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Chapter 1 

INTRODUCTION 

The fujfure of humanity l i e s i n the a r i d and s emi -a r id l ands as the 

humid and more favourable r a i n f a l l a r e a s , have been e x t e n s i v e l y and i n t e n s i v e l y 

c u l t i v a t e d and h e a v i l y popula ted by human b e i n g s . During the l a s t about JO 

y e a r s , the popu la t ion of I n d i a has i nc reased by 90 p e r cen t while the c u l t i v a t e 

a r ea has i nc reased only by 20 per cent (Anonymous, 1984) , The p o p u l a t i o n 

p r e s s u r e i s a major d r i v i n g force behind our ques t f o r h igh crop y i e l d , 

E f f i c i e n t u t i l i z a t i o n of water r e sou rces i s one of the impor tan t aod 

c r u c i a l f a c t o r s for a g r i c u l t u r a l p roduc t ion for meeting the cha3J.enge of f e e d i n 

r e l e n t l e s s l y expanding human popu la t ion i n our c o u n t r y . This e v i d e n t l y a t t r a c t 

our a t t e n t i o n towards r a i n f e d a reas which accounts for 73»3 per cen t (108 m i l l i 

ha) of the t o t a l c u l t i v a t e d a r ea i n I n d i a and produces only about kz per cen t o 

the c o u n t r y ' s food product ion (Anonymous, 1984), In Himachal Pradesh on ly 

l 6 , i per cent of the t o t a l c u l t i v a t e d a r ea r e c e i v e s i r r i g a t i o n and r e s t depends 

upon n a t u r a l p r e c i p i t a t i o n (Anonymous, 1984), Although a r e a under r a i n f e d 

farming i n the s t a t e (83,9%) i s more as compared t o i r r i g a t e d but the average 

p roduc t ion from r a i n f e d a r ea i s s u b s t a n t i a l l y low i n comparison to i r r i g a t e d 

a r e a s . On an average aga ins t a p o t e n t i a l of n e a r l y 35 q u i n t a l / h a i n the countr; 

the d ry farming farmer i s h a r v e s t i n g only 4 to 8 q u i n t a l / h a of food g r a i n 

(Kanwar, 1985)• I n Himachal Pradesh t h i s s i t u a t i o n i s no b e t t e r than the 

n a t i o n a l average , 

The problem of i n c r e a s i n g p r o d u c t i v i t y i n dry land has impor tant 

socio-economic i m p l i c a t i o n and a l so with every pas s ing year the gap between t h e 

f a r m e r ' s g r a in y i e l d i n i r r i g a t e d a reas and dry farming a reas i s widening, 

Hence, t he re i s an urgent need for the development of s u i t a b l e dry farming 



technology for the farmers of the state. In fact the whole philosophy of 

rainfed farming revolves around the principle that water is the limiting factor 

in these areas and one has to maximise the efficiency of natural precipitation 

whatsoever is available, because in dry farming areas the balance of moisture 

is always on deficit side which is bound to affect production ultimately 

resulting into 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 farming areas* measures have to be taken to increase the C85>ability of 

land in retaining moisture,and to efficiently harvest a single drop of water 

so received from rainfall. In Himachal Pradesh, this becomes particularly aore 

important in rabi season because the major rainfall (about 8o% of the total 

annual precipitation) is received during the monsoon period and the crops have 

to survive on carryover soil moisture and the little amount so received during 

winter season. 

In Himachal Pradesh the area under rabi cereals is 387.4 thousand 

hectares and that tmder pulses and oilseeds is 55»5 and 2D.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 growth. Hence to achieve the target of maximum production per 

unit of water harvested is of paranount importance to conserve the natural 

precipitation in soil, minimise evaporation losses and utilize the available 

moisture more efficiently. 



Various mulching materials have been reported to be effective in 

conserving s o i l moisture (Rajput and Singh, 1970), In fact mulching affects 

the physical,chemical and biological conditions of s o i l thereby res t a t ing i n 

overal l good s o i l conservation. Favourable effects of mulching on crop yie lds 

(Roy et . a l . , 1976) as well as on complex physico-chemical and b io t i c factors 

(Jack e t . a l . ,1955) have been reported. Synthetic mulches are in extensive use 

in developed countries (Adam, 1962) but worked out to be expensive. As an 

a l ternat ive i t might be possible to use indigenous waste products as mulches, 

The unwanted weedy vegetation such as Lantana camara has spread in many pa r t s 

of the country posing a serious problem to several p lanta t ion crops and has 

also Spread to agr icul tura l lands . This undesirable shrub i s found in 

abundance in the non-arable lands of Kangra Valley of Himachal Pradesh, 

Lantana camara L, belongs to verbenaceae fssnily. I t i s a s l i g h t l y 

prickly shrub 0 .3 to 1.8m or more in height, native of t rop ica l America and 

cul t ivated as an ornamental or hedge p l an t . Leaves opposite, ovate or ablong 

ovate, crenate , dentate , flowers usually yellow or orange changing to red or 

sca r l e t in dense auxi l iary heads, f ru i t s drupaceous, 0.5 cm dia greenish 

black, 

The leaves and twigs of lantana are occasionally used as green manure 

in fores t 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 P-,Oc- and 0,15 per cent 

K 0 on oven dry weight bas i s . Use of Lantana twigs in r i ce have also indicated 

good r e s u l t s for grain yield under Palampur conditions (Khan, 198̂ +) and 

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

and plant growth of wheat, 



Keeping in view the aforesaid points the present invest igat ion 

en t i t l ed" Effect of Lantana mulch on water use eff iciency, growth and y ie ld 

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

i . To observe the effect of lantana mulch on the growth and yield of 

rabi crops, 

i i . To compare the water use efficiency values of various rabi crops with 

and without mulch, 

i i i . T o study the moisture depletion pat tern by different rabi crops in the 

presence and absence of lantana mulch, 

i v . To determine the changes i n s o i l propert ies under mulch and no mulch 

condit ions, 

V, To calculate the economics of the crops, 



REVIEW OF LITERATURE 



Chapter 2 

BiTTIiuW OF LITERATUfiE 

Mulches are mainly used for s o i l water conserva t ion and s o i l e ros ion 

c o n t r o l but they in f luence o the r f a c t o r s l i k e t empera tu re , weed compet i t ion , 

d i s e a s e and p e s t i n f e s t a t i o n , i n some cases a v a i l a b i l i t y of minera l n u t r i e n t s 

and organic m a t t e r content of the s o i l and the reby in f luence crop y i e l d . 

Mulches have a l so been r e p o r t e d t o i n c r e a s e the mic rob i a l a c t i v i t y 

near t h e s o i l su r face because of inc reased energy supply and i m i f o m n o i s t u r « 

and temperature cond i t ions* 

I n f a c t e f f e c t i v e n e s s of mulches depends on ^ e n and how they a re 

used t o modify the aiergy and water t r a n s p o r t i n the complex process of 

evapora t ion* F i e l d experiments us ing mulches have shown b e n e f i c i a l e f f e c t s 

of mulches i n conserving and economising water use by crops ranging from 

10-15 per cent depending upon the crop i n ^rfiich i t i s used , type and co lour 

of mulches, type of s o i l , r a i n f a l l and amount of water added and temperature 

of both a i r and s o i l as s t a t e d by Ali and Prasad (1975)» S y n t h e t i c mulcheB 

are i n ex tens ive use i n developed c o u n t r i e s (Adam, 1962) bu t worked ou t t o 

be expens ive . As an a l t e r n a t i v e i t might be p o s s i b l e t o use indigenous waste 

p roduc t s as mulches* The unwanted weedy v e g e t a t i o n such as Lantana camera 

has spread i n many p a r t s of the country posing a s e r i o u s problem t o s e v e r a l 

p l a n t a t i o n crop and has a l so spread to a g r i c u l t u r a l lands* Bi i s undes i r ab l e 

shrub i s found i n abundance i n the non-arab le l ands of Kangra Val ley of 

Himachal Pradesh con ta in ing 1,8? per cent n i t rogen* 

In the c u r r e n t c h a p t e r , an attempt has been made to review the 

p e r t i n e n t l i t e r a t u r e on the growth and development of r a b i crops* For the 

Sake of convenience the review of l i t e r a t u r e has been p resen ted under 

fol lowing sub-heads . 



2»1« Effect of mulches on crop grovth and development of rainfed rabi crops. 

2.2» Effect of mulches on crop yield and water use efficiency of various 

rabi crops, 

2,3» Effect of mulches on soil properties. 

2»̂ » 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« Effect 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,(l97y) reported that mulching with pine needles increased 

germination count, germination rate, plant height and number of total and 

effective tillers. An improvement in germination due to soil mulch was noticed 

in mustard (Joon et al.,198^)« An increase in plant height due to mulch 

agpplication has also been reported by Roy ej. al.(l976), Rao and Agarwal (l98'f). 

Increased plant growth and vigour due to mulch application in comparison to 

control plots was recorded by Lai (197̂ +) and MohalQ et al^,(l975). 

Gupta and Gupta (1953) advocated that an increase in root growth, 

nodulation, shoot growth and plant water status were reported with increasing 

amounts of grass mulch. Straw mulch and cultivation enhanced root development 

in the upper 15 cm of soil aid increased the lateral spread of roots for both 

years by maize (Chaudhary and Prihar, 197'^). Bhan (l976) reported that mulching 

increased root development, moisture extraction and water use efficiency. Straw 

mulch @ 5«5 t/ha significantiLy increased tiller production, plant height, dry 

matter production and number of panicles per metre compared with no mulch or 

antitranspirants treatments \Agarwal and^ii^l977), Sharma et ^(l98l) found 

that mulches significantly increased fresh pod yield, straw yield, plant height 

and number of pods per plant,, 



Lantana twigs a t higher dose increased the r i ce root length, shoot 

length or increased the growth of seedlings as well as the chlorophyll content 

of r i c e leaves (Bansal, I9i?3 'J. ) • Roy and Mukherjee (1982) sprayed crude 

at^ueous extract of f ru i t s c>f Lantana on the f ie ld grown wheat plants at 

di f ferent concentrations and found that more or less a l l characters of the 

t rea ted plants showed be t te r r e su l t s over untreated cont ro l , Bansal (1983) 

found no phytotoxic effect of Lantana fresh twigs when mixed in s o i l on 

gerfflination and plant garowth of wheat, 

On the other hand as reported by Reddy and Pandey (1980) rmilches 

exhibited no perceptible effoct e i the r on p lant height, number of branches, podi 

per p lant or grain yield of mustard. Anderson and Russel (l974) also found 

decrease in plant height at heavier doses of mulches, 

2 .2. Effect of mulches on crop yields and water use efficiency 

llie effect of mulchirg on crop yield i s an integrated effect of 

innumerable factors and i t i s d i f f i cu l t to a t t r ibu te the yield increments to 

any single va r i ab le . In addition to the physical factors and ava i l ab i l i t y of 

nu t r i en t s , the f e r t i l i z e r response may be s ign i f ican t ly affected by mulching 

due to complex physico-chemical and b io t ic factor (^acks e_t a l . , l955)« Plent 

height , number of effective ea r s , length of ear , number of grains per ear and 

t e s t weight were superior under mulched p lo ts as compared to control ones 

(Roy e t a l , , l 9 7 6 ) . Straw mulch application was a t t r ibuted to s i gn i f i c a l t y 

increase in the number of productive shoots and number of grains per spike, and 

i t g«ve wheat grain yield to the tune of 2.'f7 t /ha as compared with 2,2^ t A a , 

without mulch. Number of pods per p lan t , number of grains per pod and 1000-

grain weight was s igni f icant ly higher in mulch than no mulch in sesame (Mandal 

and Ghosh, ^^Sk), 
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Under dryland conditioni! average grain yield of v.'heat increased by 

100-330 kg/ha dne to the application of straw mulch 9 1 - 10 t /ha (Kanivets 

and Fomin, 1977). Krishna and Pjindey (l98^) obtained 15 per cent increase in 

Crain yield of l e n t i l due to the application of straw mulch. Similar r e su l t s 

v.-sre also obtained by Balyan and Malik (l98l)» Mulchinf^ '.dth straif or blac'^ 

polythene mulch increased the seed jrields of pjrain and l e n t i l by 3S»7 and 35*^ 

per cent, respectively (Ghosh e t a l . , l 9 8 4 ) . Beneficial effects of strav? mulch 

'.-are noted on the effective t i l l e r s , shoot dry vreight, ear length and lOCO-nrain 

'•eight and consequently, respect ively ^ , 5 per cent and ^1,2 per cent gain In 

grain and straw yields v.-ere obtaiaed(j''„.t jiand Gajendra, 1978), Uce of tmilch 

f ac i l i t a t ed be t t e r mineralization and ava i l ab i l i t y of nut r ien ts '..Mch enhanct?d 

the i r uptake as i.-ell as u t i l ize t iDn in improving or favourably modifying the 

various yield a t t r ibu tes to the b j t t e r advantage of seed yield and the l a t t e r 

'.'-•ss boosted by 195 kg/ha over no 'lulch (Patel and Singh, 19«?0)« Signif icant 'y 

hif^her yield of barley and grain 'cere obtained i.dth straw mulch ^ 7 t/ha« T e 

yield increments in barley and grum,respectively v.'ere 0.5 t /ha ar.d 0 ,3 t /ha 

(Mandal and Vamadevan, 1975)• Ths yi^ld response of crops to combined 

application of mulch and Kaoline i anged from 29 to ^ per cent ovsr control 

(Jain e t a l . , l9G3) . The average increase i n yield due to mrjlching v;as 26 per 

cent in ear ly sown v/he: *: -ire y" -pfiv cent in l a t e sov/n -AsBt (Xapur e t _ a l . , 

1978)» Sraika and E l l i s ( l97l) fo'jnd that number of t i l l e r s producing heads 

v/as s ign i f ican t ly higher (lO-15f'>) on mulch treated p lo ts a^ compared to 

control ones of winter vAeat. Application of bajra husk a3 surface mulch 

after germination led to an yield Increase of 0.8 q/ha, which of course va^ 

non-significant (Singh e t a l . , 1977). 



The various mulches applies: to s o i l af ter barley v.'as SO'TI in an 

attempt to reduce evaporation losses had l i t t l e effect on yield or •"Ti-; 

(Saha e t ^ . , 198C). 

Mulching vjith f^rass fH 9 t/lia resulted in maximum s o i l teirporature, 

increase in root grovrth and increasu of 200 per cent in averaf^e production 

of Vigna rad ia ta (Gupta and Gupta, 1985). Pr ihar ejt ^ . ( ^972) after tv-o 

years experiment concluded that application of r i ce husk "^ 6 t /ha i l t h 120 '^ 

*i'/ha, increased the v^eat yield by S,2 q/ha as compared to the rie]d obtained 

by 120 kg N/ha alone, ITo:nrueria e_t gl«(l973) observed that r:ra3n yiold of bean 

crop vere 1,51 t /ha and 0,87 t /ha i i a r ice hust mulched nn'l con^irolled p in t s , 

respect ive ly , Kanao ejb ol,(197M obtained increased yield of '-neat and bar le -

due to the application of mulches snd increase vas reported to be ':!ie r e su l t 

of presentat ion of lodging due to irulching. 

Bansal ^ t a l , ( l 9 7 l ) reporled increase of 35 per cent in the yield of 

naiza by the application of 2 cm thick Typha mats v-Mch resulted in increase-: 

temperature. Khan (198^) has reported 29 per cent increase in grain yield of 

r i ce by an incorporation of lantan<. fresh t\idgs fi 2 tonnes per hectare , 

Similar ly, Sharma (1985) also recoided a s igni f icant increase in grain and 

strax? yield of paddy by surface sp:'eading of lantana l i t t e r and r ice husk PjTt'r 

10 days of t ransplant ing, Ihe inc;'ease in grain yield due to lantana and ric^ 

husk vjere 21 and 28 per cent, resp.jctively, v^ereas corresponding increase in 

straw yields v;ere 10 and 9 per cen ;, respect ively. 

Anderson and Russel (197^^', hov^-ever, recorded thnt application of 

straw mulch © ^ 0 0 and 5OOO Ibs/ac re s ign i f ican t ly depressed the tnean yield of 

spring and wheat y ie ld , as a r e s u l t , higher r a t e s delayed maturity upto ^S driys 

shortened plant height and had negligible effect on plant population. Mulching 
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did increase the yield as well as ]iroductive capacity of water but the 

resu l tan t increases were not s igni: ' icant to warrant ex t ra expense of mulching 

(Balyan and Malik, 1981). 

All mulches except FTM in< rease water use efficiency s ign i f i can t ly and 

the highest value of I'f.S was obta; ned with straw mulch which was almost twice 

as compared with that of control (jili and Prasad, 1975)« l^e efficiency of 

water use with no mulch and mulch irpto harvest was 76,3 and 112.2 kg per cm 

of water (Kapur e t a l , , l 9 7 8 ) . 

2»3» Effect of mulches on s o i l p ro t e r t i e s 

2»3»1« Effect on physical propert ies 

a* Moisture conservation; Mulching affects both physical and chemical 

proper t ies of s o i l . The organic mstter content, an important factor in 

maintaining the f e r t i l i t y of s o i l s , "Hie mechanism of evaporation of water 

from s o i l s has been the subject of controversy for a long time (Baver, 19^)« 

Biis i s especial ly true from the point of view of the p rac t i ca l significance 

of water losses by evaporation and nethod of control l ing or minimising such 

l o s s e s . The amount of water that e r ^ o r a t e s from s o i l after the siu-face has 

become r e l a t i v e l y dry has remained a long debated subject . King (190?) measured 

the evaporation of water, over 100 lays from three so i l s held in s o i l columns 

and placed in contact with a free witer surface. Under these conditions water 

losses from a Virginia clay loam wi ;h a ^ i n c h dust mulch were only 37 per cent 

compared to same s o i l without mulch., Similar r e su l t s were obtained with a 

sandy loam and a black marsh s o i l s . Kings evaporation experiments have 

demonstrated the importance of a dr;r loose layer of s o i l on the surface in order 

to break capi l lary connections with the immediate surface, 
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Lai (1974) reported ti^e supermacy of strav; mulch in moiatxire 

coruiervation over no mulch in cor a crop* He c la r i f i ed that the dlfferecce v.uî  

more pronoxmced during frequent r a i n s . Mulching also affects the a o i l [iioiaturQ 

storage ind i rec t ly by controllinG; s o i l erosion. Because the un^ulched p lo t s 

erode severely, the loss of surfa;e s o i l eventually decueases the s o i l moisiux'i 

holding capacity, 

Under dryland farming coi.ditions, Haz ra e t al»(l97:J) reported li^at 

moisture conservation uas greatly; increased ta tn the iaposi t ion of mulcheii on 

s o i l surface, Hie mulches reducec the evaporation from s o i l surface aJid theraa 

incrsissed moistvire s ta tus of s o i l a t the sowing time of wheat in raoi scijion 

and that consequently increased seedling emergence, 

Prihar ejt ^ , ( l 9 ? 9 ) advocated that mulching of maize idth green tviga 

of ' basoo t i ' (Premma mucronata) fe tr ^ e k s before harvest , incretiped water 

s torage, pa r t i cu l a r ly in upper soi.. layers and v:heat yield from 19.0 to 22*i>9 

cy'ha af ter maize. 

In the f i e ld t r i a l s durj.ny seven years observed that net j a ins in Lu--

fijuoiint of water storod in the s o i l up to 2,8 inch were recorded &j lue reiiult ui 

increcusing the quant i t ies of Vî iê t straw used as mulch during faillow. 'luu i^i 

gainj uere s igni f icant in 12 of 16 experimental years (Greb e.t a l , ,19V0)-

fUeld experiments have shown Dsneficial effects of mulche., in C;ji^-r..; 

and economising v/ater use by crops rcnging from 1,0 to 50 per cent, dej..ij.^^ii_j ... 

the crop in which i t i s used, type aid colour of mulches, type of ^ o i l , riJ.-ii j l l 

and amount of v/ater added, wind veloci ty and temperature of ear rnxd s o i l jiS 

s ta ted by Ali and Prasad (l975)» BaJissl ejt a l , ( l 9 7 l ) , ChoL-ihary exvJ Chtttur ;sa 

(1967), Mandal and Varaadevan (l975)i Prihar e t a l , (1968) and iiinj-h e t al.Cl967: 
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Mandal and Va^edevam ( ^^^^y) reported tha t mulchinp; xdth 7 ton husk 

and stravj/ha was superior to no mulch in conserving s o i l moist-jre and 

increasing grain/seed yield of ')arley, mustard and t o r i a . Strav mulch 3 2 t /ha 

was found beneficial in reducin'- s o i l and yater losses , Pena (1980), 

Rajput and Singh (1970) reportec that stravr and polythene r-ilch conseryed 

2'+»7 and 32.2 per cent moisture, respectively over unmulched trsatmertn. 

Han (1970) reoonmended that barley straw mulch to reduce runoff, BOII erosjori. 

and increased s o i l moisture content, Sdobaikov and Moshchenl'o (1*^73) fo'inri ^ .T -

straxf mulch @ 10 t /ha increased soil moisture content. 

All icat ion of straw tr^ilrh !? 10 t /ha increased s o i l moir^ture by 

reducing evaporation and resul ted in increase in y i^ ld . Strfsv ^nuTching 

affects the s o i l s t ructure and ro ros i ty , both d i r ec t ly ard in'Ji-r-ectly* Ry 

minimising the d i rec t impact of i-ain drops, there i s a minirrtu"! cnJf^tation 

and therefore the i n i t i a l pore 3^ ace maintained* Ind i rec t ly nralchin"' 

influences the ac t iv i ty of microllora and fauna and hence th-̂  so i l s t ructure ' . 

