
sole rice 31.16 432,74 365,64 136,04 965,58
Topo-sequential «F 79.46 619,55 200,98 79,34 979.33
Topo-seajuential «+F 97.53 472,64 219.68 112,56 902,41
Mixed -F 87.15 469,07 273,37 26.37 855.96
Mixed +F 84,21 440,72 289.86 59,28 874,07
Mean 84,88 494,36 310,51 135,52 1028, 27

S. Em + 11,85 63.97 37.93 35,00 132.09
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Tmble 4.26 Monthly losses of total Ca in kg / ha in different years
as influenced by varisd cropping systexs

Trea tments May Jun Jul Aug Sep oct Total
1979
GCrass cover 6,00 38,47 6.80 51.36
Bare fallow 21,66 112,03 23,08 156,77
Ma ize along 6,60 91,63 28,47 126,70
Maize across 4,72 40,79 17.20 62.71
Maize intercropped 5.00 1%3,21 10.00 168,21
sole rice 7.60 48,66 15,03 71,29
Topo~gequential ¥ 11,46 50,92 37.94 100,32
Topo~sejuantial +F 21,46 68,35 19,25 109,086
Mixed «F 3,34 123,89 18,69 147,92
Maan 9.78 83.23 22.16 112,15
Ee. B 4 2.11 12,40 3,86 12.83
1980
Crags cover 4.54 4,76 1.1 0,51 0,23 - 11.19
mre fallow 10,01 086,16 24,36 16,98 15,21 1.96 171.04
Mrize along 8.26 103,74 92.07 7.39 46,92 1.37 176,75
M ize acxoss 7.06 65,95 15,77 6.47 15,%7 1.24 112,006
Maize intexcropped 14.9% 59,85 10,83 37,89 3,64 0,51 127,67
50le rife 9.65 32,95 9.98 4,36 7,22 - 64,16
Topo-sequential -F 8,96 58,12 14,84 14,00 4,98 0,24 101, 14
Tapo-sejuential +F 6,59 46,73 18,24 2,14 3,13 0,68 77.51
Mixed -F 6.,7% 78,39 9,07 1.79 2,99 1.2 106, 20
Mixed +F 8,65 77,21 8,78 4.11 4,73 3.68 107.16
MeAn 8.54 61.3% 12,21 15.21 10,46 1.09 105.49
&Q m :"_ 0.88 3095 2. 01 308‘ ‘. 36 0.31 1.3’
1981
Grass cover - 16,57 126,98 20,54 164,09
Bre fallow 120,76 508,90 736,34 255,55 1618,.58
!ﬂk. .lcﬂq 1560 31 6059 4 507.03 19%.35 1‘68. a8
M ise across 77.85 438,93 412,32 164,42 1093,.852
M ize intercropped 238,67 757.86 516,80 251,70 1765,.03
8ole rice 42,64 552,70 440,69 74,46 1110.49
Topo-gequential «r 114,59 510.31 224,25 52,90 902,05
Topo-gequential +r 96,10 455,23 311,40 91,82 984,55
Mixed ~F 84,09 382,66 233,80 127.76 728,31
Mixed +¥7 70.91 463,92 533,96 79.04 1147,.83
Mean 100,19 468,48 406,36 121,75 1095, 28
Se Em + 17.61 118,95 57.61 28,17 146,19




4.2.8.5 Towal magnes Lum

In contmst to the caloiue loss, the spount of megnesium
lose (Table 4,27) was highest in the third yesr (825.,6 kg / a)
and lowaest (31,57 kg / ) 4in the first yeaz, In July there ws
maximum loss (About 72 and 4% percentages of cotal losses in 1979
and 1981, reepectively. In 1980 the maximun loss was in June,
Gxass cover was founkd t be the best in reducing the megnesium
loes, followed by s0le Cropping of rice,

4,2.8,6 Bxxhangeable potass fuma

A crictical stiy of data (‘Mmble 4,48) indicmeed that loss
of exchangeanle potassium in s0il sediment was much lower, 8s COmw
pazed to total potassium loss. The loss of sxchangaanle potassium
was lowest (7.88 kg / lm) during first yesr but in subseguent years
it increased to 36,%4 and 45,17 kg / ha, respectively, More than
75 apd 50 per cent of the towsl loss ocourred in July during 1979,
and 1981, respectively wherens in 1980 the loss more than 70 par cent
of the total loss occurrsed in June, Among tha various cropping
systams tried grass Cover resulted in maximum conserwcion of
aexchangesable potassium and this was followed by sole cropping of
rice, M:re fallov registared maximum loss,.

4.3.8,7 sxchangesole onlcium

A perusdl of data (Table 4,29) revealed that pattern of
logsas of exchangoaole calcliua was similaxy t total oalcium, Lows
was minfmes during flxst yehr and very high during third yesx, The
loes in July were more then 72 and 43 per cent of wotal loss in 1979
and 1981 whereas it was only 15 perx cent in 1980, In 1980, maximum
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losses of total Mg in kg / ha in different years

as influenced by varied cropping &ystems

Troh tments May Jun Jul Aug sep oct TOtAl

1979
Grass cover .78 13.08 0,39 17. 25
are fallow 4.48 26,21 5.89 36,58
Maize along 2,25 19.76 7,57 29,58
Maize acroes 1.76 12‘60 5.‘6 19.82
M ize intercropped 1,68 42,44 3.53 47.65
s0le rice 2,59 17.2% 5.1% 24,99
Topo-gaquential -F 1,86 15.07 12.85 29.78
Topo-saquential +P 4.95 18.73 3.30 26,98
Mixed ~F 1,31 42,12 S.12 48,55
Mixed +¥ 3,98 21.15 9,43 34,56
MeAn 2,66 22,84 6,07 31.57
He EmM : 0.‘1 J.‘B 1.0‘9 3. 17

1980
Gt‘aﬂ coveaer 2. 23 3 * m 0. 8‘ o. 55 0. 07 bad 607 7
Ma ize along 6.86 38,25 5.21 3.76 14,02 0,36 68,46
M izse across 4,06 37,02 8.39 2.74 4.89 0.43 57.53
Ma ize intercropped 9.24 33,10 6.03 11.48 1,33 0,22 61,40
so0le rice 4,%8 19.78 5.%53 2,30 3,23 - 35,42
Topo-gejuential -F 2,98 25,28 8,65 4,82 1,14 0,23 43,07
Topo-gequantial +F 6,27 36,22 6,34 0,67 2,17 0. 02 51,69
Himd "'P 3.70 47‘60 4.'75 2.0’ 1.5‘ 0. SO 600 1‘
Mixed +F 4,22 45,19 4,44 0,95 1,53 1.16 57.49
Mean 4.8%5 32,82 6,38 3.68 3.41 0,38 51.52
5. BEm : 0065 . °o73 1. 10 1. 51 Qe 11 5.0’

1961
GIREs cover - - 75.38 16,87 92.2%
are fallow 63.73 465,61 409,00 173,02 1111.36
Ma ize along 69.45 538,68 377.08 161,58 1146.79
Maize across 37.08 575.48 356,00 156,80 1125,36
Ma ize interxcropped 99.49 598,76 294,58 237.12 1229.95%
sole rice 24,29 390,30 269.13 92,62 776,34
Topo-gequential ~F 67.20 436.86 199,22 70,16 773.44
mﬁaﬂu.nth 1 «+F 57.01 345,34 219.06 83,60 705,01
Mixed -P 52,99 344,58 164,38 28,13 590,08
Mean 51,30 402,20 265,88 106,22 815,60
6,76 4,15 32,63 22,94 108,31

5, B +
-
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Table 4,28 Monthly losses of exchangekble K in kg / ha in different
years 88 influenced by varied cxopping systems

Troh thents Jun Jul Aug Y ] Total
1979
Gréss cover 0, 66 3.02 0,36 4,04
mre fallow 2,75 10.18 0.92 13;35
Maize along Q. 59 5.98 2.26 8,83
Maize BCross 0.40 3.12 1,26 4,78
Maize intercropped 0.29 10,35 0,62 11,26
s0le rice - 4,20 0,88 5,08
m-sﬂmnti.ll -y Q.87 4,31 1.87 7.08
Topo-asuential +» 1.67 5.55 0, 68 7.90
MHixed -F - 7.75 0.8%7 8,62
)llwd +¥ - 5. 42 109‘ 7.36

vean ol EH &R 3:88
1980
gare falliow 50,00 12,85 1.92 1,29 66,06
M ize along 27.32 5,21 1.46 3,62 37.61
Maizxa across 41,26 6.52 1,01 1.40 30.19
Maize intercropped 35,31 3,89 15,92 - 55,12
5013 tit‘-" 19. 18 3.71 zq 11 2029 21' 29
Topo-gequeantial ~F 12,12 8.23 0. 08 0, 41 20.84
Topo-sajuential +F 20,93 6,76 1,70 0,78 30,17
Mixed -F 34,75 8.11 1,00 077 44,63
Mixed +F 39,40 8.:7 0,85 11266 so.g

Moa 26,26 6,49 a. 1.18 36.

