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Chapter 1

INTRODUCTION

The future of humanity lies in the arid and semi-arid lands as the
humid and more favourable razinfall areas, have been extensively and intensively
cultivated and heavily populated by human beings, During the last about 30
years, the population of India has increased by 90 per cent while the cultivate
area has increased only by 20 per cent (Anonymous, 1984), The population
pressure is a major driving force behind our quest for high crop yield,

Efficient utilization of water resources is one of the important and
crucial factors for agricultural production for meeting the challenge of feedin
relentlessly expanding human population in our countrye This evidently attract
our attention towards rainfed areas which accounts for 73.3 per cent (108 milli
ha) of the total cultiyated area in India and produces only about 42 per cent o
the country's food production (Anonymous, 1984), In Himachal Pradesh only
16.1 per cent of the total cultivated area receives irrigation and rest depénds
upon natural precipitation (Anonymous, 1984), Although area under rainfed
farming in the state (83,9%) is more as compared to irrigated but the average
production from rainfed area is substantially low in comparison té irrigated
areas, On an average against a potential of nearly 35 quintal/ha in the countr;
the dry farming farmer is harvesting only 4 to 8 quintal/ha of food grain
(Kanwar, 1985)s In Himachal Pradesh this situation is no better than the
national average,

The problem of increasing productivity in dry land has important
socio-economic implication and also with every passing year the gap between the
farmer's grain yield in irrigated areas and dry farming areas is wideninge

Hence, there is an urgent need for the development of suitable dry farming
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technology for the farmers of the state, In fact the whole philosophy of
rainfed farming revolves around the principle that water ié the limiting factor
in these areas and one has to maximise the efficiency of natural precipitation
whatsoevef is available, because in dry farming areas the balance of moisture
is always on deficit side which is bound to affect production ultimately
resulting info total or partial failure of the crops.

The major problem of dryland areas are insufficient ground water and
erratic rainfall, excessive runoff and sediment losses, low fertility of soils,
more weed population and diseases and evaporation losses. To overcome these
problems and to exploit the untapped potential for increased crop productivity
in dry faming areas, measures have to be taken to increase the capability of
land in retaining moisture_and to efficiently harvest a single drop of water
s0 received from rainfall, In Himachal Pradesh, this becomes particularly more
important in rabi season because the major rainfall (about 80% of tﬁe total
annual precipitation) is received during the monso§n period and the crops have
to survive on carryover soil moistufe and the little amount so received during
winter segson.

In Himachal Pradesh the area under rabi cereals is 387.4 thousand
hectares and that under pulses and oilseeds is 55.5 and 20.2 thousand hectares,
respectively (Anonymous, 1983) all of which play a dominant role in satisfying
the food requirement of the people of the state, But the average yield per
unit area is very low primarily due to water scarcity at certain critical
stages of crop growthe Hence to achieve the target of maximum production per
unit of water harvested is of paramount importance to conserve the natural
precipitation in soil, minimise evaporation losses and utilize the available

moisture more efficiently.
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Various mulching materials have been reported to be effective in
conserving soil moisture (Rajput and Singh, 1970)s In fact mulching affefts
the physical,chemieal and biological conditions of soil thereby resulting in
overall good soil conservation, Favourable effects of mulching on crop yields
(Roy et.ale, 1976) a8 well as on complex physico-chemical and biotic factors
(Jack et.al.,1955) have been reporteds Synthetic mulches are in extensive use
in developed countries (Adam, 1962) but worked out to be expensive, As an
alternative it might be possible to use indigenous waste products as mulches,

The unwanted weedy vegetation such as Lantana camara has spread in many parts

of the country posing a serious problem to several plantation crops and has
also spread to agricultural lands. This undesirable shrub is found in
abundance in the non-arable lands of Kangra Valley of Himachal Pradeshs

Lantana camara L. belongs to verbenaceae family. It is a slightly

prickly shrub 0.3 to 1.8m or more in height, native of tropical America and
cultivated as an ornamental or hedge plant, ILeaves opposite, ovate or ablong
ovate, crenate, dentate, flowers usually yellow or orange changing to red or
scarlet in dense auxillary heads, fruits drupaceous, 0.5 cm dia greenish
black,

The leaves and twigs of lantana are oceasionally used as green manure
in forest areas and for paddy crop in Mysore. Green material of Lantana has
been found to contain 0.88 per cent N, 0.15 per cent P295 and 0,15 per cent
KZO on oven dry weight basis, Use of Lantana twigs in rice have also indicated
good results for grain yield under Palampur conditions (Khan, 1984) and

Bansal (1983) found no phytotoxic effect of Lantana fresh twigs on germination

and plant growth of wheate
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Keeping in view the aforesaid points the present investigation
entitled" Effect of Lantana mulch on water use efficiency, growth and yield

of rainfed rabi crops" was carried out with the following objectives,

ie To observe the effect of lantana mulch on the growth and yield of
rabi crops.

iis To compare the water use efficiency values of various rabi crqpsrwith
and without mulch,

iiieTo study the moisture depletion pattern by different rabi crops in the
presence and absence of lantana mulch,

ive To determine the changes in soil préperties under mulch and no mulch
conditions,

Ve To calculate the economics of the cropse.
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Chapter 2

RuVIEW OF LITERATURE

Mulches are mainly used for soil water conservation and soil erosigp
control but they influence other factors like temperature, weed competition,
disease and pest infestation, in some cases availability of mineral nutrients
and organic matter content of the soil and thereby influence crop yield,

Mulches have also been reported to increasé the microbial activity
near the soil surface because of increased energy supply and uniform moisture
and temperature conditions,

In fact effectiveness of mulches depends on when and how they are
used to modify the energy and water tran8poft in the complex process of
evaporation, Field experiments using mulches have shown beneficial effects
of mulches in conserving and economising water use by crops ranging from
10-15 per cent depending upon the crop in which it is ﬁsed, type and colour
of mulches, type of soil, rainfall and amount of water added and temperature
of both air and soil as stated by Ali and Prasad (1975)e Synthetic mulches
are in extensive use in developed countries (Adam, 1962) but worked out t;
be expensive, As an alternative it might be possible to use indigenous waste
products as mulches, The unwakted weedy vegetation such as Lantana camara
has spread in many parts of the country posing a serious problem to several
plantation crop and has also spread to agricultural lands, This undesirable
shrub is found in abundance in the non-arable lands of Kangra Valley of
Himachal Pradesh containing 1.87 per cent nitrogen,

In the current chapter, an attempt has been made to review the
pertinent literature on the growth and development of rabi crops. For the
sake of convenience the review of literature has been presented under

following sub-heads.
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2ele Effect of mulches on crop growth and development of rainfed rabi crops.
2e 20 Effect of mulches on crop yield and water use efficiency of various
rabi crops.
2e3e Effect of mulches on soil properties.
2olte ' Effect of mulches on moisture depletion by rabi cereals, oilseeds
and pulses,

2¢5¢ Effect of mulches on economic feasibility of various rabi crops.

2¢1¢ Bffect of mulches on crop growth and development of rainfed rabi crops

An experiment was conducted at Palampur with pine needles as mulch
material, Kapoor et al.(1978) reported that mulching with pine needles increased
germination count, germination rate, plant height and number of total and
effective tillers. An imprcvement in germination due to soil mulch was noticed
in mustard (Joon et al.,1984). An increase in plant height due to mulch
application has also been reported by Roy et al.(1976), Rao and Agarwal (1934),
Increased plant growth and vigour due to mulch application in compafison to
control plots was recorded by Lal (1974) and Moham et ale(1973)e

Gupfa end Gupta (1933) advocated that an increase in root growth,
nodulation, shoot growth and plant water status were reported with increasing
amounts of grass mulche Straw mulch and cultivation enhanced root development
in the upper 15 cm of soil axd increased the lateral spread of roots for both
years by maize (Chaudhary and Prihar, 1974), Bhan (1976) reported that mulching
increased root development, moisture extraction and water use efficiency. Straw
mulch @ 3,5 t/ha significantly increased tiller production, plant height, dry
matter production and number of panicles per metre compared with no mulch or
antitranspirants treatments [Agarwal andRwmet1977)e Shamma et al.(1981) found
that mulches significantly increased fresh pod yield, straw yield, plant height

and number of pods per plant,
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Lantana twigs at higher dose increaseci the rice root length, shoot
length or increased the growth éf seedlings as well as the chlorophyll content
of rice leaves (Bansal, 1933 .. )e Roy and Mukherjee (1982) sprayed crude
aqueous extract of fruits of Lantana on the field grown wheat plants at
different concentrations and found that more or less all characters of the
treated plants showed better results over untreated control, Bansal (1983)
found no phytotoxic effect of Lantana fresh fwigs when mixed in soil on
germmination and plant growth of wheat,

On the other hand as reported by Reddy and Pandey (1980) mulches
exhibited no perceptible effect either on plant height, number of branches, pod:
per plant or grain yield of mustard. Anderson and Russel (1974) also found

decrease in plant height at heavier doses of mulches,

2.2. Bffect of mulches on crop yields and water use efficiency

The effect of mulchirg on crop yield is an integrated éffect of
innumerable factors and it is difficult to attribute the yield increments to
any single variable, In addition to the physical factors and availability of
nutrients, the fertilizer response may be significantly affected by mulching
due to complex physico-chemical and biotic factor (Jacks et al.,1955)e Plant
height, number of effective ears, length of ear, number of grains per ear and
test weight were superior under mulched plots as compared to control ones
(Roy et al.,1976). Straw mulch application was attributed to significalty
increase in the number of productive shoots and number of grains per spike, and
it gave wheat grain yield to the tune of 2,47 t/ha as compared with 2,24 t/ha,
without mulch, Number of pods per plant, number of grains per pod and 1000-
grain weight was significantly higher in mulch than no mulch in sesame (Mandal

and Ghosh, 1984),
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Under dryland condition:i average grain yield of vheat increased by
100-33%0 kg/ha due to the applica:ion of straw mulch 2 1 - 10 t/ha (Kanivets
and Fomin, 1977)e Krishna and Pundey (1984) obtained 15 per cent increase in
rrain yield of lentil due to the application of straw mulch. Similar results
vere also obtained by Balyan and Malik (1984). Mulching ith straw or black
polythene mulch incressed the seed yields of grain and lentil by 38,7 and 35,4
per cent, respectively (Ghosh et al.,1984), Beneficial effects of straw mulch
12re noted on the effective tillers, shoot dry weight, ear length and 10CO-rrain
+2ight and consequently, respectively 46.5 per cent =nd 41,2 per cent grin <n
rrain and straw yields vere obtained(,‘i;j_;tand Gajendra, 1978)es Use of mmlch
facilitated better mineralization and availability of nutrients +hich enhanead
their uptake as vell as utilization in improving or favourably modifying the
various yield attributes to the b:tter advantare of seed yield and the latter
was boosted by 195 ke/ha over no 'mlch (Patel and Singh, 1920)a Sisnificant:y
hirher yield of barley and grain ‘were obtained with straw mulch ™ 7 t/ha. T2
vield increments in barley and =zrum,respectively were 0.5 t/ha ard 0.3 t/ha
(Mandal and Vamadevan, 1975)e Trnt yield response of crops to combined
application of mulch and Kaoline 1anged from 29 to 48 per cent over control
(Jain et al.,19¢3). The averare increase in yield due to milchin~ was 26 per
cent in early sown vher* -r< 54 per cent in late sovn wheat (Kapur et al.,
1978)y Smika and Ellis (1971) found that number of tillers producing heacs
was significantly hicher (10-15"") on mulch treated plots as compared to
control ones of winter wheat. Application of bajra husk as surfzce mulch

after germination led to an yield increese of 0.8 g/ha, vhich of course wes

non-significant (Singh et al., 1977).
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The various mulches appliet to soil after barley wes so'm in an
attempt to reduce evaporation losse: had little effect on yield or 7
(Saha et al., 198C).

Mulching with grass 2 9 t/lia resulted in maximum socil temperature,
increase in root growth aznd increszs: of 200 per cent in averare vroduction

of Vigna radiata (Gupta snd Gupta, 1983). Prihar et 21.(+972) after tvo

years experiment concluded that application of rice husk © 6 t/ha vith 120 !«
i/ha, increased the vheat yield by 5,2 g/ha a5 compared to the yield obtaired
by 120 kg N/ha alone. UNosueria et 21.(1973) otserved that srain yiecld of tean
crop vere 1.31 t/ha and 0,87 t/ha i1 a rice hust malched snil con*relled plets,
respectively, Kanao et 5%3(1974) obtained incressed yield of +heat and barle:-
due to the application of mulches srd increase was reported to be the result
of presentation of lodgins due to rulchinge

Bansal et al.(1971) reported increase of 35 per cent in the yield of
raize by the application of 2 cm trick Typha mats which resulted in incrence<
temperature, Khan (1984) has reported 29 per cent increase in crain yield of
rice by an incorporation of lantan: fresh twigs @ 2 tonnes per hectare.
Similarly, Sharma (1985) also recorded a sicnificant increase in grain and
straw yield of paddy by surface sp:eading of lantana litter and rice husk aft-r
10 days of tramnsplanting, The inc:ease in grain yield due to lantana and rice
husk were 21 and 28 per cent, respoctively, wheress corresrondins increase in
straw yields were 10 and 9 per cen:, respectively.

Anderson and Russel (1974, however, recorded thet application of
straw mulch @ 4000 and 5000 lbs/ac-e significantly depressed the mesn yield of
spring and wheat yield, as a result, higher rates delayed maturity uoto U-6 dnys

shortened plant height and had negligible effect on plant population, Mulchine
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did increase the yield as well as productive capacity of water but the
resultant increases were not signi:'icant to warrant extra expense of mulching
(Balyan and Malik, 1981).

A1l mulches except FYM increase water use efficiency significantly and
the highest value of 44,8 was obtained with straw mulch which was almost twice
as compared with that of control (ili and Prasad, 1975). The efficiency of
water use with no mulch and mulch \pto harvest was 76.3 and 112.2 kg per cm

of water (Kapur ?_t 8_1;0,1978)0

2¢3e Effect of mulches on soil prorerties

2e3e1e Effect on physical properties

ae Moisture conservation: Mulching affects both physical and chemical

properties of soiles The organic mstter content, an important factor in
maintaining the fertility of soils, The mechanism of evaporation of water

from soils has been the subject of controversy for a long time (Baver, 1940),
This is especially true from the point of view of the practical significance

of water losses by evaporation and method of controlling or minimising such
losses, The amount of water that evaporates from soil after the surface has
become relatively dry has remained a long debated subject, King (1907) measured
the evaporation of water, over 100 1lays from three soils held in soil columns
and placed in contact with a free water surfaces Under these conditions water
losses from a Virginia clay loam wi:h a 4-inch dust mulch were only 37 per cent
compared to same soil without mulch., Similar results were obtained with a
sandy loam and a black marsh soils. Kinég evaporation experiments have
demonstrated the importance of a dr;r loose layer of soil on the surface in order

to break capillary connections with the immediate surface.
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Lal (197+) reported tne supermacy of straw mulch in moisture
conservation over no mulch in cora crope He clarified that the difference wus
more pronounced during frequent rains, Hulching also affects tne s0il woisture
storage indirectly by comtrolling soil erosione Because the unaulched plots
erode severely, the loss of surfa:e soil eventually decreases the soil moisiux
holding capacitye

Under dryland farming corditions, Haz ra et ale(1573) ruported tuat
woisture conservation vas greatly:increased with tne impositiom of mulches on
s0il surface, The mulches reducec the evaporation from soil suriace and thercu
incressed moisture status of 50il at the sowing time of vheat in rabi sesson
and that consequently increszsed seedling emergences

Prihar et al.(1979) advocated that mulcning of maize with green twigs

of 'basooti' (Premma mucronats) fes weeks before harvest, increased water

storage, particularly in upper soi.. layers and wvheat yield from 19,0 to 22.59
¢/ha after maize.

In the field trials dur.irn:' seven years observed that net [ains in tus
asount of water stored in the soil upto 2.8 inch were recorded & tiue resuit of
incregzsing the quantities of waczt straw used as mulch during fallowe ‘luc ast
sains vere significant in 12 of 716 experimental years (Greb et ale, 1970).