Lai {1975) observed that the aulchcd plo ts maintain t h e i r i n f i l t r a t i o n re t e 

vrhile a s ignif icant decline took place in the i n f i l t r a b i l i t y of umulched pV-'"'^. 

b. Soil temperature; Soil temperature i s s igni f icant ly influenced by til]'^'-<> 

and crop residue management, Expjriments at IITA (Lai, 1975) reve?5led that ' ••" 

differences in the maximum s o i l temperature of the mulch t i l l r f re / r i o t s r?-^ 

as high as 10 and k C for 20 cm d<-pths in com and soybean p lo t s , renpecti've" rv 

The usual effect of mulch, \v<hether of s o i l or p lant res idue, i t i!i used to 

ra ise s o i l temperatvire during winler and to lo^-er them durinr suiTirf̂ r (ItcCrT".-> 

and D u ^ , 1 9 ^ ) • Murty and Hao ('9^9) recorded 4°C higher terapen^are in 

mulched p lo ts as compared to unmulched onea during winter, S i n i l i r l y , nn 

increase in minimum and maximum temperature by polythene mulch v^v. noticed by 



Ghildyal and Tripathi (1979). This contention is sJ^o 3'̂ -npor•:«''. b^ Bansp'' 

e t 31.C1?71), Brengle and 'AWtefield (19*59), .Utrecht ( l 9 t o ) , ?lpck (in??) 

found that s o i l temperature varied d i r ec t ly and s o i l moisture inversely with 

the rate of mulch applied and the proportion of area covered, 

?,5«2» Effect of mulches on so i l chemical propert ies 

The most marked rnd cost us ia l ly observed effect of rnulchinr on th** 

mineral nutr ient content of s o i l i s ,in increase in the available r-otp^isiur' 

content, suR/^estin^ a hif^h water s o l i b i l i t y of potassium ccr'-nonnd'; -n msny 

common mulch mater ia l . "Rie eff«?ct o^ rulches in eqnalisln' : the coil ->oiTbi-p 

ref:ime i s probably also ref lected in -educed potassium ffixntion "hicH occurs 

r*en s o i l dr ies out , V/ander and Go'Jr ly {1958), Reuther (I9'i-1) md Is'cpr ('''^'•5, 

1948 and 19^9) have reported benefici?! effects of potassium sijppliod by •n'!''rh*>s, 

Strong residual effects of mulching; on the nitrogen nnd phonphorus 

content \iere reported by Weeks e t a l . (' '9?0), The increased mobilit:' rr^i 

ava i l ab i l i t y are ascribed by Sv^enson e_. a l , ( l949) 'to the actior. of orTPJiic 

acids prod'jced from the mulches that pievent combination of pho"T>hTte '••ith iron 

or aluminium. Holmes e t a l , ( 19̂ +8) found considerably hi'-her conteitfl of 

phosphorus and potassium and slif^htly h.'.'^her contents of calcium nrr. 'np^iieni'i^. 

in tomato on mulched than on the control p l o t s , 

Incorporation of organic substances, such as rice ::tr^" into rurmerrcd 

s o i l causes a dramatic change 6f chemical conditions of the s o i l (Pornr-^eruma, 

1972) and makes some plant nut r ien t e l enmts such as ironCin high pH noils) 

phosphorus and manganese, more avalla' le and others such as sane, l e ss available 

to r i ce p l an t , Hirose (l973) reported t! at depending on the C/i: r a t io of 

organic matter, vhen the- sre mixed or in::orporated in s o i l , inorganic ni t rcren 

available to plant i s released from or imiiobilis^d in the noil or-Rnic matter, 

file:///iere


If the C/I'! r a t i o i s higher, ao-e nitrogen i s inmobilised and very l i t t l e 

i s made available to the p l an t . The organic substances contairinr: l e ss than 

1,5 ni t roren v/hen incorporated under aerobic s o i l s , generally immobilize s o i l 

nitrogen (Vfilliam e_t s l . l96B) , Hovjever, Broadbent and t.'akashima (l970) 

reported tha t there i s very l i : t le difference in ni t roren iwnobilization per 

uni t v;eip-ht of decoetjosing org.oiic substmce betv.-een aerobic rnd anaerobic 

so i l condit ions, 

Incorporation of straw up to h t /ha in t.-ell drained so i l i s hamlfisa, 

\;hile in poorly drained so i l s ^ he chances of adverse effects .^rs r e l a t i ve ly 

high (I'dnami, 1976), Recovery percentage of straw nitrogen i s about 10 per 

cent v/hen 6 tons of s t r aVha piMDviding hardly about h kg " /ha (Yoneysma and 

Yoshida, 1977). Tan ":a (l97'<-) reported that due to the harmful effects o*" 

strav/ incorporation both t r ad i i i ona l as v-ell as high yielding va r i e t i e s s-r'^fer 

at ear ly grov/th s t ages . Since CO i s released during the course of strn^ 

incorporation, th i s may promote carbon assimilation of r ice plant through TC 

enrichnent of the a i r around t t e plant which in turn may accelerate ni^:rogon 

fixation by blue green algae through increase in photosynthesis of algae 

(Tanka, 1977)« 

Lai (1975) advocated tha t the crop I'jhich leaves more residue en ' -c 

svurface maintains the organic na t t e r content and CEC at a hirher level ( e . - . 

maize) than those v.-hich leave l i t t l e or no residue (soybeans). The roHe c* 

sui table crop ro ta t ion i s therefore important for maintaining orgaisic matter 

and CEC of the s o i l , 

A mulch after decomposition often increases the organic matter 

content of s o i l more than does oloughing in the same amount of plant residues 
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(Peele e t al»t 1 9 ^ ) . Boiler aid Stephenson (l9^6) reported that there 

was higher organic mjstter contort in mulched plo ts as co-roarer! to nnmulched 

p l o t s , 

2 ,4 , Effect of mulches on c^oistu-e depletion by rabi cereals , oilseeds 
and pulaes 

The magnitude of increase in yield th-^-t can be obtained by decree'^ r-

the s o i l vfater under a given so i l f e r t i l i t y i s said to be depend on the etarf? 

of occurrence of s o i l noisture s t r e s s and i t s diuration, and also the capabi l i ty 

of the plants to produce dry matter under these condit ions. Plants d i f fer in 

the i r capabi l i ty to produce dry titjtter in events of abnormalities,, Therefor^ 

the most important information geTierally needed about so i l \^'ater i s the a«-o'3T ; 

i t contained in the s o i l rootin*; d>pth both in i r r iga ted and dry1 -nd farming 

p r a c t i c e s . This moisture m i l var / vdth one or combination of factors l ike 

r a in fa l l / i r r i ' ^ a t ion , vater suppl ier , evapotranspiration, runoff or deer E'^-^ri^"^ 

condensation and r i s ing r^round vratar table (Arora, 1971)» 

KuhssTiad e t al.(1965) fron green hoxise and groi-rth chamtsr s tud ies , 

concluded that b t r ley shô -̂ed the loti jst t ranspi ra t ion r a t e , oats the highest 

and idlest in teti'^een under a l l cond: t i ons , V/ater use efficiency '..'E3 higher 

of barley follo^ced by vAeat and o a t s . The t ranspirat ion r a t s vas the 3ineaf 

function of so i l moisture content from the v/iltLng to m t h i n 70 to PO per cert 

of available s o i l moisture. At higher s o i l moisture contents the t ranspira t ion 

ra te was more or l ess constant, Dem'.dnska (l9'J^) from his pot exreriment 

studies reported that deficiency of ^roistiore contents developed at ripening 

stage i s most c r i t i c a l * Lehane (1962) observed that yields of grain vjere 

higher af ter ear ly s t r e s s (to days after sovdng) than af ter l a t e moisture 

s t r e s s (60 days af ter sovdng), yields v."8re less affected by s t r e s s on cla;:'̂  

s o i l s than on a sandy loam s o i l . In ether words wheat i s rtior.t dep€>ndent on 
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water supply durin;^ the f i l l inp stage (60-90 days af ter sowinp;) for 

producinpj high grain yield, Moi gan (1971) observed that the death of 

sp ike le t in wheat, resulted from subjecting plants to drought at ear 

emergence, 

Capacity of crops to jx t ract moisture i s another important factor 

for enduring effects of moisture s t r e s s . Bains and Chowdhary (iy70) and many 

other hove reported that crops d i f fer markedly in the i r capaci t ies to ext rac t 

stored available s o i l moisture for their grovrth and development. If dryland 

farmers follow cer ta in improved management prac t ices , food grain crops in 

general , pulses and edible o i ]s in pa r t i cu la r can be groim prof i tab ly . Crops 

l i ke arhar, gram, l e n t i l , guai-, bajra, sarson and linseed use up almost one 

quarter of the moisture availtible in the 100-300 cm prof i le ••'hereas other 

can hardly use 5-8 per cent moisture. Bains and Singh ( l97l) invest igated 

that among the pr inciple drylmd crops grown in rabi season on conserved s o i l 

moisture in Northowestem IndLa, 3arson (Brannica cajrpestris varJ^o^Ti sarson) 

exceeds in adaptabi l i ty and yield po t en t i a l . This crop extracted 8o per cent 

of the moisture from 50 to 125 cm s o i l depth at the age of 60-70 days as 

against dwarf wheat vrfiich extracted the same percentage from the co i l depth 

of 50cm, On conserved so i l noisture this var ie ty can yield as high as 22 

quintals/ha as against 5-6 q i in ta l s /ha from old v a r i e t i e s . Singh (l972) and 

A3thana e t ^ . ( l 9 7 l ) recommerded the cul t ivat ion of linseed for dryland areas 

which i s a short duration cr<p, matures in ^^k days and completed i t s l i f e 

cycle before severe moisture deficiency i s noticed in the s o i l . Hedge (196^) 

reported that the cul t ivat ion of deep rooted companion crot>f' not only increasec 

the amount of s o i l moisture ;xtracted by the roots and the consumptive water 

use but also the water use eff iciency, 1"he moisture extract ion pattern 
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f u r t h e r shov.«d t h a t crop combinations l i k e ba r l ey + f^ran, b s r l e v + Pa-^cr 

and bar ley + l i n s e e d CEU^ed a uniform s o i l mois ture d e p l e t i o n frcn lo'.v'er 

s o i l depths* 

Krishns^'ioorthy ( I97l) revealed tha t i n barani vheat c u l t i v a t i o n , 

mixture of v.'hent and mus t i rd , wheat and fjram and vheat ard l i n seed are t rhen 

as an insurance ar^J-nst It iss i f r a i n s f a i l . Mustard, TS'T; and l inneed do 

r e l a t i v e l y well under severe drought cond i t i ons durin*' the r a b i iPa'^^nns ^'^ 

compared to v/heet and b a r l e y . Barley can udthstand drouf;ht b e t t e r th.-ai "he i t 

and hence i n arepT v.^ere -..Inter r a i n f a l l i s l o v , ba r l ey ir, r-ror-n in rref^T-rsce 

to viheat, Sharraa (1*^69) oKierved t h a t n o i s t u r e ex ' : r ac t io r from the F o i l '^': 

depths of 6O-12O cm \:BS h igher vdth pure s t ands of /^rsm and m.th a 1 : " mixture 

than vdth pure s t ands of b i r l ey or vdth o the r nr ixture , 

Gautaan e t al .C' '??}) shov-ed t h a t X'jater use r a t e d-i-inr the e a r l y 

s t ages of v.iheat (^ov/th i . e . i d t h i n f i r s t ^ days (upto end of December) '-^> 

only 0 ,78 and 0,88 mm p e r da;: durinf^ 1963-64, vrhich increased sterdi?,v to 

a maximum of 3«?5 mm per dnv s>t flov.-erinr: sta,<^e ( in Febru-^j-y) ^nd then 

decreased on the onse t of cjnencence s tarre , 

The r a t e of water t r take from a f^iven volume of s o i l depends -̂n 

rootin*^ d e n s i t y , the hydr^u! i c c o n d u c t i v i t y of s o i l and d i f fe rence ::et ••°'-'-

the avera/^e s o i l v/ater suc t ion and r o o t suc t i on (Gardner, I'^C^), In - - t r ' , 

the rootinf^ d e n s i t y i s fjrea^est in the upper lajrers than in the l o - ^ r ; - r -

of the roo t ing zone, Allnnras e t al.(l*?75) shot^d t h a t -re-f'' f l o " ' to - T - ' 

system progressed i d t h t i r e From shal low to deeper dopth3« '''rya tl rC,(""'' 

\,-orking on s i m i l a r l i n e s rep>rted t h a t the p r o p o r t i o n a l con t r i bu t i on of rrtirf 1'̂  

l a y e r s to the t o t a l \ ;a ter IOSSB from 10-70 cm depth i n t e r v a l decreased as the 

p l a n t matured, whereas the c o n t r i b u t i o n of lovi/er l a y e r s i n c r e a s e d , Jag'^i e t a 
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(1977) reported that dejp s o i l layers (1OO-150 era) contributed abo'it 11--3 

per cent of the seascnnL './ater use by rainfed iTheat, Saini and Gbildyal 

(1978) sV-ov-ed that the ;ontribution of upward flux tovards the to ta l vattsr 

requirenient of vheat V.-T" 3 6 - 7 5 P^r cent, whereas, so i l water depTetion 

accounted for 11 to '9 '̂ er cent only. Acharya e t al.( ' '979) reported that 

due to poor hydraulic cDnductivity of sodic s o i l s , the flux diverT<^nce ^.r.vc^s 

the root bourdary ^'J^s n s r l i ^ i b l e . In hirrh exchangeable sodium (ES) s o i l . 

78 per cent of the to ta l root water extract ion case from 0-15 cm 3 ?jyer ••i^ereas, 

in lovf ES s o i l 0-15 cr. pnd 15-30 cm layers contributed about 77 v^r cent of 

tae to ta l V0*"er extract ion by roo t s , 

An -increpse ia r a t e r extraction by crop roots has been ob-ierved 

vjith increasing s o i l v- ter tensions (Yang and Jong, 1971; Sharnta and Childyal 

1977) • Gre";ory e t e l . C''975) reported that the ra te of vater uptaJ'o per m i t 

length of root for the i:+iole so i l prof i le and for individual so i l la:r3ri: 

p"enerally decreased thiou'^hout the period of rr.e-'SureTient. 

Soffi3 v.-orkers (Stone ejt a l . , 1973* Rice, 1975* Î nyamah anc 'nr:z<,^?77) 

have attempted to calculate the evapotranspiration rates fron the root v;-jter 

uptake r a t e s . Rice (l"75) found that in B-rrnudagrass evapotrnnsp; ra t i en r r t e s 

Calculated from t'ater -jptalce ra tes were ident ica l for tv-o yearn, '.'n-^rrr-''- rod 

ELack (1*^77) obierved that a good correlr t ion existed bf̂ tv.'een vntcr M-̂  '-> e 

r a t e , rootin" densi ty snd prof i le water depletion, and the reuulir s-rf--; 

'..•ell vri.th th^ evapotrarspiration calculated fro'Ji the micro metf'or'^lD~3 en' 

f ac to r s . 

Gardner and Gtrdner (1969) reported that the r-j"! ch hrt 1,3 f^rseter 

inhib i t ing effect upon evaporation, the f i r s t few ds2/-H s f te r rrdn-Call- Tiis 

i s due to the fact tha^ in the l a t e r stages of evaporation af ter *>.'iltir'7 the 
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self mulching or s o i l mxilcli formation takes p lace . The porosi ty nnd 

thicloiess of self mulchin" or s o i l mulch i s knovn to f;ovem the evs^orativn 

losses to the atmosphere Clanks, 195^; Holmes e i ^ , , 1 9 6 0 , Acharya and 

Prihar , 1969), 

Apart from moderation of hydrothermal regime, tne riractice of 

mulching vdth crop res idue; has several othpr indirect e f f ec t s , S^vc-al 

vrorkers hr>vo re-ported an increase in root ',•.•©î ht density " i tn TTrJc'-iir.̂  .T~d 

i t s posi t ive effect on croT yi-^ld (Allmarps and He?,son, 1<^71; ChriHhpry n i 

Parihar, 197*̂ ; Acharya sr."' h iara t , 19^^). 

The greater airount of roots near the so i l surface, a3 a rerii:": t of 

mulchinpr \d.th crop residue- , has been a'^sociatsd vith be t ter u t i l i^ inf 01 nf 

applied nutr ients at the narface (Shear and Mosc'-^ler, 19 -̂'̂ ; T r i r l e t t T.-J 

'/an Doven, 1969» Sharma et ta.^^'^S?), 

?»5» Economic f e a s i b i l i t y of various Rabi crops 

The stratef^y of sr'^ricultural plannin"; folloy-ed in India resolves 

around a certain f i ^ r e kro-n aS tarfret of production to bs achieved -dthin 

a fixed time which involves only production planninf^ (Jain, 1967)» P a t i l a'̂ d 

Kulkarni (l973) suRpjestcd that crop planninj^ i s very important before 

undertaking any multiple-c roppinp; system and also for optimum u t i l i a ^ ' i o r n~ 

input resources. Heady ('957) reported that the physical consideratr* onr, 

determine the enterpr ise je la t ionship among the various crops and how e^rn 

f i t i into the overal l mn t̂.-^ement plan* Tne economic conrdderation v-^i'-h': t-e 

r e l a t ive advantage of eac> crop and to serve ±n the select ions o^ a ro ta t ion 

to increase the p ro f i t of the farm. Thourh the effects o^ s o i l t y r e , f e r t - l i t y 

l eve l , and climate on the yield of different crops are knov.'n, decidin?^ on the 

most prof i table system of lard use reouires the use of economic p r i n c i p l e ' . 
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Chandani e t al . ( l96o) reported that cap i ta l requirements T̂ 'ere hirh 

for pota to , sugarcane and ra ize crops. The remunerative crops \-.<ere X'.'heat, 

sugarcane, berseem, maize and coOTeas and purely cereals rota t ion havinfT oiie 

or more of each crops, 

Crop sequence includLniP? maize and wheat vitti le urairous crops as 

rtreen fodder \;BS imported to cse the most paying proposition b;' Gauta-n en*:! 

Sinch (1970), 

Bains e t a l . ( l 97 l ) studying the p ro f i t po tsn t in l s ir respect of 

different Kharif and Rabi cro-is under dryland ob-srvec that crrson (*/ i r , 'o ' ' - ' ' 

gave the top net p rof i t of Rs .2^6,25/ha , castor and arhnr Rs.2?'5,50 ar" 

Rs,22'f5«20/ha, respectively vnereas taraniira (Rapeseed), barley and y-'.^nt cr-r^: 

Rs.1559.00, 282.00 and Rs,27. 10 per hectare, respect ively . They conclud d 

that each rupee invested in tlie cul t ivat ion of sarson brinf-s in about R". , . ' " 

in re turn as a/:ainst Rs,3.00, Rs.2.75» Rs.1.00 and Rs,0.50 from grrit^ l i ;^'-"':, 

barley and Vv-heat, respect ively, Rajbans e t a l . ( l967) under drylrnd 

experimentation of 5 years ob'.ained fa i r ly good response from u+ieat + rr-''^ 

mixture than the i r pure stand; in general and under dry regions in part t- : : 1-H'-. 

Mixture of cereals and legunes are the insurance E,gainst t o t a l fa i lure o ' 

crops rmder adverse weatherin" or severe droughts under leguines leavr^; ::->': 

r icher in nitrogen as compare'i to cereal alone after crop harvest , 

Raiaanroorthy e t al.(^"75) studying the p r o f i t a b i l i t y of te-r^-Aiir/ -

use for dryland v/heat s tated that under typical ly dryli'^d cor^di tionr;, •/he'-e 

there i s usual ly a considerable variat ion in available s o i l r-olnture m"; 

other s o i l physical propert ies the prediction of crop iresponse of v.'heat 

(Kalysnsona) on the b^jsis of f e r t i l i z e r was 29 per cent» 
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Mehrotra e t al«(l?70) s ta ted from the i r mixed cropDimr resiil tn of 

barley and gram that the e rerage performance from mixed crorjping barley 

benefitted in gro\fth, yielt and nitrogen content, v-hile p:van depressed in 

/^owth and nitropcen contend« The combined yield v;a3 slifrhtly less than pur?; 

barley, but the differences and the monetary returns v;ere not si^-nificr<nt« 

Soil nitrogen was enriched oy the association \d.th I c ^ m e s , Lenlcnv {^?6^)) 

studying reciprocal relat ioi .ship betv '̂een barley and uheat in mixed r,o"'.r>-- n-

1;1 mixture found tha t barley was strongly competitive '.dth vhoat, redncif"^ 

the growth snd yield of wheet markedly. This v;a3 mainly due to the more 

vigorous t i l l e r i n g , fas ter dsvelopment and gs^eater stem height of the barley,, 

Lai and Ray (1976) :"eported that annual net return of Ps.10,4l'^.0C 

per hectare vas highest with ^ 0 per hectare, highe'^t vrith ';no per cent c ro - r i - : 

i n t ens i t y (green gram-maize-potato-v;heat)« Net rebarn declined progress I 'ml ; 

\dth a decrease in the croppi ig in tens i ty from ^Q to 100 per ce r t , ""re r^' " f 

cost r a t i o v;s3 found to be metimum under 300 per cent cropping intenr.i ty 

(green gram-maize-vrheat) and A'as Rs,2.57 per rupee invested. Rotr:tion t 7̂ . 

includes potatoes vjith maize snd wheat crops, proved best in every re.=;per'; 

(Sandhu et ^ , , 1973)» This x;a3 a t t r ibuted to the high yield produced by 

pota toes , A rota t ion of v/heat--maize-redish proved to be most profi table 

a t Palampur (Sharma, 1975). 
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Chapter 3 

fATERIALS AND METHODS 

The experiment was coiducted i n Watershed Management Area of the 

A g r i c u l t u r a l Research Farm of limachal Pradesh Kr i sh i Vishva Vidyalaya,Pala(npur 

dur ing Rabi 1985-86, The d e t a i l s of m a t e r i a l s used and methods employed dur ing 

the course of these i n v e s t i g a t i o n s are desc r ibed as under : 

5 . 1 . S i t e 

o ' The exper imenta l farm i s s i t u a t e d a t a l a t i t u d e of 52 6 N and 

long i tude of % 5 'E a t an a l t i t u d e of 1290.8 metre above mean sea l e v e l . 

5 . 2 . Vfeather and Climate 

Vfeather parameters l i k e maximum and minimum tempera ture , e v a p o r a t i o n , 

r e l a t i v e humidi ty , r a i n f a l l e t c , , fo r the crop season were recorded a t t h e 

Meteoro logica l Observatory, l o c a t s d nea r the exper imental s i t e of the farm of 

H.P ,Kr ish i Vishva Vidyalaya, P a l a i p u r and have been p re sen ted i n F i g . 1 and 

appended i n Appendix I , 

The c l imate i s sub- temperate with very high r a i n f a l l . The average 

annual r a i n f a l l of the exper imenta . s i t e i s 2521.2 mm (Average of 7 years ) a 

major p o r t i o n of which i s rece ived dur ing June to September (7^^ of the t o t a l ) . 