Se ;u + 2:43 1. 1.:'} 0.:%0 6,98
1981
G gs Cover - 1. 2‘ 3. 59 Q. 34 5. 17
mre fallow 9,07 37.49 26,11 6,01 78,68
Maize along 9.90 42,80 18,06 2.70 73,46
Maize across S,41 20,13 15.69 2,95 44,18
mize intercropped 13,84 42,91 10,23 5.17 72.1%
sole rice 2,87 16,40 8.90 1.60 29,77
Topo=-gajuentisl ~-F 8,05 25,84 6,21 2,09 42.19
Tapo-sajuential +F 6,84 19.71 6.94 2,73 36,22
Mixed ¥ ‘. 22 2007‘ 6;‘? 1.0‘ 32.‘7
Mixed +F 3.28 23,20 8.54 .83 37.45

. . 45,
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Table 4,29 Monthly losses of exchangeable Ca in kg / ha in different
years 88 influenced by vearied cropping systems

Tred tments My Jun Jul Aug sep Total
1979
Grass cover .45 °.953 1.57 13,25
Bare fallow S.28 20,16 4,57 30,01
M ize along 2.31 19.29 5,24 26,84
mh@ aCross 1071 7.39 3087 12.9?
M ixe intercropped 1415 26,29 2,03 27.47
sSole rice - 8,99 2.46 11.45
Topo-sequent ial -F 3,72 10,33 6,78 20,83
Topo-gequential +PF 8,79 13.89 3,34 26,02
Mixed -7 - 32,26 2,60 34.86
Mixed +7 - 16,63 6,45 23,08
Mea n 2,54 16,25 3.89 22,68
S Em : 0.75 2.51 OQ” 2.51
1980
Grass cover 1,18 1.57 O, 54 - - 3.29
Bare fallow 2,50 23,79 8,95 3,71 3,54 42.49
Maize along 4,24 19,23 3,55 1.95 10.87 89,84
Maige across 212 18,18 5.28 1.43 3,62 30,63
sole rice 2,34 11,03 3.67 1,60 2.75 21.31
Topo-gsaquential ~p 1,24 13,83 6,22 0.38 1.18 22,58
Topo~-sequential +F 4,43 18,61 4,90 4,04 2,24 34,22
Mixed -F 1. 58 29,32 3.88 1.46 1.54 37.78
Mixed +F 2, 56 25,65 3,73 0.76 1.85 34,55
Mean 2,74 18,10 4,49 2.37 2,76 30.47
8' Em : 0.45 2Q 51 0‘68 0.74 0.39 ?. 22
1881
Gress cover - 3,60 14,17 3.61 21.92
oare fallow 25.66 102,99 71.31 38,33 238,29
Maize along 30,79 115,06 78,62 24,81 249,28
Mrise across 13,52 8l.11 73.85 23,94 192,42
M ize intercropped 38,99 123,42 69,25 45,86 277.52
sole rice 10,58 92.62 63,99 16,18 183,37
Topowgagquential -7 24,88 61.96 33,49 18,93 139.26
Topo-sequent ial +¥ 21.39 77.74 47.02 21.77 167.92

Mean 20,69 75,93 85,73 22,28 177,13
S, Em + 2.71 11,35 6. 45 3,90 23,28
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loss took place in June, The loss of exchangeable calcium was

minimum under grmss, strip and mixed cropping Wwas able to check
the losses better than other systems of Cropping.

4.2,8.8 Bxchangeable magnes fum

Exchangeable magnes {um loss (Tble 4,30) followed s imilar
trend of wariation to losszses. that of total Mg loss) it mfﬁfim
first yesar and increased in subsequent years, Like all other
nutrisents, gajor quantity (75 and 43 per cent) was lost during July
in 1979 and 1981, But this loss was only 16 per €ent in July of
1980, The loss of exchangeable magnes fum in 1980 was found to be
maximam (55 per cent) in the month of June, The loss of exchangeable
magnes ium in soil sediment was very low under grass cover, The loss,
however, from plot under maize crop grown across slope, was low when
compared with maize along the slope, The losses were reduced almost
by £ifty per cent in strip cropping and mixed cropping, as compared

to bare fallow,

4,2,8,9 Total zinc

The loss of zinc was found to be comparatively lower than
the losses of iron and manganese, The extant of sinc loss was
lower during f£ixxt year but it increased considerably high in third
yoar (Table 4,31). The proportionate loss was higher (65 and 47 %)
during the July 4in 1979 and 1981 but in 1980 ma jor portion of loss
(56 X) was in June, In 1981 the loss started from June and extend
wto septamber, Among the various conservetion cropping systems
the grass cover reduced the loss of total zinc considerably whereas
in bare fallow treatment the loss incressad by 2 to 8 times to that
under grass cover, The loss under rice cropping was about 60 per cet
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ble 4,30 Monthly lossas of axcimngessle Mg in kg / ha in
diffarent yeare as influenced by waried cropping systess

Trak thents May Jun Jul Aug sep Total
1979
Gress cover G, 09 0, 66 Op1d 0, 87
mrae f8liow Ou 25 1.47 Q. 2 2.00
mize along G 15 1.26 Ge 54 1,95
M lze acroes 0. 13 0,63 Q, 37 113
Mise intexcropped 0. 09 2. 59 O, 24 2.92
&Hole rice - 1,065 O, 24 1.29
Topo-sajuential «F Oe 19 0,79 082 1.%0
Topowsaquantisl +7F 0e3b 0 90 Ce 21 1.46
Hinad «F - 2,42 Oe 20 2,62
Miyxad ¢ - 1.59 0. 41 3.02
Mean 0.13 1,34 Q.32 1.78
Le Em + 0. 03 0, 22 0,08 0,22
1980
CxRss Oovar 0.17 C. 18 0. O7 - - O.42
mre fallow 0. 40 .48 letdd 0,38 021 4,88
I ine along Ca 92 192 0. 47 Cel2 0. 98 4.5)
MR ize across 0,48 1.79 Q.70 Oed2 0.33 3,42
Maize HW’ 0.83 1.71 Co42 0.82 - 3,56
H0le rice 0. 40 1.05% Ceé1l 0, 14 G, 20 2,20
Topomsaguentisl «F O, 24 1.38 Ce 50 0.02 .07 2,21
Topo-g&iuant ial +rF O, 68 2,02 0. 37 O, 24 C. 23 3,54
Mixad P Q. 39 2.28 Ceél 0, 08 G 10 J. 26
Mixec +F 0, 30 3,03 Ce 36 0, Cb Oe. 11 4.08
MeRrn 0. 48 1.78 082 Qe 21 0,22 3.31
b. Em : 0.07 0.25 0. 11 0.07 O‘m 00‘2
1981
Grass cover - Qe Gy 63 2. 54 0, 67 3,64
imre fallow 5,98 18,07 13,39 7.84 45,28
Maise along 9.47 20,38 14,81 4,94 49.4%
Mhize acxoss 4,35 19,09 11.69 5432 40,45
M ize intercropped 11,80 23,14 11.89 13.10 60,03
s0)le rics 3,20 17.486 10,10 3,44 34,20
Topo-geguantisi <7 7.11 13,86 6.3% 306 30,38
Topo-~sejuential +F 8.04 13,68 8,09 399 33,80
Mixed -7 3.82 11,73 6.83 1.53 23.91
Mixed +F 3.77 12,18 8,77 .29 27,01
Mean 5.76 15,01 §.45 4,62 34,83

Be EM + 0.91 1,98 1,17 1,14 4.91




ble 4.3 £ to kg / ha in different years
T le 43 o et by wrled cropning 4yecens o fferent y
Trek tmants My Jun Jul Aug s>ep oct Total
1979
Grass cover 0.17 1,03 0,35 1.45
re fallow 0,34 1.99 0,55 2,89
M ize along O.11 1.60 0,66 2.37
Ma ize across 0.15 G, 89 0,48 ) 9 52
sole rice 0.19 i.52 0,26 1,97
Topo-gaguential -F 0,28 1,16 o.,68 2.09
Topo-gaquential +»¥ 0,53 1.37 0,43 2.33
Mixed +F 0, 26 1,64 2.30 4,20
MeRn 0, 23 1.61 0,62 2.46
5. Em s 0,06 017 G119 0. 26
1980
XREs Cover O 16 0, 26 0. 10 0.05 0.01 - O, 58
mre f‘llcu OQ 36 3.86 1. 33 °¢72 O. K X § 0. 11 6.11
M ize along 0.48 2,70 0,66 0,48 2,03 0,04 6,39
M2 ize across 0, 29 3,37 1,06 0,49 0,78 0,04 6,00
Maize intercropped 0.51 2,31 0,62 1,07 0,28 0,02 4.81
sale rice O.48 1,48 0,73 0,30 0,55 - 3,54
Topo-geuantial «» 0. 25 1,87 1.76 0,13 O, 24 0,02 4,27
Tm“ﬂﬂumtu Y 0.62 2.76 O, 62 O 61 0,30 0, 00 4 91
Mixed ~F 0. 38 5,08 O 74 0,24 0.24 O, 04 6. 69
Mixed +P 0. 27 3,32 0.54 0,19 0,14 0,12 4,58
Mean Q.38 2,70 0,82 0,43 .49 0,04 4.85
1981
Gress cover - 0.96 3.87 1.03 5,86
are fallow 3,68 18,07 14.86 8,65 45,26
mize along 5.43 18,96 10,77 5.78 40,94
Mrize acroes 3.88 13,55 17.48 7.88 ‘2.79
M ixe intercropped 4.85 15,14 8,22 12.41 40,62
sole rice 1.95 17.16 9.81 4,91 33.83
Topo-geguential -¥ 5.90 40,03 6,28 4.70 57.00
Topo-sequential +F 3.76 185,24 10,17 3.91 33,08
Maan 3.92 17097 10.71 $.62 38. 22
S. Bm + 0,39 3,23 1,28 1.04 4.28




of bare fallow, M ize cropping weas found to be most inefficient
in checking the loss of zinc,

