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1. INTRODUCTION 

Wheat i s the most important gra in crop both i n r ega rds to i t s 

a n t i q u i t y and i t s use as a source of human food. I t se rves as a s t a p l e food 

for about one b i l l i o n people i n as many as ^3 c o u n t r i e s of the world. I t 

provides about 20 per cent of t o t a l food c a l o r i e s for human r a c e . 

In I n d i a out of the t o t a l c u l t i v a t e d area of 23»6 mi l l i on hec t a r e s 

about 72 per cent i s r a in fed and i t accounts for k$ per cent of t o t a l food g ra in 

product ion of the country. . Out of the t o t a l p r e c i p i t a t i o n about 80 per cent i s 

rece ived during Kharif season. Thus a very low percentage of p r e c i p i t a t i o n i s 

l e f t for the winter c r o p s . While on one hand sowing of the crop' immediately 

a f t e r the ha rves t of the Kharif crops i s not poss ib l e due to n o n - a v a i l a b i l i t y of 

s u i t a b l e v a r i e t i e s for e a r l y sowing, on the o ther hand sowing a t .times i s delayed 

as l a t e as l a s t week of December or even upto f i r s t f o r t n i g h t of January due t o 

the l a t e winter r a i n s . Though a t n a t i o n a l l e v e l comparat ively l e s s a r e a under 

whea t . i s r a in fed but i n the' s t a t e of Himachal Pradesh wheat i s c u l t i v a t e d on 

84 per cen t of the cropped area as ra in fed c r o p . From 376.3 thousand hec ta re 

of a rea under wheat, the t o t a l product ion i s only 303.4 thousand tonnes inc lud ing 

tha t from the i r r i g a t e d a rea . The average y ie ld of wheat in the s t a t e i s only 

810 kg/ha which i s qui te low as compared to the n a t i o n a l average of 221? kg/ha 

(Anonymous, 1985). 

Increase in ra in fed wheat y ie ld through improved production technology 

i s one of the p o s s i b l e ways of improving the t o t a l food g ra in p roduc t ion . So, 

there i s urgent need to analyse the problem of ra in fed wheat farming and to 

develop s u i t a b l e techniques for i nc r ea s ing the p r o d u c t i v i t y of wheat under these 

r a in fed c o n d i t i o n s . 
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Farmers in rainfed area face the problem of poor seed germination, late 

sowing resulting in delayed germination and poor tillering due to low winter 

temperatures. This results in low plant density. 

Fortunately, farmers have wheat variety S-308 (Sonalika) which is quite 

suitable for delayed sowing. Inspite of its suitability for delayed sowing, the 

probleta of low soil temperature during the months of December and January have to 

be tackled. At the same time the low temperature which causes poor tillering and 

plant grov.th bas got to be neutralized by certain agronomic manipulations. 

It has been noted that reduced plant growth and yield to some extent can 

be compensated by increasing seed rate. Bains (1969) recommended that the use of 

higher seed rate with closer row spacing with ridge planting can give good wheat 

yield under late sown conditions. Reducing soil albedo and increasing the roughnese 

of soil may help in raising the soil temperature by absorbing more heat from the 

sun and minimising the range between maximum and minimum daily temperatures, 

Mulching may be of great significance in this aspect. Spreading of some external 

materials on the soil surface or their incorporation into the soil may raise the 

soil temperature and hence modify the vegetative growth of the photoinsensitive 

dwarf wheat cultivars enabling them to yield vigorously. Use of mulch has been 

found to arrest the incoming radiation and enhance the soil temperature during 

winters (Jack e_t _al. ,1955). The use of farm yard manure (FYM) which is black in 

colour may be quite useful. Waggoner (i960) reported that in late sown when plots 

were covered with FYM it hastened the germination by 2-3 days. This was the result 

of increased soil temperature (1 to 2 G) Reduction in the surface albedo,absorption 

of more solar heat resulting in a rise in soil temperature by the use of FYM has 

also been reported respond from IARI (Dayanand e£ aL.,1972). The use of FYM, 

therefore, can help in solving some of the problems of late sown rainfed wheat. 
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The benefits of FYM as a mulch can however, be derived i f i t i s 

spread on the so i l surface. &uch a prac t ice , though quite common with the farmers 

in the State but may resu l t in nitrogen losses due to den i t r i f i ca t ion . However, 

the low temperature that prevail during the wheat growth may reduce such losses . 

However, there are no precise information available on the possible s o i l 

moisture content and temperature moderating effects of FYM when used as a mulch. 

In view of the above mentioned facts the present investigation en t i t l ed 

"Studies on the effect of ra tes and method of FYM application and seed ra tes 

in l a t e sown rainfed wheat (Triticum aestiv urn L . ) " was carried out during three 

rabi seasons 1982-83, 1983-84 and 1984-85 with the following objectives: 

1. To assess the optimum seed and FYM rates for l a te sown rainfed wheat under 

mid-hill conditions of Himachal Pradesh, 

2. to find out the sui table method of FYM application for higher yields , 

3 . to study the effect of farm yard manure application on the physico-chemical 

propert ies of s o i l , 

4 . to assess the nutrient s ta tus in respect of N, P and K under different 

FYM treatments, and 

5 . to observe the in teract ion effect among seed r a t e s , FYM levels and methods 

of FYM application if any. 



2 . REVIEW OF LITERATURE 

Wheat (Trit icum aestivum L. em. The l l ) i s the wor ld ' s l ead ing c e r e a l 

crop c u l t i v a t e d over an area of 230 mi l l i on hec t a r e s with a product ion of 510 

mi l l ion t o n n e s . Out of t h i s , in I n d i a , the t o t a l a r ea under wheat i s 23»6 

mi l l i on hec ta res with a product ion of kk,Z m i l l i o n tonnes con t r i bu t ing about 

9 per cent of t h e t o t a l wheat product ion of t h e world. I n d i a s tands 6th among 

the major wheat growing coun t r i e s of the world (Anonymous, 1986). About ho 

per cent a rea of the country i s r a i n f e d . The huge development cost in f u r t h e r 

extending t h e a rea under i r r i g a t i o n d e t e r s i t s f a s t e r expansion. Agr i cu l t u r e , 

more so the wheat c u l t i v a t i o n w i l l , t h e r e f o r e , cont inue t o be r a i n dependent 

for many more decades t o come. 

Wheat i s a l so one of the most important crops of Himachal Pradesh , 

occupying the h ighes t acreage of about 376.3 thousand hec t a r e s and product ion 

303 .^ thousand tonnes with an average y i e ld of 8 .1 q/ha i n t h e Pradesh which 

i s qu i te low aga ins t t h e All I n d i a average y i e ld of 18.73 q/ha (Anonymous,1985). 

Besides o the r f a c t o r s , l ack of adequate i r r i g a t i o n f a c i l i t i e s in t h e 

s t a t e i s an important y i e ld l i m i t i n g f a c t o r . Only 16.5 pe r cent of the wheat 

a rea i n the s t a t e i s i r r i g a t e d . There fore , the sowing of wheat i n major i ty 

of the ra in fed a r ea i s governed by autumn r a i n s . Many a t imes on account of • 

delayed r a i n s sowing i s often delayed upto the 3rd week of December or f i r s t 

f o r t n i g h t of January . Experience has shown t h a t the delayed sowing r e s u l t s in 

reduc t ion of y i e l d . The scarce winter r a i n s fu r the r c o n t r i b u t e to . reduced y i e l d s . 

The success of s t a b i l i z i n g the y ie ld w i l l , t h e r e f o r e , l i e in the 

adoption of s u i t a b l e agronomic p r a c t i c e s l i k e water ha rves t ing and making the 

bes t use of a v a i l a b l e r a i n water by a l t e r i n g seed r a t e and applying farm yard 
» 

manure through proper method of application. The present study pertains to the 
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effect of rates and methods of farm yard manure application and seed rates in 

late sown rainfed wheat. The literature pertaining to the present investigation 

has been reviewed as under: 

2.1. Effect of seed rates 

2.1.1. Growth and development 

Short height has been found to be influenced by the competition 

experienced by the plant for light, nutrient etc., which in turn is governed by 

the seed rate. Although the plant height does not differ under various seed 

rates during the early stage of growth, the differences become pronounced with 

the advance in age (Singh and Alam, 19^). Contrary to this Kiesselbach and 

Lyness (19^8), however, pointed out that differences in height at maturity of 

wheat plants were not significant even due to the big change in seed rate, which 

varied from k5 to 90 kg/ha. Mangukia d953)» Das and Verma (1957), Solpmn and 

Patil (1958), Nelson (i960), Tandon and Mishra (i960), Stevens (1965), Gupta 

(1966), Mathur (1966), and Malik 0969) also made similar observations. It may 

therefore, be inferred that the influence of seed rate of wheat oh plant height 

is not uniform. 

Kiesselbach and Lyness (19W found that the number of tillers per plant 

decreased progressively from 3.8 to 3.0 with increase in seed rate to double. 

This was corroborated by Argikar and Patil (1957), Nelson (i960), Chaudhry and 

Khalid (1961), Stevens (1965), Rai (1966), Malik (1969) and Dubey and Lald970). 

Tandon and Mishra (i960) obtained the maximum number of tillers (11.88) with the 

seed rate of 22.5 kg/ha. The mean tillers per plant were 5.75 and 2.83 at seed 

rate of 50 and 100 kg/ha,-respectively. The number of grain bearing tillers was 

maximum (3«32) when the seed rate was 45 kg/ha. This number decreased 

progressively with an increase in seed rate (Pendelton and Dung an, i960). Sumbali 

and Sharma (1973) reported that the number of tillers decreased with the increase 
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in seed r a t e . Contrary to th is Randhawa and Jo l ly (197*0 demonstrated that the 

seed ra te had a pronounced effect on number of t i l l e r s per metre row length. 

However, Bors'e and Mahajan (1980) reported that an increase in the seed r a t e 

from 50 and 100 to 150 kg/ha resulted in s ignif icant reduction in the.number of 

productive t i l l e r s per p lant . 

St ickler (1962) observed that the 1000-grain weight had a tendency to 

f a l l with the increased seed r a t e . Mahendra and ^harma (1976) also reported 

that increasing seed ra te from 75 to 125 kg/ha increased plant density but 

decreased 1000-grain weight and number of grains per ear . 

Likewiseffi&ndhu et al.(1975) also concluded that an increase in the 

seed ra te from 50 to 100 or 150 kg/ha resulted in signif icant reduction in the 

ear length and grains per ear but the 1000-grain weight remained unaffected. 

However, reports contrary to th i s were also available which suggested that seed 

ra te had no influence on growth characters . In a report of Department of 

Agriculture, Eire (1950) i t had been indicated that seed ra te of wheat (winter 

and spring type) and oats had no significant effect on growth characters . Low 

ra te of seeding gave more vigorous plant which were bet ter able to withstand 

adverse conditions and generally had a more luxurious fo l iage . However, the 

lower ear weight at higher ra te of seeding was compensated by the higher plant 

population. 

In a l a t t e r study, Kingra et JLL. (1963) reported that culms per square 

foot, height and vigour were much affected by tSf&itisL ra te while 1000-grain weight 

and yield were less affected. 

' From the foregoing discussion i t can be concluded that there was an 

inverse relat ionship between the seed ra te and growth characters . Increase in 

seed ra t e increased the plant density but resulted in a decrease in plant height, 

number of t i l l e r s , length of ear head, grain weight/ear and 1000-grain weight. 
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2 . 1 . 2 . Yield 

Seed r a t e i s the maj6r f ac to r which has cons iderab le in f luence on the 

y ie ld of l a t e sown wheat, Mitra (19^9) , Boyd (1952) and Woodward (196&) concluded 

from seve ra l experiments t h a t a very high seed r a t e i n s t ead of pushing the y i e l d , 

had r e s u l t e d i n lower gra in y ie ld because of product ion of weeker p l a n t s . But 

for l a t e sowing, optimum seed r a t e was 150 kg /ha . S t i c k l e r (1962) rece ived highest 

gra in y ie ld with the increased seed r a t e . However, Nelson ( i 960 ) , Chaudhary and 

Khalid d 9 6 l ) , Rai (1966), Malik (1969) and Dubey and Lai (1970) were of the 

opinion t h a t doubling the seed r a t e reduced the g ra in y i e l d . From an e a r l i e r 

s tudy Bhardwaj and Wright (1967), however, recommended t h a t the seed r a t e of 

150 kg/ha with 15 cm row spacing can be adopted as a normal p r a c t i c e for l a t e 

sown wueat c rop . • 

On the c o n t r a r y , Dubey and Lai (1970) and Upadhya and Chaudhari d 9 7 l ) 

repor ted tha t the higher seed r a t e reduced the g ra in y i e l d . However, Singh e t a l . 

( l97 l ) found t h a t 100 to 125 kg seed r a t e / h a was optimum seed r a t e for t ime ly 

sown wheat. But for l a t e sowing, optimum seed r a t e was 150 kg/ha . Vez (1972) 

a l so repor ted tha t amongst 3 sowing r a t e s (75i 150, or 250 kg seed/ha) i n case 

of sp r ing wheat g ra in y ie ld was higher with 150 kg seed r a t e / h a than 75 kg but 

the re was no fu r the r i nc r ea se in y i e ld by i n c r e a s i n g the sowing r a t e t o 250 kg /ha . 