The t o t a l r a i n f a l l r ece ived dur ing crop season amounted to ^ 8 . ^ mm. The mean 

maximum and minimum temperature r ec irded were 28.8°C and J>,k C during Apri l 

and January , r e s p e c t i v e l y . The meat weekly r e l a t i v e humidity dur ing the crop 

season ranged from 29 to 59 per c e n t . 

5 . 3 . S o i l Tfemperature 

S o i l temperature was recorded with the he lp of s o i l thermometei« d a i l y 

i n the morning a t 6,50 AM and 2.50 PW from the three depth a t 0-20cra, SO-'iOcm 

and 'K)-60cm from mulched and non-muleled t r e a t m e n t s . I t has been p r e s e n t e d 

g r a p h i c a l l y i n Fig,2A and 2B and appei ded i n Appendix I I , 
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In tipper s o i l l a s e r s maximum temperature vras recorded durinf^ H h 

a^ek of Apri l both under t u l ched (29.8°C) and no mulch ( j ) . 1 C) whereas 

minimum temperature was r« corded durinjT 1 s t v.'eek of January 1986 v.4iich var 

5 ,9 C for mulched and 3,8 C f o r unraulched p l o t s , 

In 20 - ' o cm s o i l depth the maximum s o i l temperature v/as recorded 

dur ing t h i r d v.-eek of April, i n both the t r e a t m e n t s . Under mulched cond i t i o rn 

the maximum teBDerature \-.i3 recorded 2 5 . ^ C v/here^s under no mulch c i n d i t ^ c n 

i t was ^ . 9 C, The minicim temperature was found dur ing I s t t.-eek of Janua ry , 

1986 both under mulch and no mulch v/as 6 ,1 C and 4 .9 C, r e s p e c t i v e l y , 

In lov^er depth o." s o i l (MD-60 cm) the maximum temperature VPS 

recorded i n both c o n d i t i o n s . I t was found maximuc dur in ' : la^'^t v.-eek of Ar^^il 

1986 \mder both mulch (22,5 C) and no mulch (25 .1 C) and minimum ter^r^erstara 

was recorded dur ing 1 s t w^ek of January under both t r ea tmen t s i , e , imjlch i,2 ^ 

and no mulch 7«5 C, 

5.'f. S o i l a n a l y s i s 

Represen ta t ive cjmposite s o i l samples from the ?;urface s o i l (O-'^^r-?) 

of the f i e l d v^re c o l l e c t id before aovdng and tjere proceRsed for anrlyt"! .. 

The r e s u l t s of mechanical a n a l y s i s are given in the Table 1, For thr 

de te rmina t ion of a v a i l a b l ; K, P and K i n the s o i l before sowing aid rStr^ 

h a r v e s t i n g , the s o i l sgaipLes v:ere taken from 5 p l a c e s of each p l o t E"-: n 

depth of 0-20 cm and mixe i t o g e t h e r to have one composite sairrple per r ' ' ' ? ' , 

3»5» Cropping history 

The exper imenta l f i e l d was under cocraercial c u l t i v a t i o n of Tiales •• 

soybean with preced ing season Kharif 1985 and wheat + mustard dur ing Rabi 

1 9 8 ^ 8 5 * Wheat and maize were sovm i n the f i e l d s with recommended doses o'" 

file:///-.i3
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Table 1» Mechanical and chemical a n a l y s i s of o o i l 

P a r t i c u l a r 

A» Mechanical a n a l y s i s 

Sand (̂ ,5) 

S i l t i%) 

Clay i%) 

Bulk d e n s i t y ifjcc) 

0-20 cifl dep th 

20-''iO cm depth 

^0-50 ca depth 

Avai lable s o i l moisture 
soviin:^ tiias (ca) 

0 -20 cm depth 

2C-A0 cm depth 

^t0-60 cm depth 

F i e l d capac i t y (%) 

0 -20 cm depth 

2 0 - ^ cm depth 

to-60 cm depth 

Vjiltin;^ p o i n t (jj) 

0 -20 cm depth 

20-^0 cm depth 

AO-60 cm depth 

B, Cheaiical an£Qysis 

pH 

Content 

28.00 

39.76 

27.55 

1.18 

1.31 

1.32 

a t 

5 .61 

6 .72 

7.07 

23.60 

2b. 06 

2 0 . 1 ^ 

15.6^ 

13-M 

12.6a 

5.57 

Itethod used 

I n t e r n a t i o n a l p i p e t t e method 

( P i p e r , 1966). 

Core saiapler method 

(jiodman, I 9 t e ) . 

GraviiiiStric method 

F i e ld method (Coleiiian, ^3^-) 

15 atmospheric ten^^on ve lu^-
by p r e s s u r e necbraEie apparEt'.^ 
(Hichard, I 9 s 3 ) . 

1:2«5 s o i l '.rater suspeneion 

Orjjanic carbon {%) 0.85 

a v a i l a b l e n i t r ogen Ckg/ha) ^ 7 , 7 0 

Avai lable phosphortisCk^-j/ha) 1&.70 

Avai lable potass ium (kg/ha) 2'*6.50 

Glass e l e c t r o d e pH l e t e r 
(Jackson, 1So7), 

Walkley and zilaclc Kapid 
•K-tratLon ;neti.od (P ip -T , 1966)» 

Alkal ine per:::aaaja::atu ussthod 
Subbxah and / ^ i j a C"95^)« 

O l s e n ' s method of u::tr£.ctioii -..ita 
0,5il KaHC03 pH 8.5 £^d develop...sQt 
of blue co lour by chlorostannoua 
reduced raolybdophosphoric acid 

(Olaen gj; ^ . 1 9 5 ^ ) 
Ebctraction y i t h normal n e u t r a l 
Ammonium a c e t a t e and Flame 
photometr ic de te rmina t ion i n 
e x t r a c t (Meruin and Peech, l950)„ 
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f e r t i l i z e r during; Rabi 1985-84 and Kharif 1985, r e s p e c t i v e l y under r a i n f e d 

c o n d i t i o n s . The cixjpping h i s t o r y of the exper imental farm i s p r e s e n t i n 

Table 2 . 

Table 2 . Cropping h i s t o r y of exper imenta l farm 

,r r, Kharif ^ Year Crop ^ p Crop 
2 5 2 

(kR/ha)(kK/ha)(k/^/ha) 

1<^8>.8'i Maize+soybean 120 60 '̂ 0 Wheat + 
mustard 

1?84_85 Maize 120 60 4̂0 Wheat 

3 , 6 , Experimental d e t a i l s 

Rabi 
N 

(kn/ha) 

120 

on 

^2°5 
(kR/ha) 

90 

'̂ 5 

K̂ O 

(kct/ha) 

^5 

The experiment was l a i d out in Rabi 1985-86 and the t rea tment 

combination of f a c t o r s are given below: 

A« Treatments 

Crop Va r i e ty 

1, Wheat VL- ^21 

2 , Barley HHL- 87 

5« Linseed Himalini 

k. Mustard B3R-1 

5 . L e n t i l HPL - 5 

B, Level of mulching 

1. Mulched (Lantana camara f resh l i t t e r <^ 10 t /ha ) 

2 . No mulch (Control ) 

Design : Randomized Block Design 

r.'o. of t r ea tment combinations : 10 

I.'o. of r e p l i c a t i o n s : h 



Total number of p lo t s 

Gross p lo t size 

Net p lo t s ize 

In te r row spacing 

26 

5m X 2.5™ = 12.5 m^ 

^ X 2m = 8 ra 

25 cm (Common for a l l crops but intra-row spacing a3 
per recommendations for individual, crops) . 

3,7« Field preparation 

The experimental p lo t was plouf^hed, harrowed, level led nnd the 

clods were broken to have a fine t i l t h and a good seed bed prepnration. 

5»8, Layout 

The experiment was la id out id th manual labour. The plan of 

layout i s given in F i g , 3 . 

5.9« F e r t i l i z e r application 

F e r t i l i z e r s were applied to a l l the crops accordinr: to the 

reconmended package of pract ices for individual Rabi crops. Treatment-wise 

1/2 dose of N and fu l l dose of potash and phosphorus was applied by pora methoc 

at the time of sowing for wheat, barley, l inseed and mustard and the remaining 

half dose of nitrogen was topdressed a t the f i r s t r a i n f a l l or after J>-k weeks, 

In case of l e n t i l the fu l l dose of nitrogen as s t a r t e r dose with fu l l phosphori 

and potass ic f e r t i l i z e r s were applied at the time of sowing. Required quantitj 

of f e r t i l i z e r s were calculated and weighed. F e r t i l i z e r s were applied in furro\ 

opened by hand plough and thoroughly mixed with so i l by means of wooden s t i ck 

before sowing the seed, 

3.10, Sowing 

Treatment-wise seeds of wheat, barley, l inseed and l e n t i l were nown 

in ^ to 5 cm deep furrows by Kera method in rows spaced at 25cm apar t . 
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l-Siereas, mustard was sovm in 2-3 cm deep by Kera method pjid the row to rov 

distance was 25crn« After so'.n.n'̂  the furrov.-s \.;ere covered v-ith soi l* The 

seeds of wheat and barley vjere sown at the ra te of 120 kr^/ha, vhereas 30 k^/ha 

seed ra te was applied in l e n t i l and linseed and 6 kfV'ha seed was used in 

case of mustard, 

3«11» Application of mulch 

After sovdng the seed fresh Lantana camera l i t t e r (chopped) f 10 t/^B 

v;>?T uniformly spread over the p lo ts for mulch treatments, 

3,12. Harvesting and threshing 

The crop was harvested manually v;hen the grains hardened and the 

straw/stover become dry and b r i t t l e . Before harvesting the crop, four ro'.'S 

from each p lo t i . e . t\io from e i the r side and 50 cm ro\i length from both ends 

of each row of each plot were separated to eleminate border e f f ec t . The 

remainin'^ plants were cut close to the ground. The harvested plants frc?! c-^ci 

plot '-ere made in to bundles separately, tagged x^dth proper !• absls and carried 

to the threshing f loor . The weight of individual bundle fron each plot was 

recorded after sun drying, Threshir'^ -̂ras done for each plot separately beating 

by s t i ck with the help of manual labour. The net p lo t harvested was % x 2n 

i»e , 8,0 Sq,m. 

3»13» Cultural operations 

The schedule of cul tura l OT-Orations carried out fron eo-'ir,': to 

harvesting of crops i s being l i s t e d as under in Table 3 , 
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Table 5 , Calender of c u l t u r a l o p e r a t i o n s . 

S«No« Operat ion Date P a r t i c u l a r s of opera t ion 

1 , F i e l d p r e p a r a t i o n 14,10,85 

?• Layout l 6 . lO ,85 

5» Fe r t i l i z f ? r a p p l i c a t i o n 18.10,85 

^» Sovang of seeds 18.10,85 

5 , Mulchinf? ' '8 .10 ,85 

6 , I n t e r c u l t u r e 28,11.85 

7 , Top d re s s ing 28,12.85 

8 , Harvestinp; 

i . Mustard ?8 ,5 ,86 

i i . Barley 18.4,86 

i i i , \ / hea t , l i n seed and le*:':il 29,^.SS 

9» Threshinf^ and VfinnovdRT 

i . Mustard S.4.86 

i i » Barley and l e n t i l i:,5',86 

i i i . Wheat and l i n s e e d G„5«86 

One plou.«^hinf^, one harro-'ir"'^ and 
planidLnr:, 

The layout v;a5 done r-? -per -̂ l̂ ?n 
shov.Ti i n I ' i " , ^ 

F e r t i l i 7 . e r i v;ere thorn i^'^'v ''i-red 
and appl ied i n furro'--i r>-- -'•r*;ionr 
i n Bection 5«9» 

Seeds v:ere sn\m as de'^cr-.b'-'l n 
s e c t i o n 5«'^0-

Hy manual labour 

Fy aanual labour 

By manual l abour 

By msnual l abour 

By aanual labour 

By manual, labour 

3y manual Inbour 

By manual labour 

By manual labour 

3»l'i-« Biometric obse rva t ions 

3•^^•'\^ Bnerf^nce count 

Total number of shoo t s a f t e r complete emergence from 3 

o b s e r v a t i o n a l u n i t s frorr one metre row l e n g t h v̂ -ere counted and the mean 

nximber of shoots t.-ere c a l c u l a t e d , 
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5»l'f«2. Tillers/Branches 

Ten plants v;ero selected randomly in diffeirent ro'.-o from the net pint 

and to ta l nunjber of t i l le r /main branches of these plants '.-are counted and then 

averaf^ed out to have number of t i l l e r s or branches per p lnn t , 

3.1'^.J. Effective and noneffective t i l l e r s /b ranches 

Froo the t i l l e r s counted above, the effective and noneffective tille-rr,/ 

main branches v.-sre counted at the time of maturi ty. The t i l l e r s / Tiain brpnc'- '̂̂ -

^jearin'^ f^ains v^ere taken as effective and others '.cere counted as non-effectiva 

t i l le rs /main branches, 

3.l4.if, Plant height 

Ten plants weĵ e selected at random from the net p lo ts of different rcr^ 

of each plot and plant height was measured at JO days in te rva l from col la r to 

top of the ear less the mm, Averaf^ was taken from these ten plant samples, 

5o1^«5» Days to flovjerinj^ 

In the three observational imit from the day flov.-erin/r s t a r t ed , the 

mimber of plants vrere recorded at every a l ternate day. The date on "hich 80 

per cent plants had completed flo'.-erinf^ as noticed by visual observation \rss 

recorded and number of days from sotdng to that date u-ere talcen as days to 

flov;ering, 

3»l'<-.6, Days to maturity 

In the three observational uni ts average number of da^-s taJcen to 

maturity i.-ere recorded from individual p l o t . Plants observed in a l ternate 

days and the date on v."hich 80 per cent p lants turned yellov coloured ••as t-'icen 

cs maturity day and then the number of days from sovdnf: to maturity r-ere 

T-orked out , 
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3.15. Yield Attributes 

3»15»1» Number of f^rains per ear /per pod 

Five p lants were taken at random from each plo* and they were 

threshed separately and number of grains counted. The averane nximber of 

f-rains per ear or per pod and per sel inua was worked out . 

3.15.2. 1000-grain weipiht 

From the produce pf each p lo t , rrrain samples were taken, 1000-f^rain 

vere counted and weif^hed. The mean weipiht in pjram was workefi out and reported. 

3.15.3. Grain yield 

After harvest , the plants were tied in bundles for each net p lo t 

sun dried for f ive-s ix da"s and sun dry in-eiprht was recorded (kn /p lo t ) . After 

threshing and cleaning the w*iprht of clean grains were recorded. The yield 

k/j/plot were converted in to kp/ha or q/ha before reportint-, 

5«15»^» Straw yield 

The straw yield was worked out by substracting the grain yield of 

each plot from the to ta l produce of the net p l o t . The yiold kg/plot converted 

into q/ha, 

5«15»5» Grain : straw r a t i o 

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

straw yield and expressed in kg/ha, 

3»15,6, V/heat Enuivalent yield 

The economic yields of various crops in different treatments were 

converted into wheat equivalent yield to f a c i l i t a t e comparison of different 

crops and different types of economic produce. Wheat equivalent yield was 

calculated by multiplying the crop yield (kg/ha) by a wheat enuivalent factor 
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lAich was c a l c u l a t e d from the r a t i o of p r i c e of u n i t v.-einht of concerned 

crop and the p r i c e of u n i t i;ei?^ht of vjheat. The y ie ld of a l l the crops 

involved i n the system f.'ere thus converted i n t o wheat e q u i v a l e n t y i e l d s as 

suggested by Lai ê nd Ray ( l976)» 

Wheat equ iva l en t y i e l d was thus c a l c u l a t e d by us inn follovinf^ 

equa t ion : 
n 

l * e a t equ iva l en t y i e ld (HEY) = ^ (Yi e i ) (3 .1 ) 

1 - 1 

V.'here i = 1 to n number of crops 

Yi= Economic y i e ld of crops i n kn;/ha 

ei= Wheat equ iva l en t f a c t o r and can be friven by FC/P'.' 

PC= P r i c e of u n i t v.'ei";ht of concerned croT» 

V\h P r i c e of u n i t ^-si-ht of vhea t , 

The produce of vario^jn crops was so ld a t t h e rn t sn ren t ioned be lov: 

Crop 

V.'heat 

Bar ley 

Linseed 

Mustard 

L e n t i l 

Rate q/ 
Grain 
1S5A 

1 5 5 / -

^ 0 / -

430 / -

^Z-

'ha (Rs, .) 
Straw 
W-
ho/-

3 0 / -

3 0 / -

3 0 / -

Source 

D i r e c t o r a t e oT '^c-r.enrch 

H.P.Xrishi Vi'Th-a VidyrO ayn 

Pal^-npiir 

3«16. S o i l I 'o i s tu ro S tud ies 

3»l6«1« S o i l I b i s t u r e content 

S o i l Samples with t-ie help of an s o i l probe (man":al~y opera ted tube 

au'^er) from th ree depth (0 -?0 , PO-'iOcT and i40-60cm) v.-ere taken from each 

p l o t and moisture conten t was determined by dry ing the samples i n an e l e c t r i c 
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oven a t 105 C for 12 hours or t i l l cons t an t weight gnd mois ture percenta~e •--i: 

cnlcvilated on oven dry v.-eight b a s i s . The average conten t of s o i l mois ture 

for each t rea tment was determined a t 15 days i n t e r v a l by us ing the formulae: 

r, J. • u_ Fresh \^-3ight- dry T^ijjht ^^^ Per cen t moisture = r;—-^—r—rrr '^— x 1C0 Dry v.-ei^ht 

5ol6«?» S o i l mois ture s t a t u s 

P e r i o d i c n l s o i l mois ture s t a t u s of the p r o f i l e vas c a l c u l a t e d by *:^ 

fnTlo'.dnft procedure (Binkov-ski, l 9 ^ l ) . 

• ^ ~ | X Tx Pd r- V/t and (V/t-PV'P) = '.'a 

V/here, VS = Fresh weight of s o i l samples 

DS = Dry v/eight of s o i l samples 

T = Thickness of sariple 

Bd = Bulk d e n s i t y of s o i l a t saraplin'^ depth 

V/t = Total water content 

P'.Pr- I lo is ture content a t 15 atmosrvheric tens ion 

V.'a = Avai lable v;ater c o n t e n t . 

The s o i l moisture conten t i n each layer was addf?d to know the t o t nil 

mois ture conten t i n roo t zone a t va r ious crop rTov.'th s ta^en^ 

5«16»3» Total V/ater expense 

V/ater exr-ense under d i f f e r e n t s o i l moisture t r ea t ' ^en t s wŝ s ca.1 c'Llr^t'^r' 

by adding up the emounl; of s o i l p r o f i l e moisttire and r a in fg j 1 durin'^ the cro-i 

growing season . The r a i n f a l l i s one event and i f i t was raore than 5 ctr ( p 

depth of water j u s t enough to vet e f f e c t i v e roo t ing depth of 60 cm) was 

d i sca rded as e i t h e r deep p e r c o l a t i o n or sur face runoff l o s s e s ^ Bes ides , i f 

the r a i n cycle was repea ted m t h in ^ hours may be of any rmoxint wps a3.so r.^t 
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accounted as prof i le v;ater,use and taJcen as an excess than avnilable ran-^ 

of vater , i f the rain event occu*fed i-ri.thin ^ to 72 hours then only 50 per 

cent of i t i s taken as effective ra in fa l l and beyond 7? hours upto 96 hourr 

taken 75 per cent and after\;ards as 100 per cent effective r a i n f a l l was 

taken as so i l p rof i le water feithin available ranjje, 

5» 1*5,k» Constroptive use of water 

The so i l moisture was determined by gravimetric method. The 

consiimptive use for various santplinp in te rva ls v;ss car.culnted ss follo'/.-F.: 

n 
^^ ="5^ ^S^ - '"'2^ X Db.. X D, + I + R 

^ 100 
X = 1 

1 1 

\-fhere, CB rr the consumptive use from the root ?̂ one in cm of vmter, 

n = the number of layers in root zone fron t-hich moistui^ '.—i^: -

M i = the moisture per cent by trt, at the f i r s t safTplin<~, datf̂  of" 

interval in the i t h layer . 

M i = the aoisture -per cent by wt, a t the second srmplin': date c" 

in terva l in ths i t h layer . 

Db. = the bulk density of the i t h layer . 

Di = the depth of the i t h layer in cm, 

I = I r r iga t ion applied during the in te rva l in cm 

R = ra:''nfall during the interval in cm. 

5»l6,5 . Daily water use 

Daily water use i^rked out by dividing the total B-nount of vr^ter 

used by a t^articular crop by the number of days taken by th- .̂t cron uoto 

harveatin-^, 

file:///-fhere


3 . 1 6 . 6 , Cumolative y a t e r use 

Cumulative vrater use was c a l c u l a t e d by sumrainr; 'xp the i /ater use hj 

a p a r t i c u l a r crop dur inf success ive f^ro\-fth s t a g e s . 

5 . l6 ,7» Net returns/ET! of ^ 'ater used 

I t v/ai v.-orked out by dividin '^ the n e t monetary r e t u r n s of each CT̂ rp 

by the t o t a l airtount of v a t e r consumptively used durin,f: the whole l i f e of 

the croT>s. 

5 . 1 6 . 8 , V/ater use e f f i c i e r c y 

V/ater use e f f i c i ency v/as ca l cu l a t ed for both v:rT>?v. and s t r a v yif=], i.*» 

s e p a r a t e l y and a l so aga ins t the t o t a l y i e l d by the follo'.-i n'; forf^j] ?,• 

v;here, WUE = Water use e f f i c i e n c y (kr/h^cir?) 