4,2,8,.10 Total copper

Copper loss (Teble 4,32) was lowest (2,05 kg / ha) during
the £ixs¢t year and it incressed to as high as 18,56 kg / & 1in the
third year, The maximum loss of 1.43 and 10,0 kg / = occurred in
the month of July during 1979 and 1981 whareaz in 1980 the maximum
leoas (2,50 kxg / ) was recorded in the month of June, Gress cover
reduced the loes of copper appreciably in all the three ysars of
cropping. Among arxable cropping sole rice followed by topo-sequential
and mixed cropping were found effective in controlling the soil during
second and third year of cropping but in the first year arable cropp-
ing was not found effective in checking the copper loss,

4,2.8,11 Total mangeneae

loss of manganese (Twble 4.,33) under grass cover was minimum,
The loss was also minimum during first yeax which increased manifold
during third year., During fixst and third ysar July rains enhanced
mingenese loss. But in second year rain in June caused morxe than
90 per cent of the total losgs, As expected manganese loss underx
bare fallow was maximwn, Cropping with maize caused high loss of
mnganese, almost similar to bare fallow., &strip cropping recorded
comparatively lower amount of loss of minganese than other cropping
8 ys tems,

4.2,8.12 Total ixon

Critimm]l amalysis of data in table 4,34 ghow that the loss
of iron increased by two and six fold during 1980 and 1981 as compared
to the losses in 1979, It followed the pattern of soil loss similar

tn nthar smmetrianiva



Table 4,32 Monthl

as influenced by veried cropping systems

losses of total Cu in kg / ha in different years

Tred thants My Jun Jul Aug Sep oct Total

1979
Grass covar 0.07 1,06 0,28 1.38
mre fallow O, 19 1.17 Q.35 1.71
MAize along 0,12 .41 0,59 2.12
M ize across 0,06 0,91 0,49 1.46
M ize intercropped 0. 97 2.5 0,19 2,85
sole rice 0.10 1.36 0,40 1.86
Topo-gequential -F 0.20 1,12 0,87 2.19
Topo~-seguantial +F C.20 1,23 0,31 1.74
M -y 0. 10 2,48 0,48 3,06
Mixved +7 0. 11 0,94 1.08 2. 10
Mean O.12 1.43 0,50 2.05
S, EMm + 0, 02 G, 19 C. 0. 17

1980
Graes cover 0,18 0,22 0,12 0,08 0,01 © 0.58
Bare fallow 0,33 3,88 1.93 .11 0,31 0,04 7.60
Maize .hm 0. 47 .48 0,90 0. 29 1.19 0.02 5,35
Marize across 0. 21 4,32 1.16 0O, 26 0. 45 0,03 6.43
Maize intercropped Q.62 2,31 0,62 0,98 0.15 0,01 4,69
sole rice o,28 1.5¢ 0,78 C.12 0,36 O 3,08
'!bpo-sﬂuenml ny 0,19 2. 30 1.14 0,03 0,13 0,01 3,80
Topo~saquant ial +F 0,31 2,30 0. 61 0. 27 0,19 0 J.e8
Mixed ¥ 0,2% 3,14 1.01 0,18 0,16 0,Q3 4,77
Mixed +F 0. 18 2,47 0. 47 0. 07 0. 16 0, 04 3.39
Mean 0,30 2.50 0,87 0,34 0,31 0,08 4.34
5. Em + V05 ©0.36 0.15 0.12 0.11 0,02 L BR

1961
Grass ~ovar - Q.43 1.53 G,32 2,28
Bare fallow .35 10,84 5,62 2.85 21.66
mize along 2.84 16,66 8,87 2.18 27.5%
M ize acCross 1.98 10. 7 6a 658 2. 37 al. 97
Ma ize mmm.d 3.30 17.3¢ 3.62 5.00 29.28
Sole rice 1.01 8,68 4,38 1,72 15,76
Topo~geguential ¥ 3,41 8,32 3.77 1.8 17.13
Mo-aquonthl +F 2,93 .27 4,09 2,19 18.48
Mixed -F 1.61 11,54 3,60 1,058 17.80
Mixed +P 2.01 6,03 4,58 1,09 13,71
Mean 2,14 10,00 4.37 2,04 18,56
C, 25 1.54 0,46 U, 40 2.39

E.Enz
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Table 4.33 Monthly losses of total Mn in kg / ha in different years
as_influence by varied cropping systems

Treh thents May Jun Jul Aug Sep oce Total
1979
GXRgs cover ‘ °. 29 2. 49 Q. 39 3. 16
mre fallow 0,70 4,48 0,87 6,05
Maize along 0,32 3.54 1.36 5,12
Maixze across 0.32 2.16 0. 97 J.44
Maize intercropped O, 14 6,36 0,66 7.16
sole rice 0,36 3,14 0,83 4,33
Topo-sejuential «F 0.6 3,16 2,17 5.92
Topo-gequential +F 0,90 3,01 0O, 88 4.58
Md “’ 0. 18 7. 55 0. 93 8. “
Mixed +F 0,35 3.51 1. 16 5002
Mean 0.41 3,94 0,99 5,35
5, Em + 0. 08 c.88 0,18 0,53
1980
Grass Ccover 0. 38 0, 88 0. 16 0,08 0.01 - 1.18
mre fallow 0,71 7.16 .98 1.O07 0.90 G, 14 12,41
Maize along 0.7% 6,73 0,91 0,68 2,48 0,05 11,60
M ize acrces 0.63 7.26 1.4 0,76 1.36 0,09 11.64
M ize intercropped 1.15 6,43 1,03 2.1%9 0,18 o©,04 11.01
5@1. )‘.‘1@0 0. 74 3. 28 O. 98 0. ‘0 Q. 62 - 60 01

Topo-sequential -F 0,49 5.56 1,52 0.13 0.32 0.08 8.07
‘!‘mo—aﬂ\nnthl +¥ 1.01 S.91 1. 30 0,83 0.57 0002 9.65

Mixed ~F 0. 55 8,65 0,87 0,42 Q.33 0,12 10,94
Moan 0. 69 0. %9 l.11 Q, 67 0.72 Q.70 9.17

5, m+ 008 074 0,16 0,20 0,23 0,02 1.08

1981

Grass cover - 1.50 6.50 1.41 9.41
mre fallow 10,22 42,00 385,14 15,98 103,34
Maize along 12,92 42,34 30.48 9.20 94,94
MAaize across .82 47,71 31.38 14,27 99.18
M ize intercropped 15,33 46,76 19,38 18,10 99,587
s5ole rice 3,73 40.24 26,22 7.%9 77.78
Topo-sequential -F 12,13 44.84 20,98 7,24 85,19
Topo-gaquential +»r 8.38 27.98 19,65 7.03 63,04
Mixad +F 6,04 31,89 18,88 4.73 61.54

Mean 8.29 35,92 22.75 8.88 75.8¢
5. Bm 4 1.16 4,35 2,62 1,75 8.96
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Table 4,34 Monthly losses of total Fe in kg / ha in different years
as influenced by varied cropping systems