Field experiments have shoun teneficial effects of mulche. in coieo=is
and economising water use by crops ranging from 1.0 to 50 per centy depi.dain: o
the crop in which it is usedy type nd colour of mulches, type of Loily reiaiull
and amount of water added, wind velocity and temperature of air wzud soil us
stated by Ali and Prasad (1975), Bawal et al.(1971), Cholihary end Chatter ce

(1967), Mandal and Vamadevan (1975), Prihar et al. (1963) ard Singh et al, (1967
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HMandal and Yenedevan (1973) reported that mulching with 7 ton huslk
and straw/ha was superior to no mulch in conserving soil moisture and
increasing grain/seed yield of Harley, mustard and torize Straw mulch 2 2 t/ha
vas foﬁnd beneficial in reducinc soil and water losses, Pena (1980),
Rajput and Singh (1970) reportec that straw and polythene rlch conserved
2447 and 32.2 per cent moisture, respectively over unmulched treatments,
Han (1970) recommended that barley straw mulch to reduce runoff, enil erosiom
and increased soil moisture contsnt, Sdobaikov and loshchenlo (1973) found +q-t
straw mulch @ 10 t/ha increased soil moisture content.

Mlication of straw mmi:h 2 40 t/ha increased soil moicture by
reducing evaporation and resulted in increase in yielde Stra's mulching
affects the soil structure and yporosity, both directly ard indirectlys PRy
minimising the direct impact of 1ain drops, there is a mirimum crustation
and therefore the initial vore syace maintained, Indirectly mulchinr~
influences the nctivity of microflorz and fauna and hence th~ sn0il structure,
Lal {1975) observed that the mulched plots maintain their infiltration rate

vhile a significant decline took place in the infiltrability of urmulched plnin.

be Soil tempmerature: Soil temperature is significantly influenced by tills~n

and crop residue management., Exp:riments at IITA (Lal, 1975) revealed that *:«
differences in the maximum soil tomperature of the mulch tillere/ plots wm-e

as high as 10 and 4°C for 20 cm depths in corn and soybean plots, respective’ .
The usual effect of mulch, wvhether of soil or plant residue, it is used to
raise soil temperature during winier =znd to lower them durins sumrer (leCn17n
and Dufly, 1946). Murty and Rao (“949) recorded 4°C hisher tempera*ure in
mulched plots as compared to unmulched ones during wintere S8imilarly, an

increase in minimum and maximum temperature by polythene mulch u~: roticed by
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Ghildyal and Tripathi (1979)., This contention i3 also sumpeorted b Bansa?
et a1.(1771), Brengle and ¥hitefield (1959), Al»recht (1973)s Pleck (1972)
found that soil temperature varied directly and soil moistwre inversely with

the rate of mulch =pplied and the pioportion of area covered,

Pe3s2¢ Effect of mulches on s0il chenical properties

The most marked =nd most usially observed effect of mulchin~ on the
rineral nutrient content of soil is .n increase in the availsble rotessiur
content, supgpesting a high water solibility of potassium cormounda “n many
cormmon mulch materiale The effect of mulches in equalising the sail ~ristare
repime is probably also reflected in -educed potassium fixation vhich occurn
vhen soil dries oute Wander and Gourv (1938), Reuther (1941) ~nd 3nicer (1743,
1948 and 1949) have reported benefici:)l effects of potassium surplied hy mu’ches,

Strong residual effects of mulching on the nitroren and prhosphorus
content were reported by Weeks et al.{'9%)), The increased mobilitr rrd
availability are ascribed by Swenson e_. 21,(71949) to the action of or«anic
acide produced from the mulches that pievert combination of phosvhate with iron
or aluminium. Holmes et 21,(1943) founi considerably hi~her contents of
phosphorus and potassium and slightly h.zher contents of calcium arr. maemesium
in tomato on mulched than on the contro. plots.

Incorporation of orgenic subst:nces, such as rice utr-v irto curmerred
50il causes a dramatic chanre Bf chemical conditions of the soil (Pornzmperuma,
1972) and makes some plant nutrient eleri:nts such as iron{(in hirh pd soils)
phosphorus and manganese, more avalla'le =znd others such as zinc, less available
to rice plant. Hirose (1973) reported t'az* depending on tre C/I ratio of

ormanic matter, vhen the~ are mixed or in-orrorated ir soil, inor~anic nitro~en

available to plant is relezsed from or imiobilized in *the soil or~anic matier,


file:///iere

1k

If the C/! ratio is higher, mo-e nitrogen is immobilised ancd very little

is made available to the plant, The organic substances contairing less than
15 nitroren vhen incorporated under aerobic soils, generally immobilize soil
nitromen (William et 21.,1968), However, Sroadbent and Hakashima (1970)
reported that there is very 1li :tle difference in nitroren immotilization per
unit weirht of decormosing org.nic substsnce betveen aerobic #nd anaerobic
soil conditions,

Incorporation of strayv upto 4 t/ha in well drzined soil is harml=sss,
vhile in poorly drained soils *he chances of adverse effects are relatively
high (iinami, 1976)s Recovery percentage of straw nitrogen is about 10 per
cent when 6 tons of straw/ha providine hardly about 4 k= I/ha (Yoneyzma and
Yoshida, 1977)e Tan ':a (1974) reported that due to the harmful effects o
strav incorporation both tradiiional as vell as high yieldins varieties s % fer
at early growth stagese Since 002 is released durins the course of s*row
ircorporation, this may promote carbon assimilation of rice plant throu~h CC?
enrichment of the air around tte plant which in turn may accelerate nitrorom
fixation by blue green zlgse tlrough increzse in photosynthesis of alree
(Tenka, 1977).

Lal (1975) rdvocated that the crop which leaves more residue on “ ™o
surface maintains the orsanic matter content and CEC at a hicher level (e.-.
maize) than those which leave little or no residue (soybeans)e The role o
suitable crop rotatinn is therefore important for maintaining orgamic matter
and CEC of the soil.

A mulch after decomposition often increases the orsanic matter

content of soil more than &oes sloughing in the same smount of plant residues
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(Peele et ale, 1948). Boller ard Stephenson (1946) reported that there
vas higher organic mztter contert in mulched plots =5 cormpared to nnmulched

plOtSo

2.lte Effect of mulches on roistu-e depletion by rabi cereals, oilseeds
and pulses

The magnitude of increase in yield th~% can be obtained by decress r-

the s50il water under a given soil fertility is said to be depend on the stare
of occurrence of so0il moisture stress and its duration, and also the capability
of the plants to produce dry matter under these conditioms, Plants differ inm
their capability to produce dry w:tter in events of abnormalities, Therefore
the most important information generally needed about soil water is the agrowr
it contained in the s0il rooting d2pth both in irrigated and dryl-nd farmin-~
practicess This moisture will var; with one or combination of factors lixe
rainfall/irrication, water suppliec, evapotranspiration, runoff or deep moonr-2
condensation and rising ~sround watar table (Arora,1971).

Muhzzmad et al.(1965) from green house and growth chember studies,
concluded that burley showed the loiest transphration rate, oats the hichest
and vheat in betveen under all cond: tions, WYater use efficiency w23 hicher
of barley followed by vheat and oate. The trenspiration rate wes the linenr
function of soil moisture content from the wiltineg to within 70 to {0 per cert
of available soil moisture, At highor soil moisture contents the trenspiration
rate was more or less constante Demhinska (1970) from his pot exveriment
studies reported that deficiency of roisture contents developed at ripening
ctage is most criticale ILehane (1962) observed that yields of rrain were
hicher after early stress (4O days after sowing) than after late moisture
stress (60 days after sowing), yields were less affected by stress on clay

soils than on a sandy loam soile In cther words wheat is wost dependent on
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water supply during the filline stage (£0-90 days after sowinsg) for

producing high grain yield, Moigan (1971) observed that the death of
spikelet in wheat, resulted from subjecting plants to drourht at ear
emergence,

Capacity of crops to :xtract moisture is another impordant factor
for enduring effects of moisture stress, Bains and Chowdhary (1970) and many
other have reported that crops differ markedly in their capacities to extract
stored available soil moisture for their growth and development. If dryland
farmers follow certain improved management practices, food grain crops in
reneral, pulses and edible oils in particular can be grouﬁ profitably. Crops
like arhar, gram, lentil, guar, bajra, sarson and linseed use up almost one
quarter of the moisture available in the 100-200 cm profile whereas other
can hardly use 5-8 per cent moisture. Bains and Singh (1971) investirated
thdt azmong the principle drylimd crops grown in rabi season on conserved soil

moisture in Northewestern India, Sarson (Brassica campestris var.lrown sarson)

exceeds in adaptability and yield potential. This crop extracted 80 per cent
of the moisture from 50 to 125 cm soil depth at the age of 60-70 days as
against dwarf wheat which extracted the same percentage from the soil depth

of 50cm. On conServed soil toisture this variety can yield a»s hirh as 22
quintals/ha as against 5-6 quintals/ha from old varietiess Singh (1972) and
Asthana et al1.(1971) recommerded the cultivation of linseed for dryland areas
which is a short duration crp, matures in 114 days and completed its life
cycle before severe moisture deficiency is noticed in the soil. [Hedre (1964
reportrd that the cultivatio: of deep rooted commanion crops not only increasec
the smount of soil moisture :xtracted by the roots and the consumptive water

use but also the water use efficiencys The moisture extraction pattern
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further showed that crop combinations like barley + gram. barley 4+ ca~ser
and barley + linseed czused a uniform s0il moisture depletion from lower
soil depths.

Krishnzmoorthy (1971) revealed that in barani vheat cultivation,
mixture of vheat and mustird, wheat and gram =nd vheet ard linseed are trizen
a5 2n insurance arzinst luss if rains fail, Mustard, ~ram and linseed do
relatively well under sev:re drought conditions durine the rabi seaseng --
compared to vhest and barley, Barley cen withstand droucht better than «heat
and hence in are»s vhere -inter rainfall is low, barley is rrown in rrefer-nce
to vheat., Sharma (1969) nrserved that moisture exiractior from tke soil =%
depths of 60-120 cm was hi-her with nure stands of gram znd with a 12" mixiure
than with pure stands of tairley or with other wixture.

Gautem et al.(19¢!) showed that water use rate di~inr the early
stages of vheat growth i.e, vith in first L0 dzys (upto end of Decembar) -5
only 0.78 and 0.88 mm per deyr during 1963-64, vhich increased sterdily %o
a maximum of 3.25 mm per dav at floverin~ state (in Februn~rv) and ther
decressed on the onset of =inescence stare,

The rate of water mtake from a given volurme of snil derends rm
rooting density, the hydreniic conductivity of soil and differerce ot .err
the average soil water suction and root suction (Gardner, 1204)s In ~o-er.',
the rooting density is gresatest in the upper layers them ‘n the lo-=r 7 o
of the rooting zone, Allmaras et al.(1975) showed that re-~: flow= to ~n~*
system progressed with tire from shallow to deeper depthss Arya el nal,{-"
vorking on similar lines repirted that the proportional centribution of surfa~«
layers to the total vater lois from 10-70 cm depth interval decreased 23 the

plant matured, vherees the cintribution of lower layers incresseds Jagri et a
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(1977) reported that de:p soil layers (100-150 cm) contributed abot 11--3

per cent of the seascnnl water use by rainfed wheat, Saini and Ghildyal

(1978) stroved that tkre contribution of upward flux tovards the total vater
requirement of wvheat vaz 36 -~ 73 per cent, vhereas, soil water depletion
accounted for 11 to “Q ~er cent only. Acharya ¢t al.(7979) reported that

due to poor hydraulic conductivity of sodic soils, the flux diverrence =2nrcss
the root bourdary was nerlivible., In hirh exchangea¥le sodium (ES) seil.

78 per cent of the totasl root water extraction came from 0-15 cm layer -hereas,
in low ES so0il 0-15 cm esnd 15-30 cm layers contributed about 77 per cent of
tne total wuater extraction by roots.

An increzse in water extraction by crop roots has been observed
wvith increasing soil v:ter tensions (Yang and Jong, 1971; Sharma and Childyal
1977)e Gresory et 21.(7975) reported that the rate of water uptal"c per mit
length of roet for the whole so0il profile and for individual secil layers
renerally decrezsed throvchout the period of me-surement,

Sow= workers (Stone et ale, 1973, Rice, 1973, linyamah an. Il:nce<,1977)
have attempted to calcilate the evapotranspiration rates from the root water
uptake rates, Rice (1575) found that in B-rmudagrass evapotranspiraticn rrtes
calculated from vater :ptake rates were identical for tvo yearse ‘muyrr~" rnd
Black (1777) otserved that a pood correl-tion existed between wvater wré--e
rate, rootip~ density :md profile water derletiosn, and the resultr arpe-d
well with the evapotrarspiration calculated from the micro mettorrlo~ico’
factors.

Gardner and G:rdner (1969) reported that the =ulch hrz i3 mreater
inhibiting effect upon evaporation, the first few dazys after rzinfall. This

is due to the fact tha! in the later stages of evaporation after wiltir~ the
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self mulching or soil mulch formation takes place, The porosity a-d
thickness of self mulchin~ or soil mulch is %known to govern the evaporatiwe
losses to the atmosphere (Iznks, 1955; Holmes ei al.,106N, Acharya and
Prihar, 1969).

Apart from moderation of hydrothermal regime, tne nractice of
mulching with crop residues has several other indirect effectse Ssveral
workers have revorted zn i-cresase in root veight density Atn mulchirm o
its positive effect on cro» vield (Allmares and Helson, 1071; Cheudhery #nd
Parihar, 1974; icharya =n thezat, 1934),

The greater grount of roots near the so0il surface, as a resvlt of
mulching with crop residuas; has been a=sociated with better ntilizat on of
applied nutrients at the surface (Shear snd loschler, 19¢9; Triplett -ni

Van Doven, 19693 Sharma et al.,?1082).

?e5e Economic feasibility of various Rabi crops

The strategy of zoricultural plannin~ followed in India resolves
rround a certain figure kro'm as target of production to »2 achieved -Zthin
a fixed time which involvas only production planning (Jain, 1967)e Patil a-d
Kulkarni (1973) suggested that c¢rop planning is very important before
undertaking any multiple-c¢ropping system and also for optimum utiliza®ior o7
input resources, Heady (-757) reported that the physical considerat’ans
determine the enterprise i1elationship among the various crops and how ench
fits into the overall mar:=ement plan, Tne economic consider=tion =i~k t-e
relative advantage of eac! crop and to serve in the selections o a rotation
Lo increase the profit of the farme. Thourh the effects of soil tyre,fert’lity
level, and climate on the yield of different crops are known, deciding on the

most profitable system of land use renquires the use of economic principler.
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Chandani et al.(1960) reported that capital requirements were hich
for potato, sugarcane and raize crops. The remunerative crops were vheat,
sugarcane, berseem, maize and cowpezs and purely cereals rotation havings one
or more of each crops.

Crop sequence including maize and wheat vith le umirous crops as
rmreen fodder wes roported to 2e the most paying proposition bty Gautem end
Singh (1970).

Bains et al.(1971) studying the profit potentinals ir respect of
different Kharif and Rabi croys under dryland obzerved that corson (Vare §%--)
rave the top net profit of Rs,2406,25/ha, cestor and arhar Rs.22 5,50 ar-
Rs.2245.20/ha, respectively wiereas taramira (Rapeseed), barley and viest cr-—
R5.1559.00, 282.00 and Rs,27. 10 per hectare, respectivelye They conclud-d
that each rupee invested in thie cultivation of sarson brinr~s in about R=.7.""
in return as arainst R5,.3.00, R5.2.75, R3.1.00 and Rs.0.50 from prrm, li:=co:,
barley and wheat, respectivelrs Rajbens et al.(1967) under drylend
experimentation of 5 years ob.ained fairly good response from vheat + rr--
mixture than their pure stand: in general and under dry regions in narti-<:1-v.
Mixture of cereals and legume: are the insurance against total failure o~
crops under adverse weatherin- or severe droughts under lefumes lenves nn 'l
richer in nitrosen as compare? to cereal alone after crop harvest,

Ramaroorthy et al.(“773) studying the profitability of fertilin -
use for dryland vheat stated that under typically drylard cerditions, where
there is usuzlly a considerable variation in available so0il moisture en<
other soil physical properties the prediction of crop response of vhest

(Kalyansona) on the bessis of fertilizer was 29 per cent,
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Mehrotra et al.(1370) stated from their mixed cropvins results of
barley and grem that the s rerage performance from mixed cronping barley
benefitted in growth, yielt and nitrogen content, vhile gram depressed in
growth and nitrogen content, The combined yield was sli~htly less than pure
barley, but the differences and the monetary returns wvere not si-nificant.
Soil nitrogen wes enriched s>y the associstion with lequmes. Lenimv {1740}
studying reciprocal relatio.ship between barley and vheat in mixed sowin~ of
1:1 mixture found that barley was strongly competitive with wvheat, reducire~
the growth znd yield of whezt markedly. This wzs mainly due to the more
vigorous tillering, faster d:velopment and greater stem hei~ht of thz b-rley.