Y = Dry vreight of g r a i n / s t r a v / i.Y.'^/Vrd 

CU = Tota l v a t e r expense (cm/ha) 

J.""?. Econonic S tud ie s 

To v-orkout the most p r o f i t a b l e t r e a t c e n t , t'-.e ecnnoolcs for e - r -

t r e a t r e n t on the bas i s of c u r r e n t p r i c e of the in-outi and nroduce , r b t - - ^ ' 

from the o f f i ce of oeed Prof^uction Of f i ce r , H.P.Krishi Vi-hva Vid;-^7 a-r., 

f ixed by the D i r e c t o r of Research, H.P.-'^rishi Vishva '/id^^nlr:-? ^or P^.ni 

1985-86, The d e t r i l s are ^^iven i n Appendix XX, 

5»17»1« Cost of c u l t i v a t i o n of d i f f e r e n t crops 

The cos t of cu l t i va ' : i on of d i f f e r e n t crops was '-.-orked out 

se-nsrately and appended in Appendix T / , XVI, XVII, X^/III r^TXi : a x . The 

reoui-reiJent of labour and mechanical ro ' -er for d i f f e r e n t o r e m t i o n , 's-jc^ • 

p]ourhin<^, harrowin":, veedinf i r r i g a t i o n and harvest ing-, v-sre c-O cul T';A-; -'-•-
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hectare a3 per the ra tes prevalent at experimental farm. Cost of inputs , 

such as f e r t i l i z e r and seed vere calcT:ilated based on the actual doses/ 

amounts applied. 

5«17»2. Gross Returns 

The yields of dif ferent crops were converted in to gross return 

in rupees based on the prevailin;^ local market pr ices of different 

commodities and bye-products such as stover or straw of wheat, barley, 

l inseed, mustard and l e n t i l . The ultimate values were vrorked out, 

3«17.3» Net return 

This was calculated on the basis of following: method: 

Net return = Gross return » Cost of cul t ivat ion 

„ . . • a. J Net returns (Rs,) 
Net re turn per riipee invested = -p—r—7 1";.„ .-; r r—r-

^ '^ Cost of cul t ivat ion tlte.) 

3»18, S t a t i s t i c a l analysis 

All the data collected pertaining to these inventinntionn were 

subjected to the s t a t i s t i c a l analys is . The standard s t a t i n l i c a l method 

given by Panse and Sukhatme (1978), Nigam and Gupta (1979) and Fisher and 

Yates (1963) were followed. The significance of ' F ' and ' f was tes ted at 

5 per cent level of probabi l i ty and c r i t i c a l difference values wore 

calculated when ' F ' and ' t ' t e s t s were found s ign i f i can t . 
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Chapter h 

EXPERIHBJTAL PJiSULTS 

Resu l t s of p r e s e n t investif^atLon e n t i t l e d " E f fec t of Lnntana Mulch 

On Water Use E f f i c i ency , Growth and Yield of Rainfed Rabi Crops" conducted 

durinc^ Rabi 1986 are p resen ted in t h i s chapter alonfrwith appropr i a t e t a b l e s 

and dipFTams. Since the p;rov;th, develontnent and y ie ld a t t r i b u t e s of d i f f e r e n t 

crops vary too much in t h e i r parameters under s t udy , the S t u d e n t ' s ' t ' t e s t 

was appl ied t o s tudy the mean d i f f e r ences of d i f f e r e n t parameters of 

d i f f e r e n t crops for mulch and no mulch t r e a t m e n t s . However, the corresponding 

. inalysis of va r i ance t a b l e s were a l so civen i n the Anpendix sec t ion* 

' 1 , 1 , Grovrth a t t r i b u t e s 

4 , 1 , 1 , Germination count 

The da t a on prermination count and number of t i l l e r s of va r ious 

crops an affected by d i f f e r e n t t r ea tmen t s have been p resen ted in Table 4 ,1 

nnd corr^s-pondinf^ t a b l e for s t u d e n t ' s ' t ' t en t has been .^^iven i n Appendix I I I , 

Table ' t . i . Mean t rea tment e f f e c t s on f^rowth a t t r i b u t e s of crops 

^ . ^^ '"ler^ination count Number of t i l l e r s or 
'^^ p e r metre row l e n t h branches -per p l a n t 

Mulch 

Wheat 

Barley 

Linseed 

Mustard 

L e n t i l 

V/hent 

Barley 

Linseed 

Mus t a rd 

L e n t i l 

G i r ^ i f i c n n t a t 5 p e r cent l e v e l of p r o b a b i l i t y . 

22,00 

20,00 

24.50 

19.00 

23.25 

4.50 

4.25 

3.75 

6 .25 

5.00 
No mulch 

20.00 

18.50 

23.25 

17.23 

22,00 

3.00 

2.75 

2.50 

4.25 

3.50 
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Mulchinpc vjith Lantana mulch vias found to have no e f f e c t on thf 

f^ennination of r ab i crops (Table ^ . l ) . S i m i l a r l y , nuinber of t i l l e r s o?' 

brn-nches per p l a n t recorded a t ha rves t did not d i f f e r Blf7nificrjit?,y froit 

imilch appl ied and c o n t r o l p l o t s as i s apparent from d a t a i n Table '^,1 but 

o v e r a l l performance under mulched t rea tments vras b e t t e r f o r these t\x> 

c h a r a c t e r s , 

k.t»2» P l a n t heip;ht 

The d a t a on p l ^ n t he igh t recorded a t va r ious grov/th s t ages of 

d i f f e r e n t croris have bean p r e s e n t e d i n Table ^«? end corres-nondinf T t u d r a t ' s 

» t ' t e s t i n Appendix IV<» 

Table ^#2 . Mem t rea tment e f f e c t s on p l a n t heirrht (cm) 

Crop Days a f t e r soi.an.": 
30 6o 52 1?Q 1'X) At > _" ivi s_t 

ITulch 

'..'heat 12.30 19.^7 25.85 66«o6 c4 ,o3 v>'=,/5g 

Barley 1 2 . ^ 17.75 20.01 M . 7 8 69.C? n . ' ^ 2 

Linseed 5.66 15.19 22.68 45.53 6 0 . 3 ' V . , - ? 

Mustard 7.01 iS.IO 50. fO 82.5'+ Zf^.'^': 

L e n t i l 4 .4? 6.62 9 .07 if^ol? 2 9 . 5 ' '• -C^ 

r?o tnulch 

'-.•heat 8.85* 12.72* 15.42* 4 i . 29* 59.65;* ^ . J V * 

a - r l e y 8.65* 9.62* 10.75* 17.57* 52.91* " . 8 7 * 

Linseed 5.90 15.O6 20.06 4 i . 4 7 45,09* "^..^0* 

l lus tard 5 ,58 20.26 ^0.55* 63.05* 6 8 « i 4 ' 

L e n t i l 4 .5 i 6 .55 7.90 15.85* 25.97* J7.6't* 

* Sip^nificant a t 5 pe r cent l e v e l of p r o b a b i l i t y . 
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As i s ev iden t from the Table 4 , 2 , i n \Aeat and ba r l ey mulch t r o t t e d 

p l o t s produced s i fTnif icant ly t a l l e r p l a n t s than unmulched ones a t 30, f̂ O, 90 

120 and 150 DA5 (Days a f t e r sovdnf^) as ' " s l l BS a t h a r v e s t , Hov.^ver, the t rend 

v/as somexAat d i f f e r e n t in o the r croT>So In l i n s e e d p l a n t he igh t from mulched 

and unmulched p l o t s remained s t a t i s t i c a l l y a t p a r except at h a r v e s t vrhere p l o t s 

suppl ied with l a n t a n a l i t t e r produced markedly hir^her p l a n t s than those with 

no mulch. In mustard, mulched p l o t s produced s i j ^n i f i can t ly t a l l e r n l a n t s at 

' 0 D/JS, i : ^ DAS and a t h a r v e s t , v/hereas in l e n t i l s i ' T i i f l e a n t d i f f e r e n c e s 

••^re observed only a t 150 DAS grov/th s t age and a t ha rves t o n l y , 

4,2» Development s t a f f s 

Data p e r t a i n i n " to development sta '^es ss in f luenced by v r r i o u s 

t rea tment combinations have been presen ted i n Table 4 , 5 and correB-r^ondir-'- ' ':' 

t e s t i n Appendix V, 

Table 4 , 5 , Mean t rea tment e f f e c t s on developmant s taf :es 

CroT> Dai'rs to floi. 'erinr: Days to ma tu r i t y 

Kulch 
'..'heat 

Barley 

Linseed 

Itustard 

L e n t i l 

'.•heat 

Sarley 

Linseed 

Mus tsird 

L e n t i l 

150.25 

l i6 ,25 

125.75 

8o,25 

125.50 
7fo .Tiulch 

120.50»« 

107.50** 

114,25** 

75.00** 

115.75** 

177.25 

155.50 

l66,00 

ito,oo 

160.25 

i6n,5"'* 

-1 1.:..'^ * ' , * « : 

i59.ec* 

137.00* 

155.75* 

* Si /^n i f icsn t a t 5 p e r cent l e v e l of p r o b a b i l i t y , 
**Si/7nificant a t 1 per cant l e v e l of p r o b a b i l i t y . 

file:///Aeat
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As i s apparent from the table , the p lants in mulched p lo t s flowered 

s igni f icant ly l a t e r than the plants receiving no organic wafte mate r ia l . 

Likevdse plants in miilched plots attained maturity l a t e r than the i r counter­

p a r t s , 

^ , 3 , Yield a t t r ibu te s 

Data on yield a t t r ibu tes have been reported in Table k»k and 

corresponding s tudent ' s ' t ' t es t fot these in Appendix VI nnd VII, 

Table 'f,^. Mean treatment effects on yield a t t r ibu tes 

Crop 
No. of effect ive No, of noneffective No,of grains lOOO-grain 
t i l l e r /branches t i l l e r s /branches per ear / weight 
p^er plant per plant pod (g) 

Wheat 

Barley 

Linseed 

Mustard 

Lent i l 

Wheat 

Barley 

Linseed 

Mustard 

Lent i l 

Mulch 

4.25 

3.75 

3.35 

5.50 

4.25 

2,50* 

2.25* 

1.75* 

3.25* 

2.50* 

0,25 

0,50 

0.50 

0.75 

0,75 

No mulch 

0,50 

0,75 

0,75 

1.00 

1.00 

54.00 

51.50 

8.50 

13.50 

2.25 

42.00* 

37.75* 

5.75* 

10.25* 

1.50 

40,71 

43.96 

9.26 

5.09 

20.66 

37.62 

41.27 

8.4i 

4.53 

19.58 

• Significant at 5 per cent level of p robab i l i ty . 



4 . 5 , 1 , Number of effective and noneffective t i l l e r s or branches per plant 

Kulchinn vn.th lantana l i t t e r resulted in prod JcinT s i r n i f i c a r t l y 

more number of effective t i l l e r s per plant in v/hent nnd barley (Table k,k 

and Appendix YI) and more number of branches per plant in l inseed, mustard 

and l e n t i l , ho\v«ver, number of noneffective t i l l e r s per plant from mulched 

and unmulched p lo t s did not d i f fer s i m i f i c a n t l y (Table k^h)^ 

'+«5»E« I.umber of grains per ear or per pod 

The data on number of grains per ear or per pod (Table '^.^ end 

Appendix VII) reveals that m'alching treatinent helped the plants to se t 

more number of g ra ins , number of grains per ear or per pod from mulched 

t reated plants v;ere s ignif ic3nt ly hip;her than unnulched or.e In a l l the crrmr-

t r ied under these investip-ations, 

4 , 3 , 3 , 1000~grain vjeight 

The r e su l t s on '•OOO-'̂ rain weip-ht have been shovn in Table ^„t' -^.'\ 

corresponding ' t ' t es t in Airpendix VII, I t i s evident that in a l l the ~rc~ • 

lOCO-rrain v.-eight from mulched and unmulched p lo ts remained atati:^ t i cn l^ -

at par v-dth each other , 

' t .^. Grain and stra\'f yield 

The data obtained on the grain and stra:-; 3T.eld of various crops 

under the iiapact of different treatments are presented in Tnble 4,5 anc* 

F ig ,4 . Mulching vath lantana l i t t e r markedly increased the grain rind ntrnv 

yields of a l l Rabi crops. The percentage increase in grain yield due to 

mulching over no mulch in vheat, barley, l inseed, mustard and l e n t i l v/as 

31,43, 55.66, 33,68, 34,15 and 31,45 per cent, respect ively and the 
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Table 4 , 5 , Mean t rea tment e f f e c t s on g r a i n and s t r aw y ie ld (c /ha) 

Crop 

l/aeat 

Barley 

Linseed 

Muiitard 

L e n t i l 

IJieat 

>-.arley 

Linseed 

L - t a rd 

L r . t i l 

r'i -ures in p a r e n t h e s i s i n d i c a t e the per cent increa-se over unmulched t r ea tmen t s , 

cc r responding increments in s t raw y ie ld .̂•ere 35 .4o , 38 .99 , ^ ^ . 2 6 , 52.^1 and 

^"^.31 per c e n t , r e s p e c t i v e l y , 

' ' . 5 . 'wtteat Equiva len t y i e l a 

liiqLiivalent y i e l a s from d i f f e r e n t crops under d i f f e r e n t mulch 

t r ea tmen t s were converted by u s m j formula (See s e c t i o n 5 . 1 5 , 6 ) , The d a t a 

tiiuij obta ined are presented i n Tnole ^ ,6 and i'i(T.5, 'rhe a n a l y s i s oT v:.riance 

i. eiiibodied i n Appendix v I I I , 

'' • '•'^' ("trpin y i e ld 

\Iheat equ iva l en t j r a i n y i e l d s of a l l tne cropo were a i ; : n i i i c a n t l y 

h': i ior due t o the a p p l i c a t i o n of I s n t a n a l i t t e r mulch (Table 4 . 6 ) , In un:nulched 

Grain y i e l a 
(q /ha) 

25 . l8 (51 .W 

18.79(35.66) 

15.93(35.68) 

5.97(3^.15) 

13.88(31.43) 

19.15 

13.85 

10.42 

'^.45 

10.56 

Mulch 

Wo mulch 

Straw y ie ld 
( ^ h a ) 

39.93(35.to) 

26.30(38,99) 

37.98(44.26) 

23.06(52.41) 

30.54(42.31) 

29.^9 

ao.36 

26,05 

15.13 

21.46 

file:///Iheat
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plot.J wheat equ iva l en t tiTain y ie ld of l i n s e e d was h ignes t follo\ved by l e n t i l 

v.'Kicri in turn v/as s i g u i i x c a n t l y more than t h a t of wheat. Wheat equ iva len t 

yivj!lQri from bar ley and mustard were s t a t i s t i c a l l y at par with each o ther but 

vA.-rc s i{ -n i f i can t ly l e s s than t t iat of wneat. However, in unmulched p l o t s t rend 

w;-̂  d i f f e r e n t . Highest value was obtained from l in seed and l e n t i l both being 

at priT with each o t h e r , follou'ed by v.'heat wnich in tu rn wats s i g n i i i c a n t l y 

laore than t h a t of ba r ley and mustard . The percentage i n c r e a s e in wheat 

er- idvalent graxn y i e l a due to mulching over no mulch i s h ignes t in bar ley 

(.'•'jm^O^'O and lowest in wheat (27,015^), The per cent i n c r e a s e over c o n t r o l in 

l e n t i l , l i n seed and mustard was 31 .42 , 53.68 axid 3 ^ , 3 1 , r e s p e c t i v e l y , Ci) for 

i n t e r a c t i o n i s no t c a l c u l a t e d because tne i n t e r a c t i o n i s non - s ign i fxcan t , 

Table 4 . 6 , Mean t rea tment e f f e c t s on wheat equ iva len t g r a in and s t raw y i e ld (q /ha ) 

Crops 

.»L-̂ :.t 

^::.-i^^y 

L5-ri3eed 

Hu'itard 

L e n t i l 

SEmjh 

SEin+ 

C D ^ 

for 

for 

for 

for 

Grai 
Mo mulch 

13.84 

13.01 

25.26 

12,94 

25.36 

crops 

crops 

mulch 

mulch 

n y i e l d ( q / h a ) 
Mulch 

23.93 

17.65 

35.77 

(27.01) 

(35.66) 

(55.68) 

17.58( 54.51) 

50.70(31.42) 

1.79 

5.06 

1,15 

1.95 

iio 

29, 

PO. 

19. 

11. 

16. 

otraw • 
mulch 

.49 

.56 

.55 

.54 

.09 

1.83 

5.11 

1.15 

1.97 

v-iGld(q/ha) 
Mulch 

39.93(35.40) 

28.30(39.00) 

28,18(44.29) 

17.29(52.46) 

22.90(42.32) 

Fi.-iires i n p a r e n t h e s i s i n d i c a t e the per cent i nc r ea se over no mulch t r e a t m e n t s , 
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'•••5.2. straw yield 

In mulched plo ts wheat eouivaLent straw yieldn vras hirhest in case 

of v/heat follov-ed by barley and linseed which were at par with each other 

but sifpiificantly more than that of mustard and l e n t i l . Mustard and l e n t i l 

p lo ts treated with lantana l i t t e r failed to exhibit any sin:nificant difference 

with respect to wheat eauivalent straw y ie ld . The pat tern in unmulched p lo t s 

wr>B more or less s imilar except that in yield from l e n t i l was si j tnif icantly 

more than that of mustard. The per cent increase of wheat eauivalent straw 

yield of mulched p lo t over no mulch treatments was hinhest (52,'i6) in mustard 

and lowest (35.'^O) was recorded in wheat. The per cent increase of wheat 

equivalent straw yields in case of other crops were 5<J,00, h^^,29 and k2,32 

in barley, l inseed and l e n t i l , 

4 .6, Seasonal Crop Water Use Studies 

Depthwise season?! water use as influenced by various treatments 

have been presented in Fipr.6, 7, 8, 9, 10 and correspondinj; values of seasonal 

water use at d i f ferent growth stages have been given in Appendix section 

(Appendix IX, X, XI, XII, nrd XIII, respect ive ly) . 

As i s apparent from Fig,6 and Table 4,7 in wheat seasonal water use 

under mulched and no mulch p lo ts revealed a sigmoid trend, increased from 

30 DAS upto 136 B/^ and then s l i gh t ly decreased upto harvest both at 0-20 

and SD-k) cm depths. However, in deeper p ro f i l e (40-6o cm) the increase 

was observed upto 150 DAS and then there was a decline in moisture use 

(Fig,6 and Appendix IX), A close perusal of the Fig.6 indicates that in 

shallow depths (0-20 cm) water use from mulched and unmulched p lo t s was more 

or less same, however, in 2 0 - ^ cm depth, in te res t ing ly at 90 DA3, water use 
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Tnhle k»7» Mepm t rea tment e f f e c t s on depthvd.se and s tagevdse sea3on,?l water 
use (cm) - wheat crop 

„ . . r> j.1. Days a f t e r sowing 
Treatments Depth -^— ^ ^ ^^ - ^ ^ ^^ ha rves t C u n m l a t i ^ 

Mulch 0-20cm I.AS 2.12 2.89 3.06 

20-'40em 1.23 1.8? 2.97 3.89 

^ -6ocm 0 .27 0.9k 1.5^ 3 .6r 

Tota l 0-60 cm 2.98 ^ . 9 3 7 . ^ 10.57 

No nulch 0-2Dcm 1.5© 2.28 2.93 3.11 

20-'Ocm 1.31 1.96 i.8o 3.72 

'40-60cm 0.37 1.03 3.15 +̂.03 

Total 0-60cm 3.26 5.27 7.S8 10.86 

2.65 

3.1^+ 

3.89 

9.68 

2.71 

3.19 

3.95 

9.85 

2.37 

2.^9 

2.7'^ 

7.54 

2.37 

2.5S 

2.86 

7.8i 

1^.51 

15.59 

13.00 

'+3.10 

l if.98 

1^.56 

15.39 

44.93 

from mulched t r ea tmen t s was markedly hiprher than unraulched c o u n t e r p a r t , r ecord ing 

almost s i m i l a r va3ues a t 30 DAS, 6o DAS, 120 DAS, 150 DAS and a t h a r v e s t . In 

'C-^o cm depth , t rend was same as in 0-20 cm except a t 90 DAS where no mulched 

p l o t s recorded s u f f i c i e n t l y h ipher va lues (3 .15 cm) in comparison to mulched 

one ( 1 . 5 4 cm). At h a r v e s t , water use from no mulch p l o t s remained s l i g h t l y 

hi^hor than mulched p l o t s i n a l l the d e p t h s . 

Barley; 

Wat;er use by bar ley crop depthwise and s ta^ewise hns been shown i n 

F i r . 7 and Table 4.8 and correspondinp; analy^^is of var iance has been appended i n 

Appendix X. 

The p a t t e r n of water use revealed by ba r l ey was somev/hat d i f f e r e n t 

from t h a t of wheat. At 30 DAS of bar ley water use from unraulched f i e l d s was 

http://depthvd.se
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h i t h e r than from mulched ones a t a l l the depths and the t rend bein^ r eve r se 

a t 60 DAS sta/^e, v/herees a t 90 DAS f^rowth s t age t rend fceint s i i d l a r as t h a t 

of a t 30 DAS s t age except in deeper l a y e r CtO-So cm), v/here both mulched and 

unrrrulched t rea tments recorded the same v a l u e , 

Tnble 4 , 8 , Mean t r ea tment e f f e c ^ o n depthvdse and sta^f^evise sepsonal water use 
(cm) - bar ley crop 

Tr3atrnents Depth 

Itulch 0-;>Ocni 

?0 -^Octr. 