Similar were the f ind ings of Bishnoi and G i l l (l972)» Bains and Bhardwaj (1972) , 

Borse and Mahajan,(1980), and Rana (1980) . 

Sharma d y 6 ? ) demonstrated t h a t 98.8 kg/ha seed r a t e gave the higher 

s t raw y i e l d . Likewise Dubey and Lai (1970) r epor t ed t h a t a seed r a t e of 90 kg/ha 

proved super io r to 60 kg /ha . In conformity t o t h i s Sinha and Singh (1970) have 

r epo r t ed higher y i e l d s with sowing of 100 kg/ha under Sabour (Bihar) c o n d i t i o n s . 

In a l a t e r s tudy at Hissa r , Agarwal _et j d . ( 1 9 7 2 ) a l so r epor t ed highest g r a in y i e ld 

with 100 kg seed r a t e per h e c t a r e . Nadagoudar and P a t i l (1973) a lso r epor t ed 
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highest net income at a sowing r a t e of 100 kg /ha . Likewise Dhiman and Kal ra 

(1978) r epor t ed t h a t i n case of t r i t i c a l e a l so 100 and 125 kg/ha seed r a t e s 

r e s u l t e d in s i g n i f i c a n t l y b e t t e r y ie ld over a seed r a t e of 75 kg/ha under r a in fed 

c o n d i t i o n s . 

Mahapatra and Leelavathi (1971)« however, observed 3 seed r a t e s 75 , 

100, and 125 kg/ha t o be equa l ly e f f e c t i v e . Inc rease i n seed r a t e did not br ing 

any i nc rea se in y i e l d . On the c o n t r a r y , Agarwal e t a l P ( l 9 7 2 ) repor ted t h a t under 

l a t e sown condi t ion"125 kg seed r a t e / h a was b e t t e r . The mean e f f e c t of d i f f e r e n t 

seed r a t e was not s i g n i f i c a n t though 100 kg seed/ha gave the maximum g ra in y ie ld 

which i s i n agreement with the r e s u l t s obtained by Singh (1965) , Bhardwaj CH<Pv5 

7 - • Sharma (1967) and Gupta et_ a l . ( 1 9 6 8 ) . However, the s t r aw y ie ld 

increased with every inc rease i n seed r a t e . Bains and Bhardwaj (1972) obtained 

h ighes t y i e ld of Sonara-64 with seed r a t e of 125 kg /ha . However, the s t r aw 

y i e ld was s i g n i f i c a n t l y higher with a seed r a t e of 150 kg/ha over 100 kg /ha . 

Sumbali and Sharma (1973) • Khurana and Gul iani (1973) r e p o r t e d t h a t the seed r a t e 

upto 125 kg/ha inf luenced the g ra in y i e ld s ign i f i can t ly* - Also Mahendra and 

Sharma d 9 7 6 ) r epor ted t h a t i n c r e a s i n g the seed r a t e from 75 t o 125 kg/ha , 

consequently increased the y ie ld under Pantnagar c o n d i t i o n s . Simi lar were the • 

f ind ings of Gupta e t a l . ( l 9 6 8 J , Dubey and Lai (1970), Upafihya and Chaudhari 

(1971)» "-•• ' ' ' ' . . Kamla and Singh (1975), Dhiman and Ka l ra (1978) and Upadhya 

and Kuberber (198O). 

On the c o n t r a r y , Singh et_ a l . ( l 9 7 5 ) . Sandhu et_ a l . ( l 9 7 5 ) , Warsi and 

Singh (1975) a l so repor ted t h a t the inc rease i n seed r a t e from 75 t o 125 kg/ha 

f a i l e d t o r a i s e the g ra in y ie ld s i g n i f i c a n t l y . 

From the foregoing rev iew, the consensus g e n e r a l l y goes i n favour of 

medium seed r a t e of 125 kg/ha under l a t e sown c o n d i t i o n . 



o 

2.1 .3 . Nutrient concentration and uptake 

There are no consistent reports available about the effect of different 

seed ra tes on the content of nutr ient elements in the p l an t s . Wheat p lants have 

high nitrogen content in i n i t i a l s tages , which decreases subsequently with the 

advancement of crop age (Singh and Anderson, 1973)• Concentration of nitrogen 

varies between plant parts which further changes at different stages of 

development. Young shoots contain 3«7 to k%2. per cent of t o t a l nitrogen in stem 

and leaves but at maturity the content may f a l l to 1 per cent only (Terraan,l979 

and Waldran and Flowerday, 1979). Further, the increase in nitrogen content i s 

faster in stem than in leaves (Halloran and Lee, 1979). 

In respect of P content also Boatwright and Haas (1961) reported that 

concentration of P in the whole plant and in each of i t s component part was 

generally at a maximum at the ea r l i e r stage of growth. Singh and-TGupta( 1970)-> 

reported that the percentage of P in the plant was higher during early stages 

and decreased subsequently as the plant advanced towards maturity. According to 

Black (l970) the minimum plant P content needed for maximum dry matter at 

t i l l e r i n g and heading was O.k and 0.2 per cent , respect ively, 

Bolaria and Mann (196*0 reported that the K content at the young stages 

^ , 8 , 12 weeks and at boot stage was highest whereas phosphorus was lowest. The 

relat ionship was maintained at a l l the k stages of growth. But th i s re la t ionship 

was different in the ear head. A higher percentage of N followed by K and P 

was found in the ear head. 

Out of the t o t a l N absorbed by the wheat plant *t-1 per cent was absorbed 

by the wheat plant upto t i l l e r i n g , 18 per cent from t i l l e r i n g to heading and 

res t A-1 per cent from heading to maturity (Anonymous, 1970J. Mahapatra and 

Leelavathi (1971) studies the effect of different seed r a t e s , 75, 100, 125 kg/ha 

and nitrogen leve l s , 60, 120, and 180 kg/ha and concluded that in general the 
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plant population did not effect the response of ni trogen. However, during the 

year 1968-69 at Sumerpur the response of Kalyansona to nitrogen was affected 

due to varying seed ra tes of wheat. While the responses were of the same order 

to 120 kg N/ha (over 60 kg N/ha) for a l l the seed ra tes at 180 kg N/ha (over 

60 kg N/ha) higher seed ra tes were conducive to higher ni t rogen. The response 

of phosphate was not affected by the variat ion in seed ra t e s at majority of 

centres . At Pusa farm, change in seed ra te from 75 to 100 kg/ha at 30 kg P-Pc 

level and from 100 to 125 kg seed ra te at 60 kg P?0,- l eve l , increased the 

response of phosphate s igni f icant ly . Howeverj a reverse trend at some other 

centres was also observed. 

Sharma (1986) reported on the basis of 3 years experimentation that a 

lower seed ra te of 75 kg/ha recorded higher N content over other two seed ra tes 

at 90 days stage but at the l a t t e r stages of crop growth in general 100 or 125 

kg seed ra te /ha recorded higher N content. In general N uptake increased upto 

harvest s tage . In the early s tages , 100 kg seed ra te recorded more N uptake, 

but at harvest i t was more with 125 kg seed r a t e . 

Like N content, P content was also more in the ear ly stages of crop 

growth and declined at harvest. During f i r s t year and third year, the P content 

was maximum at ear ly stages and increased upto 120 days stages in a l l the seed 

ra tes of 75, 100 and 125 kg/ha. But at l a t t e r stages the concentration was 

higher under 75 and 100 kg/ha. I t was lowest at 125 kg/ha . P uptake increased 

with the age of the plant and i t was maximum at harvest. In general 125 kg seed 

ra te recorded more P uptake in comparison to other two seed r a t e s . 

Hundred kg seed ra te recorded the highest K content at harvest and 

also the K uptake increased with the age of the p lan t . 
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2.2. Effect of Farm Yard Manure 

2 .2 .1 . Growth and development 

Crop response to manuring depends on several factors related with s o i l , 

plant climate and organic matter i t s e l f . The magnitude of response, therefore , 

has been found to vary from place to place. Bains .et_al.(1968) suggested the 

application of farm yard manure (FYM) on the s o i l pa r t i cu la r ly to the l a t e sown 

,crop.- The low so i l temperature inh ib i t s the germination of seed and causes 

delay in emergence and slows down the growth of the seeding. Spreading of 

FYM helps in increasing the s o i l temperature by increasing heat absorbance from 

the sun and thereby, enhances germination and growth. P a t i l and Bhardwaj (1976) 

observed that the germination of l a t e sown wheat was hastened by mulching with 

FYM @ 10 t / ha . 

Sharma (1983) observed that FYM application to e i ther wheat d i rec t ly 

or to both r ice and wheat crop in a sequence, resulted in improvement in a l l the 

growth parameters v i z . , plant height, number of shoots per unit area, dry matter 

accumulation and yield contributing characters . FIM application resulted in 

ear ly ear emergence in wheat than control . In a study under Palampur conditions 

Ganai (1983) reported that FYM application in wheat resulted in s igni f icant ly 

bet ter growth of" wheat', number of shoots m , height of plant', dry matter • 

accumulation at t i l l e r i n g , heading and harvest stage over control . Tomar et a l . 

(198*0 . ; r-t ,-. • ' ."." concluded that .FYM application resu l t s in 

substantial-and significant increase in dry matter yield of wheat. Gupta (1985) 

also observed that FYM application in la te sown wheat caused a s ignif icant 

increase on the growth and development characters . 

2 .2 .2 . Yield 

Wheat being a winter season crop i s benefitted by the use of FYM in 

or on the so i l through i t s beneficial effects in modifying the micro-environment 
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around the wheat seed and p lan t r e s u l t i n g i n b e t t e r crop y i e l d . In t h i s p a r t 

of review the f ind ings of numerous s c i e n t i s t s have been repor ted t o show the 

e f f ec t ofi;FYM r a t e s as well as i t s methods of app l i ca t i on on wheat y i e l d . 

. ,G«xr_et aU (198*0 r epor t ed t h a t app l i ca t i on of 25 t / h a of FYM 

supp l i e s 112 kg N, 56 kg P Q-and 112 kg of K 0 . These q u a n t i t i e s however, are 

not f u l l y ava i l ab l e to the crop i n the year of a p p l i c a t i o n . Nitrogen i s ve ry 

slow ac t ing and l e s s than 30 per cent of i t i s g e n e r a l l y a v a i l a b l e t o the f i r s t 

c rop . About 60 to 70 per cent phosphate and about 75 per cent po tash becomes 

ava i l ab l e t o the immediate c rop . Chandanani (195*0 concluded t h a t i nc rease i n 

y ie ld of wheat could only be obtained with l a r g e q u a n t i t i e s of FYM. He got 60 

per cent i nc rease with 25 t / h a of FYM and only 20 'per cent i nc r ea se with 10 t / h a . 

He t h e r e f o r e , recommended t h a t 10-15 t FYM/ha (100 kg iv/ha) should be appl ied 

7 t o 8 weeks before sowing of wheat to get good response . On the con t r a ry i 

r egu la r add i t ion of FYM did not i nc rease the wheat y i e ld for a l l the t imes 

(Schnieder , 1980). 

Singh and Sharma (1981) a l so repor ted t h a t g r a in and s t raw y i e l d , were 

s i g n i f i c a n t l y af fected by the l e v e l of organic mat ter @ 20 t / h a r e s u l t i n g i n 

maximum y ie ld which was s i g n i f i c a n t l y supe r io r t o c o n t r o l . S imi lar were the 

f ind ings of Zhezher and Surorov (1980), Lund and Das (1980) and Singh e t a l . 

(1980). Under Palampur condi t ions Ganai (1983) repor ted t h a t app l i ca t i on of 20 

t / h a of FYM increased the y ie ld about 37 per cent over c o n t r o l . Sharma (1983) 

' however, repor ted t h a t FYM @ 20 t / h a increased the wheat y i e ld by 85 per cent 

over c o n t r o l . . 

Gupta (1985) while see ing the in f luence of P and FYM a p p l i c a t i o n on 

crop response in l a t e sown wheat observed t h a t the app l i ca t i on of FYM @ 8 t / h a 

caused a s i g n i f i c a n t inc rease in the y ie ld of wheat over c o n t r o l (No FYM). The 
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increase in yield over control was to the extent of JO per cent and ko per cent 

during 1982-83 and 1983-8*+, respect ively. 

Dhingra jet _al.(l972) however, did not obtain s ignif icant response of 

FYM application in case of la te sown wheat. Regular addition of FYM have been 

found not to increase the wheat yield at a l l the time (Schnieder, 1980). Gaur 

et a l . ( l982) reported that response of wheat to FYM application at 12.6 t / ha 

ranged as low as 80 to 90 kg/ha in Gujrat and Delhi to over 250 kg/ha in 

Maharashtra, Madhya Pradesh and Bihar. Based on 210 experiments d is t r ibuted 

over 51 research s ta t ions located in different s t a t e s the response was a l i t t l e 

over 200 kg/ha. 

To obtain fu l l advantage of FYM i t need to be supplemented through 
a l . 

chemical fer t i l izers .Singh et(l98o) found signif icant increase in wheat yield 

by the application of 12 t /ha of FYM only when supplied with balanced N, P and K 

over NPK alone. Balyk (1981) reported that incorporation of FYM @ 5 and 10 t / h a 

resulted in a s ignif icant increase in-grain production in the f i r s t year but 

during 3rd year the response was not s igni f icant . Jagtap and Shrigata (1982) 

obtained 3 q/ha additional grain yield by the application of 10 t / ha FYM over 

control . 