Lal and Ray (1976) :-eported that annual net return of Rs.10,41%,7C
per hectare wes hisghest with 400 per hectare, highest with ’00 per cent crovri-
intensity (green gram-maize-potato-vheat)e. Ilet return declined prosressiwnsl:
wvith a decrease in the croppiig intensity from 40O to 100 per cert, Tre rrn® 4
cost ratio wes found to be mz:imum under 300 per cent croprine intensnity
(sreen grem-maize-vheat) and 1as Rs.2.57 per rupee invested, Rotstion t =+
includes potatoes with maize znd wheat crops, proved best in every resnecs
(Sandhu ¢t al.,1973)e This was attrabuted to the high yield produced by
potatoes. A rotation of wheat..maize-redish proved to be most profitanie

at Palampur (Sharma, 1973).
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Chapter 3
MATERIALS AND METHODS

The experiment was coiducted in Watershed Management Area of the
Agricultural Research Farm of iimachal Pradesh Krishi Vishva Vidyalaya,Pal ampur

during Rabi 1985-86., The deta:1s of materials used and methods employed during

the course of these investigations are described as under:

301. Site
]
The experimental farm is situated at a latitude of 32°6 N and

longitude of “6°3'E at an altitude of 1290.8 metre above mean sea level,

3.20 Weather and Climate

Weather parameters like maximum and minimum temperature, evaporation,
relative humidity, rainfall etc,, for the crop season were recorded at the
Meteorological Observatory, locat:d near the experimental site of the farm of
HoPoKrishi Vishva Vidyalaya, Palapur and have been presented in Fige1 and
appended in Appendix I,

The climate is sub-temperate with very high rainfall. The average
annual rainfall of the experimenta. site is 2521.2 mm (Average of 7 years) a
major portion of which is received during June to September (70 of the total).
The total rainfall received during crop season amounted to 408.4 mme The mean
maximum and minimum temperature rec>rded were 28.8°C and 3,4°C during April
and January, respectively. The mear weekly relative humidity during the crop

season ranged from 29 to 59 per cent.

3¢3¢ Soil Temperature

S0il temperature was recorded with the help of soil thermometers daily
in the morning at 6.30 AM and 2.30 PM from the three depth at 0-20cm, 20-4Ocm
and 40-60cm from mulched and non-mulcied treatments., It has been presented

graphicelly in Fig.2A and 2B and apperded in Appendix II,
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In upper soil la)ers maximum temperature wes recorded during 4th
week of April both under rulched (29.8°C) and no mulch (30.1°C) whereas
minimum temperature was recorded during Ist week of January 1936 which wer
5.9°C for mulched and 3,8C for unmulched plots.

In 20-"0 cm soil depth the maximum soil temperature was recorded
during third veek of Arril. in both the treatments, Under mulched conditiors
the maximum termmerature (=13 recorded 25.490 vheress under no mulch canditicn
it was 26.900. The minimin temperature was found during Ist veek of Janunry,
1986 both under mulch and no mulch was 6.1°C and 4.9°C, respectivelye

In lower depth o' soil (40-60 cm) the maximum temperature wes
recorded in both conditioise It was found maximm durin<s last week of Ap+il
1986 under both mulch (22,5°C) and no mulch (23.1°C) and minimum temceratwirs
was recorded during Ist wiek of January under both treatments i.e, mulch e 2%C

and no mulch 7.5°C.

3.4 S0il analysis

Representative cimposite soil samples from the surface soil (0-"c+)
of the field were collect:d before sowing and were processed for anslyni-.
The results of mechanical analysis are given in the Table 1, For thk-
determination of availabl: K, P and K in the s0il before sowing and rf<e-
harvesting, the soil szmples were taken from 5 places of each plot =% =n

depth of 0-20 cm and mixel together to have one composite sample per r o

3¢5¢ Cropping history

The experimental field was under comnercial cultivation of uaizs -
soybean with preceding sesson Kharif 1985 and wheat + mustard durins Rabi

1984-85, Yheat and maize were sown in the fields with recommended doses o<
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Table 1e Mechanical and chemical analysis of coil

Particular Content Method used
Ae Mechunical analysis
Sand (<5) 28,00 International pipette method
Si1lt (¢ 39476 (Piper, 1966).
Clay (%) 27455
Bulk density (r/cc)
0-20 cm depth 1.18 Core sampler method
20-40 cm depth 1¢31 (sodman, 1942).
4O0-60 cm depth 1032
Availavle soil moisture at
sowin+ tiwe (cm)
0 =20 cm depth 5.61 Gravimetric method
20-40 cm depth 6e72
L0-60 cm depth 7.07
Field capacity (%)
0 -20 cm depth 23460 Field wethod (Colewesn, 194%)
20-40 cm depth 25.06
Lo-60 cm depth 20e 14
tHiltins point (<)
0 -20 cm depth 13.64 15 atmospheric tens:on veliuis
20-43 ca depth 13,44 ?ﬁiﬁﬁziifrﬁgfg?fr&““ Hpparstis
4o-60 cm depth 12,68
Be Chemical analysis
pH 557 1:245 s0il water suspension
Glass electrode pH meter
(Jackson, 1557).
Organic carbon (¢ 0.85 Walkley and slack kapid

available nitrogen (kg/ha) 437.70

Available phosphorus{ks/ha) 15,70

Available potassium (kg/ha)246.50

Titration zetiod (Pipzr,1950).

Alkaline perzaigzanaiv wethod
Subb.ah and jsija (956)e

Olsen's method of extrection ita
0.5i1 NaHC03 pH BeH aad developusat
of blue colour by chlorostannous
reduced molybdophosphoric acid

(Oleen et 21.1954)

Extraction with normal neutral
Ammonium acetate and Flame
photometric determination in
extract (Merwin and Pecch,1950).
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fertilizer during Rabi 1983-84 and Kharif 1983, respectively under rainfed

conditions, The cropping history of the experimental farm is present in

Table 2.

Table 2, Cropping history of experimental farm

Year Crop Kharif Crop Rabi
N Pfs Kf N P§5 K;
(kp/ha) (kg/ha) (kg/ha) (ke/ha) (ka/ha) (ke/ha)
1983-84 Maizessoybean 120 60 0 wheat + 120 20 20
mus tard
1784-85 Maize 120 60 Lo Wheat o0 bs Ls

3e6e Experimental details

The experiment was laid out in Rabi 1985-86 and the tre-tment

combination of factors are given below:

Ae Treatments

Crop Variety
1o Wheat VI- 421
2e Barley HEL- 87
34 Linseed Himalini
Ly Mustard B5F-1
5« Lentil HPL - 5

Be level of mulching

1o Mulched (Lantana camara fresh litter @ 10 t/ha)

2« No mulch (Control)
Design : Randomized Block Design
loe of treatment combinations : 10

l'oe of replications: b



Total number of plots: 4O

Gross plot size : 5mx 2.5m = 12,5 m2
Net plot size : bmxom =8nm°
Inter row spacing ¢ 25 cm (Common for all crops but intra-row spacing as

per recommendations for individual crops).

347¢ Field preparation

The experimental plot was plousghed, harrowed, levelled and the

clods were broken to have a fine tilth and a good seed bed preparation.

3¢8+ Layout

The experiment was laid out with manual labour. The plan of

layout is given in Fig.3.

%e9e Fertilizer application

Fertilizers were applied to all the crops according to the
recommended package of practices for individual Rabi cropse Treatment-wise
1/2 dose of N and full dose of rotash and phasphorus was applied by pora methoc
at the time of sowing for wheat, barley, linseed and mustard and the remaining
half dose of nitrogen was topdressed at the first rainfall or after 34 weeks,
In case of lentil the full dose of nitrogen as starter dose with full phosphort
and potassic fertilizers were arplied at the time of sowinr. Renuired quantit)
of fertilizers were calculated and weighed, Fertilizers were applied in furros
opened by hand plough and thoroirhly mixed with soil by means of wooden stick

before sowing the seed,

3e10. Sowing

Treatment-wise seeds of wheat, barley, linseed and lentil were sown

in 4 to 5 cm deep furrows by Kera method in rows spaced at 25cm aparte
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thereas, mustard was sown in 2-3 cm deep by Kera method and the row to row
distance was 25cm, After sowine the furrows were covered 1ith soile The

seeds of vheat and barley were sown at the rate of 120 kr/ha, vhereas 20 kr/ha
seed rate was spplied in lentil and linseed and 6 kg/ha seed was used in

cese of mustard,

%e11e fpplication of mulch

After sowing the seed fresh Lantana cemara litter (chopped) @ C t/1a

wes uniformly spread over the plots for mulch treatments.

3¢12e Harvesting and threshing

The crop was harvested manually when the grains hardened =znd the
straw/stover become dry and brittle, Before harvesting the crop, four rows
from each plot i.e. two from either side and 50 cm row length from both enrds
of each row of each plot were separated to eleminate border effect. The
remaining plants vere cut close to the ground, The harvested plants from e.c.
rlot *2re made into bundles separately, tagged with proper ?abels and czrried
to the threshing floor. The weight of individual bundle from each rtlot wass
recorded after sun dryinge. 'lhreshinn; was done for each plot senarately beatines

by stick with the help of manual labtour. The net plot harvested was 4m x 2m

ilece 8.0 S5qemm.

3¢13%e Cultural operations

The schedule of cultural orcrations carried out fror so-ir~ to

harvestin~ of crops is being listed as under in Table 3,
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Table 3, Calender of cultural operations.

SeNoe Operation Date Particulars of operatioms

1e Field prepmration 14,10,85 One plouchine, one rarro-ire and
planking,

?e Layout 16.,10,85 The layont was dorme »3 per =lgn

shoyn in Mire 3

3¢ Fertilizer application 18.10.85 Fertilizers were thorni~%7v =iyed
and applied in furrot< »: ~-itione
in section 3¢%

Lk, Sowing of seeds 18.10.85 Seeds were sowm a5 described n
section 3.10.

5¢ Mulching 18410485 By manual labour
6e Interculture 28.11.85 Fy mamal lahour
7o Top dressinr 28.12.85 By manual labour

8. Harvesting

ie Mustard 2843486 By mznuszl lstour
ii. Barley 18.4.86 By manual labour
iiie Yheat,linseed and lentil 29,4,86 By manua) latour

9¢ Threshing and ‘Hinnowine

i. Mustard ],4,86 3y mgnual labour
iie Barley and lentil £ 5,86 By manual labour
iii. Yheat and linseed HeDe8h By manual labour

301lte Biometric observations

Ze1lte1e Emerpence count

Total number of shoots after complete emergence from 3
observational units from one metre row length vere counted and the mean

number of shoots vere calculated,



30 1L|'o 2e TillergLBrgnches

Ten plants werc selected randomly in different rows from the net plot
and total number of tiller/main branches of these plants w=re counted and then
averared out to have number of tillers or branches per plant,

3, 1lt, 3, Effective snd noneffective tillers/branches

From the tillers counted above, the effective and noneffective tillers/
main branches vere counted at the time of maturity. The tillers/ main brenches
bearine grains vere taken as effective and others were counted as non-effective
tillers/main branches,

30 1"". !‘l'o Plant height

Ten plants were selected at random from the net plots of different rcwe
of each plot and plant height was measured at 30 days interval from collar *o
top of the ear less the mwn. Average was tzken from these ten plart samples.

3014656 Days to flowerings

In the three obmervational unit from the day floverirs started, the
number of plants were recorded at every alternate daye The date on «hich &0
rer cent plants had completed flovering as noticed by visual observation was
recorded and number of days from sowing to that date were taken a5 days to
floveringe

3e14.6, Days to maturity

In the three observational units average number of dars taken to
maturity vere recorded from individusl plot. Plants observed in alternate
days and the date on vhich 80 per cent plants turned yellow coloursc -:as t-ien
as maturity day and then the number of days from sowins to maturity iere

rorked out,



Ze15¢ Yield Attributes

3e15e1e Number of grains per ear/per pod

Five plants were taken at random from each plo* and they were
threshed separately and number of grains countede The averarse number of
rFrains per ear or per pod and per selisua was worked out.

3e 15¢ 20 1000-81'81 n Weitht

From the produce cf each plot, rrain samples were taken, 1000-grain
were counted and weirhed, The mean weight in gram was worked out and reported.
3.15.3. Grain yield

After harvest, the plants were tied in bundles for each net plot
sun dried for five-six dgrs and sun dry weirht was recorded (k7/plot). After
threshing and cleaning the wéipht of clean grains were recorded, The yield
keg/plot were converted inte kr/ha or g/ha before reportinr,

%0 15e #e Straw yield

The straw yield was worked out by substracting the grain yield of
each plot from the total produce of the net plote The yield kr/rlot converted
into g/ha.

3015050 Grain : straw ratio

The grain yield of the net area harvested was divided by corresponding

straw yield and expressed in kg/ha.

3¢15.6. VWheat Equivalent vield

The eéonomic yields of various crops in different treatments were
converted into wheat equivalent yield to facilitate comparison of different
crops and different types of economic produces Wheat equivalent yield was

calculated by multiplyine the crop yield (kg/ha) by a wheat emuivalent factor
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vhich was calculated from the ratio of price of unit wveipht of concermed
crop and the price of unit weisht of wheat, The yield of all the crors
involved in the system were thus converted into wheat equivalent yields as
suggested by Lal end Ray (1976).

Yheat egquivalent yield was thus calculated by usinrs following
equation:

n
“heat equivalent yield (WEY) =§ (i €1)evcccce (3e1)
1=1

there i = 1 to n number of crops
Yi= Economic yield of crops in ke/ha
ei= Wheat equivalent factor and can be miven by FC/PV

PC= Price of unit weisht of concerned croo

P Price of unit =2i~ht of wheat,

The produce of varions crops was sold at the rates ~entioned below:

Crop Rate o/ha (Rs.) Source

Grain Strav
Vheat 165/~ Lo/- Directorate o enerrch
Barley 155/~ Lo/~ H,P. Xrishi Yi-hra Vidral ayn
Linseed Loo/- 20/- Pal ztpur
ustard 480/~ 20/
Lentil 265 /- 30/

2416e So0il loisturs Studies

Z.16e1e So0il l'oisture content

Soil szmples with the help of an soil probe (man:ually operated tube
auger) from three depth (0-20, 20-40cm and 4O-60cm) were taken from each

plot and moisture content was determined by drying the samples in an electric
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oven at 105°C for 12 hours or till constant weight znd moisture percenta~o :m:
cnlculated on oven dry weight basise. The average content of soil moisture

for each treatment was determined at 15 days interval by using the formlae:

X Fresh veight- dry veisht
Per cent moisture = Dry weinht x 1CO

3016e2¢ So0il moisture status

Periodicnl so0il moisture status of the profile wvas calcul ated by %

followvine procedure (Binkowsd, 19%41).

‘.. -
-"—S-ﬁg——]z-s- x T Bd = Yt and (Wt-P'YP) = 'a
Vhere, 'S = Fresh weight of so0il samples

DS = Dry weight of snil samvley

T = Thickness of sample

Bd = Bulk density of soil at sampline depth

Wt = Total water content

PP= lloisture content at 15 atmosnheric tension
t!a = Available water content,

The so0il moisture content in each layer wes added %o know the totn

moisture content in root zone at various crop crowth stases.