Treatments My Jun Jul Aug bep oce Total
1979
Grass cover 27.6 201.1 41.2 269,.9
Bare fallow 47.5 364,44 83,1 495,1
Ma ize along 24,8 279.,1 126,9 \ 430.9
Maize across 25,4 199,2 100,4 325.,0
Maize intercropped 18,8 5%58,9 45,7 623.5
sole rice 37.% 237.9 63,4 328.8
Topo-sequential -p 39,9 244,00 205,6 489.5
Topo-seguential +§F 62.6 247.9 66,8 37%.9
Mixed -F 14.8 612,0 102.4 729.2
Mean 34,1 323, 99.9 457.9
8. Em «+ ‘. 56 ‘6. 5 16.“ ‘5.03
1980
Grass cover 37.3 58.4 10.4 8.4 1.3 - 115,9
Maize along 101.9 682,00 79.1 68,6 237.0 $.5 1184,2
Mhize across 69,5 702,2 126.7 54.2 92.0 8.0 1082.7
Maize interxcropped 108,1 586.4 94.1 199.5 16,8 3.6 1008,.5
Topo-sequential -» 50,3 378.7 138.1 12,3 18,2 3,7 §98.3
Topo=-geuentiac +F 96,1 478.4 83,5 80,6 30,2 O. 4 769.2
Mixed -F 59.9 742.6 79,5 38,6 25,5 8.1 951.2
Mixed +F 56,6 567,00 72.6 16, 8% 27.8 12.4 752.7
Mean 72.2 530,11 94,1 62,0 57.4 §, 8 821.8
S, Bm 4 7.3‘ 77.0’ 13037 180” 21077 1.33 111. 1‘
issl
Grass Ccover 211.2 820.1 160,1 1191.4
oare fallow 983.8 4607,3 3882.5 1452,0 10925,6
Mmize along 1098,0 5154,.8 2848,5 1138,7 10238,0
Mr ixe across 576,.2 5343,5 3630,9 1402,4 10953,0
Maize intercropped 1398,7 4917.4 294%.,8 2310.,2 11872.1
sole rice 401,.8 3947.,8 2549.8 887.8 7187,.2
Topo~-gequential ~F 1087,3 4187.5 2009.8 849,.1 8103.7
Topo-gequential +F 9206.,8 3358.3 2081.2 784,.9 7133.2
Mixed ~p 795.1 3394.6 1978.4 360,9 6529.0
Mixed +F 587.2 3018,5 2326.5% 582.4 6511.6
Mean 783, 5 3810.8 2507.4 992.4 8094,.0
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As usual loss of iron was maximum under bare fallow,
Intens ity of vegetal cover restricted soil loss and this also
reduced loss of iron,

4,2.9 Estimation of some parameters of universal soil loss egquation
4.2.9.1 Rainfall erosivity factor 'R’

Monthly and yearly erosion index values of experimental
site for the three years (1979 - 81) are presented in Table 4.35,
The erosion index values (EI,,) were 1306,04, 902,71 and 803,62
t/ a/ ysar in 1979, 1980 and 1981, respectively with 7 yesars
average velue of 1159.94, (Fi96.)

Oon an average 98 per cent of erosion index values were
concentrated over the pericd from April to October and 79 per cent
during the seasomal reinfall period from June to September., The
erosion index is maximum in July except in 1980 where it was maximum
in the month of June,

4,2.9.2 5041 erodibility factor °'K’
The average soil erodibility factor based on three years
data was worked out to be 5 kg / ha / unit of rainfall factor.

4.2,9.3 Crop mamagement factor °‘C*

The grass cover offered maximum protection (Teble 4,37)
with a very low wilue of ‘'C*' (0,133), Intercropping of maise,
followed by maize planted along the slope and across the slope cave

lowest 'C' values and they were 1,056, 0,921 and 0,887, respectively,

Mixed cropping and sole cropping of rice followed by topo-
sequential cropping were quite effective in reducing the soil loss
with °*C' velues ranging from O,8568 to 0,664,



™ble 4,35
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Monthly distribution of rainfall and erosion index values
at Burnihat during 1979 - 81

R in- __Monthe —
fall Jan Feb MAar Apr My Jun Jul Aug GSep OCt Nov Dec

1979

Mmine 0 28,4 O 171.7 120,7 198.4 433.8 184;9 106.4 165,33 24,9 7.6
fall

EI, 440 c 0.3 © $.7 2.0 3.8 24,3 5,6 3.8 6.9 0,3 ©

xzao 0 7.1 © 139.6 70,0 92,2 592.6 136.9 92,2 168.,% 7.1 ©O

BI{%) (o] 0.5 © 10,7 S.4 7.1 45%5.4 10,5 7.1 12.%9 ©.,%5 @

Qumilative

(EX (%) © 0.5 0.% 11,2 16,6 23,7 69,0 79.5 86.6 99,% 10Q0 100,0
1980

Raine

fall (o] 18.8 55,6 82,3 277.1 45C,1 252,00 192.8 191.5 80,0 © 0

El 440 o} Cel 0.6 0.9 5,8 17.5 6.4 3.9 3,5 1.1 © 0

ELq o} 3,2 13.7 20.8 141.8 428,0 15%.6 96,1 85,6 27.8 © 0

BI(%) 1 ¢) [+ 1.5 2.3 14,6 44,0 16,1 9.8 8.8 2.8 © 0

Cumue

lative © ¢ 1,5 3.8 18,4 62,4 78,5 88,3 97.1 99.9 © ]

RX(%X)

19861

Raine

fall 64.5% 24,4 40,6 77.6 47,2 104.4 441,22 214,.9 222,0 19.5 2.% ©

“1«0 0.8 0,2 © O.4 0,1 ©O0,9 18,7 4.6 7.2 O ) (o}

I3 18.6 3.9 O 10,3 1.2 21.8 458.6 112.9 176.8 © o 0

EI{%) 2.3 0.% © 1.3 0,2 2,7 %7.0 14,0 22,0 © 0 ()

Cumie

lative 2.3 2.8 2.8 4.1 4.3 7.0 64,0 78,0 100, 0

BRI (%)

Avarage

for 3 years

(1979-1981)

Raine

fall 21.5 24,2 48,1 110.3 148.3 250,0 375.7 197.% 173.3 88.3 9.1 2.%
BI040 063 10,2 062 243 2.9 7.4 16.%5 4.7 4.8 2.7 ©1 O

xxm 6.1 4,7 4,7 87,0 71.0 180.6 402,.4 115.3 118.1 64.% 2.% O

RBI(%) ©.&6 0,5 0,5 5.5 6,9 17.5 39,1 11.2 11.4 6.3 0,2 O

Cumlative

BI (%) ©O.,6

le1 1.6 7.1 14,0 31,5 70,7 81.9 93.4 99,8 100,0
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Table 4,36 Estimation of soil erodibility factor 'K' in different
yoars
Rainfall Observed Slope Adjusted Estimeted
Year factor s0il loss gradient soll loss ')* (kg/
(R) (A®) fxrom factor(s) (A) (kg/ ha/unit R)
bare fallow for 8% % ha/year)
(kg/ha/year )s lope
1979 1306, 20 17.8000 20 890, 00 0. 68
1980 972,60 28,040 20 1402, 00 1.44
1981 803,60 205,610 20 10280, 50 12.79
Mean 1027.46 83.817 20 5.00 kg
or
0. 008 t/a

1004,12 x 0,005 = 5,02 tonnes / e / YOar,

The 204l loss under bare fallow at 9 per cent slope as per
estimated reinfall and erodibility factor will be (A = R x K) L. e.
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Tmhle 4,37 Crop mamagement factor °‘C*' for different systems of

cropping
Cxop stage periods
rrom Fram From From From Total
sowing 1st ist lst st
to 23 June to July to Aug.to sept,
particulars days 30th Ilst 31st onwa rds
after June July Aug.
sowing
8th may
to 3ist
May

Av, °'R* for 3 yrs. 71,04 180,62 402,36 115,34 457.55 1226,91

R % of total R 5.79 14,72 32,79 .40 37,30 100
504l loas mtio (%)

Grass cover 83,85 4,78 8,32 21.43 12,91 100
Bare fallow

mize along 132,69 79.%53 96,1% 85,77 81.48

M ize across 82,69 71.61 98,60 91,12 79,18

mize intercropped 134,62 113,72 106,93 80,16 103,14

8o0le rice 96,15 44.98 80,31 70,99 51.23
Topo=-gsequential

cropping =P 59,62 84,93 86,00 856,76 45.28
Topo-gequential

cropping +F 117.31 84,77 66,89 58,81 49,62

Mixed cropping -F 71.15 92.90 74,32 54,79 28,79

% X 50
¢ wlue - (B2 ol e X

Gress cover 0,031 0,007 0,027 06,020 0,08 0,133
mre fallow

Maize along 0, 0717 0,144 0,318 0,081 0,304 0,921
M ize across 0, 048 0,105 0,323 0,086 0,295 0,857
M ize intercropped 0,078 0,167 0.351 0,07% 0,388 1,056
sole rice 0, 002 0,066 0,263 0,087 0.191 0,589
Topo-szequential

cropping -PF 0,038 0,128 0, 282 0,083 0. 169 0, 664
Topo-gequential

cropping +F o, 068 0,128 O. 219 0, 088 0, 188 0,652

Mixed cropping ~F 0,081 0,137 0.244 0.0%2 0,108 0,582
Mixed cropping +F 0,041 0, 107 O, 209 0, 056 0. 155 0. 568
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5. DISCUssSION

In northern region, comprising the states of Assam, Manipur,
Meghalaya, Nagsland, Tripurs, Arunachal Predesh and Mizorsm, about
2.7 million hectares of land are under ‘Jhum’ cultiwetion. ‘Jhuming’
or shifting cultivation consists of clearing a patch of forest on
steep slopes after cutting and burning of the vegetation and allow-
ing the felled material to dry uwp and burn. The patch so clesred
on steep slope is worked out by manual labour, the seeds are mostly
dibbled by dibbling sticks (or in other words go through the process
of minimum tillage). In most cases more than one kind of seeds are
sown in mixed cropping pattern, The ¢xops are taken for 2 to 3
years on the patch and then the site is abandone, the cultivetors
shift to another nevw location, The cycle of this shifting has now
come to0 3 tO S years in Meghalays due to the increase in pressure of
population. As has been reviewed earlier, no work on the water,
soll and nutrient losses as influenced by different cropping systems,
at such steep slopes haa been conducted, The results of the present
investigation simulating the practices followed by shifting culti-
vators, have provided good scope to discuss the results along with
the informmtions already available on less slopy &xeas with rela=-
tively lower precipitation and to throw light on the problems and
prospects of stable agriculture in this part of the country.