2.2.3* Nutrient concentration and uptake 

Balia (l9#?) observed 20.36 per cent increase in nitrogen concentration 

in maize s ta lks and wheat straw with FYM. The influence of organic matter in 

increasing the t o t a l N content of the so i l had been observed in several f ield 

experiments (Kanwar and Parihar, 1962, Mandal and Ja in , 1965; Prasad e_t_ al.1971; 

Sahu and Nayak, l97l;Mathan et_ al_., 1978; Gil l and Meelu, 1980 and Kapur et_ a l . 

1981). 
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Logte&ow sn^- ^aszubiak (1964) a lso repor ted an inc rease i n a v a i l a b l e 

phosphorus and potass ium, with the. app l i ca t ion of 25 t / h a of FYM as compared t o 

a p p l i c a t i o n of mineral n i t rogen phosphorus and potassium a lone . Kuzentsova 

(1965) repor ted a decrease with concent ra t ion of n i t r o g e n , but an inc rease i n 

the concent ra t ion of phosphorus and potassium in the g ra in and s t r aw of winter 

wheat and b a r l e y by the app l i ca t i on of dung, Haworth e t a l . d 9 6 6 ) observed t h a t 

FYM @ 20 t / h a increased the y ie ld of redbeet from 11.35 to 18.15 t / h a . The 

n i t rogen content of l eaves increased from 3»97 to 4 .54 per c e n t . The phosphorus 

content inc reased s l i g h t l y from 0.49 t o 0,50 per cent and potassium c o n t e t t 

decreased from 6.04 t o 4 .43 per cent with the app l i ca t i on of 20 t FYM/ha. 

Olsen e t a l . d 9 7 0 ) observed the e f f ec t of manure app l i ca t i on on s o i l 

and found an inc rease i n content of organic N and ava i l ab l e P p a r t i c u l a r l y a t 

higher r a t e s of P a p p l i c a t i o n , Mann e t a l . ( l 9 7 3 ) found t h a t i nc r ea s ing l e v e l 

of FYM app l i ca t i on inc reased the N content i n wheat g r a i n . Besides N, Zn, Mn 

and B content i n wheat a lso increased when the crop was f e r t i l i z e d with FYM. 

'-•• •• • '" , goon and Venter (1976) r epor ted the r e s u l t s of f i e l d 

t r i a l s , which showed s i g n i f i c a n t inc rease i n fl content of l e a v e s , e a r s and stem 

of wheat with the app l i ca t i on of organic m a t t e r . 

I t can be concluded from the foregoing review t h a t an i n c r e a s e i n the 

l e v e l s of FYM r e s u l t s i n a n ' i n c r e a s e in JM and P content and a decrease i n K 

content i n the wheat g r a i n . 

Sharma (1983) found t h a t the uptake of N i n g ra in and s t raw as well as 

t o t a l uptake by wheat was s i g n i f i c a n t l y inf luenced by FYM @ 20 t / h a . J a i Bhagwan 

(198'5) repor ted t h a t the app l i ca t i on of FYM @ 10 t / h a inc reased the uptake of P 

which was maximum i n g ra ins and lowest i n s t r a w . Regarding the K uptake i t was 

highest in s t raw and lowest i n g r a i n . 
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2.2.*+. Effect of FYM on quality of wheat grain 

As such FYM may not be instrumental in the synthesis of protein but may 

have i t s role because of nitrogen present in i t . Higher the quantity of FYM more 

will be the amount of N supplied to the s o i l . At the sametime because of i t s 

slow reaction the nitrogen supplied through FYM -may remain available to the 

plant for longer duration during the ent i re plant growth period. Bains (1953) 

reported that 60 kg N/ha produced wheat containing 10.5 per cent prote in . 

Russel l / |c j 7 ^ ^ • and Fernandez and Laird (1959) reported that N s igni f icant ly 

increased the grain prote in . 

Goic and Alexinsky (195*0 reported that l a te application of nitrogen 

increased the nitrogen content of grain and thus i t s gluten content and resulted 

in an improvement of milling and baking qual i ty . Spillane (1962)» however, 

reported a progressive increase in protein content by increased application of 

nitrogenous f e r t i l i z e r s , but th i s was not paral le led by the improvement in baking 

quali ty. Hojjati and Haleki (l972) observed that protein content of grain was 

constantly increased by each additional increment of N from 50-200 kg N/ha which 

was about 1 per cent for each addition of 50 kg N/ha. Austin and Ahuja (197*0 

observed an increase in protein content from 10.88 to 10.95 per cent in wheat 

cul t ivar Kalyansona and Hira with no N treatment to 12.5*+ and 1J.36 per cent 

at 80 kg N/ha and 1*t.00 to l6.25 per cent at 160 kg N/haJ\ntonyukcWj C.1976) 

also reported that application of 120 kg.W/ha increased grain protein by 0.*+ 

to 2.9 per cent. 

2 .2 .5 . Grain protein yield 

In the foregoing review i t has been shown convincingly that an increase 

in N levels whether through chemical f e r t i l i z e r s or through organic manures 

resu l t s in an increase in the w content of gra ins . This increase in w content 
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in the initial growth stages. Moreover, microbial activities might have been 

increased under more favourable soil temperature occuring from mulch vdth FYJ4 

with a consequent increase in growth and' yield of wheat, 

In a later study Attia (1970) also reported that mulching treatments 

helped the wheat to perform better than 'no mulch' under late sown condition, 

FYM mulch was more effective than control.' Dayanand d97l) observed that FYM 

cover acts as a black blanket over the soil and raises the soil temperature by 

1.*f F to 3»^ F over no cover treatment and could enhance the grain production 

of late sown wheat by 15 to 23 per cent, Patil and Bhardwaj* (1976) found that 

mulching with FYM <a 10 t/ha hastened the germination of late sown wheat. There 

was no difference in the effect of covered and uncovered plots in the morning 

but the soil temperature in FYM covered plots was higher by 1-2 C at noon and 

evening, 

2.2.f, Effect of FYM/organic mulches on soil moisture conservation 

Water is the most important single factor limiting crop production 

under rainfed conditions. The inadequacy and uncertainity of rainfall causes 

partial or complete failure of crops in these areas. Rainfall in these areas 

is insufficient and unevenly distributed. Therefore, successful cropping during 

Rabi season mainly depends on conservation of adequate moisture in soil profile, 

A large part of the stored soil moisture is lost through evaporation during 

crop growth period from the soil which could effectively be reduced by the use 

of mulches, 

Any material used at the surface of the soil to reduce evaporation 

losses, keep down weeds and temperature fluctuations or to promote soil 

productivity may be defined as mulch (Jackset al.,l955)» Russel (19'73) has 

defined mulches as application of layer of dead vegetable waste material such 
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as straw, hay or old grasses, compost or FYM to the surface of the s o i l . 

Organic mulches also affect the physical and chemical propert ies of s o i l 

(Chaudhary and Chatterjee, 1967, and Black, 1973). 

Attia (1970) reported that the mulching treatment helped the winter 

va r i e t i e s to perform better than 'no mulch* under l a t e sown conditions, FIM 

was more effective than charcoal mulch. Bensal e t a l . ( l 97 l ) also suggested 

that when maintained at adequate l eve l s , these materials have been found to 

resul t in increased water content in the so i l through reduced evaporation. 

Similar were the findings of Adam (1966), Parihar et al»(l968) and Moody et a l . 

(1963). Kanao et a l . ( l97^) also obtained increased yield of wheat and barley 

due to the application of mulches but the increase was said to be the resul t 

of prevention of lodging due to mulching. 

2 .2 .8 . Effect of FYM on physico-chemical propert ies of so i l and nutr ient 
ava i l ab i l i ty 

Farm yard manure affects both physical and chemical properties of so i l 

The organic matter content, an important factor in maintaining the f e r t i l i t y 

of so i l and cation exchange capacity can be maintained at a higher level by the 

incorporation of FYM.! 

SrinivaSan (19^3) observed that p lo ts treated with organic manures 

increased pore space, i n f i l t r a t i o n r a t e , organic matter and improved s o i l 

aggregation. Acharya (19^9) feels strongly that injudicious use of f e r t i l i z e r s 

on lands without organic manures will lead to disastrous r e su l t s by way of a 

rapid deteriorat ion in the physical conditions and f e r t i l i t y level of s o i l . 

Russel (1950) reported that humic acid from organic matter helped to maintain 

iron and other trace elements in the available form in alkaline so i l s and 

phosphate in an available form in acid s o i l s . Lyon and Buckmsn (1953) reported 

that FYM affects physical , chemical and biological propert ies of so i l and has 
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a lasting effect on fertility of soil. Bhowmick and Raychaudhuri (1953) 

reported that under Indian conditions the use of combination of organic manures 

and fertilizers would give the optimum results both in long and short term 

planning for improving soil productivity and maintaining the soil fertility. 

With the incorporation of organic materials into the soil, these are 

acted upon by a variety of micro-organisms and there is. a tremendous increase 

in their population (Ghildyal and Gupta, 1959; Gaur i\**J Pco^e-l3-K(\rl 7l/.) c 

Balasubramanian et al.,1972). The products of organic matter decomposition df 

soil perform two distinct functions, one relates to its mere physical presence 

on the soil surface and the other to processes of biodegradation (Bhardwaj and 

Patil, 1982). Addition of organic matter into the soil influences the soil 

^-Structure, bulk density and' allied physical properties of the soil. During its 

biotransformation processes. The organic carbon is converted into CO and the 

carbon bound plant nutrients becomes available to the growing plants. Addition 

of FYM also causes shifts in the microbial equilibria of the soil with subsequent 

rise or fall of certain group or sections of the microbial community. Therefore, 

organic manures play an important role in crop production. 

Better structural(Conditions of the manured soil was associated with 

decrease in bulk density, increase in porosity and hydraulic conditivity of soil. 

Water retension characteristics and available water content of soils were also 

improved. Similar results have been reported by several other workers (Biswas 

_et_al.,l96l: •-, :.„,' -, Prasad and Singh, 1980; Bhatia and Shukla,l982 

and-Gupta_et _al. ,1983). 

Havangi and Mann (1970) reported that application of 12.5. tonnes of . 

FYM per hectare decreased the bulk density and increased the water stable 

aggregates, but there was no appreciable effect on water holding capacity of 
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Maurya and Ghosh (1972) showed t h a t the long term a p p l i c a t i o n of manure 

improved the organic carbon content and which r e s u l t e d i n improved a v a i l a b i l i t y 

of a v a i l a b l e N and other ava i l ab le n u t r i e n t s . Deb (1976) found t h a t FYM 

increased the organic mat ter of the s o i l and improved the p h y s i c a l p r o p e r t i e s 

a l s o . I t i s a good source of macro and m i c r o - n u t r i e n t s and provides food for 

micro-organisms. 

Vyas and Motirafflani (1971) observed t h a t a p p l i c a t i o n of FYM @ 22.*f t / h a 

inc reased ava i l ab l e P from na t i ve as well as added P . 

Alan t o these observat ions Shinde and Ghosh (1971) a l so i n d i c a t e d t h a t 

both organic acids and humic f r a c t i o n s of decomposing organic mat ter were more 

e f f i c i e n t i n r e l e a s i n g P from rock phosphate or t r i c a l c i u m phosphate r e s u l t i n g 

in l e s s P f i x a t i o n i n s o i l . S imi lar observa t ions were a lso recorded by Da t t a 

and S r iva s t ava (1963)» Basu (1973) and Pareek and Gaur (1973) . 

The e f f ec t of FYM app l i ca t i on had s i g n i f i c a n t l y inc reased the ava i l ab le 

K content of s o i l (Kanwar and P r i h a r , 1962a, G i l l and Meelu, 1980 and Prasad e t _a3 

1982). 

The e f fec t of FYM app l i ca t i on on c a t i o n exchange capac i t y has been 

repor ted i n a few experiments and i t was observed t h a t t h i s p rope r ty of s o i l was 

favourably inf luenced by FYM app l i ca t i on (Mandal and P a i n , 1965 and Sahu and 

Nayak, 1971). , 

Biswas e t a l . (1971) repor ted on the bas i s of 15 years experiment from 

(1952-67) t h a t the app l i ca t i on of FYM (appl ied @ 1? t FYM + A/S/ha) decreases the 

s o i l pH t o some e x t e n t . Debnath and Hajra (1972) observed t h a t s o i l con ta in ing 

FYM and paddy s t raw maintained higher s o i l pH than c o n t r o l a f t e r 120 days of 

i n c u b a t i o n . Simi lar were the f indings of many other workers (Atkinson e t a l . , 

1958; Prasad e t a l . , 1 9 7 1 and Lund and Dass , i 98o ) . The reason re spons ib le for 
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increase in so i l pH due to incorporation of organic materials may be due to 

quicker release of K from these mater ia ls . On the contrary, Singh et al»(l98o) 

observed a decrease in pH of Siesozem so i l of semi-arid region of Haryana. 

However, Kanwar and Prihar (l962b)reported a decrease in s o i l pH only at Hansi 

but at Ambala and Jallandar i t remained unaffected due to the application of 

FYM. More or less similar observations were made by Gupta (1985) who reported 

that the application of FYM decreased, the so i l pH from 6.26 to 5^9^ ( 5 . W at 

f i r s t stage and from 6.32 to 5.88 (6.9%) at blossoming stage and from 6.45 to 

6.05 (5.2%) at harvest stage in wheat variety (S-J08). The re su l t s indicated 

that the application of FYM caused a decrease in s o i l pH at a l l the 3 stages 

oi crop growth. This may be due to the production of organic acids after the 

decomposition of FYM. 