30164 3e Total Hater expense

Vater exrense under different soil moisture treat~ents yes calenlotod
by adding up the mmount of soil profile moisture and rainfz=11 durin= tre cra-
growing seasone The rainfall is one event and if it wes more than 5 cr ( =
depth of water just enough to vet effective rooting depth of 60 cm) was
discarded as either deep percolation or surface runoff losses, Besides, if

the rain cycle was repeated with in 48 hours may be of any rmount was also nnt
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accounted as profile water,use and taken a5 an excess than available ran-
of water, if the rain event occuwked within 48 to 72 hours then only 50 per
cent of it is taken as effective rainfall snd beyond 72 hours upto 95 hourr
taken 75 per cent and afterwvards as 100 per cent effective rainfall wes

taken as soil profile water #ithin available range.

3. 164 4e Consumptive use of water

The soil moisture was determined by gravimetric methode The

sonsvmptive use for various sampling intervals was calculnated as follows:

n M- Mi
CU = Y xDb, x D, + I +R

100

™
i
-

Yhere, CB - the consumptive use from the root zone in cm of water,

n the number of layers in root zone from vhich moisture w~n -~

L}

=
¥
1

the moisture per cent by wte at the first sampline, datn of
inter¥al in the ith layer.

the moisture per cent by wt., at the second s-mplin~ date cf

.\’——l
(VN
]

interval in th® ith layer.
D%, = the bulk density of the ith layer.
Di = the depth of the ith layer in cm,
I = Irrigation applied during the interval in e¢m
R = rainfgll during the interval in cm,

2¢16¢5, Daily water use

Daily water use imrked out by dividing the total miount of wnter
used by a varticular cron by the number of days taken by that crmp unto

harvestin-,
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2416460 Cumlative water use

Curulative water use was calculated by summing up the water use hy
a particular crop durin~ successive pgrowth stages.

3e16,7+ llet returns/mr of water used

It was vorked out by dividine the net monetary returns of each crop
by the total amount of water consumptively used durinm the whole life of
the crors,

3.16484 Yater use efficiercxy

Water use efficiency was calculated for both rrain and straw yiellis

separately and also against the total yield by the followvin~ formilnae

Y
v = ——
WUE = To

vhere, WUE Yater use efficiency (ks/ha/crm)

Y Dry weight of grain/straw (l~/ha)

cu

Total water expense (cm/ha)

Se*7e Economic Studies

To vorkout the most profitable treatment, t-e economics for e-c-
treatrent on the basis of current price of the innuts and nroduce, cbt-irn-
from the office of Seed Production Officer, H. P.Krishi Vizrtva Vidralarr,
fixed by the Director of Research, H.P.Arishi Vishva Vidwalr=a for Rani
1985-86+. The detrils are Tiven in Appendix XX,

3e¢17e1e Cost of cultivation of different crops

The cost of cultivation of different crops was worlked out
senarately and appended in Ampendix XV, XVI, XVII, XVIII ard XIX. Thre
remuirement of 1abour and mechanical ro:er for different opnerstion, “ict

plourhine, harrowin~, wveedinr irrigation and harvestine, vere calculnind -r-
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hectare as per'the rates prevalent at experimental farms, Cost of imputs,
such as fertilizer and seed were calculated based on the actual doses/
amounts applied.

3e17e2¢ Gross Returns

The yields of different crops were converted into gross return
in rupees based on the prevailing local market prices of different
commodi ties and bye-products such as stover or straw of wheat, barley,

linseed, mustard and lentile The ultimate values were worked out,

341743+ Net return
This was calculated on the basis of followins method:
Net return = Gross return = Cost of cultivation

: Net returns (Rs.)
Net return per rupee invested = Cost of cultivation (&5.)

30184 Statistical analysis

A1l the data collected pertaining to these investirations were
subjected to the statistical analysis. The standard statistical method
given by Panse and Sukhatme (41978), Nigam and Gupta (1979) and Fisher and
Yates (1963) were followed. The significance of 'F' and 't' was tested at
5 per cent level of probability and critical difference values were

calculated when 'F' and 't! tests were found significante
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Chapter &

EXPERIMENTAL RESULTS

Results of present investipation entitled " Effect of Lantana Mulch
On Water Use Efficiency, Growth and Yield of Rainfed Rabi Crops' conducted
durine Rabi 1986 are presented in this chapter alongwith appropriate tables
and disrrams. Since the growth, develorment and yield attributes of different
crops vary too much in their parameters under study, the Student's 't' test
was applied to study the mean differences of different parameters of
different crops for mulch and no mulch treatments, However, the corresponding

mnalysis of variance tables were also riven in the Anpendix sectione

h, 1, Growth attributes

Le1e1e Germination count

The data on rermination count and number of tillers of various
crops as affected by different treatments have been presented in Table L1
rnd corresvonding table for student's 't' test has been given in Appendix 111,

Table 4,1, Mean treatment effects on pgrowth attributes of crops

Crop Germination count Number of tillers or
per metre row lenth branches per plant

Mulch

vheat 224,00 L, 50

Barley 20.00 b, 25

Linseed 2h.50 3e75

Mus tard 19,00 6e25

Lentil 23¢25 5«00
No mulch

vYheat 20,00 2«00

Rarley 18450 275

Linseed 23%e25 2450

Mustard 17425 by 25

Lentil 22,00 3¢50

Sirnificant at 5 per cent level of probability.
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ilulching with Lantana mulch was found to have no effect on the
mermination of rabi crops (Table 4.1)e Similarly, number of tillers o¥’
branches per plant recorded at harvest did no* drffer significontly from
mlch applied and control plots a5 is arparent from data in Table 1 tnt
overall performance under mulched treatments was better for these two
characterse

L,1,24 Plant height

The data on plszat height recorded =t various growth stages of
different crons have besn presented in Table 4,2 znd corresnondins~ s+tudent's

't' test in Appendix IV,

Table 4e2. Menn treatment effects on plant heirht {(cm)

Days after soine

Crop

%0 60 c0 170 150 4t ) -orst
Imlch
theat 12430 19. 47 25483 66,06 Eha03 12,59
Barley 124 40 1775 20,01 b1,78 69402 1452
Linseed 5¢66 15.19 22468 45,323 60432 Y
‘ustard 7.01 18.10 5060 824 34 86 b7
Lentil L L 6.62 9.07 18,47 M50 TR ot
No mulch
theat 8+ 85* 12, 72* 15,429 hi,29¢  59.65- ¥z
2arley 8,659 9.62* 10, 75* 17 37* 520914 -8
Linseed £e90 15406 2006 Lq,47 L5002+ Ll
llustard 5.38 20.26 L0.53* 63.,05* 6801k
Lentil 4,59 €433 7.90 15.83* 2397 77.h4»

® Significant at 5 per cent level of probability.
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As is evident from the Table 4,2, in wheat and barley mulch trocated
plots produced sisnificantly taller plants than unmlched ones at 30, 0, ©0
120 and 150 DAS (Days after soving) =25 well as at harvest, However, the trend
wvas somevhat different in other crovs, In linseed plant heisht from mulched
and uneulched plots remained statistically at par except at hervest where plots
supplied with lantana litter produced markedly higher plents thsn those with
no mulche In mustard, mulched plots produced significantly taller nlants at
0 DAS, 10 DAS and at harvest, vhereas in lentil si-nificant differences

+-are otserved only at 150 DAS growth stage and at harvest only,

L,2, Development stages

Data pertainin~ to development starses zs influenced by v-rious
treatment combinations have been presented in Table 4,3 and corresrondin~ '*'
test in Appendix V,

Table 4,3, Mean treatment effects on development stages

Crovp Days to floverins Days to moturity
¥Mulch
‘heat 130,25 177625
Barley 116,25 153450
Linseed 123,75 166,00
‘ustard 80.25 140,00
Lentil 123,50 160425
o mulch
theat 120,50 ¢ 160, 5o
Barley 107,50 181,77 e
Linseed 11h, D5t 150,00
Yus tard 73.00%* . 137,00
Lentil 115,75** 155.75*

* Significant at 5 per cent Zevel of probability.
esSirmificant at 1 per cent level of probability.
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As is gpparent from the table, the plants in mulched plots flowered

significantly later than the plants receiving no organic wa$te materiale

Likewise plants in mulched plots attained maturity later than their counter-

partse

o3, Yield attributes

Data on yield attributes have been reported in Table 4,4 and

corresponding student's 't' test for these in Appendix VI and VII,

Table L4,4s Mean treatment effects on yield attributes

Noe. 0of effective

No. of noneffective No.,of pgrains 1000-grain

Crop tiller/branches  tillers/branches per ear/ weight
per plant per plant _pod (g)
Mulch
Wheat by 25 0.25 54,00 bo.71
Barley 3.75 0.50 51.50 43,96
Linseed 3425 0450 8450 9,26
Mus tard 5450 0.75 1350 5.09
Lentil k.25 0.75 2625 20.66
No mulch
Wheat 2.50* 0.50 Lo,00* 3762
Barley 2¢25% 0.75 37.75* bq,27
Linseed 1.75* 0.75 5475* 8ol
Mustard 3,25 1.00 104254 k.53
Lentil 2450% 1400 1050 19.58

* Significant at 5 per cent level of probability.
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Le3e1¢ Number of effective and noneffective tillers or branches per plant

ulching with lantana litter resulted in producinc~ sienificantly
more number of effective tillers per plant in wheat ond barley (Table L4
and Appendix VI) and more number of branches per plant in linseed, mustard
and lentil, hovever, number of noneffective tillers per plant from mulched

znd unmulched plots did not differ sirnificantly (Table 4.4),

llg342e llumber of srains per ear or per pod

The data on number of grains per ear or per pod (Tahle B.4 end
Arpendix VII) reveals that smlching treatment helped the plants to set
more number of grainse ilumber of grains per ear or per pod from mulched
treated plants were significontly hicher thsn unmilched ore in all the crom=
tried under these investirations,

Le3e3e 1000-grain weight

The results on 10CC-rrain weirht have been shown in Table 4,L4 -ni
corresponding 't' test in frpendix VII, It is evident that in a1l the -re-:
10CO-rrain veisht from mulcked and unmulched plots remained statisticesll:

at par vith each other,

bolty Grain and straw yield

The data obtained on the grain and straw yield of various crops
under the irpact of different treatments are presenied in Table 4.5 and
Fig.lt.‘ Mulching with lantana litter markedly increased tke crain sprd straw
yields of all Rabi cropse The percentage increase in grain yield due to
mulching over no mulch in vheat, barley, linseed, mustard and lentil was

31648, 35.66, 33,68, 34,15 and 31,43 per cent, respectively eond the



";——YIELD (Q/Aa)——-—’-

10

GRAIN YIELD

“————VYIELD @A a}—

STrRAW YIELD

INDEX

& MmuLcH

FIG- 4

p—

WHELT BAYIEY LINSEED

MUSTARD LENTIL

i

RARI CROFS

>

TREATMENT "EFFECTS ON QRAIN AND STRAW

LEY UNSEED

MUSTARD  LENTIL

YIELD



b1

Table 4.5. Mean treatment effects on grain and straw yield (¢/ha)

Grain yiela Straw yield
Coop (o/ha) (q/ha)
Mulch
Wi.eat 25. 18(3101'*8) 39093(35'1'}0)
Linseed 13.93(33,68) 3758 (i, 26)
Hustard 5.97(3k4.15) 23,06(52. 1)
Lentil 13.,88(31.43) 30.54(42.31)
%o mulch '
h”hea't 190 15 29.1{'9
warley 12,85 0.3
Linseed 10,42 26,05
Loostard @.h5 1513
Lortil 10.56 21. 46

#'i rures in parenthecis indicate the per .cent increase over unmulchied treatments.
ccrresponding increments in straw yield vere 35.L40, 38.99, 4bL,26, ©2.41 and
L~,%1 per cent, respectively.

L,5, Vheat Bquivalent viela

Xquivalent yielas from different crops under different mulch
treatments were converted by usinz formula (See section 3.15.6). ‘The data
thus obtained are presented in Taple h,6 ;nd Fir.te ‘'the analysis ol variance
i.. embodied in Appendix VvIII.

‘e vete (rzin vield
Wheat equivalent ;rain yields of all tne crops were cirnificantly

L. cher due to the application of lantana litter wulch (Table 4.6). In unmulched
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plot.. wheat equivalent ;srain yield of linseed was hignest followed by lentil
wiich in turn was siguiiicantly more than that of wheat. Wheat equivalent
yiclds from barley and mustard were statistically at par with each other but
were sipnificantly less than that of wneat, However, in unmulched plots trend
w:.s Jifferent, KHighest value was obtazined from linseed and lentil both being
at nar with each other, followed by wheat wnich in turn was signiiicantly
taore than that of barley and mustard, 7The percentgge increase in wheat
eruivalent grain yielda due to mulching over no mulch is hignest in barley
(#0.65) and lowest in wheat (27.01%). The per cent increase over control in
lentil, linseed and mustard was 31.42, 33,68 and %4,3%1, respectively., Cb for
interaction is not calculated because the interaction is non-significant.

Table 4.6, Mean treatment effects on wheat equivalent grain and straw yield(g/ha)

Crops - Grain vield(q/ha) . Stray vield(g/ha)
io_mulch Mulch fio_mulch tulch

St 13.84 23493 (27,01) 2949 35.93(30.40)
s ley 12.01 17.65 (35.66) 20436 264 30(39.00)
Linseed 25.26 33477 (33,68) 19.53 28418 (44, 29)
Mustard 12.94 17.38( 34.31) 11434 17.29(52.45)
Leutil 23.36 30.70(31.42) 16.09 22.90(42,32)

SEm+ for crops 1.79 1.83%

CD9% for crops 3,06 3011

SEm+ for mulch 1013 . 115

CL%% for mulch 1.93 1.97

¥Fiures in parenthesis indicate the per cent increase over no mulch treatuents,
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“e5.2e Straw yield

In mulched plots wheat eouivalent straw yields was hirhest in case
of wheat followed by barley and linseed which were at par with each other
but significantly more than that of mustard and lentil, Mustard and lentil
plots treated with lantana litter failed to exhibit any significant difference
with respect to wheat equivalent straw yield. The pattern in unmulched plots
was more or less similar except that in yield from lentil was significantly
more than that of mustards The per cent increase of wheat equivalent straw
yield of mulched plot over no mulch treatments was hirhest (52.46) in mustard
and lowest (35.40) was recorded in wheat. The per cent increase of wheat
equivalent straw yields in case of other crops were 38.00, 41,29 and 42,32

in barley, linseed and lentil,

4,6, Seasonal Crop Water Use Studies

Denthwise seasonal water use as influenced by various treatments
have been presented in Fipg.6, 7, 8¢ 9, 10 and corresponding values of seasonal
water use at different growth stages have been given in Aprendix section
(Appendix IX, X, XI, XII, snd XIII, respectively).

As is gpparent from Fig.6 and Table L4,7 in wheat seasonal water use
under mulched and no mulch plots revealed a sigmoid trend, increased from
%0 DaS uptd 120 DAS and then slightly decreased upto harvest both at 0-20
and 20-40 cm depths, However, in deeper profile (40-60 cm) the increase
was observed unto 150 DAS and then there was a decline in moisture use
(Fige6 and Appendix IX)s A close perusal of the Fig.6 indicates that in
shallow depths (0-20 cm) water use from mulched and unmulched plots was more

or less same, however, in 20-40 cm depth, interestingly at 90 DAS, water use
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Table 4,7, Mean treatment effects on depthwise and stagewise seasonal water
use (cm) - wheat crop

Days after sowing

Treatments Depth

0 60 %0 120, 150 At harvest Cumulative

Mulch 0-20cm 1.8  2.12 2.89 3.06 2.65 2.37 1451
20-Loem 123 .87 2.97 3.89 3ok 2449 15.59

4o-60cm 0.27 0.9% 1,54 3.62 3.89 2.7 13.00

Total 0-60 cm 2.98 493 7,40 10.57 9.68 7.54 42,10
o mmlch 0-20cm 1.58 2.28  2.93  3eM 2.7 2677 14,98
20-40cm 131 1.96  1.%0 3.72 3.19 2456 14,56

bo-60cem 0.37 1.03 3,15 4,03 3695 2436 15439

Total  0-60cm 226 5.27 7.83 10.86 9.85 7681 bh,93

from mulched treatments was markedly hirher than unmulched counterpart, recording
Almost similar values at 30 DAS, 60 DAS, 120 DAS, 150 DAS and at harveste. In
0~f" cm depth, trend was same as in 0-20 cm except at 90 DAS where no mulched
plots recorded sufficiently hipgher values (3.15 cm) in comparison to mulched

one (1,54 cm), At harvest, water use from no mulch plots remained slightly

hicher than mulched plots in all the depths.