5.1 Craopping systems their productivity and sustenance in production
One of the important pre~requisites of any cropping system

is that it should be economically viable and stable in production,

T™he yield data given in Table S.1 indicated a gradual fall in the
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v
Table 5.1 Percentage decretse (-) or incresse (+) of yleld of different
cropes under different systems of cropping and mapagement

practices
Percentage decrease (-)
Crops or increase (+) cYex \ST3
1980 1981
M ize Across - 14 =28
Along - 30 =37
Intercropped - 37 -37
Topo-sequential -F - 44 +12
Topo-saduential +» - 43 -17
Mixed cropped ~F -73 -8
Mixed cropped +¥ - 88 -21
Rice sole¢ cropped - 25 -81
Topo-gequential -F - 8 -82
Topo-sequential +F - 18 87
Mixed cropped ~F + 17 Failed
Mixed cropped +rF + 32 Failed
Fox tail Topo-sequential -F + 13 -22
millet Topo-sequential +F .9 -33
Mixed cropped ~F - 43 +38
Mixed cropped +F - 49 =30
Cassave Topo-gequential F - 65 «51
Topo-gequential +P - 45 -54
Mixed cropped ~F + M -54

Mixed cropped +PF + 24 -3
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fable 5.2 Monetary walues (Rs,/ha) of production per hegtare
aMWMffm‘gmwwmmm
menagement practices in steap slopes

A s B A TR GG AN ARG A e SRR AR W NGRS SR AN TR PR WD W D W R WP A AR S SN Ak A T A B

Years Maize Malze Maiszse Scle Strip Cropping Mixed Gxopping
along ag¢cross inter- rice < 4P - ¥
CIO=
pped
W G G N G S DS G W M U AN G A S D AN A SN G AN W G I D AP Uk N AU R AW O W R
1979 1589 199 1599 833 2262 3198 I 8
1980 1256 1680 95¢ 621 1453 1769 25711 3207
1981 1327 1328 1251 156 933 1084 1331 22%

Méan 1547 1506 1268 536 1549 2017 2564 3494
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Yield level of crops with the passage of time irrespective of
the cropping systems tried although the magnitude of yield decline
varied with different crops in different ysarxs,

The extent of yield decreases in maize in the second and
third year were 30 and 37 % when planted along slope, 14 and 25 %
when planted across the slope, 37 and 37 % when intercropped, and
43 and 17 % under topo-sejuential cropping with fertilizer applica-
tion, respectively., The yield decline in case of rice was not so
high in sescond year but it was extremely high (67 to 82 per cent)
in the third year and it failed even to produce any grain under
mixed cropping system. In fox tail millet under topo-ssquentisl
system of cropping, there was an incresse of 9 to 13 per cent in
grain yield in second year but in third year, the yield decreased
by 33 and 22 per cent with and without fertilizer application. In
fox tail millet when grown under mixed cropping, the yleld decline
in second year was 43 per cent but it increased by 38 per cent in
third year without fertilizer application. with fertilizer the
yield decline was 49 and 30 per cent in second and third year,
respectively. Cassawva perfommed well under mixed cropping situa-
tion when the tuber yield rather increased by 24 and 11 per cent
in gecond year with and without fertilizer but in the third year
the yield decreased by S and 54 per cent, The decline in yield
of crops with the paseage of time is attributed to depletion of
son fertility and degradation of soil structure as a result of
ercs ion losces of water, soll and nutrients as is clearly evident
from the data given in the results section on exosion logses vide
Table 4,18 to 4,34, Similar results have besn renoxted by several
research woxkers (ibuzeid 1973, Lal et al., 1975, Borthakur et al..1979
and Mahapatrs and Patmnaik, 1982). Pendleton (1954) in a very sandy soil
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Trinidad noted that it was rather impossible to raise & second
crop due to depletion of soil fertility. Réply et al.., (1961)
reported that under unfertilized condition, artificial removal
of 7,5 and 15 cm of top soil csused a decredse in the yield of
barlgy by 21 and 58 per cent, respectively, averaged over a ten
yoar period whereas under fertilised condition yield reductions
were 19 and 46 per cent, respectively, The experiments conducted
in North Carolime state University (1973 and 1974) revealed that
there was correlation between yleld decline of continucusly grown
ﬁpland rice in Tursi Maguas, Peru with decresse in the exchangeable
potassium and increase in alluminium saturation, sanches (1976)
also found high correlation between fertility depletion and yield
decline from low base status Ultisols and Oxisols. langdale et al..
(1979) obtained corn yields of 2226, 4674 and 6429 kg / ha on severely
eroded, moderately eroded and uriercded  alluvial soil, respectively
averaged over 3 years, Khybri et al.. (1980) reported that on an
average every centimeter of top s0il removal there was 76 kg / ha
reduction in the grain yleld of corn. Frye st al,., (1882) cbtained
12 and 21 per cent lower corn yield under eroded condition as
compared to eroded soil, They also reported higher clay content;
higher ulk density, lower organic osrbon content and lower water
holding capacity in the surface layer of eroded soil,

Fertilizer application although resulted in higher yield
of different crops to the extent of 10 to 40 per cent, yet the
responses were much more in crops under mixed cropping (45 to 158
per cent), However, its application did not arrest the gradual fall
of yield in such steep slopes and it appeared that cropping can not
be prolonged for more than three years. The results are in con-
formity with the £indings of Vieweg and wWilms (1974), who pointed
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out that after six years of cropping, yields fell to sexv despite
reasonable dressing of NPK on & light soils in the Kilombero

walley of Tenazania, In & study on the role of fertilizer in the
improvement of shifting cultivation Adetunji and Agboola (1973)
concluded that with the use of fertilizera, higher yields have

been obtained and maintained although not for an indefinite period,
As such the scope of arshble cropping after two to three yesrs does
not appear to be sound, Like wise sole cropping of rice should not
be encouraged even after two years of cropping. Among the different
systems tried when judged from econamic point of view as well as
meeting the food requirement and risk minimization point of view
mixed cropping appeared to be more promising. Under fertilized
conGition mixed cropping was found to0 be superior to topo-sequentizil
cropping thereby indicsting better fertiliazer use efficiency, Sole
cropping of rice (Table 5.2) was lesst profitable (Re.536 / ),

5.2 Cropping systems and the changes in soil propercties at
different stages of shifting cultiwtion

The results indiontad marked influence of different stages
of cultivetion and cropping systems on physiocsl and chemiosl pro-
perties of soil (Table 4.15 and 4,16). 7The reduction in sand per
cent from 70 t© 35 4in the run off plots after three years of Cropp-
ing may be attributed to the transportation of soil particles, even
of sand fraction from losely bound soil aggregates., This resulted
in exposure of sub-surface soil which contained more of clay and
silt particles than the surface 1 - 2 cm of the solil,

Burning and cropping although tendad to decrease the bulk
dens ity of soil, the difference was not so well marked over the
years, This was due to the fact that cropping period was too short
to expect large diffexences,
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FS>
Increaze in organic carbon content from 1,25 to .1.38

per cant after burning may be due to the inclusion of charcoal
particles in organic carbon astimation, Morsover burning, in the
nrocess of shifting cultivation, may not destroy soil organic matter
because soll temperature during burning does not remain high enough
for sufficiently long time to csuse complete combustion, similar
results were reported by Nye and Greenland (1964), and seubert
(1975).

Burning resulted in an increasze of s0il pH., Since soil
reaction is dependant on bese status of s0il, as such incresse in
8011 pH after burning may be attributed to increkse in mse status
(ca**, mg*" and k") of the soil., These £indings corroborate with
the results of zinke et al., (1970), Awasthi gt al,, (1961) and
Ellis et al., (1962)., Decrsace in pH after 3 years of cropping is
due to the reduction in exchangeable a“. Hg“ and x* through
their losses due to erveion, FPurther, due to incredse in pH of
soil and hence pH dependent charges, cation exchangs capacity (CEC)
of soll incremsed after burning. similar results have also been
reported by seversl workers (sanches, 19767 Zinke et al, ., 1870
and Ellis et al., 1982),

Burning resulted in considerskls incresse in the total
content of P, K, Ca, Mg, 2n, Mn and Cu and exchangeable Ca, K and
Mg, These changes ware associated with increase in ash content
after urning. However, iron content decreased slightly by 1.2
per cent, Most of these nutrients excapt wmm found w
decresse after three years of cropping and the decrease was apprew-
ciably high under bare fallow treatment, It was mainly due to

their removal through erovs ion and uptake by the plants. However,
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most of the cropping systems resulted in small increases in organic
carbon content which may be attributed to the addition of plants
stubbles / residues,¥ leaf fall and decomposition of roots etc,