'lO-SOcm 

Total 0-60cm 

Mo mulch 0-20cm 

20-^cm 

'•0-60cm 

Total 0-60cm 

30 

1.55 

0.80 

o.H 

2.76 

1.87 

1.27 

0 .79 

3 .93 

^0 

2 ,^5 

1.85 

1.07 

5.35 

2 . 3 ^ 

1.79 

1.05 

5.18 

Days 
90 

2.18 

2.92 

2.71 

7.81 

2.55 

3.05 

2.72 

8.30 

a f t e r so\d.ng 
120 

2 .63 

2.87 

2.98 

8M 

2.39 

2 .53 

5.15 

8.07 

150 At 

2.45 

2.96 

2.80 

8,21 

2 .73 

2,99 

3.01 

8.73 

harves t 

1,32 

1.65 

I..S9 

i ' .34 

1.J9 

1.68 

i.n'^ 

5.02 

Cumulative 

12.56 

"3.1^5 

^1,?^ 

37.2> 

15. - : 

1 3 . 3 ' 

ir>,f^7 

T.?.:> 

At 120 DAS staf^e mulched p l o t s used more v/ater than unmulched oner 

by 2 .4 mm in 0-20 era depth and br 3 . ^ "im i n 2 0 - ^ cm, recordinf: more or l e s s 

R-Es value a t lo i jes t dep th . At -'50 DAS growth staire &̂  •..•ell a" a t h a r v e s t 

u a t e r used was j u s t l i k e t h a t of wheat as more from no nmlched p l o t s than 

mulched ones , 

Linseed 

Resu l t s on water use va lues r e l a t e d to l i n s e e d crop p resen ted 

through F i g , 8 and Table 4,9 have been appended i n Appendix XI, At 30 and 60 DAS 

no mulched p l o t s recorded h igher water use va lues than mulched ones a t a l l the 

depths s tud i ed in the p r e s e n t i n v e s t i g a t i o n . 
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Table ^ , 9 , Mean treatment e f f e c t on depthi'fise and sta.'^ev.'ise seasona l vmter 
use (cm) - l i n s e e d crop 

Treatment Depth 

Mulch 0-20cm 

20-k)cm 

^-60cm 

Tota l 0-60cm 

r:o 'nulch 0-20cm 

2 0 - ^ cm 

^ - 6 0cm 

Tota l 0-60cm 

30 

1.69 

1.07 

0.56 

3.32 

2.11 

1.45 

0.97 

^+.55 

60 

2.59 

2.06 

1.33 

5.98 

2.89 

2.57 

-i-Tg 

6.Q9 

Days 
90 

3.15 

2.61 

2 . ^ 

8 .2^ 

2.97 

2.29 

1.23 

6 . ^ 

a f t e r soivi 
120 

2A3 

3.05 

2.25 

7 .73 

2 .45 

3.17 

2.60 

8.22 

nfK 

150 

1.98 

2.27 

3.06 

7.31 

2 .05 

2 .34 

3.17 

7.54 

At ha rves t 

1.08 

1.81 

2.35 

5.24 

1.15 

2.12 

2.89 

fi.l6 

Cumulati^ 

12.P2 

12.87 

12.03 

37.82 

'13. 60 

13.74 

12.59 

39. P3 

However, the t rend vr-»s ju.'=?t opiDOsite a t 90 DAS a t n i l the d e r t h n , 

The p a t t e r n was sf^ain s i m i l a r a t "^0 DAS grovth sta^re and 150 DAS and nt harve'-t 

a l so under a l l the d e p t h s . At harves t water use from unmulched p l o t s v.'as cpae 

i n 0-20 cm, h i r h e r by 3.1 nra i n 20-^0 cm and by 5 .4 mm in hO-Go cm depth 

i n d i c a t i n g thereby t h a t e f f e c t i v e n e s s of mulch m a t e r i a l v/as more r e a l i s e d i n 

deeper s o i l l aye r s as compared t o s u b - s o i l l a y e r s , 

Mustard 

The p a t t e r n of water uae by mustard crop has been dep ic ted in Fi^^.Q 

and corresponding va lues of moisture use in Table 4.10 and Appendix XI I , 

At 30 and 60 DAS amount of v/ater used i n no mulched p l o t s remained 

h i t h e r than mulched p l o t s i n a l l the depths i . e . 0-20cm, 2D-^ca and 'C)-60cm, 

Hov-ever, a t 90 DAS a l l the depths revea led r eve r se t rend i . e . tnuTched p l o t s 

u t i l i z e d hifther Quanti ty of vrater than unmulched one . 
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Table ^«10» Treatment e f f e c t s on depthwise and s tagewise seasona l water 
use (cm) - Mustard crop 

Treatment Depth 

Mulch 0-20cm 

?0 -^cm 

A0-60cra 

30 

1.23 

1.05 

0 .61 

Days 
60 

2.37 

2.01 

1.15 

a f t e r sowing 
90 

^.71 

^.57 

3.̂ *6 

120 

3.09 

2.3'* 

2 .13 

At ha rves t 

1.15 

1.69 

2.38 

Cumulative 

12.55 

11.66 

9 .75 

Total 0-60cm 2.89 5 .53 12.7^ 7.56 5.22 33.94 

No mulch 0-20cra 

20 -^cm 

40-60cm 

1.79 

1.45 

0 .94 

3.17 

2 .63 

1.81 

4.23 

3.75 

3.07 

2.01 

2 .93 

2.10 

1.19 

1.74 

2.Mf 

12.39 

12.50 

10.36 

Tota l 0-60cm 4 , i 8 7 .6 i 11.05 7.04 5.37 55.25 

After 120 DAS water used by mulch t r e a t e d f i e l d s was h igher than 

0-20 cm, l e s s than 20-AO cm unmulched p l o t s and same as unmulched ones (i(0-6o cm). 

At h a r v e s t water used was more o r l e s s same a t a l l the d e p t h s . 

L e n t i l 

The t rend of water used by l e n t i l crop dur ing i t s growth cyc le 

has been depic ted through Pig .10 and Table 4 , 1 1 , The corresponding a n a l y s i s 

of Variance has been given in Appendix X I I I , 



tz 

a 

lu % 

DC 
VU 

5 ^ 

l^ 

ft ' 

^ 
^ 

^̂ ^̂  1 

DEPTHS 

o 20 cm. 

Ml 

1 . 1 

20 -̂ 40 crn. 

I ' m 
mA-M 

ko 60 Cm 

_L 1 

INDTX 

^ WL'I -CH 

I I \iO Iv-, ULCH 

1 MJ M--

SI 

30DAS SODAS 90 DAS IZODAS (SODAS HARVf5T 

-< STAGES -*-

FIG. 10 SEASONAt WATER USE — lENTlU CROP 



k8 

Like mustard crop in a l l the depths s t u d i e d a t JO and $0 DAS s t a g e s 

the amount of water used i n unmulched t rea tments waS" more than mulched ones 

whereas t rend was j u s t r eve r se a t 90 DAS and 120 DAS. 

Table ^ . 1 1 . Mean t rea tment e f f e c t s on depthwise and s tagewise seasona l water 
use (cm) - L e n t i l crop 

,_ i_ 1. n 1.U Days a f t e r sowing 
Treatment Depth ^ ^^ ^ ^^ ^ ^ ^^ harves t Cumulative 

Mulch 0-2Dcm 1,58 a.'+y ^.59 2.89 2.11 

20 -^cm 0 .98 1.63 3.67 2.25 2.56 

^ -60cm 0 . ^ 1,08 3 .63 2.15 2.37 

Tota l 0-6ocm 3.02 5 . l 8 I I . 6 9 7.29 7.o4 4.A8 38.70 

No mulch 0-20cra 1.88 3.^+3 4,17 2.76 2.2*+ 1.23 15.71 

20-^cm 1.28 2.07 3.55 2.09 2.74 1.'^7 I 3 . l 8 

'Ki-^Ocm 0.76 1 . ^ 2.85 1.^9 2.'+3 l . ? 6 10.93 

Total 0-60cm 3.92 6 . 9 ^ 10.55 6 . 3 ^ 7.^1 4.66 39.82 

1.17 

1.39 

1.92 

14.61 

12.48 

I 1 , 6 i 

At 150 DAS and a t ha rves t quan t i ty of water used by mulched and 

immulched p l o t s remained more o r l e s s same a t a l l the d e p t h s . 

4.7* Depthwise and s tagewise p e r cent s o i l mois ture c o n t r i b u t i o n of d i f f e r e n t crops 

Wheat 

Depthwise seasona l water use by wheat a t d i f f e r e n t s t a g e s of the 

groA^h cycle has been depic ted in F ig .12 and appended in Appendix IX« In 

mulched as well as xmraulched t r e a t m e n t s , the t o t a l moisture c o n t r i b u t i o n inc reased 
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fron 30 DAS t i l l 120 D;.S and then dec l ined a t 150 DAS towards h a r v e s t . 

The mariimni t o t a l mois ture c o n t r i b u t i o n vins recorded a t 120 D îS boLh unf^er 

mulched (2^4.5^) and unmulched (2^.j1i"') p l o t s . In mulched iilotfi , an i s 

ev iden t from F ig , l2» per cent moisture c o n t r i b u t i o n v;as hi '^her from u-nper 

s o i l p r o f i l e (0-20 cm and 2 0 - ^ cm) dur ing e a r l y grov/th stafref^, hov.-sverj 

l a t e r on a t 120 DAS, 150 DAS and a t ha rves t the t rend v;ns some-'hat rsTrnr-s, 

Under no "ulch t rea tment such a p a t t e r n vras not t h a t much d e f i n i t e . One^hL^~ 

evidentl:?- proved from the f i g u r e i s t h a t a t a l l the s t a g e s of To - ' t h -he 

per cent value of moisture c o n t r i b u t i o n from no mulch t rea tment rf"!i^.ned 

hif^her than t h a t from mulched one . At shal lov; and deeper s o i l depths 

f l u c t u a t i o n s in s o i l moisture con t r i bu t i on from 30 DAS t i l l ha rves t ',c^re 

comparat ively more than PO-k) cm s o i l depth and t h i s v;as t rue both fn~ 

mulched as icell as unmulchsd t r e a t m e n t s . At ha rves t p e r cent moir^t-'irf 

c o n t r i b u t i o n from a l l the a o i l p r o f i l e s ' 'as more o r l e s s nrT^e in "-rnY^'^^ 

as v.-ell as unmtilched p l o t s , 

Barley 

Depthuise seasona l i-ater use by ba r l ey crop {inulc?^ed ard UETJI "'•-r ~ 

hgs been dianrammat ica l ly p resen ted i n Fi<T:,i3 (Appendix X), Under ^ilc •-'•'• 

c o n d i t i o n s , as a '.-hole, per cent moisture con t r iba t ioT revea led an i n c r e a ^ i ' -

t rend r i ^ h t from 30 DAS t i l l 120 DAS, follo^^rinrj a s l i ~ h t dec l i ne a t -"JO D,v3 

pnd afterv.'ards t h e r e was a marked decrease from 22 .0^ p e r cen t a t 150 DA5 to 

"2.98 per cent a t h a r v e s t , Durimp: e a r l y grovrth stafres (3c D.i;3 and 60 DAS), 

To'.'er va lues of p e r cent moisture c o n t r i b u t i o n v,<ere no t i ced from lo\ ;er s o i l 

hor izons (t(0-6o cm) whereas dur ing l a t e r grovrth s t a g e s (150 D;S and a t ha rves t ) 

lo^v-er Values of p e r cent mois ture c o n t r i b u t i o n were a s soc i a t ed v.dth upper s o i l 
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p r o f i l e (0-20 cm). In s o i l de-pth from 2^-1^0 cm the v a r i n t i o n s in mois ture 

c o n t r i b u t i o n were not t h a t much pronounced ranging from 28,98 p e r cent a t 

30 DAS to 37.39 p e r cen t a t 90 DAS, Unlike mulch t r e a t m e n t s , from no mulch 

p l o t s , an i n c r e a s e i n p e r cent c o n t r i b u t i o n v/as recorded from 30 DA3 t i l l 

150 D/i3« The p e r cent mois ture c o n t r i b u t i o n of t o t a l s ea sona l '.rater use 

a t 30 , 60 , 90 , 120 and 150 DAS grov/th s t a g e s Vv-ere 10 .03 , 15.20, ? 1 . l 6 , 20.57 

and 22.X6'per c e n t , r e s p e c t i v e l y . At ha rves t there MBS a sharp d e c l i n e to 

12.79 p e r cen t , At 30 DAS and a t 60 DAS upper s o i l l a y e r s (0-20 era) e x h i b i t e d 

h igher pe r cent mois ture c o n t r i b u t i o n whereas a t o the r crop nrovth s t a g e s 

(90 DA5, 120 DAS, 150 DA3 and a t ha rves t ) upper s o i l p r o f i l e recorded lowest 

Values and a t these s t a g e s h i f h e s t values v.'sre a s soc i a t ed vdth ^?0-60 cm s o i l 

d e p t h . In s o i l l a y e r s from PO-to cm j u s t l \ k e mulched p l o t s , f l u c t u a t i o n s in 

s o i l mois ture c o n t r i b u t i o n v»-ere coirparat ively l e s s vary ing from 31.35 pe r cent 

a t 120 DAS and 3^ .5^ p e r cent at fio DAS crop grov/th s t a g e s , 

Comparing mulch and no r u l c h t r ea tmen t s as a whole, t o t a l moisture 

c o n t r i b u t i o n from no mulch p l o t s v;as higher than mulched ones , Moisture 

c o n t r i b u t i o n a t 30 DAS vms more from no mulch p l o t s and a t o t h e r s t a g e s thes3 

values were more o r l e s s the s s r e , 

Idnseed 

Per cent d e p t h m s e seasona l v:ater use by l i n s e e d crop has been depir ' :ed 

through F i g , 1 ^ and appended i n Appendix XI, Quantum of '..-ater u t i l i z e d v.'rB 

found to be h ighes t a t 90 DAS (2-^.79^^) under mulched p l o t s and 120 DAS (?O.5r-0 

under no mulch p l o t s , Tne pe r cent mois ture c o n t r i b u t i o n revealed an 

i n c r e a s i n g t rend from 30 DAS t i l l 120 DAS and then i t dec l ined t i l l h a r v e s t . 

Lo^vest Values were recorded a t ha rves t both under mulched (l3.85f5) and 

unmulched {']3»^y/a) c o n d i t i o n s . 
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During early growth stages i . e . 30 and 60 DAS, pa r t i cu la r ly under 

nmlch treatment highest per cent contribution of moisture vrs from shaMov 

s o i l layers u-hich i s 50.90 and 4 | . 5 3 p e r cent, respectively and vdth the 

advancement of growth the trend ggjpeared to j u s t opposi te . At harvest 

maximum moisture contribution was from hO-GO cm so i l depth i.e. '^4.85 per cev:, 

"ore or l ess s imilar trend was observed under no mulch treatrrrsnts excent Vi /• 

Bhallov: so i l layers i . e . 0-20 cm continued to contribute markedly hirl" r 

moisfrirs than lo-.,-er layers up to 90 DAS. At the tirne of harvest Irr^ per c< r̂'-

moisture contribution from 0~20, 20-^ and ^40-60 cm wa?; iSef̂ Vt 5^^«''̂  '"''^ 

'?6o91 per cent, respect ive ly . 

Mustard 

Data vdth respect to depthwise and stagevri.se per cent moisb.'r<" 

contribution by mustard crop have been presented graphically in ¥±^,".1 —•' 

appended in Appendix XII, Highest per cent contribution of season-1 ' - r^ 

use t:a5 a t 90 DA3 both under mulched and unmulched condit ions, Tlie ŷ -̂  '--

contribution at 90 DfB was 34.5^ and 51.36 par cent under trrulch and no T r -

treatsients respect ive ly . In mulched as '..•ell as unmulched p lo ts per ce r t 

moisture contribution shou-ed an increasing trsnd from 30 Df5 t i l l 90 C;C 

and then i t decline t i l l harvest , 

Under mulched plo ts highest contribution was observed to b3 I rc" 

shallow s o i l layers at almost a l l the 3trif:es except at harvest . At hrrrf . *: 

lov;est layers contributed s igni f icant ly i^ore than upper ones i .e .45.59 " . 

Similar trend xms observed under no mulch treatments. At IPC D;S 

highest contribution was frcn 20-^0 cm so i l depth (4i.6?' ' ) uhereas at hsrve it 

t̂O-60 cm s o i l layers contributed markedly ( i . e . k3,hij'',), 

http://stagevri.se
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Lenti l 

Depthwise and stage>dse per cent water contribution pat tern by 

l e n t i l crop has been depicted in Fig , l6 and appended in Appendix XIII , 

Highest moisture contribution was noticed at 90 DAS crop growth stages both 

under mulched as well as unmulched treatments 30.22 and 2^»h3 per cent, 

respectisrely. The trend of moisture contribution was j u s t l ike other cix»p6 

i « e , an increase from 30 DAS to 90 DAS and then decline upto harvest -under 

mulched and unmvilched condit ions. 

Depthwise var ia t ions in per cent moisture contribution vrere 

ref lected only by shallow and ddeeper so i l p r o f i l e . The contribution from 

2 0 - ^ cm so i l depth remained more or l e s s same a t a l l the stages of crop 

growth. This was true for both the treatments. In te res t ing ly at harvest 

lower layers contributes more moisture whereas shallow s o i l layers plajpcd 

a s ignif icant role for moisture contribution during ear ly stages of crop 

growth. The per cent moisture contribution at ear ly stages i . e . 30 DAS and 

60 DAS was more from the upper layer (0-20cm) i . e . 52.31, ^7.68, k7,3S and 

under both mulch and no mulch treatments, respect ively, •v^ereas a t 

harvest in both the condition the per cent moisture contribution was more 

from deeper layer (^-60cm) i . e , ^2.85" and ^S|.df, respect ive ly . 

4 ,8 , Crop Water E&rpense Studies 

4 , 8 , 1 , Total water expense 

The to t a l water expense values were calculated by summing up the 

^profile moisture use and to ta l effective r a i n f a l l during the crop growth 

season. The data with respect to to ta l water expense under different 

treatments have been presented in Table ^.-fSand Fig. 11, 
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Taole ^ , 1 2 . Treatment e f f e c t s on t o t a l water expense au r inc crop c^'owth 
per iod (cm) 

xroatment 

Wi-icat 

bc..-ley 

Lir.aeed 

;.u..tard 

L e n t i l 

V/hc-at 

' iarley 

Lj.::3eed 

iiu. . t a rd 

Lcr . t i l 

S o i l moisture 
a t sovdng 
(0-bO era) 

1 9 . ^ 

1 9 . ^ 

19 . to 

I9.to 

I 9 . t o 

I 9 . t o 

19 . to 

19 . to 

19. to 

19 . to 

Left over s o i l t r o f i l e 
moisture a t moiature 
harvest(cm) use(cm) 

1D.70 

17.^5 

17.33 

I 3 . 9 D 

l6.2D 

1^.8? 

l!;.^7 

IP . 27 

I 7 . 6 i 

15.08 

Mulch 

Mo 

2.70 

1.95 

2.02 

o.hh 

3.20 

mulch 

^ . 5 3 

3.93 

^ . 1 3 

1.75 

^ .32 

i j f fect ive* 
r a i n f a l l 

(cm) 

to.to 

35.50 

35.80 

33.50 

35.50 

to.to 

35.30 

35.80 

J>y»'jO 

35.50 

'Total watei 
expense 
(cm) 

^3.10 

37.25 

37.82 

33 .9^ 

33.70 

¥ u 9 3 ( ^ . 2 4 ) 

59.23(5.31) 

39.93(5.57) 

35.25 (:>. 85) 

39.82(2.09) 

•Liifferent f i gu re s for e f f e c t i v e r a i n f a l l for d i f f e r e n t crops was due to 
d i f f e r e n t crops l i f e span , 
F igures in p a r e n t h e s i s i n d i c a t e per cent i nc r ea se of water expense over 
Kilched t r e a t m e n t s , 

To ta l water expense was l e s s in mulched t r ea tmen t s as compared to no 

mulch t rea tment and t h i s was t rue for a l l the c r o p s . Per cent i nc r ea se i n 

t o t a l water expense from no mulched p l o t s over mulciied ones was to the tune 

of ' . 2 ^ , 5 . 3 1 , 5.57i 3.85 and 2.89 for wheat, ba r l ey , l i n s e e d , mustard and 

l e n t i l , r e s p e c t i v e l y , 
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AmonF̂  Various crops h i r h e s t value of t o t a l water expense v;as 

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

unmulched p l o t s , o t h e r crops showed in t e rmed ia t e kind of va t e r expense , 

^•8,2« Cumulative Water Use 

Cumulative water use va lues exper ienced by v a r i o u s cropn under mulch 

and no mulch t r ea tmen t s have been dep ic ted i n Fifj. 17 and a lso i n Table 4 J S , 

Table 4 , 1 3 , Treatment e f f e c t s on seasona l water use and d a i l y water use 

Treatments Seasonal water use (cm) Dai ly water use (mm) 

Mulch 

V/heat 

Barley 

Linseed 

Mustard 

L e n t i l 

V.'heat 

Barley 

Linseed 

Mustard 

L e n t i l 

43.10 

37.25 

57.82 

33.94 

38.70 

Ho mulch 

44.93(4.24) 

39.23(5.31) 

39.^3(5.57) 

35.25(3.85) 

39.82(2.89) 

2.43 

2.42 

2.27 

2.42 

2.4l 

2.6_̂ .(9.05) 

2.e3(S.67) 

2,51(10.57) 

2,57(6.19) 

2,55(5.88) 

FLpTures i n p a r e n t h e s i s i n d i c a t e per cen t i n c r e a s e of water use over mulched 
t r ea tmen t , 

Among va r ious crops hi r 'hes t va lue of cumulative water use was recorded by 

wheat (43,10cm) followed by l e n t i l , l i n s e e d , b a r l e y and mustard, r e s p e c t i v e l y 

and t h i s was t rue for both under mulched and unmulched c o n d i t i o n s . Under 
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mulched t rea tment for wheat and bar ley h ighes t c o n t r i b u t i o n fo r cumulative 

t-mter use \;PB no t i ced from PO-^ cm l aye r vrherean for r e n t of the cropB upper 

l a y e r s exh ib i t ed t h i s phenomenon, Lovjer l a y e r s of s o i l ^o s tud ied i n these 

i n v e s t i t r a t i o n s , always recorded l e a s t va lues of cumulative v/ater use for 

v;heat (13.OO cm), ba r l ey (11,66 cm), l i n s e e d ( l 2 , 0 3 cm), mustard ( 9 . 7 3 cm) 

a", well as l e n t i l (11.61 cm), 

However, under no mulch cond i t ions t rend was somev;hat d i f ferent© 

Upper l a y e r s (0-20cra) recorded h ighes t va lues for wheat and l e n t i l , whereas 

for o the r crops middle l a y e r s n o t i c e d h i r h e s t v a l u e s . Lowest l a y e r s ^iO-60 cm 

always r e s u l t e d i n l e s s e r va lues of cumulative water use fo r a l l the crops 

except wheat, 

'*,8,3» Dai ly w^ter use 

In {TPner.il, d a i l y water use va lues under no mulch con'^itioa'3 remained 

hi ' -her thnn mulched condi t ions for a l l the crops s t u d i e d (Tnble '^, 13) , Per 

cf^nt increnne of water fromijmulched plo'-T over mulched ones i n wheat, b a r l e y , 

l i n s e e d , mustard and l e n t i l , r e s p e c t i v e l y vjere 9,05* 3 ,6? , 10.57, 6 , l 9 and 5 . 8 8 , 

A-̂ onr va r ious crops v/heat not iced h i r h e s t d a i l y water use of the 

amount of P .^3 mm, followed by ba r l ey and mustard (each 2.'(,2 mm), l e n t i l 

( ,'<-1 mm) and l i n s e e d ( ? .27 mm) under mulched c o n d i t i o n s . The t rend was 

qu i t e the s-ime for no mulched t rea tments a l so except fo r the f a c t t ha t here 

ba r l ey exper ienced hit^her water use than mustard by about 0 , 1 ^ mm d a i l y , 

^^ ,8 ,^ , Economics of water use 

A cursory examination of d a t a Table k»'\k an i n t e r e s t i n g obse rva t ion 

appeared t h a t t he hir^hest n e t r e t u r n to the tune of Rs,'t419.^^3 P<5r hec t a re given 

by the l i n s e e d crop when r a i s ed under mulched c o n d i t i o n . The second h i g h e s t 

o rde r of n e t income was shown by l e n t i l , viorth R s . 5 9 ^ 7 . ^ p e r hec ta re and then 
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c l o s e l y follo\.-ed by vheat and b a r l e y , '..Tiereas the lo'v-est n e t income k-'iu'-ht 

out by mustard under rnulched t r e a t m e n t . The s i m i l a r t r ends v-ere r e v e l l e d 

by a l l ther.8 crops under no mulched cond i t ions a l s o , althoufth the re r.'are 

cons ide r sb le depress ions i n monetary n e t r e t u r n s v.'hen these crop'^ r« r e 

f̂ rov.'n ' i t h o u t tiralchitT E a t e r i a l , 

Table 4 , i 4 , t rea tment e f f e c t s on monetary r e t u r n s / h a nra v:ator ur^d 

Treatments 
;;et r e t u r n s 

( Rs/ha) 
Total Ta ter 
expense(mm) 

I.'o t re L'l-n/ha 
n!n of '-.'Hter 
ure 

'..Tie a t 

Barley 

Linseed 

Mustard 

L e n t i l 

V.'heat 

Barley 

Linseed 

Mustard 

L e n t i l 

I b l c h 

^^5 .58 

1720.ai 

'^h•^^,h^ 

^^S?,Bh 

39 ̂ /•'«) 

;«0 '^'31 Ch 

2132.65 

1136.51 

5169.^3 

1015.84 

2963.60 

431 

372 

378 

339 

587 

Mf9 

39? 