Barlex:

Water use by barley crop depthwise and stapewise has been shown in
Fire?7 and Table 4.8 and corresnonding analysis of variance has been appended in
Arpendix X.

The pattern of water use revealed by barley was somewhat different

from that of wheat. At 30 DAS of barley water use from unmulched fields was
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hicher than from mulched ones at all the depths znd the trerd being reverse
at 60 DAS stage, wheress at 90 DAS crowth stage trerd being similar as that
of at 20 DAS stage except in deeper layer (40-60 cm), where both mulched and

anrmlched treatments recorded the same value,

Tnble 4,8. Mean treatment effectson depthiise and stagewise sezsonal water use
(cm) - barley crop

Days after sowing
20 60 0 120 150 At harvest Cumulative

Tr2atments Depth

luleh 0-20cm 1¢55 2.43 2.18 2.63 2. 45 1432 12.56
20 =locr 0.80 1.85 2.92 2.87 2.96 1.63 13,03
Lo-60cm 0041 1,07 2¢71 2.98 2.80 1029 9,65

Total 0-60c¢cm 2.76 535 7.81 8,48 8.21 L3k 17,50

No mulch 0-20cm 1.87 2.3k 2.53 2.39 2.73 1.79 13.7°
20-h0cm 1.27 1. 72 3,05 2453 2099 1468 13,2~
’40-60Cﬁ'! 0-79 1.05 2072 3. 15 3-01 10()5 11’).-;‘-?

Total 0-Acm 3.93 5.18 8.3 8.07 8.73 5.02 3,25

At 120 DAS stame mulched plots used more water than urmulched oner
by 2.4 mm in 0-20 cm depth and br 3.4 mm in 20-40 cm, recordine more or less
f~r2 value at lovest depth, At 150 DAS growth stage gs 21l 2= a2t harvest
water used was just like that of wheat as more from no mulched nlots than
mulched ones,
Linseed

Results on water use values related to linseed crop presented
throuch Fige8 and Table 4,9 have been appended in Appendix XI. At 30 and 60 DAS
no mulched plots recorded higher water use values than mulched ones at all the

depths studied in the present investigation.
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Table 4,9, Mean treatment effect on depthwise and staze-rise seasonal water
use (cm) - linseed crop

Days after sowins

Treatment Depth

0 €0 20 120 150 At harvest Cumul ative
Mulch 0-20cm 1.69 2.59 3.15 2.h43 1.98 1.08 12.92
20-40cm 1,07 2.06 2.61 3.05 2.27 1.81 12.87

40-60cm 0.56  1.33 2.48 2.25  3.06 2.35 12,03
Total 0-60cm 3,32 5.28 8.24 7.73 731 Se 2k 37.82
o mulech 0-2Ccm 2.1 2.89 2,97 2.45  2.03 1015 13,60
20-40cm 1.45 2.37 2.29 3417 2¢3h 2.12 135,74
4o-60cm 0.97 1.72 1.23 2.60 3.17 2.89 12.59
Total 0-60¢cm L5z  6.99 6.49 8.22 7.50 fe16 29.93

However, the trend w25 just opposite at ©0 DAS at all the derths,
The rattern was again similar at *”0 DAS growth stare and 150 DAS and at harvect
also under all the depths. At harvest water use from unmulched plots wes seme
in 0-20 cm, hirher by 3.1 mm in 20-40 cm and by 5.4 mm in 40-60 cm depth
indicating thereby that effectiveness of mulch material was more reglised in
deeper soil layers as compared to sub-soil layers,
Mus tard

The pattern of water use by mustard crop has been depicted in Fi~.9
and corresponding values of moisture use in Table 4.40 and Apperdix XII,

| At 30 and 60 DAS amount of water used in no mulched plots remained

hirher than mulched plots in all the deptins i.e. 0-2cm, 20-40cm and L0-60cm.
Hovever, at 90 DAS all the depths revealed reverse trend i.e. mulched plots

utilized hirher quantity of water than unmulched one.
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Table 4,10, Treatment effects on depthwise and stagewise seasonal water
use (cm) - Mustard crop

Days after sowing

Treatment Depth

20 60 20 120 At harvest Cumulative
Mulch 0-20cm 1423 2437 4,71 3.09 1615 12.55
20-40cm 1,05 2.01 4,57 2.3 1.69 11466
Lo-60cm 0.61 1.15 3,46 2.13 2.38 9.7%
Total 0-60cm 2.89 5453 12,74 7456 5622 3%.94
No mulch 0-20cm 1.79 2417 4,23 2.01 119 12439
20-40cm 1.45 2.63 2.75 2.93 1o 7l 12,50
Lo-60cm 0.9% 1484 3407 2.10 2ol 10,36
Total 0-60cm 4,18 7461 11405 704 537 35425

After 120 DAS water used by mulch treated fields was hirher than
0-20 cm, less than 20-40 cm unmulched plots and same as unmulched ones (40-60 cm),

At harvest water used was more or less same at all the depths,

lentil
The trend of water used by lentil crop during its growth cycle
has been depicted through Fige10 and Table 4,11, The corresponding analysis

of variance has been given in Appendix XIII.



o

}
12
DEPTHS INDEX
4 8 & MULLH
o ——20CM.
D ti4Q L ULCH
/H §
m*- , mg]ﬁlm,
2
N
N/ 20 —— 40 Cm.
RIS . S
)
0
e
l
% a4
2
N N &N
nt
40 SOCm.'
| 3R}
1 4
F7y
o N M N | M
30DAS Go DAS 90 DAS 120DAS 150 DAS HARVEST
- STAGES

FIG. 10 SEASONAL WATER USE — LENTIL CROP



L3

Like mustard crop in all the depths studied at 30 and 60 DAS stages
the amount of water used in unmulched treatments wa@ more than mulched ones

vhereas trend was just reverse at 90 DAS and 120 DAS,

Table 4.14. Mean treatment effects on depthwise and stagewise seasonal water
use (cm) - Lentil crop

Days_after sowing
70 60 90 120 150 At harvest Cumulative

Treatment Depth

Mulch = 0-20em 1,58 2.47 4,39 2.89 2e 11 117 14,61
20-40cm 0,98 1463 2,67 2.25 2.56 1439 12. 48
4o~-60cm  0.46 1,08 3463 2.15 2437 1.92 11461

Total 0-60cm  3.02 5.18 11,69 7629 7.04 L, 48 38.70

No mulch 0-20cm 1.88 343 L7 2.76 2. 21 1.23 15.71
20-40em  1.28 2.07 3.53 2,09 2.74 1047 13,18

ho-f0cm  0.76  1.bb 2,85  1.b9 2.b43 1.96 10.93

Total 0-60cm 3,92 6+94 10,55 6634 7ol 4,66 39,82

At 150 DAS and at harvest quantity of water used by mulched and

unrulched plots remained more or less same at all the depths.

4,7, Depthwise and stagewise per cent soil moisture contribution of different crops

Wheat
Depthwise seasonal water use by wheat at different stases of the
growth cycle has been depicted in Fig.12 and appended in Appendix IX, In

mulched as well as unmulched treatments, the total moisture contribution increased
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from 30 DaS ti1l1 120 DS ard then declined at 150 DAS towards harvesta

The maxirum total moisture contribution was recorded at 120 DAS both uncer
mulched (29.57%%) and unmulched (24.i§)) vlotse In mulched nlois, as is
evident from Fige.12, per cent moisture contribution was hisher from unper
s0il profile (0-20 cm and 20-40 cm) during early growth stapges, howsver,
later on at 120 DAS, 150 DAS and at harvest the trend was somewhat rever =z,
Under no milch treatment such a pattern was not that much definite, Cne'hir-
evidentlr proved from the figure is that at all the stages of rro-th the
per cent value of moisture contribution from no mulch treatment rem=inad
higher than that from milched one, At shallow and deeper soil derths
fluctuations in soil moisture contribution from 20 DAS till harvest .=re
comparatively more than 20-40 cm soil depth and this was true both fo-
milched 25 well as unmulch2d treatments. At harvest per cent moisture
contribution from all the z0il profiles a5 more or less seme in =1’ nbrd

25 vell =s unmulched plots.

Depthirise seasonal izter use by barley crop (mulched ard up<wsl~b-c’
has been diarrammatically presented in Fic.13 {Appencix X), Under mlc -+
conditions, 25 a tvhole, per cent moisture contritution revealed an ircressi--
trend richt from 20 DAS till 120 DAS, followins a sli~ht decline at 150 DS
»nd aftervards there was a marked decrezse from 22.04 per cent at 150 DAS to
12.08 per cent at harvest, During early growth stases (2¢ D45 ond 60 DAS),
Jo'er values of per cent moisture contritution vere noticed from lower soil
horizons (40-60 cm) whereas during later growth stages (150 D:iS and at harvest)

lover values of per cent moisture contribution were associated with upper soil
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profile (0-20 ecm). In soil depth from 20-40 cm the variations in moisture
contribution were not that much pronounced ranging from 28,98 per cent at
30 DAS to 37.39 per cent at 90 DAS., Unlike mulch treatments, from no mulch
plots, an increase in per cent contribution was recorded from 30 DAS till
150 DAS. The per cent moisture contribution of total secsonal water use
at 30, 60, 90, 120 and 150 DAS growth stages were 10.03, 13.20, 21.16, 20,57
and 22.96 per cent, respectively., At harvest there vwas a sharp decline to
12.79 per cent o At 30 DAS and at 60 DAS upper soil layers (0-20 cm) exhibited
higher per cent moisture contribution whereas at other crop growth stapes
(90 DAS, 120 DAS, 150 DAS and at harvest) uprer soil profile recorded lovest
values and at these stsmes hirhest values vere associated vith 40-50 cm soil
depthe In soil layers from 20-i0 cm just like mulched plots, fluctuations in
s0il moisture contribution vere comparatively less varying from 31.35 per cert
at 120 DAS and 34,56 per cent at 60 DAS crop growth stages.

Comparing mulch and no rulch treatments as a whole, total moisture
contribution from no mulch plots was higher than mulched ones, ‘loisture
contribution at 30 DAS wes more from no mulch plots and at other stages thessz

values were more or less the sazre,

Linseed

Per cent depthwise seasonal water use by linseed crop has been depir:ed
through Fig. i and appended in ippendix XI. Quantum of water utilized wes
found to be highest at 90 DAS (271.79%) under mulched plots and 120 DAS (20.57)
under no mulch plotse Tne per cent moisture contribution revealed an
increasing trend from 20 DAS till 120 DAS and then it declined till harvest.
Lowest values were recorded at harvest both under mulched (13.85%) and

unmulched (15.4%;) conditions.
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During early growth stages i.e. 30 and 60 DaS, particularly under
mulch treatment highest per cent contribution of moisture v2s from shallow
soil layers vhich is 50,90 and 4%.33 per cent, respectively and with the
advancement of growth the trend appeared to just opposites At harvest
maximum moisture contribution was from 40-60 cm so0il depth i.el.*4 85 per cent,
llore or less similar trend was observed under no mulch tresiments excent ih
shalloy s0il layers i.e. 0-20 cm continued to contribute markedly hirb:r
moisture thezn lo.er layers upto 90 DAS, At the time of harvestipm per cort
moisture contribution from 0-20, 20-40 and 40-60 cm was 1867, 3held rmd

16,91 per cent, respectively,

Mustard

Data with respect to depthwise »nd stagewise per cent moistvre
contribution by mustard crop have been presented graphically in Fie.1l -7
sppended in Appendix XII, Highest per cent contribution of seesson=l +=u-
use w25 at S0 DAS both under mulched and unmulched conditionse 7Tne rvrr ~-
contribution at 90 DS wes 34,54 and 31,%6 per cent under wulch and no =" -
treatments respectivelys In mulched as 1ell as urmulched plots per cert
moisture contribution shoved an increasing trepd from 20 DS till 92 L. C
and then it decline till harvest,

Under mulched plots highest contribution was observed *o bz frec-
shallow s0il layers at elmost all the stnres except at harvest., At hrrve-t
lowest layers contributed significantly more than upper ones i.e.l5,50 ~.

Similar trend wes observed under no mulch treatments, At 120 DS
highest contribution was from 20-40 cm soil depth (41,67%) vheress at harvest

LO-60 cm s0il layers contributed markedly (i.ee. 45.447%),
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Lentil

Depthwise and stagewise per cent water contribmtion pattern by
lentil crop has been depicted in Fig.16 and appended in Appendix XIII,
Highest moisture contribution was noticed at 90 DAS crop growth stages both
under mulched as well as unmulched treatments 20.22 and 26.49 per cent,
respectivelys The trend of moisture contribution was just like other crops
i.e. an increase from 70 DAS to 90 DAS and then decline upto harvest imder
mulched and unmulched conditionse.

Depthwise variations in per cent moisture contribution were
reflected only by shallow and ddeeper soil profiles The contribution from
20-40 cm s0il depth remained more or less same at all the stages of crop
growthe This was true for both the treatments, Interestingly at harvest
lower layers contributes more moisture whereas shallow s0il layers plagyed
a significant role for moisture contribution during early stages of crop
growthe The per cent moisture contribution at early stages i.e. 30 DAS and.
60 DAS was more from the upper layer (0-20cm) i.es 52.31, 47.68, 47,96 and
49,42 -under both mulch and no mulch treatments, respectively, whereas at
harvest in both the condition the per cent moisture contribution was more

from deeper layer (40-60cm) i.e. 49.89% and hﬁ,O‘, respectively.

4,8, Crop Water Expense Studies

4,8,1, Total water expense

The total water expense values were calculated by summing up the
profile moisture use and total effective rainfall during the crop growth
season, The data with respect to total water expense under different

treatments have been presented in Table L.912and Fig.11.
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Taule 4,12+ Treatment effects on total water expense during crop growth
period (cm)

Soil moisture Leit over soil Frofile nffective* Total wate:
Treatment at sowing moisture at moisture rainfall expense
' (0=-6C cm) harvest(cm) use(cm) (cm) (cm)
Mulch
Wheat 19. 40 16470 . 2.7 LoJko L3.10
Lorley 19.40 17. 45 1.95 35«0 57.25
Lir.seed 1S, 17.33 2.02 32.80 37.82
o tard 19.40 13.96 0. b 33.50 33494
Lentil 19.40 16420 3.20 35450 334 70
No mulch
Wheat 19.40 14,87 4,53 4o ko b, 93(L, 24)
narley 19,40 19547 3093 25630 39.23(5.31)
Lir.seced 1940 15.27 be1s 35460 39.93(5.57)
fisstard 19.40 17.61 1475 52650 256 25( 54C5)
Lentil 19.40 15.08 L.32 39.50 55.82(2.89)

*Uifferent figures for effective rainfall for different crops was due to
different crops life span.
Fipures in parenthesis indicate per cent increase of water expense over
wilched treatments.
Total water expense was less in mulched treatments as compared to no
mulch treatment and this was true for all the crops. Per cent increase in
total water expense from no mulched plots over mulched ones was to the tune

of .2k, 5.31, 5.57, 3.85 and 2.89 for wheat, barley, linseed, mustard and

lentil, respectively,
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Among various crops hirhest value of total water expense was

recorded from wheat crop and minimm for mustard both under mulched and

unmulched plots, other crops showed intermediate kind of water expense.