5.2 Runoff and rainfall

Runoff, besides many other factors like slope, s0il characw
teristics and management factor, &s greatly influenced by reinfall
charecteristics vis, s amount, intensity and duration, In view of
the limitations of the aveilability of data on rainfall intensity
and their duretion, attempt was made to amklyse the rainfall data
in terms 0of frequency intervals of different amounts of rainfall
in six ranges 1.0, 8 - 1S5 mm, 15 « 25 mn, 2% =~ 35 mm, 35 « 45 mm,
45 « 535 mm and greater than 55 mm to know their contribution in
influencing runoff under bare fallow treatment. The results showed
that in general the rainfall amount greater than 25 mm per day wes
more conducive in causing runofé and constituted the hichest (67 to
73) percentags of total amount of erocive rainfall; rainfall amount
below 25 mm:x pexr day oconstituted about 30 « 35 per cent of the total
erosive reinfall (Table 4.17). 7The erosive reinfall wvas tiken as
the daily rainfall amount in 24 hours which caused runoff and soil
loege, The rainfall amount 4s low as 5 mm per day cCaused erosion
in such stsep slopas, There were also few high inters ity rains
recorded, with daily amount exceeding 100 pm per day, The rain-
fall amount greater than 25 mm per day accounted for 64 ¢c 79
per cent of total runoff and 67 to 78 per cent of total soil loas
under bare fallow treatment, whereas the rainfall amount below
25 mm per day accounted for only 19 to 27 per cent of the wtal
runoff and & to 28 per cent of total soil loss,
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In order to find out the relationship between runoff and
s infall under different vegetal cover provided by variéd cropping
systems and management practices, regression analyses were carried
out between daily as well as monthly runoff and rainfall amounts
msed on pooled data of three years, The data showed highly signi-
fioant association between runoff, and xsinfall amount (Pig. 7, 8
and 9). The rainfall amount accounted for 32 to 49 per cent varia-
tion in runoff, The threshold rainfall to initiate runoff was found
to be maximum under bare fallow plot (2,71 mm) @s compared to the
maximum threshold retension welue of 5.6 mm under grass cover (Table
4,21), The regression co-efficient indicating the minfall effi-
ciency in causing runoff was maximum (0,20) in bare fallow plot and

P ks

the lowast (0,05) in gress plot, Under grass cover thg1uter lost
as runoff were 57.6, 24.1 and 25,2 mm or 4.8, 1.7 and 2,4 per cent
of the total rainfall as against the maximum runoff values of 95.2,
288.5 and 211.9 mm under bare fallow with corresponding runoff
co-efficient values of 7.9, 20,7 and 20,2 per cent during the
cropping seasons of 1979, 19680 and 1981, respectively, Among areble
croppings, sole cropping of rice followed by mixed and topo-sejuen=~
tial cropping with and without fertilizer application proved to be
more effective systems in reducing runoff as judged from their lowen
rainfall efficisncy values which rxanged from 0,12 ¢ 0,16 with
threshold retension wlues of 4.02 to 4,70 mm, The water lost as
runoff under these systems ranged between 50,3 to 75,9 mm, 154.9
to 1868.7 mm and 137 to 156,5 mm representing 4.2 to 6,3, 11,1 to
13.5 and 12,2 to 14,9 per cent of total reinfall during the croppim
seasons of 1979, 1980 and 1981, respectively, These differential
responses of cropping systems in influencing runoff are attributed
to bstter rainfall interception and improvement in infiltration
capacity of soil becsuse of dense canopy and good tillering habit
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of gresses and sole rice whereas in case of mixed and wpmoqnmtui
eropping it may be due to multistorsy canopy structure which helped
in providing better vegetal cover at different growth stages of

crop thereby resulting in better interception of rain wter, These
results are in conformity with the findings of other research
workers like Hudson (1957), Hudeson and Jackson (1959) and 'r;jwlni

et al., (1978), Elwell and stocking (1976),

An interesting thing to note here is that although the
experiment reported in this work wes cerried out in a steep slope
(65 %) yet the runoff is not as high as has been reported by several
workers like Tejweni et al,, (1975), Chakreborty (1976), Pratap
Mrain st al., (1978) vwhose experiments were carried out at very
mild slopes of 3 to 6 per cent. This might be due to the fact
that soil of experimental sgite at Burnihst was more porous and was
cultivated with minimum tillage (only dibbling of seeds).

S¢3 Relationship between soil loss and runoff

Thers was highly close and significant relationship between
runoff and soil loss under different systems of cropping and managew~
ment practices (Teble 4.21)., The daily runoff amount accounted for
27 to 48 per cent variation in soil loss under different tredtments,
Under each of the cropping systems there was general increase of
soil loss with runoff, striking differences were also observed in
the rates at which soil loss increased with runoff (rig., 4, S and
6). The runoff efficiency in initiating soil loss was lowest
(0. 20) under gress covexr and highest (0,42) in bare fallow plot
with threshold retention values of 0,25 and 0,03 mm, respectively,
The soil loss recorded under bare fallow were 17.8, 28,1 and 205,6
t /7 ha as against a loss of 8.3, 2.6 and 20,4 t / ha under grsss
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cover during the cropping seasons of 1979, 1980 and 1981, respect-
ively. Amongst arable c:x:loppmq4 there were not much differences in
the wlues of runcff efficiency which ranq:gn\!m O.44 o 0,47
except in case 0f topo-gequential croppinq_‘fmuizex applioation
and that of maige across the slope which showed loer values of 0,30
and 0,40, respectively when compared with the velue of 0,42 for
bare fallow treatment and it was even more }ﬁ {0.51) in case of

sole cropping of rice,

S.4 Relationship between soil lons, minfall and runoff

There was highly significant positive relationship between
80il loss and rainfall as well as runoff (Table 4,21). The rainfall
accounted for 13 o 21 per cent variation in soll lcss whereas
runoff accountad for 27 to 48 per cent variacion implying that
runoff was better predictor of soil logs than rmainfall for different
systess of cropping and management preactices, The runoff efficiency
(as indicated by regression co-efficient wlue) in initiating scoil
logs was lowest (0,195) under gress cover with threshold retention
value of 0,25 mm and highest (C,42) in bare fallow plot with threshe
ofid retention value of 0,03 mm, Lower reinfall efficiency and
higher threshold retention value in case of gress cover indicated
better retension and water infiltration capacity of grass cover
and thereby it resulted in very low amount of soll loss (2.58 w0
20,35 ¢/ a), In case of bare fallow plct, very high value of
runoff efficiency and very low valus of threshold retention indi.
chted that almost all the runoff walues resulted in soil loss and;
meximum goil loss (17.8 to 205.6 t / ha) was recorded in bare fallow
plots in all the three years of experimentation., Among arable
eropping systems, rate of increase in soil loss for each mmj of
runoff was found to be minimum under topo-segquential system of



cropping without fertilizer application. This is reflected by
low runoff efficiency value of 0,30 followed by maize along the
slope (0,41) as compared to higher runoff efficiency of other
cropping smtems which ranged from 0,44 to 0,48 thereby indicating
not much differsnces amongst themselves, Interestingly runoff
efficiency in initiating soil loses was low (0,42) for mre fallow
plot as compared with sole cropping of rice (0,%51). The ressons
for this discrepancy is not clear, langbein and schuman (1958)
and Douglas (1967 ) have, however, indicated that sediment yield
increases with effective rainfall upto & point whers improved vege-
tative ground covar lsads to less erxosion.

5.5 Cropping systems and mutrient losses
The results of the experiment showed profound influence
of cropping systems in reducing nutrient losses,

Organic carbon ¢ The total loss ©f organic carbon was
found to be maximum under bare fallow plot (247, 496 and 2611 kg /
ha) and the least undex grassg cover (118, 45 and 244 kg / ) during
the three successive seasons of cropping (Teble 4.,23), Grass cover
reduced the loss of organic carbon by 52, 91 and 91 per cent in
ist, 2nd and 3rd year of cropping and thus resulted in a saving
of 147, 45 and 2367 kg / ha of organic carbon in respective years.
The enrichment ratios for organic carbon under bare fallow treatment
vere 1.47, 1,36 and 1.09 as comparad to enrichment racios of 1,20,
1,23 and 0,93 under ¢gress cover during the three cropping seasons,
respectively (Table 4,22), A mongst arable cropping sole cropping
of rice followed by topo=-sequential and mixed cropping system were
found to be vary effective in reducing the loes of organic carbon
by 40 to 50 per cemt,
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Considering the steepness of slope (65 %) the loss of
organic carbon in the first two years of cropping is not so much
as compared to the loss recorded in the third year, vwhich is
extremely high, The walue of enrichment ratio indicated that
percent composition of organic carbon in runoff sediment was much
higher in the first year but in sulsequent years it wes reduced,
This is attributed due to the high content of orgenic oarbon ini-
tially in the soil., Knoblaugh et al,, (1942) reported an anmal
loss of 1287 xg / ha of organic matter from fallow plot as ageinst
4 loss of 377 kg / ha under cover crop applied with manurae. Bhatt
et al,, (1971) obtained a loss of 2168 kg / ha of organic carbon
under cultivated fallow condition. Debyle and Packer (1972) reported
a loss of 387 kg / M of organic matter, Neal (1944) reported as
high as 4.0 to 4.7 enrichment ratio for organic matter, Massey
et al,, (19%3) reported an enrichment ratic of l.34 for orgenic
carbon., Goel and Khanna (1969) in Uttar Pradesh reported a loss
of 246 kg / ha of organic carbon under cultiveted fallow on plots
with 8.5 per cent slope., Borthakur et al., (1978) reported a loss
of 8% and 1321 kg / ha of organic carbon from the first and second