599 

552 

593 

7eOS 

'uS? 

11.69 

4.57 

tC^T" 

4.7t^ 

2. '̂9 

7.^'v 

2.£n 

7J-

F u r t h e r , lookinf^ to d a t a Table ^ . 1 ^ for t o t a l v a t e r ejcponsa re-.'t r"" 6>d 

t h a t the naxitram water expense vdth mulch a p p l i c a t i o n sho:-sd 'aj -'hent c r rp to 

the l e v e l of ^31 nm dur ing i t s cropping l i f e span, v;here as o t h e r crops ahovred 

v a t e r expense ranging i n between 339 t o 387 mm. Ajjain v/herst has shovn the 

hiprhest order of water expense to the tune of +̂̂ 9 nan v.'hile grov/in--; v i t h o u t mulch 
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end other crops csrae in the order of l inseed 399 mm, l e n t i l 393rj:::, barley 392 irrt 

nnd nnistard 352 nim shov.-ad the lov;est« 

From the Table ' f . l^ i t can be seen that the hi^^hest net return3(R-, '"- i '^) 

against each mm of water use sho'̂ -ed by linseed crop, under tnulch n^nlicat ion, V/hich 

VE3 closely follov."ed by l e n t i l . On the other hand the lo:^,-9st net return* for each 

cTi ' /ater use v;ere recorded under mustard and barley, and rrheat renained intertnedinte 

Tee overal l performance of a l l crops Rroisi vdthout mulch gave lesi;er net returns 

ejjainct per nrn of water use in cosnarison to nulched condit ions. S t i l l the order of 

crops 'TS the same as that of mulched p l o t s . The highest order remained idth linsec-i 

:md lo*-33t order was in case of rrastard and other crops v;ere interrtediate in respec: 

o" npt monetary returns per hectare rm of vater use , 

^ , 9 , Soil Chemical Propert ies 

^•9»1» Available N : Mulching with lantana l i t t e r resul ted in si '^nlficant incrsesp 

in terr-s of available N in s o i l for each crop studied (Table 4,13 Hn"! Appendix XII I ) , 

Anor.g Various crops, in fact lantana l i t t e r mulch broufjht about ^^,'^•9i^^,'^?.^^'K•'^••,'~•,!..'' 

snd 13«23 per cent increase in available K content of so i l over control for vhent, 

ba r l ey , l en t i l , l inseed and mustard crop,respectively. Under sulched condit ions, plot;; 

ro'ti ' i t h v.'heat accuraulated l a rges t quantity of " vhich '/as s i ' - r i f ican t ly more than 

thnt of linseed \rhich in turn was follo\fed by l e n t i l plo^:s, "'-jlched l e n t i l and t ^ : u : 

r.o:~\ r i o t s v:ere s t a t i s t i c a l l y a t par '.jith each other so far s^ the available V C T t- •': 

in F'.oil r.'E3 concerned. Least available II was recorded from nruatard r i o t s , S i r i l r -

trend rrrs revealed by no mulch treatments, 

4 .9 ,2 , Avail able P : Mulching treatments did not d i f fer s i tn i f ; cnntly in affect in" tha 

Available P content of soil{Table ^•"3)9 Hov^ever, the differerces prior": crops \.,>ere 

s ignif icant in mulched p l o t s . The hi'-hest quantity vras from barley r,o'n p lo t s vhich 

^^•^1-; a t par vdth v/heat,mustard and l e n t i l s o n p lo t s but s igni f icant ly more than Ihst cf 

l inseed sot.-n p l o t s . The av?dlable P content of s o i l in vAeat,barley,mustard, lenti l and 

linseed p lo ts ^vere ;^k7<,:ic^.0n,^.5O, ti/.37 and n . " ' kg/ha, respect ively , 

file:///rhich
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Table ^+.15, Mean t rea tment e f f e c t s on a v a i l a b l e N, P and K at ha rves t (kc/ha) 
i n s o i l 

Available N Available P Available K 
^ K'fi mulch Mulch No mulch Mulch No mulch Mulch 

'Jlieat 561.25 628.00(11.89) 19.37 23.75(22.58) 311.75 3^1.00(9.38) 

unrlcy 505.25 563.00(11.^2) 18.75 26.00(33.66) 289.50 3 ^ . 2 5 ( 1 7 . 5 3 ; 

Lxi.ueed 511.00 5 8 5 . 7 5 ( 1 ^ . ^ ) 17.25 l 9 . S 7 ( l 5 . 2 2 ) 275.75 3^5.75(25.38; 

Luutard it88.00 533-50(9.32) 21.12 25.50(20.71) 251.75 509.25 (22.8^+: 

L e n t i l 500.75 567.00(13.23) 20.25 2^.37(20.37) :X}2.75 330.75(9.2^) 

<JJni+ for mulch 8.96 1,96 14.72 

CJ% for mulch 15.27 3.35 25.08 

î ii;_+ for crops 1^. 18 3.11 23.2o 

Cu% for crops 2^,15 • US 39.65 

i'i urfes in p a r e n t h e s i s i n d i c a t e per cent i nc rease of il , P a>id K content over 
no -..-.ulch t r e a t m e n t s . 

I n t e r a c t i o n e f f e c t s between mulch and crops on a v a i l a b l e I;, P and K 

i s non-s igTi i f icant , 

However, under no mulch t rea tments h ighes t quan t i ty of I was recorded 

i':-om mustard sown crops which remaining a t par with ba r l ey , wheat and l e n t i l 

recorded s i g n i f i c a n t l y more amount of P than t h a t of l i n seed p l o t s . Ihe per 

cent i nc r ea se of a v a i l a b l e P was h ighes t (58.669S) in oar l ey a-'iti lowest in 

l inneed (l5.225i) under mulched p l o t over the c o n t r o l . 
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^.9.3» Available K 

Ihilchin'^ and no :-alch treatments did not d i f fe r sij ;nificnntly 

in influencing the available K content of s o i l af ter harvest as sho\/n in 

Table ^.15-and Appendix XI7o 

Under mulched conditions, l inseed crop recorded hi^^hest quantity o ' 

available P (3^5.75 Ics/ha), This was at par vdth a l l other crops except 

mustard crop v/hich resul ted in s igni f icant ly lesser snount of available 

K (309.25 kc/ha) . 

Same i;ay tinder no ra lch treatment siustard p lo t s recorded minimrj-n 

amount of available K and highest quantity vras that from v.-heat p l o t s , Z'he 

per cent increase of availeb^e K in so i l under mulched p lo t over control due 

to lantana mulch in v/heat, brr ley, l inseed, mustard and l e n t i l crop vras 9 . jS , 

17.53* 25.38, 22.84 and 9-?'+» respect ively, 

4,10, V/ater Use Efficiency 

Values of \.*ater use efficiency experienced by various crops under 

roilched and no mulched t r ea tno i t s v.dth respect to jr 'ain, stra'.? nrd bioloTical 

j i e l d have been given in Table 4,10, 

A perusal of the data reveals that tirulchin.'^ alv-ays resulted in 

hi.^her water use efficiency for a l l the crops '.dth respect to f ra in , s t r av 

as well as biological y ie ld , T:-g per cent increase in '.'ater use efficiency 

ues highest in barley (42,86) and Icv-est in l e n t i l (35.20) under mulch 

treatments over no mulch t reatr .ents , 

Increase in tfater use efficiency with respect to p:rain from mulched 

ciffects over unmulched p lo ts icere 37.06, 42.86, 4 l , l 4 , 39.^2 and 55,20 per cent 

for wheat, barley, l inseed, mustard and l e n t i l crops, respect ively and 

corresponding increnents for straw yield vrere 4l,13t ^ • 5 ^ t 52,29t 58.30 and 
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':':. 'le 4 . 1 6 , I-ifcan t reatment e f f e c t s on water use e f f i c i e n c y of liabi crops 
(kj: /h^cia) 

Treatments u r a m otraw i i o l o j i c a l 

Mule h 

Wl.eat 

i-arley 

Lin-'ieed 

Hu-tard 

L-JuLil 

\vn<--at 

L.orley 

Linseed 

Mustard 

L e n t i l 

56 . if5( 37.06) 

50.ij6(i^2.86) 

36.8i i(4i . l i f ) 

17.61(59.^2) 

35.37(35.20) 

42 .63 

35.32 

26.10 

12.65 

26.53 

92 .64(41 . 

75.97(46, 

.15) 

.3^) 

99.37(52.29) 

67.96(58. 

73.92(46. 

No mulcu 

6 5 . ^ 

51.91 

65.25 

^2 .93 

53.89 

.30) 

M) 

151.07(39.53) 

126.43(4^1.95) 

136.21(49.10) 

05.57(54.01) 

114.79(^2.73 

108.27 

87 .23 

91.35 

55.36 

80.42 

i'igiures i n p a r e n t h e s i s i n d i c a t e the per cent i nc rease over no mulch t r ea tmen t s . 

46,44 per c e n t , r e s p e c t i v e l y . Taking i n t o account the b i o l o g i c a l j l e l d 

hi :hest i nc r ea se was recorded i n case of mustard crop (54,01?^) and the l e a s t 

from wheat (39.53?'o). Per cent i n c r e a s e i n b a r l e y , l i n s e e d and l e n t i l l were 

^^ .93t ^9.10 and 42 .73 per cent , r e s p e c t i v e l y , 

4 , 1 1 , Economics 

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

rupee invested as influenced by the various treatments have been presented in 
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Table ' t . l ? * and c o s t of c u l t i v a t i o n has been given i n y^pendix XV, X7I, 

XVII, X V m and XIX. 

I t i s apparent from the Table ^ .17 t h a t i n a l l the crops g ros s r e t u r n s 

as wel l as n e t re t t i rns from mulched p l o t s v»ere markedly g r e a t e r than those 

from no mulch t r e a t m e n t s . Highest ne t r e t u r n s were obta ined from l i n s e e d crop 

(IlB«44l9«^3) and l e a s t froo mustard crop ( R s . 1 ^ 2 » 8 4 ) , o t h e r crops halve shown 

of i n t e rmed ia t a ry type of ne t r e t u r n s , 

Table ' f . l ?* Treatment e f f e c t s on g r o s s r e t u r n s , ne t retvirns and cos t bene f i t 
r a t i o (Rs/ha) 

Treatments Gross r e t u r n s 
(Rs/ha) 

Net r e t u r n s 
(Rs/ha) 

Net retizrn pe r 
rupee invested(BB) 

Wheat • 

Barley 

Idnseed 

Mustard 

L e n t i l 

Wheat 

Barley 

l i n s e e d 

Mustard 

L e n t i l 

Mulch 

5751.70 

Ao¥f.^5 

6699.00 

3556.00 

5982.20 

^338.75 

2960.75 

^9^9.00 

2589.00 

M f 9 7 . ^ 

30^^5.58 

1720.21 

Mfi9.^3 

l'f82.8'f 

39 ' f 7 . ^ 

No mulch 

2132.63 

1136.51 

3169.^^3 

1015.8^ 

2963.60 

1.12 

0.7^ 

1.93 

0.71 

1.9^ 

0.96 

0.62 

1,78 

0,64 

1,91 
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Consequently raulchinr helred in havinr^ hifrher net returns per 

rupee invested in each crop s tudied. Under mulched conditions hip^hcst net 

re turns per rupee invested were obtained from lentif. and linseed Rs. l ,94 

pTxd l e a s t from mustard Rs .0 .7 l , whereas under no mulch treatments, highest 

net returns per rupee invested were obtained from l e n t i l crop (Rs,-i,9l) and 

l e a s t from barley (Rs.0.62). Thereby these resu l t s very much speak of 

favouraile effects of mulchin?: in terms of economics too, pa r t i cu la r ly in 

s t a t e s l ike Himachal Pradesh where family labour can be effect ively employed 

^or cuttinr: the lantana l i t t e r to h't applied in rabi crops and to have 

increased benefits 



DISCUSSION 



Chapter ^ 

DiSGUGoior: 

"Tie experimental findings of the present investi-'n^iion en t i t led 

"Effect of lantsna mulch on vater use efficiency, ^ o v t h rand yield of rainfed 

rabi crops" have bsen discussed in the current chapter and on effor t hni been 

m.nde to es tab l i sh the crmse tsnd effect of relationnhips in the lif-ht of 

nTailable evidences, 

Grov'th RJtd yield of various crops are the net resu l tan t nroduct 

of the in terac t ions of thei r physico-chemicnl environment of so i l and p?,art 

"T-i rdr.n arro-climntic factors plus the rfenetic malce up. The yield of rrjbi 

c-»Dps, thus, may evidently bs increased, xmaffected or decremed by a "'•'fn 

a l te ra t ion in thei r micro end macro-environment. 

Tnp meteorolof^cal data durinf^ croprsin'^ sesson (;''i"-»l snd A^pc-'i'--- ) 

revealed thnt various a^roclinatic parameters v.*ere nearer to o-ptirnum ]evr l ' • '• 

'*fO'.'th md development of rabi crops excepting that the rainf-Cl ii--<^,c'k --" 

'""•> l i t t l e lo-rsr than the normal vdnter rains of the area, "̂ :e me r̂. 

Btrrospheric temperature varied from J,,k C in January to ?8,8 C in April , "'• «= 

lov; vdnter te'rtperatures durin^ January and Febraury months inh ib i t f̂ ro--*'" '-•^ 

some duration and hence prolon~ the days rsruired to maturi t - o^ croT>r;, ••-!'(" 

mulched conditions a l i t t l e higher so i l tenmeratures of u-pper n^il Ti-^'"ilf • 

remained beneficial for better root grovrth, but generally no dl I'ferencs v-

recorded in temperature variatons due to mulching from the de'j-sr eoi l T-rofi."" oi.. 

Contrary to t h i s during vrarm months of the year i . e , J ^ r i l rrrA :'-rch (A^x-e-dirc I 

the mulching material helped in maintaining lower s o i l temperatures of upper 

s o i l p r o f i l e . These findings very much s-nealc of the role of mulch materials 



in moderating the s o i l temperature thereby affecting crop growth and 

development favourably, 

Observations with respect to various growth and yield a t t r i bu t e s 

i . e . germination count, number of t i l l e r s or branches per plant (Table ' f . l ) , 

plant height (Table k,2), number of branches or t i l l e r s per p lan t , number of 

effective t i l l e r s or branches per p lan t , number of grains per ear or pod, 

1000-grain weight (Table k»k) revealed that mulching with lant-sna l i t t e r 

brought out s ignif icant differences in respect of number of effective t i l l e r s 

OT ferasiches per pod and lOOO-grains vbsreas other cha rac te r i s t i c s remsiived: 

non-signif icant . No doubt t ha t mulch materials are usually used for s o i l and 

water conservation and erosion control hut they do influence growth and yie ld 

a t t r ibu te s through the i r effect on s o i l temperature, weed competition, d iseas* 

and pes t in fes ta t ion , in some cases ava i l ab i l i t y of mineral nu t r ien t s and 

organic matter content of the s o i l besides affecting the pace of microbial 

a c t i v i t y . Ultimately the effect i s on the crop y ie ld , 

The beneficial effects observed due to mulching in case of effect iv* 

t i l l e r s or branches and 1000-grain weight might be the r e s u l t of such functions 

of mxilch mater ia l s . Consequently s igni f icant gains in grain and straw yie lds 

of various crops so t r i ed in the present invest igat ion were obtained' due to ad 

application of Lantana camara mulch. The percentage increase in grain yie lds 

due to Bsulching were 3 1 . ^ , 35,66, 33,68, 3^,15 and 3i, 'f3 for wheat, barley, 

l inseed, mustard and l e n t i l , respectively,whereas the corresponding incrementB 

for straw yield were 3 5 , ' 0 , 38,99, Vf.26, 52,^1 and 42,31 per cent , respectively, 

These r e s u l t s resemble to findings of Kanivets and Fomin (l977), Krishna and 

Pandey (1981), Balyan and Malik (1981), Ghosh (igS'f), Shanna *̂ t ai-fiQ8i'>-
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Bhan (1978) and Roy et ^ , (1976) and many other workers reported similar 

results having the positive effect of mulch on grain and straw yield of 

different rainfed rabi crops, 

A3 shovm 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 F ig ,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, 

respect ively recorded from 30 to 120 DAS, Upto 30 DAS the moisture 

depletion was maximum from the upper most layers of s o i l in both mulched 

and unmulched treatments which i s ^ , 6 and h8,k per cent of the t o t a l wat»r 

expense. Also a t 60 DAS, the s imilar trend in both the treatments was 

observed, however at 90 DAS, trend was d i f f e ren t . At 90 DA3, the aoi6tur« 

extract ion in case of mulched wheat was recorded s l i gh t ly higher (2*97 cm) 

from the lower depth ( 2 0 - ^ cm). However, in case of unmulched \ ^ea t , 

higher extract ion of moisture (3.15 cm) was found from the lower depth 

(to-60 cm). Similar trend of moisture depletion in mulched and unnnlched 

treatments was recorded at 120 DAS. The moisture depletion at 150 DAS sod 

at harvest stages was found comparatively higher from the lowest depth in 

both the mulched and nonmulched p lo ts v i z . , 3.89, 2.7^, 3»95 and 2,86 cm, 

respec t ive ly . This might have occurred due to shallower r o o t s , l e s s e r 

vegetative surfaces and high evaporation but low ET losses at ear ly stages 

of crop growth, whereas, the deeper root growth and more Tegetative surface 

at l a t e r stages extracted more s o i l moisture from upper as well a3 from' 
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t'..o l 0 " e r p r o f i l e s , r e s p e c t i v e l y . The hi '^hrr s o i l moisture une frfD-i 

the lo'.,'e?^t s o i l p r c f i l e i s due to hi-^h r o i n t u r e a v a i l a c i l i t j in thai-

l a y e r and low va t e r a v a i l a b i l i t y in u-ppcr p r o f i l e s bes ides rteen r o o t i n g 

sys t ems . 