L,8,2, Cumilative Water Use

Cumulative water use values experienced by various crops under mulch

and no mulch treatments have been depicted in Fifg.17 and also in Table 44%Be

Table 4,13, Treatment effects on seasonal water use and daily water use

Treatments Seasonal water use (cm) Daily water use (mm)
Mulch
Yheat k3,10 2,43
Barley 3725 Polt2
Linseed 37.82 2627
Mus tard 33.94 242
Lentil 38,70 211
llo mulch
theat Ll ,a3(h,2k) 26%(9.05)
Barley 39¢23(5.31) 2.63(3.67)
Linseed 30,93(5.57) 2451(10.57)
Mustard 35.25(3.85) 2.57(6.19)
Lentil 39.82(2.89) 2455(5.88)

Firures in parenthesis indicate per cent increase of water use over mulched
treatment,

Among various crops hirhest value of curmlative water use was recorded by
wheat (43,10cm) followed by lentil, linseed, barley and mustard, respectively

and this was true for both under mulched and unmulched conditions, Under
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3946 8.1 em.
33097 33.82Ccm. (3. 13em
2748/ 710.Q3cm.-

Fi6.17 DEPTHWISE CUMULATIVE WATERLSECHMAT GROW TH

OF . RABI CROPS
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milched treatment for wheat and barley hirhest contribution for cumulative
water use was noticed from 20-40 cm layer whereas for rest of the crops upper
layers exhibited this phenorenon. Lower layers of soil so studied in these
investigations, always recorded least values of cumulative water use for
vheat (13,00 cm), barley (11,66 cm), linseed (12.03 cm), mustard (9,73 cm)
a5 well as lentil (11,61 cm),

However, under no mulch conditions trend was somevhat different,
Unper lavers (0-20cm) recorded hichest values for wheat and lentil, whereas
for other crops middle layers noticed hirhest values, Lowest layers 40-60 cm
always resulted in lesser values of cumula‘tive water use for all the crops

except wheat,

Le8e3e Daily water use

In penernl, daily water use values under no mulch conditions remained
hi~her than mulched conditions for all the crops studied (Table %4,12)s Per
cent incrense of water fromsmulched plo®s over - mulched ones in wheat, barley,
linseed, mustard and lentil, respectively were 9,05, (.67, 10.57, 6«19 and 5.88,

Amonr various crops wheat noticed hirhest daily water use of the
amount of 2.43 mm, followed by barley and mustard (each 2.2 mm), lentil
( o441 mm) and linseed (2.27 mm) under mulched conditions, The trend was
nuite the sname for no mulched treatments also except for the fact that here
barley experienced hicher water use then mustard by about O.14 mm dailye

b,8.l4, Economics of water use

A cursory examination of data Table L.14 an interesting observation
appeared that the hichest net return to the tune of Rs.4419,43 per hectare piven
by the linseed crop when raised under mulched condition. The second highest

order of net income was shown by lentil, worth Rs.3947.40 per hectare and then
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closely folloved by +heat and barley. ‘hereas the lorest net income t-mucht
out by mustard under rmulched treatment, The similar trends i1ere revezl.ed
by 211 these crops urder no mulched conditions alsoy althoush trere were
considerable depressicns in monetary net returns vhen these crop- vere
grovn ithouat malchin~ materiale

Table 4,14, Treatment ef"ects on monetary returns/ha mm water uced

et returrs Total vater et retrn/ha
Treatments (Rs/hz) expense (mm) mrt of water
ure
“heat 2045,58 L3 705
Rarley 1720621 372 h52
Linseed blq9,b 3 378 11459
Mus tard 1482, 84 339 ho 27
Lontil 3947,40 357 e 0
1o ~mlch
Yheat 2132,63 Lhg Lyl
Barley 1136451 392 20
Linseed 3169443 3799 YR
Mustard 1015084 352 Dol it
Lentil 296 3,60 328 Pali

Further, lookinr to data Table 4.14 for total water expensz revcred
that the maxirum water expense with mulchk application showed uy -heat crcp to
the level of 431 mm during its cropnins life span, where =s other crops shoved
wrater expense ranging in between 339 to %37 mme Again whent has showm the

highest order of water expense to the tune of 449 mm vhile growine iithout mulch
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rnd other crops ceme in the order of linseed 399 rm, lentil 393rm, barley 392 mm
md mustard 352 mm showed the lovest,

From the Table 4.14 it can be seen that the hirhest net returns(Rs.~.(¢)
apainst each mm of water use showed by linseed cropy under mulch n~nlicatione Vhich
ves closely followed by lentile On the other hand the lowest net returns for each
rn 1ater use were recorded under rustard and barley, and vheat remained intermedinte
Trhe overall ﬁerformance of all croms growm without mulch gave lesser net returns
erainst per ma of water use in commarison to rmulched conditionse Still the order of
crops =5 the same a5 that of mulcrcd plotse The highest order remained vith linsecd
=nd lo'=5%t order was in case of mustard and other crops were interrediate in respect
o net monetary returns per hectare = of water use.

4,9, Soil Chemical Properties

Le9e1e Available N ¢ Mulching with lantana litter resulted in si-nificant incresse

in terrs of available N in soil for each crop studied(Table 4,15 and Appendix XIII).
Amonr, various crops, in fact lantana litter mulch brought about 11.70411.L4241%k. 13,7, 2
=nd 13,23 per cent increase in available Il content of soil over control for whent,
barlerylentil,linseed and mustard cropyrespectively Under mulched conditions, plots
rovn vith vheat accurmlated largest quantity of I which wes si-rificantly more them
thnt of linseed vhich in turn was followed by lentil plois, "1lched lentil and tarlcy
£0'm rlots vere statistically at par ith each o*her so far 25 the available ! cormtr &
in #oil wes concerned. Least available H was recorded from rustard rloise Sirilr-

trend wes revealed by no mulch treatments,

4,9,2,Available P : Mulching treatments did not differ simnificantly in affectin~ the
Available P content of soil(Table 4.*5)y However, the differerces rnor~ crops vere
sipnificant in mulched plotse The hi~hest quantity was from barley no:~ plots which
yvirye at par with wvheat,musterd snd lentil sown plots but significantly more than ithat cf
linseed sovn plotse The aviilable P content of soil in vheatybarley,rmstard,lentil and

linseed plots were 32.77,25600,55.50, %4.37 and 17.7" kg/ha, respectively,
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Table 4,15, Mean treatment effects on available N, P and K at harvest (kg/ha)

in soil

. Available N Available P Availsble K
Ireatments Mo mulch Mulch No mulch IHulch Ho mulch  Mulch
vheat 561.25 628.00(11.89) 19.37 23.75(22.58) 311.75 3241.00(9.38)
Serley 505.25 563,00(11.42) 18.75  26.00(33.66) 289.50 340.25(17.53,
Lirceed 511,00  583.75(14.48)  17.25  19.87(15.22) 275.75 345.75(25. 38,
hustard 488.00  523.50(9.32) 21.12  25.50(20.71) 251.75 309.25(22.84)
Lontil 500.75  567.00(13.23) 20.25 24.37(20.37) 02.75 3320.75(9.24)
Sun+ for mulch 8.96 1.96 1a72

Cu%, for mulch 15427 3.35 25.08

Sui+ LOT crops 14,18 2e11 2%.20

Cu%5 for crops 2k, 15 - il 35465

Fiures in parenthesis indicate per cent increase of ¢! , P aid K content over

rv wmulch treatments,.

Interaction effects between mulch and crops on available L, P and K
i3 non-significant,

However, under no mulch treatments highest guantity of ¥ was recorded
Trom mustard sown crops which remaining at par witn barley, wincat and lentil
recorded significantly more amount of P than that of linseed plotse “he per
cent increase of available P was highest (38.66%) in varley and lowest in

linseed (15,225) under mulched plot over the control.
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L,9,3« Available K

ulchin? and no :mlch treatments did not differ sirnificantly
in influencing the availatle K content of soil after harvest 2s shown in
Table 4,15-and Appendix XTI,

Under mulched conditions, linseed crop recorded hirhest quantity of
available P (345.75 kg/ha)e This was at par with all other crops except
mistard crop which resulted in significantly lesser zmount of available
K (309.25 kg/ha)e

Same vay under no ralch treatmen%;mustard nlots recorded minirmm
amount of available K and hi-hest quantity was that from wheat plots, "he
per cent increase of availzb'e K in soil under mulched plot over control due
to lantana mulch in wheat, brrley, linseed, mustard and lentil crop was 92.73,

17453, 25438, 22.84 =znd 9.24, respectively.

4,10, Yater Use Efficiency

Values of iater use efficiency experienced by various crops under
salched =nd no mulched treatments vith respect to rraing stray ord biolo~ical
yield have been given in Table Lo 18,

A perusal of the data reveals that mulchins alvays resulted in
hicher water use efficiency for all the crops with respect to prain, straw
as well as biological yield, <he per cent incresse in :uater use efficiency
wes highest in barley (42.86) ard lowest in lentil (35.2C) under mlch
treatments over no mulch treatrents,

Increase in water use efficiency with respect to rrzin from mulched
eéffects over unmulched plots vere 37,06, 42.86, 41.44, %9.42 2nd 35,20 per cent
for vheat, barley, linseed, mustard and lentil crops, respectively and

corresponding increments for straw yield were 41.13, 46434, 52,29, 58.20 and
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woode b,15, Mean treatment effects on water use efficiency of iabl crops

(ke/ha/cu)

Treatments Grain straw Jiolozical
Mulch

Wieat 56.43(37.06) 92,04(41,13) 151.07(59.53)

Larley 50.46(42.86) 75.97( 4G4 34) 126 43( 1. 93)

Linseed 2584 (41, 14) 99.37(52.29) 1364 21(49,10)

Hustard 17.61(39.42) 67.9€(58. 30) £5457(54,01)

Leatil 35.87(55.20) 73.92(L45 k) 114 75(h2.73
No mulcy

Wheat k2,63 6o.64 108, 27

borley 35432 51.91 87.23

Linseed 26410 65425 91e25

Mustard 12.63 k2.93 55486

Lentil 26.53 53.89 80. 42

Figures in parenthesis indicate the per cent increase over no mulch treatments.

L6 44 per cent, respectively,

Taking into account the biological yield

hi‘hest increase was recorded in case of mustard crop (54.01%5) and the least

from wheat (39.53%%)

Lk, 93, 49,10 and 42,73 per cent , respectively,

4e11. Economics

Per cent increase in barley, linseed and lentill were

Data in respect of gross returns, net returns and net returns per

rupce invested as influenced by the various treatments have been presented in
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Table 4¢17. and cost of cultivation has been given in Appendix XV, XVI,
XVII, XVIII and XIX,

It is apparent from the Table 4.17 that in all the crops gross returns
as well as net returns from mulched plots were markedly greater than those
from no mulch treatments, Highest net returns were obtained from linseed crop
(Rso1+419,43) and least from mustard crop (Rs,1482,84), other crops have shown

of intermediatary type of net returms,

Table 4,17, Treatment effects on gross returns, net returns and cost benefit
ratio (Rs/ha)

Treatments ama M lmjtar  rages imvested(as)
Mulch
Wheat - 575170 3045,58 1012
Barley Lohk ks 1720.21 0.7k
Linseed 6699,00 Lh19,43 1493
Mus tard 3556400 1482,84 0.71
Lentil 5982420 3947.k0 1694
No mulch
Wheat k338.75 2132.63 0.96
Barley - 2960.75 113651 0.62
Linseed 4949,00 316943 1078
Mus tard 2589.00 1015484 0.64

Lentil Lio7,40 2963.60 1091
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Consequently mulchinr helved in having hirher net returns per
rupee invested in each crop studied, Under mulched conditions hirhest net
returns per rupee invested were obtained from lentif and linseed Rs.1.94
~nd least from mustard Rs.0.71, whereas under no mulch treatments, highest
net returns per rupee invested were obtained from lentil crop (Rs,.1.91) and
least from barley (Rs.0.62)s Thereby these results very much sneak of
favourable effects of mulching in terms of economics too, particularly in
states like Himachal Pradesh where family labour can be effectively employed
for cutting the lantana litter to be applied in rabi crops and to have

increased benefits
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Chapter 5
DISCUGSIC

The exrerimental findings of the present investi~ation en%titled
"Effect of lantana mulch on wvater use efficiency, growth and yield of rainfed
rabi crops" have bheen discussed in the current chapter and -n effort has been
mrde to establish the cauce snd effect of relationships in the lirht of
a7ailable evidences,

Growth and yield of various crops are the net resultant nroduct
of the interactions of their physico-chemical environment of soil and plart
-rl alnn arro~-climntic factors plus the menetic wake upse The yield of rabi
crops, thus, may evidently bte increased, unaffected or decrersed by a ~7ven
alteration in their micro znd macro-envirorment.

The meteorolorical data during cropvine sezson (1ire1 and Anperdi~ )
revealed that various agroclimatic parameters were neasrer to optimum level
~rorth md development of rati crops excepting that the rainf~ll (I°,i4 ¢~
=5 1ittle lower thon the normal winter rains of the arens The me-n
stmaspheric temperature varied from 3.4°C in January to 28.8°C in April. e
low vinter temperatures durins Jznuary and Febraury months inhibit cro-4- 7-=
some duration and hence prolon~ the days re~uired to maturitr of crors, ~ies
rmlched conditions a 1ittle hi -her soil temmeratures of umper s-il profiles
remained beneficial for better root growth, tut generally no di “ference v~
recorded in temperature variatons due to mulching from the dearer =oil rrofiles.
Contrary to this durins wvarm months of the year i.ees April =ad !larch {Arve-diz I
the mulching material helped in maintainin< lower soil temperatures of upper

soil profile, These findinfgs very much sneak of the role of mulch materials
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in moderating the soil temperature thereby affecting crop growth and
development favourablye.

Observations with respect to various growth and yield attributes
ie.ee germination count, number of tillers or branches per plant (Table 4.1),
plant height (Table 4.2), number of branches or tillers per plant, number of
effective tillers or branches per plant, number of grains per ear or pod,
1000-grain weight (Table L4.4) revealed that mulching with lantana litter
brought out significant differences in respect of number of effective tillers
or branches per pod and 1000-grains wheress other characteristics remained -
non-significante No doubt that mulch materials are usually used for soil and.
water conservation and erosion control but they do influence growth and yield
attributes through their effect on soil temperature, weed competitioﬁ, disease
and pes{ infestation, in some cases availebility of mineral nutrients and
organic matter content of the soil besides affecting the pace of microtial
activity, Ultimately the effect is on the crop yield,

The beneficial effects observed due to mulching in case of effective
tillers or branches and 1000-grain weight might be the result of such functions
of mulch materialse Consequently significant gains in grain and straw yields
of various crops so tried in the present investigation were obtained due to am

spplication of Lantana camara mulch, The percentage increase in grain yields

due to mulching were 31,48, 35,66, 33,68, 34415 and 31.43 for wheat, barley,
linseed, mustard and lentil, respectively,whereas the corresponding increments
for straw yield were 35,40, 38,99, 44,26, 52,41 and 42,31 per cent, respectively
THese results resemble to findings of Kanivets and Fomin (4972), Krishna and 4

Pandey (1981), Balyen and Malik (1981), Ghosh (1984), Sharma et =1.(1084).
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Bhen (1978) and Roy et al. (1976) and many other workers reported similar
results having the positive effect of mulch on grain and straw yieid of
different rainfed rabi cropse.

As shown in Fig.6, 7, 8, 9 and 10 the seasonal water use
under all the treatments showed a sigmoid pattern which has been discussed

under the different crops.