3 . MATERIALS AND METHODS 

The presen t i n v e s t i g a t i o n e n t i t l e d " S tudies on the e f fec t of r a t e s 

and methods of farm yard manure app l i ca t ion and seed r a t e s on l a t e sown ra infed 

wheat (Tri t icum aestivum L . ) " was conducted for three consecut ive years of 

Rabi 1982-83, 1983-84 and 1984-85 — The experiment was l a i d out a t the Research 

Farm of H.P.Krishi Vishva Vidyalaya, Palampur (Kangra) on ac id i c s o i l of wet 

temperate zone of Himachal Pradesh. The d e t a i l s of m a t e r i a l s used and the 

procedures employed for f i e l d opera t ions and l a b o r a t o r y analyses to meet the 

o b j e c t i v e s of the sa id i n v e s t i g a t i o n are descr ibed in t h i s c h a p t e r . 

3 . 1 . Experimental s i t e 

3.1.1. Location 

o ' o ' 

The experimental site is situated at 32 6 N latitude and 76 3 £ 

longitude at an elevation of 1290 metres above mean sea level (m.s.l.) in the 

Palampur valley of Kangra district. 

3 . 1 . 2 . Climate 

Agroc l imat ica l ly the region i s cha rac t e r i s ed as wet temperate humid zone 

(Verma, 1979) with severe winter and humid summers. The annual r a i n f a l l i s more 

than 2500 mm out of which about 75 per cent i s received during June to September, 

October to April are the months of l e a s t r a i n f a l l . Hay and June are the h o t t e s t 

months while December and January are the co ldes t ones . 

Mean weekly meteorologica l da ta recorded at the departmental obse rva to ry 

have been depicted in F i g . 1 and given in Appendix I . 

The t o t a l r a i n f a l l rece ived during the years of exper imentat ion i . e . 

1982-83, 1903-84 and 1984-85 was 2214.6, 1993.5 and 2248.3 mm, r e s p e c t i v e l y . 

Out of t h i s 739.0, 260.8 and 352.4 mm r a i n f a l l was rece ived during the r e s p e c t i v e 

crop s ea sons . The temperature during the cropping seasons va r i ed from 1.4 G to 

2.8.1 G, 0 .1 G t o 35.0 G and 3.0 0 to 31-8 G alongwith mean r e l a t i v e humidity from 
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4l to 71 , 31 to 70 and 30 to 87 per cen t , r e s p e c t i v e l y . As such, the 

exper imental area t h e r e f o r e , represented sub-temperate humid c l i m a t i c c o n d i t i o n s . 

3 .1 .3 . Soils 

The soils of the experimental plots which have been classified under 

Alfisol soil order and 'Typic Hapludalf at the sub group level, while genetically 

are grey brown podzolic. These are basically of sedimentary and metamorphic 

origin, and the parent materials consist of granite, biotites, slates, schists, 

phyllites, quartzites, gneisses, sand stones etc. Development of these soils 

took place under high rainfall and mixed coniferous and deciduous vegetation 

and of grasses. The soil .texture varied from sandy loam to silty clay loam. 

These soils are acidic in reaction ranging from pH 5.0 to 5.8, high in organic 

carbon, medium in available P with high P fixing capacity. The data pertaining 

to .these physico-chemical properties of soil have been given in Table 1. The 

moisture content at field capacity and permanent wilting point was 26 and 12 

per cent, respectively. 

3 . 1 . 4 . Cropping h i s t o r y 

The( experimental f i e l d was under r i ce -whea t cropping sequence for the 

two preceding years of the exper imentat ion and p r i o r to t h a t the f i e l d was under 

r i c e - p o t a t o sequence. The complete cropping h i s t o r y s t a r t i n g from 1978-79 i s given 

in Table 2. 

Table 2. Cropping h i s t o r y of the experimental s i t e 

Year 

1978-79 
1979-80 
198O-81 

1981-82 
1982-83 
1983-84 
1984-85 

Kharif 

Rice 
Rice 
Rice 
Rice 
Rice 
Rice 
Rice 

Rabi 

P o t a t o . 
Wheat 
Wheat 
Wheat 

N 

90 
90 
90 

• 9 0 
90 
90 
90 

Kharif 
P 2 O 5 

45 
45 
45 
45 
40 
40 
40 

Manuring 

K20 

45 
4 5 

45 
^ 
4o 
40 
40 

kg/ha 

N 

120 
90 
90 
90 

Rabi 

?2°5 
80 
45 
45 
45 

K2O 

80 
45 
45 
45 
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Table 1. Physico-chemical p r o p e r t i e s of experimental s i t e 

Analyses 

A. Mechanic 
Sand {%) 

S i l t X%) 

Clay (%) 

Texture 

a l 

1982-83 

ana lys i s 

38.6 

29.8 

Value 
1983-8k 

3 0 . ^ 

38.6 

29.8 

Clay loam 

193^-85 

33.1 

36.9 

2^.2 

Method and re fe rences 

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

(Piper ,1966) 

Moisture(%) F ie ld 26.8 26.5 25.2 
capac i t y 

Permanent wi l t ing po in t12 .8 11.5 12.0 

Moisture(%)at sowing 18.8 20.0 22.5 

Bulk d e n s i t y 1.36 1.33 I .35 

B. Chemical ana lys i s 
PH 

Organic carbon (%) 

Cation exchange 
capac i t y (me/lOOg) 

Avai lable n i t rogen 
(kg N/ha) 

Available phosphorus 
(kg P/ha) 

Available potassium 
(kg K/ha) 

Tota l n i t rogen 
(kg N/ha) 

5.5 

0 .5 

10.5 

M8 

15 

201 

850 

C. Composition of FYM 
{% oven dry bas i s used for 

Dry matter (.%) 

N {%) 

P {%) 

K (%) 

70 

0.59 

0.18 

0.60 

5.5 

0.5 

9.9 

378 

12 

190 

86if 

experimen 

7^ 

0.50 

O.16 

O.i+7 

5.5 

0 .5 

10.2 

371 

11 

203 

915 

i t a t ion) 

69 

0 .53 

O.19 

0.56 

Gravimetr ic method (Dastane, 
1972). 

Core sampling techniques 
(Singh, 1980). 

1:2.5 s o i l water suspension 
g l a s s e l ec t rode pH meter 

method(Jackson,1967). 
Rapid t i t r a t i o n method (Walkley 
and Black, 1932)-). 
E x t r a c t i o n with 1N NĤ OAC pH 
7.0 (Jackson,1967) . 

Alkaline permanganate method 
(Subbiah and Asi ja , 1956). 

Olsen.'s method (Olsen et al., 
195*0. 

Neutra l 1N NIUfOAC pH 7.0 
e x t r a c t i o n using flame photometer 
(Merwin and P e e c h , l 9 5 l ) . 
Semi-microkjeldahl method 
(Brenmer, i 960 ) . 

Tota l NPK content of FYM was 

determined by the s t andard 

methods as descr ibed by 

Jackson, 1967. 
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3.1.5. Description of the field experiments 

This field experiment was carried out for two consecutive years in 

Block B during 1982-83 and 1983-8^ and Block C during 198^85. Since the two 

blocks were adjoining to each other, therefore, they did not vary much in their 

initial physico-chemical properties. The details are presented below pointwise. 

3.2. Experimental details 

Treatments; All possible combinations of the following. 

A. Seed rate : S - 100 kg/ha 

S 2 - 125 kg/ha 

B. TM rates: 

C. Application 

S, - 150 kg/ha 
3 

F1 - 5 t/ha 

F - 10 t/ha 

F_ - 15 t/ha 
3 

method (FYM) 

M„ - Incorpora 
1 

M - Surface application 

2 " • 

D. Experimental design: 3 x 2 factorial partially confounded design 

E. Number of replications: k 

p 
Total No. of treatments : 3 x 2 = 18 

Total No. of plots : 72 

F. Treatment combinations 

i- V / i - 7- s
2

F i M i 1 5 - s / i M i 
2. S^H2 8. S^M., 1/f. 8ffL2 

3 . S1F2M1
 9 - 3 2 F 2 M 1 1 5* S / 2 M 1 

km S / 2
F l 2 1°*^2F2M2 1 6 ' S3F2M2 

5 . 31F5M1 11.S2F3M1 17. S3FJM1 

6 - S 1 F 2 M 2 12*S2F3M2 18. S^3M2 

G. Plot size : Gross : .̂25111 x 3.60m = 15.30m2 

Net : 3.50m x 2.70m = 9.^5 m2 
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Each replicat ion of the experiment consisted of 3 blocks of 6 plots 

each. The treatments were allocated as per the procedure reported by Merr i l l , 

Kilby and Greer (1942). Plan of layout has been given in F ig .2 . The f ie ld 

arrangement of r ep l i ca te s , blocks and plots has been shown in Fig.2. 

3 .3 . Field operations 

The schedule of various field operations performed during the crop 

seasons i s given in Table 3. 

Table 3. Schedule of field operations 

S.Ho. Operation Dates 
1982-83 1983-84 198^-85 Par t iculars of operation 

1. Seed bed 
preparation 

2. Layout 

3. Sowing 

4 . FYM surface 
application 

5. Harvesting 

6. Threshing 

15.12.82 '15.12.83 15.12.84 

20.12.82 20.12.83 20.12.84 

24.12.82 24.12.83 24.12.84 

24.12.82 24.12.83 24.12.84 

20.5.83 12.5.84 27.5.85 

One ploughing with tractor 
drawn plough followed by two 
harrowings and planking. 

The layout was done as per 
plan given in Fig.2. 

FYM mixed with soil under M 
treatments. Fertilizers were 
thoroughly mixed and applied 
in bands and seed put in furrows 
by Kera method 

Under M treatment well rotton 
FYM was top dressed i.e. surface 
applied just after sowing. 

The crop was harvested as 
described in Section 3.3.4. 

25.5.83 18.5.84 2.6.85 Done by plot thresher. 

3.3.1. Seed and sowing 

The seed of variety S-308 was sown in rows by Kera method with row 

spacing of 22.5 cm. Each plot had 16 rows. 
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3.3.2. Fertilization 

All the plots received a uniform dose of 100 kg N and 30 kg each of 

? Op. and K 0/ha. The sources of fertilizers were 'Urea (̂ 6% N ) , Single superphosphate 

(16% P 0„) and Muriate of potash (60% K 0 ) . Entire dose of P and K and 60 kg of 

•••'• was applied before sowing as a basal dressing by placement method after mixing 

all the three fertilizers thoroulghly. The remaining *+0 kg N was applied after 

two months with the first shower of winter rains. 

3.3.3. Application of FYM 

In M. method of application, well decomposed FYM was mixed in soil 

before the application of chemical fertilizers at the rate of 5i 10, and 15 tonnes/ 

ha,' respectively as per treatment. In M method, it was top dressed immediately 

after sowing @ 5, 10, and 15 tonnes/ha as per treatment. 

3.3«i+« Harvesting and threshing 

Leaving two rows on each side and 37*5 cm length on each corner as the 

border area the crop in the net plots (3.50m x 2.70m) was harvested, bundled and 

weighed after field drying. The threshing of the .individual plot was done with 

the help of plot thresher. The final produce of grain of each plot was weighed, 

recorded and converted into kg/ha. 

3.A-. Observations recorded 

3.^.1. Emergence and growth studies 

For recording observations 6 central rows leaving 5 rows on each side 

excluding one metre length on extreme ends of each plot were selected. 

1. Days taken for germination; In each plot, two spots, each of 50 cm length were 

marked in the 6th and the nth row of each plot at random and the seedlings 

emerged were counted from 14 days after sowing of crop. The observations were 

taken on every day. Days for complete germination were recorded by counting the 

shoots from the day germination started to the day when shoot number became constant, 
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Total days taken for complete germination from the date of sowing were calculated. 

2. Initial plant population: Total number of shoots after complete emergence 

from 2 observational units of 50 cm row length were counted and the mean number 

of shoots were expressed as initial plant population per metre row length. 

3. Shoot height; The mean height (cm) of 5 shoots selected randomly in net plots 

(3.50 x 2.70m) and tagged were recorded at 6, 9, 12, 15 and 18 weeks after sowing. 

The plant height was measured from the ground level to the tip of the fully 

opened young leaf and last observation was taken just before harvesting. 

k. Number of shoots; The number of shoots per metre row length was counted 

from the 2 randomly selected plots in each plot at 6, 8, 10, and 12 weeks after . 

sowing (WAS) and the final count was recorded at harvest. The number was expressed 

as per metre running row length. 

5, Fresh and dry matter accumulation; The second row in each plot on both the 

sides was ear marked as sampling row from 2 spots each of 25 cm row length. The 

plant samples were cut at soil surface, weighed for fresh weight and then dried 

at 70 C for 2h hours to a constant weight and dry weight was recorded. Sampling 

was done at 6, 10, ik and 18 weeks after sowing and at harvest. Fresh and dry 

weights thus obtained were expressed in (g m ) by multiplying the corresponding 

value of 50 cm row length with a factor k.kk for each treatment; separately. 