Under crilched t r e a t m e n t s , l e s s e r t o t a l r ' a te r er rer . re i'-J.lQ cm) 

v.'as observed in ccTpsrison to noniiulched t r ea tmen t s ( ' ^ •95)» ! O 'eve- , per 

cent to ta3 moisture d e p l e t i o n under milched and unmulched condi t ion ' ; r t 

depths 0-?n cm, ?0-^0 cm, iiO-6o en vras recorded 33 .6? , 36 .17, 3^^.16, 3 5.34, 

3 2 . 4 l , 3^»^» r e s p e c t i v e l y . These fir.dinr:s are i n l i n e vdth thn firrti-.,(Tn 

of Haz r a Rt al .( '«973) and Prdhar e_t ^1 . (1979 ) . Chakor {-'"','; 

Sharma (''9S'v) who have pjso obtain?»d the s i m i l a r rer;u^ tn in 

r e s p e c t of moisture dep l e t i on s t u d i e s for rr!! these cro-os, 

Barley 

As r ep resan ted i n Fi*^.? nnd 1^, ths pat te i -n of noist-i^e c- ' ' - '* 'on 

">ome\rhat d i f f e r e n t froa t h a t of i'hf>?>t y'->B ob'^ervedo Tn a l l t:-'> '^"I-IVT ;-<: 

30 D/i3, the '.rater e x t r a c t i o n was hif^her in unrnulched p l o t n thpn rrtilcbf-l 

p l o t s v i z . , P .76, 3«93 cms, r e s p e c t i v e l y . Conversely to t h i s nt '̂ C D'C 

d i f f e r e n t t rend v i z . , 5«55» 5»18 era v:as ob-Qr-^ed, I'o'-sver, r>t bo':h thf 

s t a g e s , the r ;ater der^letion under mulched and unmulched tren-^crt-n v:s'=i 

recorded hi^^her in upper l a y e r s and cornparatLvely le^r: in l o " e r !!r;*f-';» 

At 90 D/iS t o t a l •nrofi l r seasona l vfater use '•r'S co'a*oara''-vely hi -her in 

unmulched p l o t s (B,30 cm) than tha t of nulched p l o t s (7.8'-^ en) ••hi-h v^-

21.16 and PC' /c per cent of the t o t a l va te r expense, r e - p e c t i ' / e ' y . As f r r 

as moisture de-pletion i s concerned, i t was hifther in lo-.'er Inr 'ers t>nn ' jn^er 

ones v/hich ranred fror- ?,98 to 2.63 cr. in mulched and %^'y to ?..39 in 

unmulched p l o t s . Seesonsl water u s e a t 150 DAS and ha rves t s t a g e s was 
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observed comparatively higher in unnulched p lo t s than that of tnu3c"fd 

plota v i z , , 8 .21, 8,75, ^ . 8 ^ and 5.0?, respect ively . The to t^ ; •rgtsr 

depletion during the en t i re croppinrr season v.'as found hifrher in tm-ulched 

treatments v i z , , 39,23 and 37,?5 cia. The to ta l v'atsr expcnrie vrs rercrdod 

higher under both the treatments i " the loi-er layer (?0-^0 cm) v i s . , 15,05 

Old 13»31 cms, respect ively. The to ta l v-ater extract ion in r.oil pro^ l e 

fron 0-20 snd ^0-6o cms was recorded 12,5^, 11.56, 13. ?5 and 12,̂ ^7 ens 

under rnilched and non-mulched treatments, respect ively . These tronda -r̂ re 

in conformity of the resu l t s of '^hakor (l975) v;ho have Tj.no 

observed siEdlar moisture depletion in cr-^s ox barley« 

These findings c lear ly indicated that t h i s minht have occyr-cd 

dne to l i a i t f d vegetat ive, root develor^ent and lov.-er environmental den^rd 

for tr-riET^ortntion at early s tages , Ho'-ever, et harvest s tage , i t :'iiTl"t 

be due to lesi er deraard of crops for vrater end nu t r i en t s , Tnene f i^ ' : ; - -

ars in couforrrstion rdth the findings of A3.i and Fra^ad (1975)» Lai {"^''D , 

llv'-^mrd e t al , ( l965)« 

Linr-eed 

As d iagrasa t ica l ly shov-Q in Fig,8 end 1^ in a l l the dcptr ^ 

unmulched treat~-ents recorded higher v.'ater use thran mulched trestm^-ri-. 

at 30 and 6o DAG, Contrary to t h i s , quantum of vatsr u t i l i s e d by the -irc-

VBT, recorded highest at 90 D̂ iS under mulched plo ts r̂.d -^PO DAS under 

unmulched p l o t s , v i z . , 8,2^ and 8,22 cms, respect ive ly . After ^Z) DA3, 

the per cent moisture contribution declined subs tan t ia l ly utjto harvest sta""© 

for vjhich the lov.-ast values v̂ -ere 13.85, l5 . . ' i under nEulched and unmulched 

p l o t s , respect ive ly . The to t a l water depletion during crop •^p'ovrth season 

http://Tj.no
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under both the ru lched and unraulched t r ea tmen t s vrs3 recorded 5?»?^? "^^ 

39»95 c-'iS, r e s p e c t i v e l y . The p e r cent t o t a l Qois ture c o n t r i b u t i o n -'TSB 

h ighe r fron the ttrper l a y e r ( O - ^ era) under mulched cond i t ! OR̂n and 

comparat ively l e s e e r from the lo'.-er l a : r e r s , Hoi.-evert the hi ' -hrr ninis ture 

d e p l e t i o n percentcTS i n 20-^0 en v/as recorded under unaulched cond i t i ons 

of s o i l p r o f i l e (O-^O cm) viz%^ J4.'+1 cm. Reason for the s m e hs3 hcon 

descr ibed e a r l i e r , IThese f ind ings are in conforcdty r d t h thoce of Vithana 

e t a l , ( 1*̂ 71) and Hed^e (196^ ) . 

Mustard 

As Dho'.-a i n Fig,9» and •^k a t JO and 6o DAS, the 'rj ' iar ' ^ c - ' e t i o n 

under unirjlched pIo^:n v;a3 higher than aulched p l o t s in a l l the '-.hrec t s-nths 

under 6 tu ' ' y , At 9^ D,'5, r e v e r s e trend vr-3 o b t a i n e d . The h i g h e s t p e r c^nt 

v/ater c o n t r i b u t i o n vr.5 ob ta ined a t 90 DAS under both the mujched nnd 

unmulched t r e a t r s n t s v i z . , 3^ .5^ snd J l . j . ' , r a s p e c t i v e l y , M s o r ; nt a , l 

the s t a g e s except h a r v e s t , h igher c o n t r i b u t i o n froa a h a l l o v soir ?: ,̂: • *; 

under mulched p l o t s VT̂ S recorded . At ha rves t s t a g e , the raoistur? 

c o n t r i b u t i o n percen tege was h ighe r frotn lo-.-ar Inyers than upper rjnss in 

both the t r aa tmen t s under s t u d y , 

Total '..'ator expense recorded ^^as 33*9^ ctr snd 35«?5 en rrd >:• 

mulched and unraulched c o n d i t i o n s . These f ind ings are in l i n e -d th t h - r; 

of Lehane (1962) and Eains and Singh ( l 9 7 l ) and Lai ( l97 'v) . 

L e n t i l 

As p r e sen t ed i n F i g , 10 and 16 a t 30 and 60 D/iS lEore r roun t n ' 

UTjier vas consumed by unsulched p l o t s than the trTilched p l o t s , ilo'.-svcr, t t 

90 and 13D D/S t rend MES d i f f e r e n t . S i m i l a r t rend of c t u a l '.*a':cr ased ''.-53 
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obtained at "50 DAS and harvest staf^e. The highest depletion percentsTS 

v/as recorded at 90 DA3 under both mulched and unsrulched treatments viz*, 

3!)«3 and *p.^ ' ' , respect ively. Depth^-dse f luctuation in aointure 

contribution v.'ss reflected only by shallow and deeper so i l r , rof i le . The 

t o t a l vmter depleted v/as hirher in unmulched p lo ts (39.8? en) than mulched 

p lo t s (3^>,70 cm) during the ent i re cro-opinf: season. These findinfrs nre 

in l ino ' I t h the findings of Bains and Cho'..-dhary (1970). Cha!-.or 

(l???) also observed the s imilar trends "h i le v-ortd.n'̂  on l e n t i l rnd oth«^r 

crops under rainfed farrainp; conditions, 

V/ater Use Efficiency 

As shovjn in Table h^^S, data reveals that mulchdr" always 

resul ted in hirher v/ater u-e efficiency for a l l the crops ^dth respect t " 

' ' ra in , straw and biolof^ical ;n.eld. Increase in water use efficiency •ri.t'̂ . 

respect to prsin fro-n mulched over unmulched plo ts v.'ere 37»06, '!-2.fc5,'1. ' • 

39«'<-2 and 35,20 per cent for •.-heat, barley, l inseed, mustard nnd Ic-.+il 

crops. These var ia t ions in data pertaining to v;ater use efficiency pi -hi: 

have occurred due to hi'^her yields or low nuantity of v/ater used 

consumptively. Under mulched treatments besides the i r different y i e ld l r " 

behaviour and water consuoptson t rends, 

Also these findint-s vjere si-Tilar to that of Ali -«id •^rssadC'!^''"; ) 

and K^ur et al,(l97?^)» As recorded by them, a l l rirjlches except FYH incref^sed 

water use efficiency and the hir^hest value of 1^,8 was obtained ^dth strrw 

mulch which was almost tvdce to that of cont ro l , 

Nutr i t ional Status 

Mulchinj^ vdth lantana l i t t e r resulted in tremendous increase 

in terms of available N in s o i l for a l l the crops a f te r harvest . Among 

various crops, wheat resulted in the hl-lep,t accumulation o*" " -̂r.d l e a s t N 
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accumulation was recorded in mustard. In terms of P and K in s o i l , 

lantana mulch resul ted in slis^ht increase over the con t ro l . Highest P 

accumulation was recorded from barley sown p l o t s . However, l inseed recorded 

the hirhest quantity of K accumulation in the s o i l . This micht have 

occurred because of more decomposition of lantana twigs with the advancement 

of crop and increase in microbial ac t iv i ty with the increase in temperature, 

These findings resembles to those of Weeks e t a l . ( l 950 ) , oweSon e t ^ , ( l 9 ' f 9 ) 

and Holmes e t a l . ^ l 9 ^ ) . 

Economics 

As shown in Table 4,17 mulched treatments resulted in increased 

gross as well as net returns over the respective con t ro l s , Hij^hent and 

lowest not returns were contributed by l inseed and mustard crops, respectively, 

These findings were not in conformity to those of Bains et al«(l97l) and 

Rajbans ê t al,(1967) for no other reason but poor adaptabil i ty of mustard 

to the prevail ing environmental conditions during early establishment in 

comparison to l inseed, which i s confirmed by Singh (l972) and Asthana e_t ^ , 

(1'^71) 



SUMMARY 



Chapter 6 

SDMl-lARY Aia) CONCLUSION 

The f i e l d i n v e s t i g a t i o n s e n t i t l e d " E f fec t of l a n t a n a mulch on 

water use e f f i c i e n c y , f^rowth and y i e ld of ra in fed r a b i c rops" was conducted 

a t Watershed Management Area, A g r i c u l t u r a l Besearch Farm, Hitnachal Pradesh 

K r i s h i Vishva Vidyalaya, Palarapur durin/^ Rabi 1985-86, The main o b j e c t i v e s 

of these s t u d i e s were: 

1» To observe the e f f e c t of l a n t a n a mulch on the grov/th and y ie ld 

of r ab i c r o p s , 

?• To compare the water use e f f i c i e n c y va lues of v a r i o u s r a b i crops 

with and vdthout mulch, 

5 . To s tudy the mois ture d e p l e t i o n p a t t e r n by d i f f e r e n t r a b i crops i n the 

presence and absence of l a n t a n a mulch, 

k» To determine the champs i n s o i l p r o p e r t i e s under mulch and no mtilch 

c o n d i t i o n s , 

5» To c a l c u l a t e the economics of the c r o p s , 

The experiment was l a i d out in randomized block desifTn r e p l i c a t e d 

four t imes . The t rea tments comprised f ive c rops , i , e , v;heat, ba r l ey , l i n s e e d , 

mustard and l e n t i l each with two l e v e l s of miaching i . e , 10 t / h a and no mulch 

nn c o n t r o l , Treatmentwise ha l f dose of nitrof^en alon;^with f u l l doses of po tash 

and phoiHphorus \ ^ r e apT>lied a t the time of sowing of a l l the crops except 

l e n t i l in which the fu l l dose of a l l the n u t r i e n t s v/as a p p l i e d . Remaining hal f 

dose of n i t rogen was topdressed a t 5 -^ v^eeks of sowing, Lantana l i t t e r mulch 

( f r e s h l y cut upper most JO cm shoots of Lantana cainara) were f i r s t chaffed by 

c h a f f c u t t e r and then sur face spread on the day of sowing i t s e l f @ 10 t /ha» 
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An application of Lantana l i t t e r mulch @ 10 t / h a brought out 

s ignif icant gains in number of effective t i l l e r s or branches per p lan t , 

1000-grain v."ei3ht and consequently the grain and strav; yields of a l l the 

crops, 

In fact 33 a r e su l t of th is increased plant grovrtn and vigour, the 

percentage in grain yields due to mulching î iere 5 1 , ^ , 35»66t 53»6S, 5^»'*5 

and 5'̂ «^3 ^OT wheat, barley, mustard, l e n t i l and l inseed , respectively 

t;heress the corresponding increments recorded in strav; yields «ere 33*--0^ 

58.99$ hk^^t 52.41 and ^ . 3 1 per cent, respect ively . 

The seasonal water use under a l l the treatments revealed a signnld 

p a t t e r n . In general , i t was found that from 30 days after soiring up to 'iTO 

days af ter sordng, the periodical moisture use increased and then slif:} ':!:-

decreased to*rards harvest . The findings revealed that t/ater expense ic 

mulched treatments was markedly l ess than that in unmulched counteroart^ 

a t t r ibu t ing to increased i.'ater holding capacity of s o i l m t h mulch a p p l i c i i . " 

Among various crops highest value of to ta l vjater expense war. recorded fron 

wheat crop and minimum for rus tard both under mulched and unmulched c o r i i f r r 

!Iid.ching also recorded s igni f icant gains in %fater use efficiency val^ies in 

each crop studied in the present inves t iga t ion . 

Besides, mulching vi th lantana favourably affected the nutr ient r':s.z::-i 

of s o i l td th respect to available ni trogen, phosphorua Bud potash, 

Consequent upon a l l these e f fec t s , mulched treatments, renulted in 

increased gross and net returns and net return per rupee invested over the 

no mulch treatments. Highest net returns v/orth Rs,¥fl9,^3 was recorded in 

l inseed and l e a s t from mustard ( R S , I 4 8 2 , 8 4 ) under mulched conditions, vrfiere ŝ̂  

under no mitLch conditions highest net returns (Rs,3l69,'f3) "Srs obtained from 

linseed crop and leas t again from mustard (Rs,iOi5.8'4-), 
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As f a r as monetary n e t r e t u r n s / h a mm of water used were concerned 

the top ranking to the tune of Rs .11,69 were c o n t r i b u t e d by l i n s e e d crop 

with mulched t rea tment as a g a i n s t lowes t from bar ley ( R s . 4 , 6 2 ) . The l e v e l 

of ne t r e t u m s / h a mm of water used reduced to Rs,'H9^ fo r h ighes t 

c o n t r i b u t i n g crop l i n s e e d and Rs ,2 .89 for ba r ley under no mulch c o n d i t i o n s , 

CONCLUSION 

lrrc>n these i nves t i f j a t i ons , i t can be s a f e l y concluded tha t f r e s h l y 

cu t Uppermost green twigs of Lantana camara i f appl ied to r a i n f e d r a b i crops 

v i z . , wheat, b a r l e y , l i n s e e d , l e n t i l and mustard @ 10 t / h a . -the p r a c t i c e 

can e f f e c t i v e l y conserve the s o i l mo i s tu re , economically and b e n e f i c i a l l y 

promote thp pirowth as well as itnx>rove the ne t r e t u r n s under rn infed 

condi t ions of Himachal Pradesh , Where . , l a n t a n a bush i n a v a i l a b l e i n 

abundant r u a n t i t y from waste land areas of h i l l s . The mulching m a t e r i a l 

can be c o l l e c t e d econoi^ically by employing the family members l o c a l l y , 

Hence an a p p l i c a t i o n of l an t ana may be recommended for farmers for mulching 

m a t e r i a l . 
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Mean weekly meteoroloftical d a t a for Habi 19^5-^6. 
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k2 

'+3 

^4 

45 

kS 

47 

4 3 . 

49 

50 

51 

52 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

l6 

18/10-24/10 

2V10-31/10 

1/11- 7/11 

8/11-14/11 

15/11-21/11 

22/11-28/11 

2 9 / 1 1 - 5/12 

6/12-12/12 

13/12-19/12 

20/ l2-2rVl2 

27/12- 2/1 

3/1 - 9/1 

10/1 - 1 6 / 1 

17/1 - 2 3 / 1 

24/1 , .30/1 

31/1 - 6 /2 

7 /2 - 1 3 / 2 

l 4 / 2 - 2 0 / 2 

21/2 - 2 7 / 2 

28 / 2 - 6 / 3 

7 /a - 1 3 / 3 

l 4 / 3 - a o / 3 

21 /3 - 2 7 / 3 

28/3 - 3/4 

4 / 4 - 1 0 / 4 

11/4 - 1 7 / 4 

18/4 -26 /4 

Tempei 
Max. 

22.8 

23.1 

21.8 

20 .3 

20.5 

19.2 

10.8 

18.2 

17.8 

16.7 

13.9 

15.1 

l 4 . 9 

15.0 

15.4 

l 4 . 5 

16.4 

12.9 

15.0 

18.6 

21.6 

17.5 

I b . l 

21.5 

22 .2 

26.8 

22.8 

•atureOC 
Min. 

11.7 

11.5 

11.2 

9.9 

9 .2 

7 .9 

7 . 3 

7 . 3 

7 .7 

7.0 

4.0 

3 .4 

4.6 

3.7 

6 .1 

5.9 

6 .7 

4.6 

5 .4 

7 .4 

11.1 

8.1 

6.2 

12.2 

11.1 

15.6 

16.1 

Re la t ive R a i n f a l l Evapora Ko.of b r i g h t 
humidity (mm) t ion simshine 

(mtn) C'̂ ^̂ J 

47 22.8 10.0 

45 

45 

tiS 

42 

48 

30 

1^0 

42 

55 

57 

42 

48 

4i 

43 

4i 

54 

59 

53 

46 

4 i 

58 

47 

42 

32 

38 

29 

-

-

-

-

-

-

-

2.2 

* 

139.5 

-

-

-

-

0 .2 

35 .2 

42 .2 

40.4 

-

1.2 

86.7 

21.6 

0 . 8 

1.6 

3.2 

33.6 

17.0 

17.5 

21.2 

18.4 

17.6 

17.7 

18.4 

15.8 

18.0 

17.1 

15.3 

l 4 . 3 

15.0 

9 .4 

17.6 

20,8 

16.4 

18.2 

21,7 

25.6 

26 ,3 

24.1 

25 .3 

29.7 

43.1 

52 .2 

9 . 3 

6 .8 

6 .1 

8.2 

8 .2 

6 .5 

6 . 4 

4.0 

4 .7 

4 .1 

8.8 

7»^ 

8.2 

3 .3 

5!. 3 

3 . 3 

4 .9 

5.8 

9 . 3 

6 .8 

3 .2 

5 .2 

5 .8 

7.7 

7 .9 

9 .4 
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APPLî DIX I I I 

S t u d e n t ' s ' t ' t e s t to compare germinat ion count f e r metre row l eng th and 
number of t i l l e r s / m a i n branches p e r p l a n t 

Germination count No,of t i l l e r s / o r a n c h e s 
Treatments ' t ' (Ca l . ) r.er p l an t ' f ( C a l . ) 

V/heat (mulch) 
Wheat (no mulch) 0.77 1.51 

Barley (Hiklch) ^^^^ ^^i^ 
Barley (no mulch) 

Linseed (Mulch) 
Linseed (no mulch) 

Mustard (Mulch) 
Kuatard (No mulch) 

Lentil (Mulch) 
Lentil (i«o mulch) 

O.Mf 1.12 

1 . M 1.27 

0.99 1.51 

' t ' ( t a b ) a t % levt,-l of p r o b a o i l i t y i s 1.9^3 

' t ' ( t a b ) a t 1% l e v e l of p r o b a b i l i t y i s 3-1^3 

APtmUlX IV 

S t u d e n t ' s ' t ' t e s t t. > compare the p l a n t height a t d i f f e r e n t crop growth s t a g e s . 

T ] I 30DA3 GQDAS 90DA3 laODA^ l50i»i\3 At hcirveb,t 
i r eauaun t s t (Cal ) t (Ca l ) t (Ca l ) t (Ca l ) t (Cca) t ( C a l ) 

Wlie a t (mulch) 
i.lieat(no mulch) 

Barley(mulch) 
bar ley(no mulch) 

Linseed(mulch) 
Linseed(no mulcn) 

Mus tard(mulch) 
Mustard(no mulch) 

LentilXwulch) 
L e n t i l ( n o mulch) 

5.9^^ 

7 .87 

O.iif 

0 .68 

0 .11 

2.71 

^ . 1 ^ 

0 .68 

0 .57 

0.if7 

2.71 

2.7o 

0 . 6 i 

1.i*8 

0 .62 

3 . ^ 

2.86 

1.79 

1.&1 

0 .92 

2 . l 6 

2.10 

2 . 5 ^ 

2 .0^ 

2.59 

5 . ? ^ 

2 .73 

2.51 

2 . 3 ^ 

— 

t ( t a b ) a t 55̂  l e v e l of r s robab i l i ty i s 1.9^3 
t ( t a b ) a t 1% l e v e l of p r o b a b i l i t y i s 3 .1^3 



APrEiJDlX V 

S t u d e n t ' s ' t * t e n t to compare da:T> to flowerin?^ and days to matur i ty 

Da '̂S to flo\^«ring Days to ma tu r i t y 
Treatments t (Cal) t (Ca l ) 

Wheat (mulch) 
\-ftieat (no mulch) 

6.08 3.02 

Earley(rTulch) ^^ , ^ ^^^^^ 
"arlevCno mulch) 

Linnef^dCnulch) 
Lxn3e'?d(no mulch) 

Mu3tard(rrilch) 
' 'u3tnrd(no '^'"'rh) 

Lentil (malch) 
Lentil(no nulch) 

'u8s 5.0 it 

^.51 2.C3 •z 

1:^2 3.35 

.APPEI:DIX VI 

s t u d e n t ' s ' t ' t e n t t o comr^are e f f e c t i v e t i l l e r / b r a n c h e f s and nonef fec t ive 
t i l l e r / b r a n c h e s p e r p l a n t 

[Jumber of e f f e c t i v e liumber of non -e f f ec t i ve 
'>eatmentn t i l l e r s / b r a n c h e s t i l l e r n / b r a n c h e s 

t (C3l) t (Cal) 

\ifheat (mulch) 
'••''̂ oat (no mulch) 2.30 0.3^ 

Barley (mulch) . , 
Rarley(no mulch) ^*^ ^'^^ 

Idnseed(mulch) 
Linseed(no mulch) 

Fur ^ard (mulch) 
I 'untard(no mulch) 

Lent i l (mulch) 
L e n t i l ( n o mulch) 2.29 O.AO 

t (fab) at % level of probability is 1.9̂ 3 
t (tab) at r' level of probability is 3-1^3 

file:///-ftieat
file:///ifheat


APFEHDIX VII 

S t u d e n t ' s ' t ' t e n t t o compare number of t r a i n s per pod/ p e r e a r / p e r s i l i o u a 
and 1000-grain vsieierht 

TrentmentJ 
Number of r;rain per e a r lOOO-r^rain weif^htCp;) 

t(cT3-.; t ( c o l . ) 

Wheat (mulch) 
'.\nieat (no mulch) 

Barley(mulch) 
Be!rley(no mulch) 

Linseed (mulch) 
Linseed (no mulch) 

Mustard (mulch) 
Mustard (no mulch) 

Lentil (mulch) 
Lentil (nocmulch) 

?-.29 

2.23 

2.03 

0.98 

1.'K) 

0 . 6 3 

1.08 

0.90 

0 .65 

t ( t a b . ) a t 5^, l e v e l of p r o b a b i l i t y i s 1.9'-^5 
t ( t a b . ) at r4 l e v e l of p r o b a b i l i t y i s ?. l'f3 

APFH-iUIX VIII 

Analy.'^is o*" va r iance for wheat enu ivn len t v ie ldc 

Source of va r i a 

Rep l i ca t ion 

Crops 

Mulches 

Crop X Mulch 

Error 

ition d . f . 