Wheat

As shown in Fig.6, the seasonal water use under mulched and
non-mulched treatments ranged from 3.26 to 10.86 cm and 2.98 to 10.57 cm,
respectively recorded from 20 to 120 DAS. Upto 30 DAS the moisture
depletion was maximum from the upper most layers of soil in both mulched’
and unmulched treatments which is 49,6 and 48.U4 per cent of the total water
expense, Also at 60 DAS, the similar trend in both the treatments was
observed, however at 90 DAS, trend was different, At 90 DAS, the moisture
extraction in case of mulched wheat was recorded slightly higher (2,97 cm)
from the lower depth (20-40 cm)., However, in case of unmulched wheat,
higher extraction of moisture (3.15 cm) was found from the lower depth
(40-60 cm)e Similar trend of moisture depletion in mulched and unmulched
treatments was recorded at 120 DAS. The moisture depletion at 150 DAS m«i
at harvest stages was found comparatively higher from the lowest depth in
both the mulched and nonmulched plots viz., 3.89, 2.74, 3,95 and 2,86 cm;
respectively, This might have occurred due to shallower roots, lesser
vegetative surfaces and high evaporation but low ET losses at early stsges
of crop growth, whereas, the deeper root growth and more wegetative surface

at later stages extracted more soil moisture from upper as well as fromw
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tvo loer profiles, respectivelys The hir~her soil woisture use fron
the lovest soil prcfile is due to hish roisture availarcility in that
layer and low water availability in urper profiles besides deen rooting
systemse

Under mmlched treatments, lesser total vater expence (£2.10 cm)
was observed in ccrrsrison to nonmulched treatments (L4,93), !'nweve-, per
cent total moisture depletion under mmlched and unmulched conditions -t
depths 0-20 cm, 20-40 cm, LO-60 cm was recorded 33.67, 36,17, F.1h, 23 34,

32.41y 34425, respectively. These findinns are in line with the Tirdines

of Haz ra et al.(1?73) and Prihar et 21,(1979)s Chakor s
Sharma {17%4) who have nlso obiainrd the similar resu’in in

respect of moisture depletion studies for »*1 these crovs,

Barley

As represented in Fige7 =nd 47, the pattern of moisnfture c-lntion
somevyhat different from that of vhenst vna obzerveds Tn all tin Fomilba %
30 DAS, the twater extraction was hirher in unrmlched plots thon mulched
plots Vize, 2.75, 3.93 cms, respectivelve Conversely tn this at #0 DU
different trend vizey 5.35, 518 cm was obzerved, Iosevery at both the
stages, the vater denletion under mulched and unmulched treat—ecris was
recorded hicher in upper layers and comparatively lestc in lorer lrre-a.
At 90 DAS total vrofile seasonal water use w»s comnara'ively hi -her in
unmulched plots (3,320 cm) than that of milcied plots (7.84 cm) «hizh wor
21,16 and ?O.?éaper cent of the total water expense, resrective ye A5 Jerx
as moisture depletion is concerned, it was hirher in lo-er larers 4han umer

ones which rarred from 2,98 to 2.63 cr in mulched and 3.15 to 2,29 in

unmulched plots, Seessonzl water use szt 150 DAS and harvest sta-es wes
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otserved comparatively higher in unmulched plots than that of mulcred
plota vize, 8.21, 8.73, 484 and 5.02, respectively, The *ota’ -mter
depletion during the entire cropping seasson was found higker in unmulched
treatments vize, 39.23 and 37,25 cme The total vatesr expenrse wrs recerded
higher under both the treatments ir the lover layer (20-L0 cm) viz., 13.03
rnd 13.31 ems, respectively, The total vater extraction in soil prof. le
from 0-20 ~nd 40-60 cms was recorded 12,56, 11.56; 13.75 and 12.A7 cre
urder rmilched and non-mualched treatments, respecctivelys These tronds -vre
in conformity of the results of Chakor (1975) who have rlso
observed sirdlar moisture depletion in crar of barley,

These findings clearly irdicated that this micht have occur-ed
due to liwitrd vegetative, root develorment srd lover environmental dewsrd
for tronmnortntion at early stages. However, et harvest stage, it micht
be due to les:er demard of crops for water =nd nutrients, Thecne fir-ir-
are in cenforration wvitk the findines of Ali and Prezgad (1975), Laz (07},
Himomrd 2t ale (1965)

Linseed

is diamramatically shown in Fige8 and 4% in all the doptin
unmulchred treat-ents recorded hirmher water use than mulched treatmert-
at 20 and 60 DAS, Contrary to this, quantum of water utilized by the =ro
a5 recorded hichest at €0 DAS under mulched plotz =nd 70 DS under
unmulched plots, viz., 8.2k and 8,22 cms, respectively, After 120 D43,
the per cent moisture contribution declined substentially unto harvest stare
for which the lowsst values wvere 13.85, 1545 urder mulched and unmulched

plots, respectively. The total water depletion during crop “rowth season
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under tsth the rulched snd unmulched treatments was recorded 37,852 =nd
39¢93 cn3, resypectivelys The per cent total moisture contritution -wes
higher from the urper layer (0-20 cm) under mulched conditions and
comparatively lesser from the lover layers. Hovever, the hi~her mnisture
depletion percentr~z in 20-40 cm w=s recorded under unmulched conditions
of soil profile (0-A2 cm) viz.y Z4#1 cme Reeson for the seme hes boon
describad enrlieres These findinrs are in conformity with those of withann
et ale(1971) ard Hedze (1964).

Hustard

As sho'm in Fige9, ard 1% at 20 and 60 DAS, the wasr rz-letion
under unmilchkad plois was higher than mulchad plots in all the *hrec ¢enths
under stu'ye At ©2 DI3, reverse trend +-s obtainede The hichest per cent
yater contribution wrs obtained at 90 DI3 under both the muwlched znd
unmul ched treatrents viz., 34,54 and 31,735, respectivelye Almori aft 1
the starmes except harvest, higher contritution from shallow soil T~ - v
under mulched plots =5 recorded, At harvest stase, the moisturs
contribution percentzme was higher from lo:er layers than upper onz3 in
both the troatments urder study,

Total vater expense recorded was 33.94 cm ond 35,75 crr cpdoess
rmlched and unrulched conditions. These findings are in line -dth th-:ic
of Lehzne (1952) znd F=zins and Singh {1974) and Lal (197v).

Lentil

As presented in Fig.10 and 16 at 30 and 60 DAS mare ztount o°

veser vas consumed by unrmulched plots than the rulched plotse llovover, ¢t

80 and 120 DAS trend :z5 differente Similar trend of esual water ased vas
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obtained at “50 DAS and harvest stage. -he highest depletion percentaz-e
vas recorded at S0 DAS under both mulched and unzulched treatments viz.,
20e3 end Yoty respectively. Depthvise fluctuation in =oisture
contribution wes reflected only by shallow and deeper soil nrofilee The
total water derleted was hirher in unmulched plots (39,32 cm) than mulched
plots (33,70 cm) during the entire crovnine sezson. These findings are

in line +ith the findings of Bains and Chovdhary (41970)e Cha'or

(1775) also otserved the similar trends vhile vorkine on lentil ond other
crops under rainfed farming conditionse

later Use Efficiency

A5 shown in Table L,1f, data reveals that mulchir~ always
resulted in hirher water uze efficiency for all the crops i1dith respect t~
~rain, strawv end biolorical yield. Incresse in water use efficiency witi
respect to grain from mulched over unmulched plots vere 37,06, b2.£6, 1.
Z9.42 and 35.20 per cent for :*teat, bar’ey, linseed, mustard ~nd len+il
cropsSe -hese Variations in data pertainine to water use efficiency mi~-ht
have occurred due to hicher yields or low muantity of water used
consurmtivelyy Under mulched treatments besides their different yieldire
behaviour and water consumption trendse

Also these findines were similar to that of Ali and Frased(197)
ard Kapur et ale(1973)¢ As recorded by them, all mulches excert FYii increersed
vrater use efficiency znd the hi~hest value of 14.8 waes obtained ith strew
mulch which was almost twice to that of controle.

Nutritional Status

Mulchine with lan%tana litter resulted in tremesndous increase
in terms of available N in soil for all the crops after harveste Among

various crops, wheat resulted in the hi~iest accumilation of I -rd least il
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accumul ation was recorded in mustarde In terms of P and K in soil,
lantana mulch resulted in slight increase over the controle Hishest P
accumul ation was recorded from barley sown plots, However, linseed recorded
the hirhest quantity of K accumulation in the soil, This might have
occurred because of more decomposition of lantana twigs with the advancement
of crop and increase in microbial activity with the increase in temperaturee.
These findings resembles to those of Weeks et al.(1950), SweBon et ale(1949)
and Hotmes et §}.(1948).
Economics

As shown in Table 4,17 mulched treatments resulted in increased
gross as well as net returns over the respective controlse. Highest and
lowest net returns were contributed by linseed and mustard crops, respectively.
These findings were not in conformity to those of Bains et al.(1971) and
Rajbans et g;.(1967) for no other reason but poor adaptability of mustardl
to the prevailing environmental conditions during early establishment in
comparison to linseed, which is confirmed by Singh (1972) and Asthana et al.

(1271)
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Chapter 6
SUMMARY AND CONCLUSION

The field investigations entitled " Effect of lantana mulch on
water use efficiency, growth and yield of rainfed rabi crops" was conducted
at Watershed Manapement Area, Agricultural Research Farm, Himachal Pradesh
Krishi Vishva Vidyalaya, Palampur durins Rabi 1985-86. The main objectives
of these studies were:

1o To observe the effect of lantana mulch on the growth and yield
of rabi crops,

2e To compare the water use efficiency values of various rabi crops
with and without mulch,

e To study the moisture depletion pattern by different rabi crops in the
presence and absence of lantana mulch,

Ly To determine the chanmes in soil properties under mulch and no mulch
conditions,

5e¢ To calculate the economics of the crops.

The experiment was laid out in randomized block desifn replicated
four times, The treatments comprised five crops, i.e. wheat, barley, linseed,
mistard and lentil each with two levels of mulching i.e. 10 t/ha and no mulch
a5 control, Treatmentwise half dose of nitrogen alonrswith full doses of potash
and phosphorus were aprlied at the time of sowing of all the crops except
lentil in which the full dose of all the nutrients was apprlied, Remaining half
dose of nitrogen was topdressed at 34 weeks of sowinge Lantana litter mulch

(freshly cut upper most 30 cm shoots of Lantsna camara) were first chaffed by

chaffcutter and then surface spread on the day of sowing itself @ 10 t/ha.
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An zpplication of Lantana litter mulch @ 10 t/ha brought out
significant gains in number of effective tillers or branches per plant,
1000-grain veight and consequently the grain and straw yields of all the
CTODS o

In fact 25 a result of this increased plant growtn aznd vigour, the
percentage in grain yields due to mulching were 3148, 35.66, 33,68, 3%.*5
and 31,43 for vheat, barley, mustard, lentil and linseed, respectively
vhereezs the corresponding increments recorded in straw yields were 35,40,
38.99, 4l,26, 52.41 and 42,31 per cent, respectively.

The sezsonal water use under all the treatments revealed a sigmrid
pattern. In general, it was found that from 20 days after soving upto 420
days after sowing, the periodical moisture use increased and then slintnl-
decreszsed towards harvest, The findings revealed that water expense ir
rmlched treatments was markedly less than that in unmulched countervart:
attributing to increased water holding capacity of soil with mulch amplicati .o
Among various crops highest value of total water expense was recorded fronm
vheat crop and minimum for rustard both under mulched and unmulched coriitier
‘wilching also recorded significant gains in water use efficiency values in
each crop studied in the present investigation,.

Besides, mulching with lantana favourably affected the nutrient r-a®. 3
of soil with respect to available nitrogen, phosphorus snd rvotash.

Consequent upon all these effects, mulched treaimenis, resulted in
increased gross and net returns and net return per rupee invested over the
no mulch treatments. Highest net returns worth Rs.4419.43 was recorded in
linseed and least from mustard (Rs,1482.84) under mulched conditions, wheress
under no mulch conditions highest net re+irns (Rs5.3169,43) .wre obtained from

linseed crop and least again from mustard (Rs.1015.84).
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As far as monetary net returns/ha mm of water used were concerned
the top ranking to the tune of Rs,11,69 were contributed by linseed crop
with mulched treatment as against lowest from barley (Rs.L4.62), The level
of net retums/ha mm of water used reduced to Rs.794 for highest

contributing crop linseed and Rs.2.89 for barley under no mulch conditions.

CONCLUSION
Fvem these investigations, it can be safely concluded that freshly

cut uppermost green twigs of Lantana camara if applied to rainfed rabi crops

vize, wheat, barley, linseed, lentil and mustard @ 10 t/ha. +the préctice
can effectively conserve the soil moisture, economically and beneficially
promote the pgrowth as well as improve the net returns under rainfed
conditions of Himachal Pradesh, Where ., lantana bush im available in
abund-nt cuantity from waste land areas of hills. The mulching material
can be collected econogfically by employing the familly members locallye
Hence an application of lantanz may be recommended for farmers for mulching

material.
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APPENDIX 1

Mean weekly meteorological data for Rabi 1985-86.

Standard Date TemEerature?C Relgti..ve Rainfall l‘h.rapora Ko.of. bright

week No. Maxe Mine humidity (mm) tion sunshine
(%) (mm) (hes)

Lo 18/10-24/10  22.8 1147 47 - 2248 10.0

bz 2v/10-31/10  2%.1 11e5 45 - 170 9.3

LL /1= 7/11 21.8 1142 ks - 175 6.8

L5 8/11-14/11 20.3 9.9 43 - 2142 €e1

4  15/11-21/11 2.5 9.2 Lo - 1844 8e2

47 22/11-28/11  19.2 79 48 - 1746 8.2

48e 29/11- 5/12 10.8 73 30 - 177 6.5

k9 €/12-12/12  18.2 7.3 Lo - 184 6oli

50 13/12-19/12  17.8 77 b2 2.2 1548 k.0

51  20/12-26/12  16.7 7.0 55 . 18,0 b9

52 27/12- 2/1 139 4.0 57 13945 1004 boq

1 31 - 9/1 1541 Bolt Lo - 1543 8.8

2 10/1 -16/1 14,9 L6 48 - 14e3 75

3 17/1 =23/ 15.0 3.7 b4 - 1540 8e2

L 2h/1 930/ 156kt 6e1 L3 - 9 363

5  31/1-6/2 145 549 Lq 0.2 17.6 2.3

6 /2 -13/2 16.b 647 54 3542 2040 %e3

7 /2 -20/2 12.9 L6 59 k2,2 1644 L9

8 21/2 =27/2 15.0 Selt 53 404 &t 1842 5.8

9 28 /2-6/3 13.6 7okt 4o - 2147 93

10 /3 -13/3  21.6 111 Lq 102 2546 6e8

11 14/3 -20/3 175 81 58 86.7 2643 3e2

12 213 -27/3 161 6.2 L7 2146 2khe 5.2

13 28/3 - 3/h4 21.5 1242 42 0.8 2563 5.8

14 L/h _10/k 2242 111 32 1.6 29.7 7e7

5 1/k -7/ 26.8 15.6 38 32 k3.9 7.9

16 18/4 264k z2.8 1641 29 33.6 52.2 9ot
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APPENDIX III
Student's 't' test to compare germination count per metre row length and
nunber of tillers/wain branches per plant

P Germination count No.of tillers/uranches
reatments vt (Cal.) ver plant 't' (Cal.)
vheat (mulch) 5
- Te
Wheat (no mulch) Oa77 7
Barley (lilch)
. 1,40
Barley (no mulch) 0.59
Linseed (lMulch)
Linseed (no mulch) 0o bl 1.2
Mustard (Mulch)
Mustard (o mulch) 1ei 1027
Lentil (Mulch) 0.99 1251

Lentil (ivo mulch)

't'(tab) at 5% level of probavility is 1.9%3
‘t'(tab) at 1 level of probzuility is 3.143

APFENDIX IV

Student's *'t' test t. compare tne plant height at different crop growth stagese.

‘‘reatucnts 30045 GODAS 90DAS 1200435 150D AS At harvest
= £(Ca1) t(Cal)  £(Cgal) t(Cal) £(Ca1) t(Cal)

whe at{mulch) ) p .
Barley(mulch) 7.87 be1k 2.70 2.86 210 2.73
Barley(no mulch)
Linseed(mulch) .
Linseed(no mulcn) 0.1k 0.68 0.61 179 2e5h 2e21
Mustard(mulch) P A :
Mustard(no muleh)  ©+68 0.57 1048 1601 2.0k 2434
Lenti

entil {mulch) 0.1 047 0.62 0.92 2.59 _

Lentil(no mulch)

t(tab) at 5% level of nrobability is 1.943
t(tab) at 1% level of probability is 3.143




APFEIDIX V

Student's 't' tent to compare dars to flowering and days to maturity

T Days to flowering Days to maturity
reatments t (Cal) t(Cal)

wWheat (mulch) 6.08 oz
Wheat (no mulch) -0 Se

Barley(rmlch) 6.2 7 Lo
Parley(no milch) o -

Linseed(rmlch) !
1. 85 LOh
Linse~ad(no milch) 8 70

Hustard(milch) z -3
s tard(ne = eh) 351 2C3

Lentil(rmlch) - . o
Lentil(no mulch) 262 235

APPEIDIX VI

Student's 't' test to commare effectivetiller/branches and noneffective
tiller/branches per plant

Humber of effective Isumber of non-effective
“reatments tillers/branches tillers/branches
£(Ca1) t (Cal)
Wheat (mulch)
30
Yheat (no mulch) 220 AP
Rarley (mulch)
Rarley(no mulch) Paqk 0.5k
Iinseed(mulch)
LL o

Iinseed(no mulch) 2018 0,54
Yur*ard(mlch)
I'us tard (no mulch) 2.96 0,40
Lenti ' >

ntil (mlch) 5. 20 0.k

Lentil (no mulch)

t (Fab) at ¥ level of probability is 1.943
t (tab) at P; level of pr-bability is 3.143
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APTENDIX VIX

Student's 't' test to compare number of rrains ver pod/ rer ear/per silinua
and 100C-grain weight

T\z C. - L. e'l )
Tre ntments umber of frain per ear 1000-grain weight(g)

t(cal,; t(cal.)
Wheat (mulch) 2e 29 1,10
Wheat (no mulch)
Barley(mlch)
Barley(no mulch) 2e23 0.63
Linseed (mulch) 5.7 1.08

Linseed (no mulch)

Mustard (mlch) 0.90
Mustard (no mulch) hid

Lentil (mlch)

Lentil (nowrmalch) 0.98 0465

t(tab.) at 9% level of probability is 1,943
t(tab.) at 1% level of probabilitr is 3,143

APFENDIX VIII

Analyris of variance for wheat emuivalent yields

Mean sum of sguares

Source of variation defe

Grain vield Straw vield
Replication 3 27.87 14,06
Crops L 245,94 453,39
Mulches 1 30,72 632,90
Crop x Mulch L £.62 5.97

Error 27 12,9k 13.10
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APPEIIDIX IX

Yean treatment effects on depthwise seasonal water use (cmyat different crop
rrowth stares - wheat.