6. Per cent dry matter; This was computed by using the following relationship: 

n 4. 1 ii Dry weight of sample (g m~ ) .._ 

Per cent dry matter = = J' ,—»•. • . , — 5 — — V 7 TTT- X 100 
J Fresh weight of sample(g m d) 

5»5» development studies 

3»5.1. Days taken to 50 per cent heading 

Days taken to 50 per cent ear emergence were recorded from half metre 

row length ear marked at 2 spots in the net plot for shoot number from the day 

head' emergence started. The number of plants bearing spike were recorded on 
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every alternate day till complete heading. The dates on which 50 per cent plant 

bore ears were recorded and number of days from sowing to 50 per cent heading 

were worked out. 

3.5.2. 100 per'cent heading 

Number of days from sowing to 100 per cent heading were worked out as 

explained in case of 50 per cent heading. 

3.5.3. Days to maturity 

The date on which, the maximum of the plants of individual plot had 

turned golden yellow was taken as the stage of maturity. This date was taken as 

maturity date and days taken to a t ta in th i s stage are calculated plotwise from 

the date of sowing. "' 

3«6. Studies at harvest 

3.6.1. Number of spikes 

From the 2 observational units of 50 cm length mean number of spikes 

per metre row length was recorded. 

3.6.2. Spike length 

Five spikes were taken randomly from 5 shoots, and their length was 

measured from the base of the spike to the terminal end of the spike. Mean spike 

length was thus worked out and expressed in cm. 

3.6.3. Number of spikelets per spike 

From spikes which were used for spike length, the number of spikelets 

were counted and mean number of spikelets per spike was calculated. 

3.6.^. Number of grains per spike 

After recording-the number of spikelets, 5 spikes were threshed and 

cleaned. The grains thus obtained were counted and mean number of grains per 

spike was recorded. 
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3 . 6 . 5 . 1000-grain weight 

Composite random samples from the produce of ne t p l o t s were drawn and 

the 1000-grains were counted. These g ra ins then were dr ied a t 60 C in the oven 

for two days and weighed to record the 1000-grain weight. 

3 . 7 . Yield and ha rves t index 

3.7.1. Grain yield 

The produce from the individual net plot was harvested, threshed and 

cleaned. The weight of grain per plot was recorded in kilograms. The grain 

_1 
yield per plot so obtained was expressed as kilograms ha which was obtained 

by multiplying the yield per plot with a factor 1058.20. 

3.7.2. ^traw yield 

Total biological yield (grain + straw) from the net plot was recorded 

after sun drying of harvested produce. The straw yield was worked out by 

subtracting the grain yield from the biological yield and expressed in kilograms 

per hectare. 

3.7.3. Harvest index 

Harvest Index was worked out using the following relationship: 

T, , . , Grain y ie ld (kg/ha) 
Harvest index = 7-7—: r—~ . ™, /.— ,, •, 

Bxologxcal y ie ld vkg/ha) 

.3 .8 . P l a n t chemical s t u d i e s 

The p l a n t samples c o l l e c t e d for recording the dry matter accumulation 

at d i f f e r e n t s t ages of growth were ground and analysed for t o t a l N, P and K 

c o n t e n t s . The uptake values for t o t a l N, P and K at d i f f e r e n t s t ages were 

ca l cu l a t ed by mul t ip ly ing per cen t concen t ra t ion with dry weight and d iv id ing 

by 100. At harves t the g ra ins ( and s t raw were analysed s e p a r a t e l y for N,P and K 

c o n t e n t . 
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The uptake at harvest was calculated on the basis of re la t ive 

percentage of the nutrient elements in grain and straw. In the experimental 

resu l t s par t icu lar ly at harvest stage the aggregate value of the concentration 

and uptake of grain and straw have been described. Both the values of grain 

and straw have separately been given in Appendices X tXIV and XVI, 

The methods employed for these chemical analyses are detailed in 

Table h. 

Table 4. Methods followed for plant analysis 

Sr. Ko. Par t icu lars Methods employed 

1. 

3. 

Nitrogen 

Phosphorus 

Potassium 

The digestion was done with Cone,sulphuric 
acid and nitrogen content was estimated 
by modified Kjeldahl's method (Jackson, 
1967). 

Digestion with t r iac id mixture (HNOJJ, 
H SO if and HCIO4 as 10:1:4) and phosphorus 
estimated by developing Vanidomolybdo 
phosphoric acid of yellow colour (Jackson, 
1967). 

Estimated by using flame emission 
spectrophotometry method for the extract 
obtained by digestion with t r i ac id mixture 
for phosphorus above (Jackson,1967). 

3 .8 .1 . Protein content 

The nitrogen percentage in grain was multiplied by 6.25 to determine 

their crude protein content > ' • 

3.8.2, Total crude -protein -production 

The total crude protein production/ha in grain was calculated by using 

the following relationship: 

n A *. • ri /u H • • Per cent protein x grain yield/ha Crude protein(kg/haJ in gram = -r- &—BA—•* '—a 
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3.9 Soil Studies 

3 . 9 . 1 . Soil temperature 

For recording so i l temperature d ig i t a l thermometer was placed at 5 cm 

depth in each plot randomly at 3 places. The so i l temperature was recorded dai ly 

between 12 noon to 2 P.M. for two months w.e.f. 13;1.83 from the s t a r t of seed 

emergence. The temperature could not be recorded during 1983-8^ season but th is 

observation was again taken during 198^-85 crop season. The observations were 

recorded from one repl icat ion only and means have toeen reported. 

3.9.2. Soil moisture studies 

In order to know the soil moisture status during the crop growth period 

composite surface soil samples from each plot (0-l5cm) were collected at 7 days 

after every rainfall from sowing to harvest. After recording the fresh weight, 

the. samples were dried in oven at 105 C and the moisture per cent was worked 

out by using the relationship: 

, . , Fresh weight - Dry weight „„_ 

Per cent moisture = r—"—. , , J u — x 100 
.Dry weight 

3 .9 .3 . Soil f e r t i l i t y studies 

Soil samples from individual plots were taken after harvest and analysed 

for available nitrogen, phosphorus and potash, t o t a l nitrogen, pH, cation exchange 

capacity(CEC) ,bulk density and organic carbon(0.C$) as per methods described in 

the Table 1. 

3.10. S t a t i s t i c a l analysis 

The data collected and record0d for various' growth, yield and yield 

contributing characters and other parameters observed during the course of 

investigation were subjected to the s t a t i s t i c a l analyses by the method of 

analysis of variance a s advocated by Cochran arid Cox (1970). The data expressed 
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4. EXPERIMENTAL RESULTS 

The r e s u l t s of the cur ren t i n v e s t i g a t i o n e n t i t l e d "Studies on the 

e f f e c t of r a t e s and methods of farm yard manure app l i ca t i on and seed r a t e s on 

the l a t e sown ra infed wheat .(Trit icum aestivum L . ) " conducted during Rabi 1982-83, 

1933-84 and 19PA-85 have been descr ibed in t h i s c h a p t e r . The da t a for the 

i nd iv idua l years have been presented through d a t a t a b l e s and wherever necessary , 

the average values have been i l l u s t r a t e d g r a p h i c a l l y a l s o . The analyses of 

var iance have been given i n Appendix s e c t i o n . 

4 . 1 . Emergence and Growth s t u d i e s 

Observat ions on germination count and the c h a r a c t e r s l i k e number of 

shoots per metre row length at 6 , 8, 10, and 12 weeks a f t e r sowing (WAS), shoot 

he ight at 6, 9, 12, 15 and 18 WAS, green and dry mat ter and per cent dry mat ter 

accumulation a t 6, 10, 14 and 18 WAS and at ha rves t have been recorded and 

explained i n t h i s s ec t i on under the following sub-heads . 

4 . 1 . 1 . Germination count and number of shoots 

The da t a p e r t a i n i n g to the e f f ec t of d i f f e r e n t t rea tments on germinat ion 

count and number of shoots at d i f f e r e n t s t ages have been presented i n Table 5« 

The corresponding analyses of var iance have been given in Appendix I I . The main 

e f f e c t s have also been presented g r a p h i c a l l y in F i g . 3 . 

A pe rusa l of da ta presented i n Table 5 i n d i c a t e s t h a t out of the three 

years of exper imenta t ion , the seed r a t e s inf luenced the germination count 

s i g n i f i c a n t l y only during f i r s t two y e a r s . During both the years i t was observed 

t h a t a high seed r a t e of 150 kg/ha (S ) took comparat ively l e s s e r number of days 

for complete germinat ion. . In 1985-84 i t d i f f e red s i g n i f i c a n t l y from 100 and 125kg 

seed r a t e / h a but in 1982-83 i t d i f f e red s i g n i f i c a n t l y only from 100 kg /ha . The 

lower two seed r a t e s remained at par with each o ther during these years a l s o . 
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The FYM rates v i z . , 5, 10 and 15 t /ha did not influence the germination 

count in 1982-83 but during l a t t e r two years i t was seen that a higher ra te of 

FYM (15 t /ha) hastened the germination. I t differed s igni f icant ly from 5 t /ha 

FYM but remained at par with 10 t /ha FYM r a t e . The lower two ra tes in turn did 
1 

not differ significantly from each other, 

In case of methods of application of FYM, the surface application of 

FYM (M ) hastened germination and was significantly superior to the FYM 

incorporated into the soil (M ), 

None of the interactions influenced the days taken to completion of 

germination except in 1985-8^ where seed rate x methods of application of FYM 

(3 x M) was found to be significant and has been presented in Appendix XXII, 

'•f. 1.2. Number of shoots 

The data on the number of shoots per metre row length recorded at 

various stages of crop growth and at harvest have been presented in Table 5 and 

depicted graphically in Fig,3. The corresponding analyses of variance have been 

presented in Appendix II. 

The number of shoots increased upto 10 WAS and decreased thereafter 

consistently till harvest during all the 3 years of experimentation (Fig. 3). 

During the first year, it was observed that at each stage of growth viz., 6, 8, 

10, 12 WAS and at harvest, the number of shoots increased significantly with the 

increase in seed rates. During rest of the two years also a higher shoot number 

was observed at a higher seed rate (Fig.3) but the difference was not significant 

between 3 and S at 8 WAS and between S„ and S, at 6 and 10 WAS during 1983-8**. 
' . <- d. 3 

Similarly, the difference was not significant between S and S„ at 6. 8 and 12 
1 2 1 

WAS and between S and S at 10 and 12 WAS and at ha rves t dur ing 198*1-85. 
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During the f i r s t year of exper imentat ion the FYM r a t e s did not inf luence 

the shoot number at 6 WAS but a t r e s t of the s t a g e s on inc rease i n FYM r a t e s 

r e s u l t e d i n an inc rease in shoot number where 10 t / h a FYM r e s u l t e d i n s i g n i f i c a n t l y 

higher ' shoot number as compared to 5 t / h a , at a l l the s t ages of growth, the 

d i f ference between 15 t and 10 t / h a was found t o be s i g n i f i c a n t only a t 10 and 12 

WAS. More or l e s s a s i m i l a r t rend was observed during 2nd and 3rd year of 

exper imenta t ion a l s o . A higher r a t e of FYM r e s u l t e d in higher shoot number but 

the two consecut ive Fffl r a t e s did not d i f f e r s i g n i f i c a n t l y a t some of the growth 

s t a g e s . 

Surface app l i ca t i on of FYM was found to be supe r io r to i nco rpo ra t i on 

of FYM in the s o i l for the number of shoots per metre row length a t a l l the s t ages 

of growth except t h a t the d i f fe rence was not s i g n i f i c a n t a t harves t in 1982-83 

and at 10 and 12 WAS in 1984-85.• ' 

I n t e r a c t i o n e f fec t of seed r a t e s x FYM l e v e l s (S x F) which was found to 

in f luence the number of shoots per metre row l eng th s i g n i f i c a n t l y a t l e a s t for 

two years during the course of i n v e s t i g a t i o n a t d i f f e r e n t s t a g e s of growth has 

been presented i n Tables 5.1a t o 5 .1d . 

The i n t e r a c t i o n e f f ec t d a t a presented i n Table 5 .1a show t h a t a t 6 WAS 

during both the years (1983-84 and 1984-85) almost at each FYM r a t e a h igher seed 

r a t e recorded a h igher shoot number per metre row leng th except t h a t a t F l e v e l 

Table 5 .1a . Effect of S x F i n t e r a c t i o n on number of shoots m row l eng th a t 
6 WAS (1983-84 and 1984-85) 

Seed r a t e ; 

S 
1 

S 2 

S 3 

3 

SEm+ 
GD5°/o 

F 1 

53.7 , 

5 6 . 3 

61 .7 

1983-84 
FP. 

56.4 

66.7 

58.7 

1.7 
5 . 3 

F 3 

59 .2 

58.9 

67 .2 

F 1 

53.0 

54.9 

,70.9 

1984-8-5 
F 2 

58.0 

60.1 

75 .2 

1.3 
4 .2 

F 3 

68.1 

69.1 

75.0 
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in 1983-84, S recorded a higher shoot number as compared to S and difference 

was also s igni f icant . Only at th is level.of FYM,S recorded s igni f icant ly higher 

shoot number as compared to 3 whereas at r es t of the levels during both the years, 

3 and 3 were found to be at par with each other . S , however, maintained i t s 

superiori ty s t a t i s t i c a l l y also. In 1983-84, S_F recorded the highest shoot 

number which remained at par with 3 F but differed s igni f icant ly from res t of 

the S x F treatment combinations. In 1984-85, though' S_F treatment combination 

recorded highest shoot number and differed s ignif icant from res t of the treatment 

combinations but recorded almost similar number of shoots when compared, w i th 'S JT . 