year of Jhum cultivation, respectively,

1 phos xus ¢+ The losses of total phosphorus under
bare fallow plot were 8,2, 8,1 and 25.9 kg / ha with enrichment
ratios of 3,65, 2.41 and 0,95 as compared to & total loss of 3,1,
0,75 and 2,31 kg / A under ¢gress cover in three success ive years
{Teble 4.24), With regard to the effect of various cropoing
systems on the loss of phosphorus trend of variation was observed
to be similar to those recorded in case of organic carbon, The
magnitude of loss of total phosphorus was much less as compared to
other nutrients primarily because it is one of the least moblile
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nutrients and secondly this might be dus to the fact that on account
of high content of iron and aluminium in the soil it gets fixed up
and therefore becomes less vulnerable to losses due to eros ion,
similar result has been reported by Gupta and singh (19¢7), 1al
(1976 ) reported that loss of phosphorus in tropicsl region may be
as low as O to 2 kg / ha per season, Borthakur st al., (1978)
reported a loss of 80 and 211 kg P0g / ha from £irst and second
ysar of Jhum cultivation, respectively. Jayaram et al., (1982)

obta ined enrichment ratios of 2,09 and 2,43 for total phosphorus

in clay soil planted to sorghum and safflower, respectively,

ta cium and magnes + The loases of
total potassium under bare fallow were 52, 189 and 1227 k¢ / ha
with corresponding enrichment ratios of 1.61, 2.45 and 2,24 as
compared to losses of 24, 17 and 114 kg / ha under gresses with
enrichment ratios of 1.31, 1.92 and 1,85 during the cropping seasons
of 2979, 1980 and 1981, respectively (Table 4,25 to 4,27). with
regard to other cropping systems similar trend of wariations was
observed as has been earlier discusged in case of organic ocarbon,
The losses of total oalcium under these systems ranged betweaen
32,6 and 72.9 kg / ha in the £first year to as high as 856 and 1688
kg / ha in third year of cropping, i -langh et al.,, (1942)
reported losses of total potasgiun as high as 477 kg / h» from
fallow plot which was reduced to 110 kg / ha under a manured crop
cover, Hays et al., (1948) reported losses of 957 kg / ha of total
potass iym when s0il was put to ocats and only 29 kg /7 ha from plots
planted with corn. It is interesting to note that enrichment ratio
of total potassium was lowar in the first year but in subseguent
yoars it was relatively high, It may be attributed to less runoff
in first year and high runoff in subsequent years as cbserved by
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Turvey (1973) in a study on water quality from a forested catclment

area in Papua New Guinea,

The losses of total calcium were 157, 171 and 161 kg / ha
with corresponding enrichment ratios of 6,21, 2,87 and 3,60 in
bare fallow plots as against losses of 51.4, 11.2 and 164.1 kg /
vwith enrichment ratios of 3,63, 2,33 and 3,13 in gressed plots in
1979, 1980 andé 1981, respectively. WwWith respect to other erocpping
systems the losses rsnged from 63 to 168 kg / a in the first year,
and 728 to 1765 kg / W in the third year of cropping.

The losses of total magnesium under bare fallow were 36,6,
73,2 and 1111.4 kg / ha with corresponding enrichment matios of
0,78, 0,89 and 1,34 in three successive yeara as compired to the
losses of 17, 7 and 92 kg / ha with enrichment retios of 0,69, O, 64
and 1,40 undex grass cover; under other cropping sy tems losses
ranged batween 20 and 49 in the first ysar and between %0 and 123
kg / ha in the third year of ﬁgroppim.

Suarez de Castro and Rodrigues (1955, 1958) reported
losses of as high 238 and 152 kg / ha of total calcium and magnesium,
respectively from bare soil at 22 per cent slope. Goel and Khanna
(1969 ) reported a loss of 119 kg / ha of Cao and 82 kg / ha of Mgo

from uncultivated fallow,

Exchangeable calcium, magnesium and potassium 31 The losses

of exchangeable calcium, magnes ium and potassium ranged betwsen 30
Zhe 45 [/ k. amd )4 o 79 o/ ha .

to 24 kg / ha,/respectively under bare fallow plot as against losses

of 13 to 22 kg / ha, 27 to 4V kg / A and 4 w0 S kg / M in three

success ive years under grass coveer, respectively (Table 4.28 to

4,30), Tha enrichment ratios for potassium were 4.84, 10,30 and
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1.36 in three successive years, under bare $llow plot as againat
2,74, 6,01 and 0,81 under grees cover, The values of enrichment
ratio for exchangeable magnes ium were 0,94, 1,11 and 1,39 in three
successive yeArs in bare fallow as against the walues of 0,74, 0,99
and 0,89 under grass cover., The enrichment ratice for exchangeable
calcium were 4,19, 2.43, and 1.75 under bare fallow plot az against
3,92, 2,07 and 1,84 under grass cover during the three seasoms of
eropping of 1979, 1980 and 1981, respectively, Jayarxam et al..,
(1982 ) reported enrichment ratios of 2.24, 2.69 and 2,15 for exche
angeable potasgium, calcium and magnesium from the area planted to
sorghum whereas from areds planted to safflower, the ratios obtained
for these nutrients were 2,38, 2.99% and 2,34, respectiwvely,

8 trie 1 The loss of total sinc renged
from 3 to 45 kg / ha, total copper 2 to 22 kg / ha, totAl manganesa
6 to 12 kg / ha, total iron 495 to 1093 kg / ha under bare fallow
plot. These losses were reduced to 2 to 6 kg / ha for total zinec,
1e4 0 2,3 kg / ha for total copper, 3 to 12 kg / ha for toeal
mngenese and 270 to 1093 kg / ha for total iron under gress cover
(Table 4,31 to 4,34),

The results further showed s ignificant pos itive correlation
between water losses through runoff and organic carbon, total pota=-
ssium, total and exchangeable magnes ium, total manganese and total
iron in the sediment but the relationshipe between soil loss and
the concentration of nutrients was not close and significant except
in cese of total magnesium and total iron. Bedell et al., (1946)
found that the amount of nitrogen lost in runcff was more closely
related to total runoff than with total soil loss. martin (1941)
observad that loss of organic matter depended upon soil loss, but
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percentage of humus in the eroded material decreased as the erocsion
increased, Thomas et al., (1969) found that losses of awailable
phosphorus, potassium and calcium in runoff were about 0,03, 0,13
and 1,5 times the soil loss, respectively, in tonnes / acre / month,
Massey et 31,, (1983) and stoltenberg and white (1953) demonstreted
an inverse relationship between rate of erosion and concentration of

nutrients lost,

Generalising the tremendous losses of nutrients from thirxd
yeoar and the over all view of nutrient losses through runoff and
so0il losses it can be inferred that from third year onwerd it would
be mogt des irable to include gress cover and legume mixture to
effectively arrest the wrosion losses because arable cropping was

not found to be so effective in checking the ercsion losses,

3.6 Universal soil loss parameters

R infall erosivity factor (“30) $ Aversge erosion index

value besed on seven yeass rainfall data suggests June, July and
August are the most erosive months, July appears to be more erosive
than all othser months except in 1980 when June was the most ercsive
month because of high rainfall receipt in June, Further, erosion
index value from worked out from three years data for the experi-
mental site was 1160, The erosion index values reported by Raghumsth
et al., (1982) for Shillong and Gauhati were 1041 and 704, respect-
ively. Thus, these £indings confirm that the experimental area had
more erosion hazards and risk because of heavy and more agressive

rainfall concentrated mainly during monsoon months,

8 erod ity factor 'K’ : The soil erodibility factor
*K' reported by Tejweni et al., (1975) and other workers wers as



high as 300, 7he results emanmating from this experiment are at
variance with the earlier warkers. In the current experiment, the
arodibility factor was only 5 kg / ha / ercsion index on the basis

of standard slope of 9 % and 22.13 m, The apparent variation mmy

be due to high inffltration rete ;}J, soils. Secondly unlike other
aress here the velues have been calculated from bare soil, resembling
3exo tillage as 1is prewalent in shifting cultivation practice,
Thirdly cthe value {s estimeted on the basis of only 3 years data

but the'K’ wilue determination needs at least five years data (Roose
1978), These may be the possible reagoms for its underestimstion,
However, from this it San be inferred that rainfall erosivity factor
is more severe in causing erosion losses than the soil erodibility
factor in the experimental site area, Roose (1975) on the basis of
17 years of experimentation with runoff plots in Ivory Coast has
demons trated that ferrallitic soil are resistant to erosion (K = 0,10)
but rainfall is particularly severe (R = 500 to 1460), Therefore

he emphas ised the importance of covering the soil during critical
reiny periods, ‘

57 Crop management factor 'C' 31 The results showed that grass
cover gave maximum protection with a very low value of *C* (0,133).