Treatment/

depth Z0DAS  60DAS 90DAS 120DAS 150DAS At harvest Cumulati
Mulch
0=20cm 1.48 2.12 2.89 3.06 2.65 2¢37 14,51
(49,66)(43,00) (29.05) (28.95) (27.28) (20.64) (22.67)
MN-bocm 1e23 1.87 2.97 3,89 3. 14 240 15.59
(41,27) (37.93) (Lo,14)  (36.80)  (32,44)  (33.02) (6.17)
hno60em 0,27 0.9%4 1654 2,62 2,89 2a 74 13400
( 9.07) (19.07) (20.81)  (34,25)  (L40.13) (F.3) (20.16)
oofal .98 hO3 70 10057 968 7.5k 43,10
- ( 6.9 (11.43)  (17.,16)  (24.52) (22.46)  (17.40)
No mulch
0=20cm 1658 2,28 2.93 3e11 2.71 2e 37 14,98
(L8,147)  (43,2°) ( 37.48)  (28.64)  (27.51) (70.75 (33434)
M=-boem 1431 1496 1680 2,72 3e19 253 14,56
(40,18) (37.19) (22.85) (31.26)  (32.30) (33,03%) (30,141}
lnaf0em 0437 1,03 3,15 h,03 3.95 2e56 15.79
(11.35) (19.55) (30.97) (37.10)  (L0.10)  (36,62) (24, 75)
§f§§§m 3,26 5¢27 7.88 1086 2.85 781 Lh,03
( 7.75) (11.,73) (17.54)  (24,10)  (21632)  (17.73)

Ficures in parenthesis indicate the rer cent moisture contrihution,



APPENDIX X

Mean treatment effects on depthwise seasonal water use at different crop
rrowth stages (cm)-barley.

Depth "30DAS 60D AS 00D AS 120DAS 150DAS At harvest Cumulativ
Mulch
0-20cm  1.55 2. 43 2.18 2.63 2445 1032 12.56

(56416)  (45.12) (27.92) (31.01) (29.8%) (27.27)  (33,72)

”-4ocm 0,80 1.85 2.92 2.87 2.96 1.63 13,03
(28.98)  (34,58) (37.39) (33.84) (36.05) (33.68)  (34,98)

40-60cm 0.4 1.07 271 2,98 2.80 1.89 11466
(14.86)  (20,00)  (3L.69)  (25.,14)  (34.11) (30.05)  (31.3)

Total

o-Coom , 276 5435 7481 8,43 821 o8k 37.25
( 7.80)  (4he26)  (20.76)  (22.56)  (27.0L) (17.98)
Ko mulch
0-2em  1.87 2.3 253 2.39 273 139 . 13.25

(47,58)  (45.17)  (30.88) (29.62) (31.27) (27.69)  (33.78)

20-40cm 1,27 1¢79 3,05 2.53 2099 1.68 13. %1
(32.32) (34.5h)  (%6.75) (31.35) (34.25) (33.47)  (33.98)

bo-60cm 0,79 1,05 2.72 315 3.01 1495 12.67
(20.10)  (20.,27) (32.77) (39.03)  (34.13) (38.84)  (32,29)

0-60cm 293 5.18 8.30 8.07 8. 73 5602 30,23
iy (10.03)  (13,20)  (21.16) (20.57) (22.25) (12.79)

Firures in pnarenthesis indicate the per cent moisture contribution,



APPENDIX XI

Mean treatment effects on depthwise seasonal water use at different crop
growth stage (cm) -Linseed

Treatment/ 30 DAS GoDAS 90 DaAS 120D AS 150DAS At harves Cumulative
Depth
Mulch
0-20 cm 1.69 2.59 30 15 2.1"3 1.98 1008 12092 i
(50.90)  (43.31)  (30.23) (31.44)  (27,09) (20.61) (3ke16)
20-40cm 1.07 2406 2.61 3,05 227 1081 12487
(32.23)  (3L4.45) (31.68)  (39.46)  (31.05) (34.54)  (34,03)
L4o-60cm 0.56 1423 2.48 2625 2,06 2e 35 12,03
(16.87)  (2z.24)  (30.09) (29.10) (41.86) (44.85)  (31.81)
A 332 5.98 8.2k 773 w31 5.2k 382
( 8.78) (15.81) (21.79) (20.44)  (19.3%3) (13.85)
wo mulch
0-20cm 211 2.89 2.97 2.45 2.03 1415 13460

(46.58) (41,34 (45.76)  (29.80)  (26.92) (18.67)  (34,06)

20-kocu 1e45 2.37 2.29 3.17 2. 34 2412 134 74
(32.00)  (33.91)  (30.29) (30.56) (31.03) (3h.b2)  (Zheh1)

LoeOcm 0.97 1473 1423 2460 2017 2409 12459
(21420 (24.75) (10495)  (31.64)  (42.05) (46,91)  (31.53)

Total
0-G0 cm

4,53 Ce99 6.449 8.22 7.54 6.16 39.93
(11.3%) (17.50)  (10.20)  (20.58)  (19.88) (15.43)

Figures in parenthesic indicate the per cent moisture contributione



ArPriwlX XII

‘“reatment effects on depthwise seasonal water use at different crop growth
stages (cm)-Mustard

ggi‘f"‘ent/ 30D A3 €OLAS 90 DAS 120D A8 Harvest Cumulative

0 Mulch

0-20cm 1423 2437 e 71 3409 1015 12455
(42.56)  (42.86) (36.97) (L0.u8) (22.03)  (3£,98)

20-Locm 1.05  2.01 4,57 2,34 1.69 11,66
(%6.33) (36.35) (35.87)  (20.95) (%32.28)  (34.35)

100-6Ocm 0.61 1015 3.""6 2.13 2038 9073
(21¢11)  (20.79) (27.16) (28.17) (45.59)  (28.67)

total

O=uOcm 2.89 5.53 12.74 7456 5622 33494
( 6452)  (16.29)  (37.54) (22.27) (15.38)

No mulch

0~-20cm 1¢79 2417 L,23 2.01 1619 12.39
(42.82) (41.65) (38,28)  (28.55) (22.16)  (35.15)

20-bkocm 1645 B3 3.75 2,93 Te 7k 12450
(34.69)  (3445%) (33.94) (k1.,62) (324 40) (35.46)

L-C0cm 0.94 1631 3,07 210 Celth 10436
(22.49) (2:.79) (27.76)  (29.83) (45.44)  (29.3%)

o ho18 7464 11,05 7,04 5037 35425

(11.85)  (21.58) (31.26)  (19.97) (15e24)

Figures in parenthesis indicate per cent moisture contribution.



APPENDIX XTIT

Treatment effect on depthwise seasonal water use at different crop growth
stages (cm) - Lentil.

Treatment/

depth 30DAS  60DAS 90 DAS 120DAS 150D 45 Harvest Cumalative
Mulch

0-20cm 1458 2,47 Ly 39 2.89 2¢ 11 1417 14,61
(52.31) (47460) (37.55) (39.65) (29.97) (26.12) (37675)

20-40cm  0.98 14553 3467 2.25 2.56 1.39 12,48
(32.46)  (31.47)  (3139) (20.86) (36.%) (31.03) (32.25)

Lo-60cm 0,46 1403 3.63 2.15 2437 192 11661
(15.23) (20.85)  (31.06) (29.49) (33.,67) (42.85) (30,00

gfégﬁm 3.02 518 11.69 7029 7.0k b k8 3870
( 7.80) (13.33) (30.22) (18.84) (18.19) (11.57)

lio mulch

U=0cm 1.88 3,43 Lqe17 2. 76 2ol 1623 15 71
(47.96)  (49.%2)  (39.53)  (43.53) (%0,23) (26.39)  (39.4)

0-4%0cm  1.28 2.07 2653 2.09 2.7 16 47 1%e 16

'-fO—c'SOcm 0.76 1.11"* 2.85 1049 2043 1'96 1()0 95
(19.29) (207%)  (27.01)  (%0.51) (32.79) (L2,06)  (27.45)

Sgé;im .92 649k 10455 €o B 7 41 L 66 39,82
( 9.84) (17.43) (26.49) (15.92) (13.62) (11.70)

#igures in parenthesis sre the per cent moisture contribution values,



APPRIVIX XTIV

Analysis of variunce for i.,P and K after harvest tkg/ha)

Mean sum of squares

Source of variation defe § P K

Replication 3 1196.60 12k 32 13296480
Crops L 7774.02 29.83 2416431
Hul ches 1 33688, 40 232,81 22134, 12
Crop x Mulch 4 246,69 9635 664,62
Error 27 804,52 38472 2109.03



APPENDIX XV

Cost of cultivation of wheat crop excluding variable cost

)

Sry No, Item Quantity Rate (Rs.) Cost (Rs,)

1s Field preparation

ie One ploughing (Tractor)
ii, Two harrowing (-do-) 2 Hrs, 4o/hr, 80,00
iii, One levelling (-do-3

2o Fertilizer (N,P,K 90:45:45)

i. Urea (462N) 195 kg 117.00/q 229410
ii, SsSp (1&% on5> 280 kg 94,00/ q 263,20
iii, MOP (60% KZO) 75 kg 130.00/q 97.50
3. Seed : 120 kg 260,00/ q 312,00

ke Layout,sowing and fertilizer
application 25 labourer  12.,00/labour 300,00

S Weeding and Interculture

operations 15 " 12.00/1abour 180.00
6e Harvesting 20 12.00/labour 240,00
7« Threshing and winnowing 0 ¢ 12.00/1abour 240,00
8e Remt of land 6 months 20,00/month 120,00
| Total 2061480
Interest on capital for 6 months @ 14% per annum 144.32
Grand total 2206412

Treatment cost/variable cost 500.00



arroivll XvI
Cost of cultivation of uarley crop excluding variabtle coct

Sre.l.0e ltem Quantity Eate(iio,) Co-v (ka.

le PField preparation

ie Une ploughing (.ructor)

iie Two harrowing (-do-} 2 hrs. L0400/ i W) .U0
iii. One levellins (-do-3

2e Fertilizer(i-40, P-20 k/nuu)

ie Yrea (46 i) 85kg 117650/ q 9% 50
i wEP (185 PLOS) 250 kg 94e0C/ q 225.00
“e  oeed 120 kg 22503/ 2R0.00
4y Lazrout,sowin; end fertilizer

application 25 lavourer 12.00/auour 280,00
Se Interculture operations 10 " " 120,00
Go Harvesting 0 " " 2L0,00
Ve Uhreshins ang winnowan.: 20" n 240,00
S8e K kent of land 6 montns 2Ce00/uonth 120.00
Total 1704.90

Interest on capital for © montns @ 148 per anuum 119. 34

Grana total 1024 24

ireatment cost/variavle cost 500.00



APrdDIX XVIT

Coct of cultivation of linsceed crop excluding variable cost

5Ten0e ltem cuantity Rate(Rs.) Cost (Rse)

e Field preparation

ie Une ploughing (fractcr)
iie. Une levellinz (Tractor) 2 hrs, 40,00/l 80..00
iii. Two harrowing (Tractor)

2e  Fertilizer (i:50,P340,K:20)(ks/ha)

ie Urea (4&¢ iv) 110 kg 17.50/q 12925

ii. 3P (1% Paos) 250 kg 94,00/ q 235.00

iii, MOP (60% 1{20) 33 kg 120.00/q 42,90

z, ueed 0 kg ' g00.00/q 240,00
4, Layoutysowing and fertilizer

application 20 Lavourer 12.00/lavour 240,00

©e Intercultur:l operations 10 " " 126,00

te larvesting 18 " " 216.00

7e  IThreshing and winnowing 20 n " 240,00

8e Lund kent 6 month 20.00/month  120.G0

Total 1663415

Interest on capital for 6 uonths @ 1l per annum 11642

Treatment cost/variable cost 500.00



APPENDIX XVIII

Cost of cultivation of mustard crop

Item

OTreiiOe

1e Field Preperation
i. One ploughing (Tractor)
iie Two harrowing ( " )
iii. One levelling ( " )

e Fertiliz.ers

ie Urea (4625 K)
ii, oSP (18 P205)
iiillOP (605 KZO)
3. b’eéd.

L, Lapout,sowing and fertilizer
application

Ue larvesting
7¢ ‘threshing and winnowing

Ye Lound rent

e weeding and Interculture operation

excludkng variable cost

Interest on capital for 6 months @ 1% per annum

Quanti ty Rate(Rs.)
2 hrs, 40,00/hr
130kg 117.50/4
250kg 94,00/ g
20 Lavourer 12.00/labour
10 n u
15 t 11
17 L 1
6 month 20.00/month
Total
Grand total

Treatment cost/variable cost

Cost(Rs,)

80,00

15275
235400

84,50

246.00
120,00
180.00
204,00
120.0C
70625
102491
1573416
500400



APPHLDIX XIX

Cost of cultivation of lentil crop excluding variable cost

Srelioe Item Quantity Rate(Rs.) Cost (Rs.)

e

Field preparation

ie One ploughing(fractor)
ii. Two harrowing(Tractor) 1¢8hrs 40,00/hr 60,00
iii. One levelling(Trantor)

Fertilizer (li:10,P:40 kg/ha)

i. Urea (L&l 1) 25kg 11750/ q 29.40
iie Superphos-hLate(163% Pgos) 250kg 94,00/%q 235.00
Seed 30 kg 700,00/ q 210.00

Layout,sowing and fertilizer

application 20 lavourer 12.00/1avour 240,00
Weeding and Interculture operation10 ¥ " 120400
liarvesting 15 " ¥ 180,00
‘‘Lhreshing and win:cowing 20 " " 240,00
Land rent 6 months 20,00/month 120,00

Total 34,540
Interest on capital for 6 wmonths @ 1) per annum . 100, 40

Grand total  1534,80

“reatment cost/variable cost 500600



APP I DIX

Economics of rainfed rabi crops

X

Crops Level of  Grain Straw Total Cost of Net Net return/

Mulch cost cost cost cultivation return rupee invested

[T RS, Bs, ESe RG, RS,

wheat Mulch 4154,70 197,00 5751.70 2706412 3045458 1612

lio mulch 3159675 1179.,00 4338,75 2206412 2132.63 0.96
Carley Mulch 2912.45 1132.00 LO4k 45 232424 1720421 074

iio mulch 2146,75 614,00 2960,75 182ke2hk  1136.51  0.62
Linseed  Mulch 5572,00 1127.00 6699.00 2279.57  4#419.43  1.93

no mulch  4168.00 731,00 4949.00 1/79.57  3169.43  1.78
Hustard  Mulch 2005,00 ©91.00 3556,00 2073.16  482.8%  0.71

lio mulch 2136,00 453,00 2589,00 1573.16 1015.84 0.6k
Lentil Hulch S000e 20 916,00 982,20 2034,60  3947,40 1,94

Lo mulch 056,40 643,00 497,40  1534,80  2963.00 190