3 

h 

1 

h 

27 

Mean sum of 
Grain .vield 

27.87 

345.9^^ 

3^=0.72 

6.62 

^2^^h 

Squares 
Straw y i e l d 

^h»Q)G 

453.39 

632.90 

5.97 

13.^0 

file://'./nieat


APPK.'DIX IX 

Mean t reatment e f f e c t s on depthv/ine seasona l water use (cm)at d i f f e r e n t crop 
rrov;th star:es - wheat. 

Treatment/ j j ^ ^^^^ <^IipS 120DAS 150DA3 At ha rves t Cumulati 
depth 

Mulch 

0-aOcm 1 . ^ 2.12 2.89 3.06 2.65 2.37 1^.51 
(4n. 66 )(/+3.oo) (39.05) (28.95) (27.3-8) (30.6^f) (53.67) 

20-iCcm 1.23 1.87 2.97 3.89 3.1'+ 2.̂ f^ 15.59 
( ^ t . 27 ) (57.95) C^O.i't) (36.80) (32.Wf) (35.02) (56.17) 

'iO-60cm 0.27 0 .9^ 1-5'^ 3.62 3.89 2.7'^ 13-00 
( 9.07) (19.07) (20.81) (3^.25) ( ^ . 1 8 ) (j/'..5''0 (30.16) 

Total 
0-60cm 2.98 4 .93 7.k) 10.57 9.68 7.5'^ '15.10 

( 6.9^) ( l l . ' t 3 ) (17.16) (2^^.52) ( 2 2 . ^ ) (17. ')^) 

No mulch 

0-20cm 1.58 2.28 2.95 5.11 2.71 2.57 I'+.'^S 
( ^ . ' ' 7 ) (45.26) ( 57.18) (28.64) (27.51) (JO.55) (35.5'^) 

ro-^iOcm 1,51 1.96 1.80 5.72 5.19 2.58 14.56 
( ^ . 1 8 ) (57.19) (22.85) (5 ' ' .26) (52.59) (55.05) ( 3 ? . 4 i ) 

^•n-60cm 0 .57 1.03 3.15 '^.05 5.95 2.86 15.59 
(11.55) (19.55) (59.97) (57.10) ( iO.10) (56.62) (34.25) 

n ^ ' S m 5.26 5.27 7.88 10.86 9.85 7.Sl 44.95 
t-bocm ^ ^^^^^ (11.75) (17.54) (P'l.l--) (21.92) (17.5)8) 

Fir^ures in p a r e n t h e s i s i n d i c a t e the r e r cent moisture con t r i .Ki t ion . 



i\PP£NDIX X 

Mean t rea tment e f f e c t s en depthvdse seasona l water use a t d i f f e r e n t crop 
[growth s t a g e s ( cm) -ba r l e7 . 

Depth 30DAS 

C-aOcm 1.55 
(56.16) 

PO-^cra 0,80 
(28.98) 

'>0-60cra 0 .41 
(1^^.86) 

T o t a l _ ryr 

0.60cr„ ( 2.76^ 

60DA3 

2 .^3 
( ^ 5 > 2 ) 

1.85 
(3^^.58) 

1.07 
(20.00) 

5.35 
(14.?6) 

90DflS 

2.18 
(27.92) 

2.92 
(37.39) 

?.71 
( 3 ^ 6 9 ) 

7.81 
(20.76) 

120DA5 

Mulch 

2 .63 
(31.01) 

2.87 
(33.8^) 

2.98 
(35.1^) 

Q.h8 
(22.56) 

150DA5 

2.45 
(29.84) 

2.96 
(36.05) 

2.80 
(3^^.11) 

8.21 
(22.0'+) 

At h a r v e s t 

1.32 
(27.27) 

1.63 
(33.68) 

1.89 
(39.05) 

(12.08) 

Curaulat: 

12.56 
(33.72) 

13.03 
(3^.98) 

11.66 
(31.30) 

37.25 

O-POcm 1.87 
(^^7.58) 

20-'Ocra 1.27 
(32.32) 

^10-60011 0 .79 
(20.10) 

^ ^ ^ ^ 3 93 
0-60cra , ^'Z^. 

(10.03) 

2.3*^ 
(^^5.17) 

1.79 
(3^.56) 

1.05 
(20.27) 

5.18 
(13.20) 

2 .53 
(30.^*8) 

3.05 
(36.75) 

2 .72 
(32.77) 

8.30 
(21.16) 

Ro mulch 

2.39 
(29.62) 

2 .53 
(31.35) 

3.15 
(39.03) 

8.07 
(20.57) 

2 .73 
(31.27) 

2.99 
(3^ .25) 

3.01 
(3^^.13) 

8 .73 
(22.25) 

1.39 
(27.69) 

1.68 
(33.^7) 

1.95 
(38.84) 

5.02 
(12.79) 

13.25 
(33.78) 

13.31 
(33.9^) 

12.67 
(32.29) 

39 .23 

Fir-ures i n p a r e n t h e s i s i n d i c a t e the p e r cen t moisture c o n t r i b u t i o n . 



APPfflDIX XI 

Mean t rea tment e f f e c t s on depthvase seasona l water use a t d i f f e r e n t crop 
growth s t age (cm) -Linseed 

Treatment/ 30 D^ CoDP^ 
Depth 

90 DAS 1 SOD A3 150DAS At harves Cumxaative 

Mulch 

0-20 cm 

20 -^cm 

to-60cm 

I b t a l 
0-60cra 

1.69 
(50.90) 

1.07 
(32.23) 

0.56 
(16.87) 

3-32 
( 8.78) 

2.59 
CtJ .S l ) 

2.06 
(3^ .^5) 

1.53 
(22.2^) 

5.98 
(15.81) 

5.15 
(30.25) 

2.61 
(31.68) 

2 . ^ 
(30.09) 

8 .2^ 
(21.79) 

2 .^3 
( 3 1 . W 

3.05 
( 3 9 . ^ ) 

2.25 
(29.10) 

7 .73 
( 2 0 . W 

No mulch 

1.98 
(2'?.09) 

2 .27 
(31.05) 

3.06 
(M.86 ) 

7.31 
(19.33) 

1.08 
(20.61) 

1.81 
(3^.5^) 

2.35 
(Vf.85) 

5 .2^ 
(13.85) 

12.92 
(5^.16) 

12.87 
(3^ .03) 

12.03 
(31.81) 

37.82 

0-20cm 2.11 2.89 2.97 2 .^5 
(A6.58) (M.34) (^5.76) (29.80) 

20 -^cm 1.45 2.37 2 .29 5.17 
(32.00) (33 .91 : (33.29) (30.56) 

to-U)cm 0.97 1.75 1.23 2.60 
(21.42) (24.75) (10.95) (31.64) 

2 .03 1.15 13.60 
(26.92) (18.67) (34.06) 

2.3^^ 2.12 13.74 
(31.03) (5^.42) (3^.41) 

3.17 2,89 12.59 
(42.05) (46,91) (31.53) 

0°6(fcm ^-53 "^-^9 6.49 8.22 7.54 6.16 39.93 
(11.3^) (1 / .50) ( i b . 2 6 ) (20.58) (19.88) (15.43) 

iUlTures i n p a r e n t h e s i s i n a i c a t e the per cent moisture c o n t r i b u t i o n , 



Aî PiilvUlX XII 

'i'reatment e f f e c t s on depthvdse seasonal water use a t d i f f e r e n t crop growth 
s t a c k s (cm)-Mustard 

Treatment/ 
depth 

0 

0-aOcm 

20-tocm 

^ - 6 0 cm 

i 'otal 
0-uOcm 

0-20 cm 

2 0 - ^ cm 

'C-COcm 

'i'otal 
O-'M cm 

30DA3 

1.25 
(^2.56) 

1.05 
(56.35) 

0 .61 
(21.11) 

2.89 
( b.52) 

1.79 
(^2.82) 

i . 'f5 
(5^.69) 

0 . 9 ^ 
( 2 2 . ^ ) 

4.18 
(11.85) 

C0DA5 

2.37 
(^2.86) 

2.01 
(36.35) 

1.15 
(20.79) 

5 .53 
(16.29) 

5.17 
(M.65) 

" .03 
(5^.56) 

i . 3 i 
(23.79) 

7.61 
(21.58) 

90 DAS 

^.71 
(36.97) 

4.57 
(35.87) 

3.46 
(27 .16) 

12.74 
(37.54) 

^ . 2 3 
(38.28) 

3.75 
(53.94) 

3.07 
(27.7&) 

11.05 
(51.36) 

120DAS 

Mulch 

5.09 

(4o.as) 
2.54 

(50.95) 

2 .13 
(28.17) 

(22.27) 

Wo mulch 

2.01 
(28.55) 

2 .93 
(41.62) 

2.10 
(29.85) 

7.04 
(19.97) 

Harvest 

1.15 
(22.03) 

1.69 
(52.58) 

2.38 
(45.59) 

5 .22 
(15.58) 

1.19 
(22.16) 

1.74 
(52.40) 

? .44 
(45I44) 

5.37 
(15.24) 

Cumulative 

12.55 
(56.98) 

11.66 
(54.55) 

9 .75 
(28.67) 

55.94 

1 2 . ^ 
(55.15) 

12.50 
(35.46) 

10.36 
(29.59) 

35, 25 

i l ^ u r e s i n peirenthesi^ i n d i c a t e p e r cent moisture c o n t r i b u t i o n . 



APPH l̂DIX XIII 

Treatment e f f e c t on depthvdse seasona l water use a t d i f f e r e n t crop growth 
s t a g e s (cm) - L e n t i l . 

'ft-eatment/ ^^ ^^^.^ ^ ^ ^ 120DAS 150DAS Harvest Cumulative 
depth ;__ _ .____________«__________-__________-

Mulch 

0-20cm l.i?8 2.^7 ^.39 2.89 2.11 1.17 l4 .6 l 
(52.31) (^7.68) (57.55) (39.65) (29.97) (26.12) (37.75) 

20-tocai 0.98 1.63 3.67 2.25 2.56 1.39 1 2 . ^ 
( 3 2 . ^ ) ( 3 1 . W (31.39) (30.86) (36.36) (31.03) (32.25) 

to-6ocm 0 . ^ i.o3 3.63 2.15 2.37 1.92 11.61 
(15.23) (20.85) (31.06) (29.^9) (33.67) (^2.85) (30.00 

o ° 6 ^ a 3.02 5.18 11.69 7.29 7.0'f k,^ 38.73 

u-oucm ^ ^^g^^ (13.38) (30.22) (lP.8if) (18.19) (11.57) 

lio mulch 

O-LOcm 1.88 3.^3 ^ .17 2.76 2,2k 1.23 15.71 

(47.96) {kS.kz) (39.53) (43.53) (30.23) (26.39) (39.4t0 
20-40cm I.2S 2.07 3.53 2.09 2.74 1.47 13.18 

(32.65) (29.02) ( 3 3 . ^ ) (32.96) (36.98) (31.55) (33.09) 
40-60cra O.76 1.44 2.85 1.49 2 .43 I .96 10.93 

(19.39) (20.75) (27.01) (30.51) (32.79) (42.06) (27.45) 

nM^rn ^-92 6.94 10.55 6.54 7 .4 i 4.66 39.82 
( 9.84) (17.43) (26.49) (15.92) (18.62) (11.7D) 

i'lijure^ i n pa r en the j i u are the pe r cent moisture c o n t r i b u t i o n v a l u e s , 



jippmuix XIV 

Analysis of vari.-'nce f o r i.,P and K a f t e r ha rves t *.kg/ha) 

c ^^ ^ , . 4. J ^ Mean sum of squares 
Source of v a r i a t i o n d. f , TJ p — ^ j? 

R e p l i c a t i o n 5 1196,60 12^,32 1529S«B0 

Crops h 777^.02 29 .83 2^16.31 

i l iaches 1 3868a,iO 232.81 22l3if , i2 

Crop X Mulch k 2 ^ . 6 9 9.35 66^1,62 

E r r o r 27 80^.52 38.72 2169.O3 



APPJiNDIX XV 

Cost o f c u l t i v a t i o n of wheat crop excluding v a r i a b l e c o s t 

S r , No. Item Quant i ty Rate(Rs. ) Cost (Bs . ) 

1« Jfleld p r e p a r a t i o n 

i« One ploughing (Trac tor ) 
i i » Two harrowing ( -do- ) 

i i i . One l e v e l l i n g ( -do-^ 
2 Hrs . Whr. 

fl 

80.00 

2 . F e r t i l i z e r (N,P,K 

i . Urea (^J6%N) 

i i . SSP (16% P^O^) 

i i i . MOP (609S K 0) 

3» Seed 

90:^5:^5) 

195 kg 

280 kg 

75 kg 

120 kg 

117.00/q 

9^ .00/q 

130.00/q 

260.00/q 

229.10 

263.20 

97.50 

312.00 

' t . Layout, so wing and f e r t i l i z e r 
a p p l i c a t i o n 

5 . Weeding and I n t e r c u l t u r e 
o p e r a t i o n s 

6 . Harves t ing 

7 . Threshing and winnowing 

8 . Rent of land 

25 l aboure r 12 .00/1 abour 300,00 

15 " 

20 " 

20 " 

6 mon'ths 

12 .00 / labour 180.OO 

12.00/ labour 2 ^ . 0 0 

12 .00Aabour 2^0,00 

20.00/inonth 120.00 

Tota l 2061,80 

I n t e r e s t on c a p i t a l for 6 months @ 1 ^ per annum lVf.32 

Grand t o t a l 2206, i2 

Treatment c o s t / v a r i a b l e cos t 500,00 



Coiit of c u l t i v a t i o n of barley crop excluding v a r i a b l e coc t 

J r» l .o , Item Quatitity 

1 . i-leld p r e p a r a t i o n 
i . One ploughint; (-i-rLiCtor) 

i i . Two harrov/in[; (-do-) 
i i i o One level l in- ' ; (-ao-:^ 

2 . Fe r t i l i ze rClwAo, t-20 kfyua) 

i . Urea i^Vo - ) 

i i . owP (iC^i P-p^) 

>• kjeed 

h, i-ayoutjaowin^: and f e r t i l i z e r 

a p p l i c a t i o n 

5 , I n t e r c u l t u r e ope ra t i ons 

6 , Harvestin^j 
7, 'i'hreahin,7 ax̂ a v,innouii..: 

8 , ii iient of land 

Kated;; : .) Co- ; ( K S . ) 

2 h r s , i(O,00/<ir oO.OO 

63kg 

250 kc 

120 kg 

11?.!Aj/q 

9^t.00/q 

2?.6;0C;/ q 

99.90 

235.00 

.iTU.OO 

25 l auoure r I2.00/lai .our3&0,00 

10 " " 120,00 

20 " " 2 ^ . 0 0 

20 " •• Pto.OO 

6 montnu 2|p«00/uonth I^O.OO 

Total 170^.90 

I n t e r e s t on c a p i t a l fo r 6 monttis @ 1%o per anxmin 119.3^+ 

Grana t o t a l 1624,2^ 

ii-eatment c o s t / v a r i a b l e cout 500.00 



Ai-Pii^JiJlX XVII 

Coi:t o f c u l t i v a t i o n of l i n c e e d c r o p e x c l u d i n g v a r i a b l e c o a t 

^T.'-.o., I t em OMantit^' H a t e ( t e . ) CoBt (Kn. ; 

1. 

i . One plou^hi i i i^ ( T r a c t o r ) 
2 h r s . ^ . 0 0 / l i r tiO.OO 

i i e l d p r e p a i ' a t i o n 

i . One ploU|::hini-: ( T r a c t o r ) 
i i , Une l e v e l l i n g ; ( T r a c t o r ) 

i i i . T\̂ o h a r r o w i n c ( T r a c t o r ) 

Z, F e r t i l i z e r (K:!>0,P»iK),K: 20) ( k g / h a ) 

i . Urea (hdi, u) 

i i , o3P du^ i P 0,-) 

i i i . WP (60^ ĵ K 0) 

3 , Ueed 

k. L a y o u t , s o v / i n g and f e r t i l i s e r 
a p p l i c a t i o n 

5 . l u t e r c o l t u r c l 0 ] ) e r a t i o n s 

C. darve i i t in ;^ 

7» r a r e s h i n i j and vdnnowin j 

3 . i-ond Kent 

I n t e r e s t on c a p i t a l fo r 6 months 

110 kg 

350 I'vT 

33 kg 

30 kc 

117.50/q 

9^ .00/q 

130.00/q 

gOO.OO/q 

129.25 

235.00 

^2.90 

2 ^ . 0 0 

20 L a b o u r e r 1 2 . 0 0 / 1 aoour 2 ^ . 0 0 

10 '• '• 120 .00 

l 8 " " 216 .00 

20 " " 2 t o . 0 0 

6 month 2 f . 0 0 / i n o n t h 1^0.00 

T o t a l 1665 .15 

^^{, p e r annum 1 1 6 . ^ 2 

Grand t o t a l 1779 .57 

T r e a t m e n t c o s t / v a r i a b l e c o o t 5 0 0 . 0 0 



APPiiî DIX XVIII 

Cost of c u l t i v a t i o n of mustard crop excluding v a r i a b l e c o s t 

ZT.'iio, Item Quanti ty RateCRs.) CcstCRs.) 

1, F i e ld P r e p e r a t i o n 
i „ One ploughing (T rac to r ) 

i i . Tuo harrowinc ( " ) 
i i i . One l e v e l l i n g ( " ) 

2 h r s . to,00/hr 80.00 

2 . F e r t i l i z e r s 

i . Urea (46?^ K) 

i i . ooP (l6ei VJia) 
2 p 

i i i .HOP iSOy^ K O) 

3 . i i e ^ 

^ , Layout,sowing and f e r t i l i z e r 
a p p l i c a t i o n 

H. '.ieedini^ and i n t e r c u l t u r e opera t ion 

b , iiarve s t i n g 

7 . 'ilireahing and vdnaowin^-

d. Land r e n t 

Interest on capital for 6 months @ 1^^ per annum 

130kg 

250kg 

65kg 

6kg 

2p Laoourer 

10 " 

15 " 

17 " 

6 month 

^̂  per annum 

BJent cos t 

117.50/(1 

94 .00 /q 

130.00/q 

•SOO.OO/q 

12 .00/1 abour 

ti 

ti 

II 

2^,00/month 

Tota l 

Grand t o t a l 

/ v a r i a b l e cos t 

152.75 

235.00 

84.50 

•S^.oo 

2l̂ £>.00 

120.00 

180.00 

20^.00 

12P.00 

1^70.25 

102.91 

1573.16 

500.00 



APPHiKlX XIX 

Co3t of c u l t i v a t i o n of l e n t i l crop excluding v a r i a b l e cos t 

^ r . i i o , Item 

1« F i e l d p r e p a r a t i o n 

i . One p lough ing( l ' r ac to r ) 
i i . Two harrowing(Tractor) 

i i i . One levellxn.^CTrantor) 

2 , F e r t i l i z e r ( l J :10,P:k) kg/ha) 

i , iJrea (^^,o i.) 

i i . iJuperphos-h;iteCl6^a P-Oc^ 

Seed 

Quant i ty 

I .Shr s 

4 . 

25kg 

250kg 

30 kg 

Layout,sovd.ng and f e r t i l i z e r 
a p p l i c a t i o n 20 laDourer 

5« Weeding and I n t e r c u l t u r e operat ionIO H 

6 . Harvest ing 15 " 

ihreahing an'i winiiowing 20 " 7 . 

8, Land i*ent 6 months 

RateCRs.) Ck>st (Bs. ) 

^ , 0 0 / h r 

117.50/q 

94.00/3tq 

700,00/q 

60,00 

2 9 . ^ 

235.00 

210.00 

12.00/ lauour 2 ^ . 0 0 

" 120.00 

¥ 180.00 

" 2 ^ . 0 0 

20.00/month 120.00 

Tota l ^k'j.k,hO 

I n t e r e s t on c a p i t a l for 6 months @ ^^^ p e r annum 1 0 0 . ^ 

Grand t o t a l 153^.80 

r rea tment c o s t / v a r i a b l e cos t 500.00 



/iPpjil.DIX XX 

Economics of r a i n f e d r ab i crops 

Crops 

\fne a t 

Par ley 

Linseed 

Hu.jtard 

L e n t i l 

Level of 
Mulch 

Mulch 

lio mulch 

Mulch 

iio mulch 

Mulch 

i.o mulch 

Mulch 

No mulch 

Mul ch 

lio mulch 

Grain 
C O o t 

I C J , 

Hi>^.70 

3159.75 

2912.45 

2 1 ^ . 7 5 

5572.00 

^168.00 

266 i,>.00 

213c>.00 

5060.20 

3o5^-AO 

Straw Tota l Cost of 
coiit c o s t c u l t i v a t i o n 
Es. fe. 

1597.00 5751.70 

1179.00 4338.75 

1132.00 toMf.45 

614,00 2960.75 

1127.00 6699.00 

781.00 49V9.OO 

691.00 3556.00 

453.00 2589.00 

916.00 59S2.2O 

643.00 4497.40 

Bs. 

2706.12 

2206.12 

2324.24 

1824.24 

2279.57 

1779.57 

2073.16 

1573.16 

2034,80 

1534.80 

Net 
r e t u r n 
K o % 

3045.58 

2132.65 

1720.21 

1136.51 

4419.43 

3169.43 

V J 8 2 . 8 4 

1015.84 

5947.40 

2963.60 

Net r e t u r n / 
rupee inves 

Rs, 

1.12 

0.96 

0.74 

0 .62 

1.93 

1.78 

0 .71 

0 .64 

1.94 

1.90 