At 8 WAS the seed ra tes x FYM levels interact ion effect vras found to 

be s ignif icant during a l l the 3 years of experimentation; The in teract ion effect 

data presented in Table 5.1b show that during a l l the 3 years of experimentation 

at each level of FYM an increase in seed rate resulted in an increase in shoot 

number except at F during 1983-84 and 1984-85. The increase was found to be 

s ignif icant only upto £ seed rate and at F_ during 1982-83 and 1984-85 the 

differences were not s igni f icant . -

Effect of S x F interac J 

8 WAS (1982-83, 1983-84 and 1984-85) 

-1 
Table 5.1b. Effect of 3 x F interaction on number of shoots m row length at 

Seed 
rates 

S 
1 

S 
2 

S 3 

SEm+ 

CD5# 

F 
1 

75.5 

85.9 

107.2 

1982-83 
F 2 

84.9 

9^.4 

102.7 

1.1 

6.6 

*\ 

98.5 

97.7 

96.2 

198 V84 

' 1 

56.5 

59.5 

68.3 

h 
66.2 

80.0 

60.6 

2.0 

5.6 

F? 

70.3 

64.5 

83.9 

F 1 

78.6 

68.2 

84.8 

1984-85 
F? 

69.8 

82.7 

79.6 

2.0 

6.0 

F ^ 

84.1 

86.8 

88.5 
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Contrary to th i s the effect of FYM levels at a fixed rate v/as not 

consistent over years. At S in 1982-83, the increase in shoot number was 

noticed upto F level whereas in 1983-84 i t was only upto F leve l . In 1984-85 

there v/as even a decrease in shoot number as the FYM level was increased from 

F to F 0 . At S the increase was s ignif icant only upto F level during a l l the 

3 years of experimentation. Contrary to t h i s , in 1982-83 at S.,, F recorded 

the highest number of shoots per metre row length whereas in 1983-84 and 1984-85 

F recorded the highest number. 
3 . " . 

At 10 WAS also, 3 x F interact ion effect influenced the shoot number 

during a l l the three years of experimentation. The interact ion effect data 

presented in Table 5.1c show that during f i r s t and third year an increase in 

seed ra te resulted in corresponding increase in the shoot number. Only at F 

level in 1984-85, the seed ra tes did not differ s ign i f ican t ly . During 2nd year 
of experimentation the increase in shoot number was seen only upto S . 

Table 5.1c. Effect of S x F interact ion on number of shoots m row le 
10 WAS (1982-83, 1983-M and 1984-85) 

Seed 
ra tes 

s i 

S 2 

S 3 

SKm+ 

CD5% 

"1 

93.5 

113.1 

119.5 

1982-83 
r 2 

107.3 

115.3 

i4 i .6 

2 .3 

7 .1 

F 3 

118.6 

129.0 

130.5 

\ 

F 1 

74.9 

83.5 

77.5 

1983-84 
F 

2 

80.7 

84.9 

93.0 

1.8 

7.7 

F 3 

85.5 

94.0 

93.3 

*1 

90.4 

84.7 

96.6 

1984-85 
F 2 

88.6 

99.6 

9^.6 

1.7 . 

5.2 

F 3 

96.3 

100.1 

100.2 

While seeing the effect of FYM levels at a fixed seed rate i t was 

observed that an increase in FYM level under a l l the seed ra tes an increased 

number of shoots and par t icu lar ly F (15 t/ha) level of FYM was s ignif icant ly 

superior to F , (5 t /ha FYM). 
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At 12 WAS, the interact ion effect was found to influence the shoot 

number only in 1982-83 and 198>84 (Table 5 . l d ) . During both the years the 

highest seed rate of 150 kg/ha resulted in an increased number of shoots except 

that at F in 1983-84 where i t was at par with S . While seeing the effect of 
3 2 

FYM at varying seed ra tes i t was observed that at S_, FYM levels had no effect 

on shoot number but at lower seed rates the shoot number increased with an 

increase in FYM leve l s . 
-I 

Table 5.1d. Effect of S x F interaction on number of shoots m row length at 
12 WAS (1982-83 and 1983-84). 

oeed ra tes 

S 
1 

S 2 

S 
SEm+ 

CD5% 

F 
1 

84.0 

87.2 

106.5 

1982-83 
F 2 

91.1 

98.8 

109.5 

1.9 

5.8 

F 3 

94.0 

105.9 

110.3 

1983-84 
F 1 

65.0 

61.2 

81.1 

\ 

64.2 

63.5 

77.1 

2.5 

5.0 

F 3 

59.5 

78.5 

78.2 

At harvest, the interaction effect was found to be significant during 

all the 3 years of experimentation (Table 5.1©). During first year of 

experimentation an increase in seed rates resulted in corresponding increase in 

shoot number. During 3rd year also more or less similar trend was observed but 

at F r the trend was just the reverse. In 1983-34 also, at F level of FYM the 

trend was similar to that at F 7 in 1984-85. 

While seeing the effect of FYM levels at different seed rates it was 

•seen that FYM levels did not influence the shoot number significantly particular 

at Sj. At lower seed rates also the effect of FYM was either not significant or 

FYM levels had to be increased ot its highest level of 15 t/ha to have visible e 
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Table 5 . i e . Effect of S x F interact ion on number of shoots m row length at 
harvest (1982-83, 1983-84 and 1984-85) 

Seed 
ra tes 

s i 

S 2 

S -
SEm+ 

CD% 

1982-83 
F 1 

82.1 

79.4 

108.2 

*?» 

85.9 

93.1 

106.6 

2.4 

7 . 3 

F 
3 

85.5 

96.7 

102.9 

1983-84 
F 1 

50.2 

55.5 

63.O 

F2 

61.3 

55.0 

60.9 

1.4 

4 .2 

F? 

56.0 

65.5 

65.2 

1984-85 
F 1 

61.6 

66.3 

68.0 

F 2 

63.2 

71.0 

72.3 

1.9 

5.9 

F? 

72.8 

66.2 

69.5 

The interact ion effect of seed ra tes x methods of FYJM app l i ca t ion^ x M) 

influenced the number of shoots per metre'row length during a l l the 3 years of 

experimentation at 6 WAS, in 1982-83 and 1983-84 at 12 WAS and in 198>84 and 

1984-85 at harvest . The interact ion effect data at different stages .have been 

presented in Table 5.2a, 5.2b and 5.2c, respect ively. 

The interact ion effect data presented in Table 5.2a reveal that with 

the exception of M in 1983-84 an increase in seed ra tes resulted in more number 

of shoots per metre row length during a l l the 3 years of experimentation. However, 

for a s ignif icant increase in the seed ra tes had to be increased to i t s highest 

level of 150 Kg/ha .< 

Table 5.2a. -Effect of S x M interact ion on number of shoots m~1 length at 6 WAS 
(1982-83, 198>84 and 1984-85) 

Seed rate; 

S 
1 

S 2 

S 5 

s 

SEm+ 
CD5^ 

M1 

67.5 

68.4 

82.6 

1982-83 

*? 

62.5 

78.1 

94.4 

1.6 
4.6 

• 1983-84 
M1 M2 

51.9 61.1 

56.2 64.5 

63.6 62.O 

1.3 
3.8 

1984-85 

1 2 

58.5 60.5 

60.5 62.7 

65.9 81.5 

1.0 
2.9 
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While seeing the effect of methods of FYM application it was seen that 

the effect was not consistent at different seed rates during all the 3 years of 

experimentation. It was seen that in 1982-83 as well as in 1984-85, S ^ resulted 

in highest number of shoots which differed significantly from rest of the 

treatment combinations. In 1983-84 though S M resulted in highest shoot number 

but it was at par with 3 M , 

At 12 WAS where the interaction effect was found to be significant only 

during first two years of experimentation (Table 5.2b) it was seen that like that 

at 6 WAS at this stage also a higher seed rate resulted in more number of shoots 

but to have a consistently higher shoot number the seed rate had to be increased 

at 150 kg/ha ('S ). ,At each seed rate though the surface application of FYM (M ) 

resulted in higher shoot number during both the,years but the effect was 

significant only at S and S in 1982-83 and at S in 1983-84. 

— 1 Table 5.2b. Effect of S x M interaction on number of shoots m row length at 
12 WAS (1982-83 and 1983-84) 

Seed rates 1982-83 1983-84 
M1 

89.5 

93.0 

102:5 

1. 

4, 

,4 

,1 

\ 

90.6 

100.5 

115.9 

M1 

57.6 

'65.7 

78.9 '• 

1.2 

3.5 

\ 

68.2 

69.1 

79.^ 

s 
2 

CD5% 

S x M interaction' at harvest in 1982-83 and 1984-85 presented in Table 

5.2c influenced s ignif icant ly the number of shoots. I t shows that in both the 

years at S , M recorded the highest number of shoots but in 1982-83 at M_, S 
3 2 ' 2 3 

differed s ignif icant ly from S and S . The l a t t e r two remained at par with 

each other. 
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_1 
"able 5.2c. Effect of S x M interaction on number of shoots m row length at 

harvest (1982-83 and 1984-85) 

Seed r a t e s 

S 
1 

S 2 

S 3 -

SEm+ 

CD5% 

M1 

84.0 

90.2 

104.0 

1982-83 

1.8 ' 

5.2 

M2 

84.7 

89.O 

112.9 

1985-85 

V 
81.0 

83.0 

89.5 

1.4 

4 .2 

M? 

85.9 

88.0 

88.9 

While comparing the methods M and M in 1982-83 i t was seen that at 

S , M recorded the highest number of shoots and differed s igni f icant ly from M . 

Similar trend was also observed in 1984-85 at S and 3 where W. recorded more 

number of shoots which differed s ignif icant ly from M . 

FYM levels x Methods of FYM,application (F x M) in teract ion influenced 

the number of shoots s ignif icant ly during a l l the 3 ^ a r s at 6 and 10 WAS and 

at harvest and have been presented in Table 5.3a, 5.3^ and 5.3c, respect ively. 

The interact ion effect data at 6 WAS presented in Table 5»3a show that 

except for M in 1982-83 the highest level of FYM (15 t /ha) resulted in highest 

number of shoots and the difference was s ignif icant from that of F in 1984-85. 

— 1 
Table 5.3a. Effect of F x M interact ion on number of shoots m row length at 

6 WAS (1982-83, 1983-84 and 1984-85) 
FYM l e v e l 

p- , 

F 2 

F 3 

s 

SEm+ 
CD5% 

1982-83 
M1 

77.8 

70.3 

70.4 

"? 

71.1 

81.7 

84.2 

1.6 
4.6 

M1 

56.9 

56.7 

58.1 

1983-84 
M2 

57.6 

63.8 

66.3 

1.3 
3.8 

1984-85 
Mn M2 

59.0 60.1 

58.9 69.2 

67.O 75.4 

1.0 
.. ' 2.9 



At each level,, the effect of methods of application of FYM was more conspicuous 

only at F in 1982-83, M did not show its superiority. Otherwise /during all the 

3 years this method proved to be superior to M and with the exception at F in 

1983-8^ the differences were significant also. 

At 10 WAS the F x M interaction significantly influenced the number of 

shoots (Table 5.3b) with both the methods F, resulted in highest shoot number 

3 

during all the 3 years of experimentation and differed significantly from F . 

With F the difference was significant only when the FYM was incorporated into 

the soil (M ) during all the 3 years of experimentation. With the exception of 

F in 198*1-85 the surface application of FYM (M ) resulted in higher number of 

shoots m row length during all the 3 years of experimentation. At F , however, 

the difference was not significant but• at rest of the levels, M proved to be 

significantly superior to M , 

Table 5.3b. Effect of F x M interaction on number of shoots m row length at 
10 WAS (1982-83, 1983-84 and 1984-85) 

FYM l e v e l s 

F 
1 

F 
2 

F_ 

' 

fc>Em+ 

C))% 

1982-8^ 
H1 

107.5 109.4 

113.8 128.7 

121.6 131.2 

1.7 

5.0 

1983-84 
M1 

76.8 

80.0 

91.5 

M2 

81.0 

92.6 

89.8 

1.9 

5.5 

1984-8' 

89.O 

90.8 

100.9 

1.3 

3.6 

5 
Kp 

92.0 

97.6 

97.3 

The F x M interaction significantly affected the number of shoots at 

harvest during the 3 years (Table 5.3c). At harvest also higher level of FYM 

tended to retain higher number of shoots per metre rov; length. Here, however, the 

effect was more consnicuous at medium level of FYM. Asifartasrtlio methods of FYM 
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app l i ca t i on are concerned except for lower l e v e l (F ) i n 19°2-83 and 198^-85, the 

surface app l i ca t ion (M ) showed i t s s u p e r i o r i t y over the inco rpora t ion method(M ) 

at a l l the l e v e l s during the course of t h i s i n v e s t i g a t i o n . 

- 1 
Table 5 .3c . Effect of F x H on number of shoots m row l e n g t h a t harves t 

(1982-83, 1983-84 and 1984-85) 

FYM l e v e 

F 1 

1?2 

F 3 

I s 

SEm+ 

CD% 

1982 
M 

1 

95.5 

91.8 

90,0 

1. 

5 . 