For mixed, sole cropping of rice and topo-gejuential cropping the

'C' values ranged from 0,568 to 0,844, For widely spsced crop of

mi 1ze the C wlue ranged from 0,857 to 1.0 under different management
practices. similar results have been reportsd by Pratap Narsin st al.,
(1982).

5.8 ruture scope of further worker

T™he present inwestigation was based on only cne replioation
in view of the cost involwed in comstructing the big runoff plots on
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difficult terrein. TO be more meaningful, various systems of cropp-
ing and management practices should be tried on waterzhed approach
basis with adequate number of repliostions.

S5ince early rsinfall is more aggressive to initiate exvsion
it will be desirable to provide effective cover before the aggre~
ssive rain starts. This oan be achieved by trying some spreading
types of legumes, or combimation of legumes and grasses or through
live mulch or by leaving the residue of the precfeding crop. 1In
future work, such soil restorstive treatments may be included,

Arable cropping alone, although provided some protection
against ervsion losses, was not 50 effective as grass cover, There
appears to be a great need to integrate crop with gress, legumes,
horticultursl crops, trees or combinations of all the three, These
studies may be conducted to mlulu. the performance of crops under
Agro-torestry, Aqrwhortléultml or Agro=hortipastural systems on
runoff, soil and nutrisnts losses &8s well as for sustained producti-
vity.

Agronomic management practices, with particular reference to
those mentioned akove, will involve studies on campatibility of
different crops, its proper plant density and arrangement, adjustment
in sowing time, proper crop combinstion and their ratios.

S04l management s tem should involve treatments on the
me intenance of organic matter, which is dmstioslly reduced causing
great damage t soil health, in the swstam,

Considering the stespness of the slope, it may be desirsble
to integrate cheap mechanical measures like contour bunding along with
different types of restorative farmings,



SUMMARY AND CONCLUSIOR



6. SUMMARY AND CONCLUSION

Cons idering the magnitude of the problems of shifting
agricultﬁ;e on resource degradation in North-Eastern Hill Region
of India, and lack of basic data on quantitative and qualitative
aspect of erosion losses under the exhisting system, runoff plot
studies were conducted at the I1,C.A,R. Research Complex Experimental
Farm at Burnihat (26°N, 91.5°E; slope 65 %7 100 m altitude) shillong,
Megha laya (India ) under sandy loam soil with & pH of f,i for three
consecutive years from 1979 to 1981 to evaluate the performance
of ten cropping systems (grass cover, bare fallow, maize along the
slope, ma ize across the slope, intercropped maize, sole rice,
topo-~-sequential and mixed cropping with and without fertilizer
application, crops established under minimal cultivation method
(slashing, burning and dibbling) and management practices) on
production potential, runoff, soil and nutrient losses as well as
to estimate some of the parameters of soil loss equation with the
ultimate objective of developing better technology for improvement
and conservation of physical environment of crops for sustained
production, land utilisation and maintenance of soil hult@
Baged on the results of three years data, the following summary

and conclusion can be made,

o~

p ,
l..An analysis of rainfall distribution revealed that

rainfall was \;nore severe and a:féressiw (BL, = 1160) than erodibi-
lity of soiJ;/ (K = 0,005) based on almost zero tillage as adopted
under the s/ystem. The estimated threshold retension value of rain-
fall to initiate runoff was 2.65 mm per day. (x"x‘he rainfall amount
greater than 25 mm per day constituted 67 to 7\5"56 of the total

N
erogsive rainfall and caused maximum runoff and soil 1039
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2. Burning of soil caused substantial incresse in almost
all the major and micro-nutrients but these nutrisnts tended to
decrease after three successive years of cropping. As a result of
burning cation exchange capacity increased by 27 per cent but agaiwm
decreased by 17 per cent after three years of cropping. 7Total phos-
phorus, potash, calcium and magnesium increased by 24, 14, 52 and
9 per cent, respectively due to burning. Among the exchangeabls
cations there was mxi;m increase (185 x) in magnes ium followed by
increases of 88 and 40 X in potassium and calcium, respectively.

3. Under uncultiveted bare fallow there was maximum water
runoff to the extents of 95,2, 288.5 and 211.9 mm with corresponding
runoff co-efficient values of 7.9, 20,0 and 20.2 per cent duxing
the cropping sessons of 1979, 1980 and 1981, respectively. The
grass ocover recorded minimua runoff to the extents of 57.6 (4.8 %),
24,1 (1.7 %), 25.2 (2.4 %) mm., Undexr arable cropping systems the
values were within these extremes. qu arable croppings, sole
cropping of rice followed by mixed and topo-seguential cropping
with and without fertilizer application proved to be more effective
systems in reducing rumfi) as judged from their lower rainfall
efficiency values which ranged from 0,12 tw 0,16 with threshold
retens ion values of 4,02 to 4,70 mm,

4.; m maximum soll loss occurred under bare fallow (17.8,
28,0 and 205.6 t / ha) and the minimmm under grass cover (8,3, 2.6
and 20.4 t/ ha) in the respective seasons of me; Among
arable croppings, sole cropping of rice followed by mixed and topoe
swqueantial cropping proved more effective in reducing runoff and
soil losses.
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Se. 'nu maximum loss of nutrients occurred under bare
fallow and nxnimm under grass covcr} The losses of nutrients under
bare fallow ranged between 247 and 2611 kg / @ of organic carbon,
between 8 and 26 kg / ha of total phosphorus, between 52 and 1117
kg /7 ha of total potassium, between 157 and 1619 kg / ha of total
calcium, between 37 and 1111 kg / ha of magnes ium, between 30 and
238 kg / ha of ex~calcium, between 2 to 45 kg / ha of ex-magnesium,
between 3} and 45 kg / a of total zinc, batween 2 and 22 kg / a of
copper, between 6 and 103 kg / a of mar ane, batween 498 and
10925 kg / ha of iron, The enrichment ratios for these nutrisnts
ranged between 1,09 to 1.47 for organic carbon, 0,95 to 3.65 for
total phosphorus, 1,61 to 2.4% for total potasgium, 2,87 to 6.21
for total celcium, 0,69 to 1,34 for total magnesium, 1,36 tc 10.29
for exchangeable potassium, 1,7% to 4,19 for exchangeable calcium,
0.94 to 1,39 for exchangeable magnesium, 3,04 to 3,36 for total
sinc, 4,61 to 11,53 for total copper, 0,98 to 1,04 for total mangh-
nese and 0,98 to 1,30 for total iron, @nonqst arable cropping
systems, sole cropping of rice followed by topo-sequential cmpp.lnq
system were fourd to be etficient in reducing tha loss of nntrhnu)
loss of organic carbon was reduced to 40 -« 50 %X due to arable cropp-
ing as compared to bare fallow,

8. The cropping management factor ‘C! was ainimum under
grass cover (0.133) followed hy mixed and topo-gequential cropping
with and without fertiliser apvlication and ranged between O, 568
tn 0,664,

7. tu.xnd cmyiaq resulted in maximum biomsss pxoducuoy
of 37,7 and 27 2q/ m wit.h and without fertilizer applications
followed by an average pmd.tcuox}l of 32,% and 22,2 q / hl{’:t.tth
and without fertilizer application in case of topo-sequential
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croppings as against the average pxoducuw) 12.9 q 7/ a in case of
sole rice, ) i

.

8. The productivity of crops showed gradual fall with passage
of time, i%mtin of the differences in cropping syu‘ and
fexrtilizer uuqmnt; ™he yield decline in mmisze in second and
third years of cropping were 30 and 37 % when planted along the
slope, 40 and 37 %X vhen intercropped and $5 and 16 X under tOPO~-
sequential cropping with fertilizer appiication, respectively, The
yield decline in case of rice was no so high in second year but it
was sextremely high (67 to 82 %) in the third year and it falled even
to produce any grain under mixed cropping system. In fox tail millet
the yield decline in the second and third year were 46 and 26 X when
grown under mixed cropping, respectively. Cassava performed well
under mixed cropping situation where the tuber yislds increased by
11 and M X in gecond year with and without fertiliser but in the
third year yield decrsased by S and 54 % (with and without fertiliser

applications ).

9. Through fertilizer applications only, the fall in yields
with passage of time could not be arrestad, under such steep

slopes,

10, (In terms of monetary velue of the total produce mixed
cropping was found to be slightly superior to topo-sequentisl cropp-
ing under both fertilized and unfertilized eanﬂitzoaa

Cxt was, thus, concluded that at 65 X steep slope arable
cropping for three successive ysars, under minimal cultiwtion
{slashing, urning and dikbling mixed czops ), accslerated soil
and mitrient losses resulting in fast deterieration in productivity.
The reduction in crop yield was less under mixed culture, Reductions
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in the productivity of different crops in descending order wers
GassAVe, meige, fox tall millet and rm:\ Further works need to
be done on dewveloping better conservation faming methods like
altermite husimndry, 8gro=-£0restry or silvi-pastoral sy tums to

aploit the awilable ndtursl resources to the maximss,
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