- 83 
M a 

85.8 

98.0 

102.8 

8 

2 

198.3-
M 

1 

54.9 

55.5 

50.5 

1.0 

3.0 

8if 
M2 

57.0 

62 .2 

65 .7 

192 
M1 

68 .4 

59.5 

67.9 

14-85 

62 .2 

78.0 

71.5 

1.4 

4 .2 

The i n t e r a c t i o n e f fec t of seed r a t e x FYM l e v e l s x methods of app l i ca t ion 

of FYM (3 x F x M) was s i g n i f i c a n t a t 6 WAS in 1982-83 and 1983-84, a t 12 WAS in ' 

1982-83 and 1984-85 and at ha rves t during a l l the 3 years of exper imenta t ion . The 

da ta have been presented in Tables 5 .4a , 5.4b and 5 .4c , r e s p e c t i v e l y . 

S x F x M i n t e r a c t i o n t h a t inf luenced the shoot number m a t 6 WAS in 

1982-83 and 1983-84 and has been presented in Table 5 .4a shows t h a t F x M 

combinationSat varying seed r a t e s did not have a p a r t i c u l a r t rend of t h e i r 

e f fec t on number of s h o o t s . However, in 1982-83 at F-^I-,, S , r e s u l t e d i n the 

higher number of shoots and each seed r a t e d i f f e red s i g n i f i c a n t l y t o one another . 

At the same t r ea tmen t , in 1983-84, higher number of shoots were recorded but i t 

did not d i f f e r s i g n i f i c a n t l y from S and S . 

The lowest number of shoots in 1982-83 was observed a t ' S F M and 

tha t in 1983-84 was observed a t S F M . 
1 2 1 



i»7 

Table 5.4a. Effect of S x F x M interaction on number of shoots m row length 
at 6 WAS (1982-83 and 1983-84) 

Seed ra te . 

N 
S 2 

•s 

S-| 

S 2 

S3 

s 

SEm+ 

3Em+ 

F 
1 

70.7 

71.7 

91.0 

52.0 

58.2 

60.5 

M1 
F 2 

62.5 

61.7 

86.7 

49.7 

58.?-

61.7 

F? 

69.2 

71.7 

70.2 

54.0 

51.7 

68.7 

198a-

3.6 
10.0 

F 
1 

61.0 

66.5 

86.0 

1983-84 

2.9 
8.1 

55.5 

53.7 

63.7 

M? 
F 2 

60.7 

88.7 

95.7 

• 62.5 

73.5 

55.5 

F J 3 

66.0 

79.2 

107.5 

65.5 

66.5. 

67.0 

S x F x M interact ion influenced the number of shoots ra row length 

at 12 WAS in 1982-83 and 1984-85. The interact ion effect presented in Table 5.4b 

show that in 1982-83 at F M , S recorded the highest number of shoots which 

differed s ignif icant ly from S and S . The l a t t e r two seed rates,however, 

remained at par with each 'other. The same trend was also observed at F M and 
1 1 

FJ'I . At F M and F M each increase in seed rate resulted in a significant 

increase. More or less a similar trend was observed at. F M and F M„ in 1984-85. 
2 1 1 2 

At res t of F x M combinations the seed ra tes did not differ s igni f icant ly . 

In 1982-83 S_F M treatment combination resulted in highest shoot numbei 

per metre row length which differed s ignif icant ly from res t of the treatment 

combination. In 1984-85, however, S J M resulted in highest shoot number but 

i t remained at par with S FJ'I . 
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Table 5»^b. Effect of S x F x M i n t e r a c t i o n on number of shoots m rov; l eng th 
• ' " a t 12 WAS (1982-83 and 198^-85) 

Seed ra te 

S 
1 

s 
1 

s 
2 

S 3 

!S 

3Sm+ 
CD 5% 

SEm+ 
CD55S 

' - F 1 

91.5 

86 .2 

106.2 

77.7 

76.5 

81 .2 

M 
1 

F , 

89 .5 

88.5 

106.5 

77.5 

8'-i-.2 

100.0 

F F 
3 1 

1982-83' 

87.7 78.7 

10^.2 88.0 

9^.0 108.2 

3.2 
8.9 

198^-85 
87 .7 71.7 

88 .5 80.5 

87 .5 97.7 

5 . ^ 
15.0 

M? 
Fa 

93.0 

107.7 

112.7 

91 .5 

90 .2 

69 .5 

F . 

100.2 

106.0 

126.7 

9^.5 

93 .5 

99 .5 

S x F x M i n t e r a c t i o n a t ha rves t i n ' 1 9 8 2 - 8 3 , 1983-8^ and 198^-85 

inf luenced the shoot number m running rov; l eng tn s i g n i f i c a n t l y . The.data 

presented i n Taole 5«^c shov; t h a t during a l l the 3 years a t each method and r a t e 

of FYM app l i ca t i on inc rease in seed r a t e r e s u l t e d in corresponding inc rease i n 

shoot number and S 7 d i f fe red s i g n i f i c a n t l y from S . However, at FJ4 and F 14 , 

in 1982-83 and in 198^-85, 3 p recorded h ighes t number of s h o o t s , wnich remained 

at par with S . ' 

In 19^2-83, S FJ'i r e s u l t e d in h ighes t shoot number and was found to be 

at nar -onlvwwith S F H . On tho other hand i n 1983-8')- tnough 3 J J r e s u l t e d in 
3 1 1 , . 2 3 2 

h ighes t number of shoots but i t was found to be a t par with. S i J , Contrary to 

t h i s in l98'+-85 3 F M r e s u l t e d in higfiest shoot number and d i f fe red s i g n i f i c a n t l ; 

from S.F M . 
3 3 2 
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Table 5 .4c . Effect of 3 x F ,x K i n t e r a c t i o n on number of shoots ra at h a r v e s t 

(1982-83, 1985-84 and 1984-35) 

Seed r a t e 

3 
1 

S 2 

*3 

s 
. 1 

3 2 

3 
1 

S 2 

s 

3lim+ 
CD% 

3Em+ 

3Sm+ 

CD5=/0 

F 
1 

8 8 . 0 

3 5 . 5 

113 .2 

5 1 . 7 

5 3 . 7 

5 9 . 2 

6 2 . 7 

67.O 

7 5 . 5 

M1 
F 2 

8 7 . 2 

' 8'4.2 

104.0 

5 6 . 7 

[ i 9 . 5 

6 0 . 5 

6 0 . 0 

5 4 . 2 

6 4 , 2 

F 3 

19 

7 6 . 7 

101.0 

9 5 . 0 

r i 

182-83 

4 . 0 
1 1 . 2 

: 

5 2 . 2 

6 0 . 0 

6 3 . 5 

6 8 . 2 

6 9 . 5 

6 6 . 0 

1983-84 

2 . 3 
6 . 5 

1984-85 

3 . 2 
9 . 0 

7 7 . 5 

7 4 . 7 

105 .2 

*i 7 . 5 

5 7 . 0 

6 6 . 7 

5 9 . 7 

6 6 . 7 

6 0 . 2 

V 
F2. 

8 3 . 7 

1 0 1 . 2 

109 .2 

6 6 . 2 

5 7 . 7 

6 2 . 7 

6 5 . 5 

. 8 8 . 7 

7 9 . 7 

F 

9 3 . 0 

9 1 . 2 

1 2 4 . 2 

5 9 . 0 

7 1 . 0 

• 6 7 . 2 

7 7 . 0 

6 4 . 5 

7 5 . 0 

Some of the i n t e r a c t i o n s v i z . , S x M a t 8 and 10 WAS 1984-85, F x M 

a t 8 and 12 WAS in 1982-83 and S x F x M at 8 WAS in 1934-85 which inf luenced 

the shoot number only for s i n g l e year have been given i n Appendix XXII,XXIII 

and XXV, r e s p e c t i v e l y . 
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4 . 1 . 3 . Plant. height 

The influence of main effects on the plant height (cm) during 3 years, 

of the study at different stages have been'presented in Table 6 and the 

corresponding analyses of variance given in Appendix I I I , The pat tern of changes 

in the plant heights at different stages of growth has also been depicted 

graphically in F ig .4 . 

An examination of Table 6 and Fig,4 indicates that the plant height 

increased between 9 and 15 WAS due to seed r a t e s , FYM levels and methods of FYM 

application at a fas ter r a t e . The rate of increase after 15 WAS was slowed down, 

During f i r s t year, at 6 WAS and at harvest, the plant height was not 

influenced by seed r a t e s . During 3rd year also the plant height was neither 

influenced at 6 WAS nor at 9| 12 and 18 WAS. At r e s t of the stages i t was seen 

that the lower seed ra te (S ) resulted in t a l l e r plants and with few exceptions 

differed s igni f icant ly with S . The higher seed ra tes (S and S ) generally 

resulted in plants with ident ica l heights , 

The application of FYM did not influence the plant height at 6 WAS in 

1982-33, at 6 and 12 WAS in 198>84 and at 9 WAS in 198*1-85. At res t of the 

stages during a l l the 3 years of experimentation i t was seen that the plant 

height increased with increase in FYM leve l s . The difference between 5 and 10 

t/ha'was not s ignif icant consistently over the 3 years but 15 t /ha invariably 

proved i t s super ior i ty over 5 or 10 t /ha l eve l , 

. Surface application of. FYM (M ) resulted in t a l l e r plants and with the 

exception of that at 9 WAS in 1983-84 and at 6, 9, 12 and 15 WAS in 1984-85 the 

difference was s igni f icant . 
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S x F interact ion at 9 WAS in 1982-83 and 1983-84 (Table 6a), S x F 

in te rac t ion at 18 WAS in 193>84 and 1984-85 (Table 6b), 3 x M interact ion at 

15 WAS in 1982-83 and 1983-84 (Table 6c) and F x M interact ion at harvest in 

1982-83 and 1984-85 (Table 6d) influenced the plant height s igni f icant ly . 

A perusal of data presented in Table 6a shows that by increasing the 

seed ra tes plant heights decreased at a l l the 3 levels of FYM.. In 19S2-83 at F , 

S and in 1983-34 at F S recorded more plant height which remained at par with 

S and differed s ignif icant ly from S . In 1982-83 at F , S and in 198>84 at 

F , 3 recorded the maximum plant height and each seed rate differed s igni f icant ly 

to one another. In 1982-83 at F_ each seed rate did not differ s igni f icant ly 
3 

but in 1983-84 at F , 3 recorded the maximum plant height and differed 

s igni f icant ly from S . However, 3 remained at par with S . At fixed seed rates 

at S and 3 the FYM ra tes were not consistent , but in both the years at S , 

F recorded the maximum plant height and each FYM rate differed s igni f icant ly . 
Table 6a. Effect of S x F interact ion on plant height at 9 WAS (1982-83 and 

1983-84) 

Seed ra tes 
1982-83 1983-84 

F 1 

13.8 

13.6 

12.0 

*2 

15.2 

13.8 

12.8 

0.2 

0.7 

F 3 

15.3 

14.9 

15.2 

F 1 " 

13.2." 

11.2 

9.6 

*2 

12.4 

13.5 

10.9 

0 .3 

1.1 

F 
3 

11.9 

12.7 

13.2 

s 1 

3 
2 

S3 
SEm+ 

CD5% 

S x F interact ion influenced the plant height s ignif icant ly at 18 WAS 

in 1983-84 and 1984-85. Interaction effect data presented in Table 6b. show that 

during both the years at a l l the levels of'FYM, when the seed ra t e s were increased 
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the plant heights decreased s igni f icant ly . During 1933-84 S resulted in maximum 

plant height at F and F and i t was s ignif icant ly higher than S_. In 1984-85 

also S resulted in maximum plant height at F and differed s ignif icant ly from 

S... In 1983-84 at F , S_ recorded the maximum plant height and differed 
3 2 1 

s igni f icant ly from S 7 . However, 3 remained at par with S and S but in 1984-85 

at F , S recorded more plant height which differed s ignif icant ly from S and S . 

These two were at par with each other . In 1984-85 F and F were not consistent 

in t he i r effect at different levels of seed r a t e s . 

Table 6b. Effect of *> x F interact ion on plant height at 18 WAS (1983-84 and 
1984-85) 

Seed ra tes 

S 
1 

S 
2 

°3 
SEm+ 

CD5% 

F 
1 

51.4 

48.8 

46.2 

+(1983-
F2, 

53.5, 

51.9 

50.3 

1.0 

3.1 

-84 
F , 

54.5 

51.3 

53.9 

F 
1 

54.4 

50.5 

55.8-

1984-85 
F 2 

55.7 • 

59.3 

55.3 

1.2 

3.8 

F . 

59.7 

58.0 

55.5 

At fixed seed ra tes during both the years increase in FYM rates^ resul ted 

in an increase in plant height. At S„ the results were not consistent but at S„ 
1 - 2 

during both the years, F recorded more plant height and in 1983-84 i t remained 

at par. with F and F but in 1984-851 i t remained at par with F.. and differed 

s igni f icant ly from F . In 1983-84 at S , F recorded more plant height, each 

FYM ra te differed s ign i f i can t ly . However, during 1984-85 F recorded maximum 

plant height and each FYM rate remained at par with one another. 

S x M interact ion at 15 WAS during 1982-83 and 1983-84 presented in 

Table 6c influenced the plant height s ign i f icant ly . I t was observed that in both 
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the years inc reas ing the seed r a t e s a t both the methods decreased the p l a n t 

h e i g h t . In 1982-83. at M and i n 1983-84 a t M_, seed r a t e S and S 2 remained a t 

par v.ith each other and"differed s i g n i f i c a n t l y from S . In 1982-83 at M and 

i n 1983-8^ .at M , the maximum p lan t he ight was recorded a t S , but i f d i f f e red 

s i g n i f i c a n t l y from S and S . The l a t t e r two were at par with each o t h e r . While 

comparing the methods (M and M ) a t f ixed seed r a t e s i t was seen tha t sur face 

a p p l i c a t i o n of FYM (M ) recorded more p lan t he ight and d i f f e r ed s i g n i f i c a n t l y 

from inco rpo ra t i on (M ) , except i n 1982-83 a t S jwhere both the methods were 

a t par with each o t h e r . , 

Table 6 c . Effec t of S x M i n t e r a c t i o n on p l an t he igh t a t 15.WAS (1982-83 and 
1983-84) ' . 

Seed r a t e s 1985-83 • 1983-84 
M„ ' M„ ' ' . M ' M„ 

_j z : a 2_ 
s 1 63 .3 65.6 49.5 •• 5 0 . 3 

s 2 63 .2 63.1 44.6 51.4 

°3 
60.4 64 .2 44.8 46.7 

3Em+ 0.6 0 . 5 

CD5% 1 .9 1 .6 

F x M i n t e r a c t i o n at ha rves t presented in Table 6d ind ica t ed t h a t 

i n c r e a s i n g the FYM r a t e s in both the years inc reased the p l a n t h e i g h t . In 

1982-83, a t M and M and in 1984-85 a t M , F recorded maximum p lan t h e i g h t , 

which 'd i f fe red s i g n i f i c a n t l y from F . With M during both the years the 

d i f fe rence was s i g n i f i c a n t even with F . 
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Table 6d. Effect of F x M interaction on plant height at harvest (1982-83 and 
1984-85) 

FYM levels 1982-83 1984-85 
H1 

67.5 

69.0 

73.9 

0, 

2, 

M2 

71.5 

73.8 

7^.6 

.8 

.3 

M1 

53.5 

54.3 

.58.6 

0.9 

2.6 

M2 

56.0 

61 .1 , 

58.6 

F 2 

F 3 

SEra+ 

CD5% 

When,the FYM a p p l i c a t i o n methods were compared a t f i x e d FYM r a t e s i t 

was seen t h a t in 1982-83 a t a l l the l e v e l s of FYM and i n 1984-85 only a t F , M 

recorded more p lan t height which d i f fe red s i g n i f i c a n t l y from ty • In 1984-85, at 

F and F , both the methods of app l i ca t i on of FYM were a t par with each o t h e r . 

The s i n g l e year i n t e r a c t i o n s which inf luenced the p l a n t he igh t 

s i g n i f i c a n t l y v i z . , S x F i n t e r a c t i o n at 12 and 15 WAS in 19&3-84, a t ha rves t 
> 

i n 1984-85 (Appendix XX). S x M i n t e r a c t i o n . a t 6 WAS in 1982-83 a t 9 and 12 WAS 

i n 1983-8A-, a t ha rves t i n 1984-85 (Appendix XXII) . S x F x M i n t e r a c t i o n a t 6 

WAS i n 1982-83 a t 9 WAS in 1983-84, a t ha rves t i n 1984-85 have been given i n 

Appendix XXV. 

4.1.4, Green matter production • 

The data on green matter accumulation (g/m ) at different stages viz., 

6, 10, 14, 18 WAS and at harvest during the growth period of crop as influenced 

by different treatments have been given in Table ?• The corresponding analyses 

of variance have been appended in Appendix IV, 

An examination of data presented in Table 7 shows that during all the 

three years the green matter accumulation increased progressively at all the stages 

of growth upto 18 WAS and registered a decline at harvest. 
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As the seed ra tes increased the green matter accumulation also 

registered an increase and the difference between 100 and 125 kg/ha seed ra te 

was s ign i f ican t . Only at some of the stages v i z . , 1 0 and 1*+ WAS in 1982-83, 14 

and 18 WAS and at harvest in 1984-85 and at harvest in 1983-84 the differences 

between 125 and 150 kg seed rate/ha was not s igni f icant . Like seed ra tes the 

increase in FYM rates also resulted in an increase in$fo£Vmatter accumulation. 

15 t /ha FYM resulted in highest green matter production at a l l the stages during 

a l l the 3 years of experimentation and'differed s igni f icant ly from 5 t /ha . The • 

differences between 5 and 10 t /ha however, was not s ignif icant at 14 WAS and at 

harvest in 1982-83, at 18 WAS in 1983-34 and at 14 and 18 WAS in 1984-85. Also, v 

the difference between 10 and 15 t /ha was not s ignif icant at 6 and 14 WAS and at 

harvest in 1982-83 and at 14 and 18 WAS in 1934-85. 

In respect of methods of application of FYM i t was in teres t ing to note 

that surface application of FYM (M ) always proved to be superior to incorporation 

(M ) and the difference was significant at a l l the stages of growth during a l l 

the 3 years of inves t igat ions . 

The f i r s t order of in terac t ion effect of seed ra te x FYM rate (S x F) 

at 6 WAS was found to influence the green matter production s ignif icant ly during 

a l l the three years (Table 7 .1a) . I t was noticed that F and F in 1982-83 and 

1984-85 .and at F in 1983-84 each increase in seed resulted in a s ignif icant 

increase in green matter production. At r e s t of FYM rates during different years 

the increase was found to be s ignif icant only upto F l eve l . 

At fixed seed ra tes in 1982-83 at S and S , F.. recorded the highest 

green matter production which differed s ignif icant ly from F and F . The l a t t e r 

two remained at par with each other. In 1983-84 and 1984-85 also at S„, F_ 
• 3 

recorded the highest green matter which remained at par with F' and differed 
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s i g n i f i c a n t l y from F . In 1982-83 a t S , F ? r e g i s t e r e d the h ighes t green 

mat ter product ion which d i f fe red s i g n i f i c a n t l y from F and F_ . The l a t t e r two 

remained at par with each o t h e r , 

Table ? ,1a . Effec t of S x F i n t e r a c t i o n on green matter accumulation (g/m ) a t 
•6 WAS (1982-83, 1983-84 and 1984-85) 

Seed r a t e s 

0 
1 

S 2 

0 

SEm+ 

CD5% 

F 1 

22.6 

25.6 

27.6 

1982-83 
F 2 

22.7 

26.8 

29,5 

0 . 5 

1.4 

F 
*3 

24.4 

29 .3 

27.7 

F 1 

16.O 

21.1 

21.5 

1983-84 
F 2 

18.8 

22.0 

25.7 

0 .5 

1.5 

F 3 

20.2 

25.2 

25.6 

r i 

19.5 

23.4 

25.1 

i 

1984-85 

\ 

21.3 

24.3 

28.2 

0 .4 

1.2 

F? 

22.4 

28.1 

28.'5 

Exact ly the same S x F i n t e r a c t i o n e f f e c t was not iced at 10 WAS i n 

198>84 and 1984-85, The i n t e r a c t i o n e f fec t p resen ted i n Table 7.1b shows tha t 

inc rease in seed r a t e s r e s u l t e d in an inc rease i n green mat ter p roduc t ion , Durinj 

both the vears i t v/as seen that at F„ and F_ each incre-ase i n seed r a t e r e s u l t e d 
1 2 

i n corresponding s i g n i f i c a n t inc rease i n green m a t t e r . At F , , however, the 

inc rease was not iced only upto S l e v e l . 

Table 7 .1b . Effec t of S x F i n t e r a c t i o n on green mat ter product ion a t 10 WAS 
(1983-84 and 1984-85) 

Seed r a t e ; 

S 1 

S 2 

SBrn+ 

V 
6 1 . 3 

77 .7 

82 .5 -

1983-84 

F ? 

70.9 

83.0 

88.8 

.1 .3 

2.7 

F 3 

76.5 

90.2 

88.0 

F i 

65.5 

86.4 

91.0 

1984-85 
F 2 

74.2 

89 .5 

94 .3 

1.1 

3 .3 

F 3 

82.5 

97.0 

94.9 
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At.ieach seed r a t e i t was a l so observed that i n c r e a s e i n FYM r a t e 

r e s u l t e d i n an inc rease i n green matter p roduc t ion . In 1983-84 a t S and S 

and i n 1984-85 a t S , F 7 recorded the h ighes t green mat ter which d i f fe red 

s i g n i f i c a n t l y from each FBI r a t e . At S i n 198^-84 as well as i n 1984-85 F 2 

and F recorded s t a t i s t i c a l l y same green mat ter but d i f f e red s i g n i f i c a n t l y from 

S x M i n t e r a c t i o n e f f e c t ' on green mat ter product ion a t 6 and 10 WAS 

i n 1983-8^ and 1984-85 presented in Table 7.1c shows t h a t a t 6 WAS i n both the 

years the inc reased seed r a t e s a t M and M and a t 10 WAS i n 1985-84 a t M and 

i n 1984-85 at M , S (150 kg seed r a t e ) r e s u l t e d i n s i g n i f i c a n t l y higher green 

matter p roduc t ion , which d i f fe red s i g n i f i c a n t l y from S and S (lOO and 125 kg 

seed r a t e / h a ) . At 10 WAS in 1983-84 a t M and i n 1984-85 a t M , S recorded 

h ighes t green mat ter which remained a t par with S and d i f f e red s i g n i f i c a n t l y 

from S„ . 
1 

Table 7 . 1 c . Effect of 3 x M i n t e r a c t i o n on green mat ter product ion a t 6 and 10WAS 
(1985-84 and 1984-85) 

Z^Z i * ^ _ - igw-ag 
:
 Hi MP N . l j? 

6 WAS 

16.3 20.4 19.5 22.7 o 
1 

S 2 • 21.7 23.8 24.0 26.4 

s 3 23 .3 25.1 27.7 27.9 

3Em+ 0 . 3 0 . 3 

CD5% 1.0 0 .9 

,10 WAS 

Sn 63.9 75.6 69.O 7 9 . ^ 

s 2 80 .3 86 .7 88.1 93.8 

S - 82 .4 90 .3 91 .2 95 .4 
y 3i;m+ 0 .9 0.8 ' 

CD5^ 2 .7 2 .3 
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While comparing the methods of i~rXM a p p l i c a t i o n at f ixed seed r a t e , 

except at 6 WAS i n 1934-85 a t S-.,ffe$L two methods ' • d i f f e r s i g n i f i c a n t l y 

but in r e s t of the cases in both the years a t 6 and 10 WAS a t fixed seed r a t e M_ 

recorded higher green matter product ion and was s i g n i f i c a n t l y supe r io r to H . 

3 x H i n t e r a c t i o n at 18 WAS during 1983-84 and 1984-85 presented i n 

Table 7.. 1d shows the s imi l a r t rend as discussed a t e a r l i e r s t ages i n Table 7 .1c . 

During 1983-84 a t M each increase i n seed r a t e r e s u l t e d in ^ s i g n i f i c a n t tte---

i nc rea se i n dry mat te r p roduc t ion . In 19&3-84 a t M and i n 1984-85 at M and M-, 

the increased seed r a t e , 150 kg/ha (S , ) r e s u l t e d i n higher green mat ter 

product ion which remained at par with 2 and d i f fe red s i g n i f i c a n t l y from S . 

While comparing the methods of a p p l i c a t i o n of FYH i n both the years a t lower seed 

r a t e 3 H recorded higher green matter product ion which d i f fe red s i g n i f i c a n t l y 

from M . However, a t medium and higher seed r a t e s i n both the years methods of 

FYM a p p l i c a t i o n (M and M ) did hot d i f f e r s i g n i f i c a n t l y . 

Table 7. Id.. Effect of S x M i n t e r a c t i o n on green matter product ion (g/m ) at 18 
WAS (1983-84 and 1984-85) 

T^T^Z ' : 1983-84 1984-S5 

s 
1 

3 2 

S3 

M1 

782.7 

855.2 

878.0 

M2 

844.4 

871.1 

879.5 

M1 

881.3 

944.6 

969.0 

M2 

928.4 

964.6 

964.0 

SEm+ 5.9 10.1 

0D% 16.9 28.7 
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In the year 1982-83 and 1983-84 the interact ion effect of F x M 

influenced the green matter accumulation s ignif icant ly (Table 7 . l e ) . In both the 

years at each method increase in FBI ra tes resulted in a s ignif icant increase in 

green matter accumulation. At the sametime at each level surface application 

resulted in s ignif icant ly higher green matter accumulation. During both the years 

FJ'I resulted in highest green matter accumulation, which differed s igni f icant ly 

from rest of the treatment combinations. 

Table 7 . l e . Effect of F x M interact ion on green matter production at 10 WAS 
(1982-83 and i9o>84) 

FBI levels 
1982-83 1983-84 

M1 

83.0 

85.6 

88.8 

0, 

1, 

.3 

.0 

M2 

86.5 

96.0 

100.8 

M1 

71.5 

75.1 

80.1 

0.9 

2.7 

M2 

76.1 

86.8 

89.7 

F 
1 

F 2 

3 

3Em+ 

CD5% 

At 18 WAS, F x M interact ion influenced the green matter production 

s ignif icant ly in 1982-83 and l9°3-84. The interact ion effect data presented in 

Teb'e 7.lf show that in 1982-83 at I"^, increasing ra tes of FBI did not differ 

s igni f icant ly . In 1983-8'+ at M.., F7 recorded higher green-matter production 

and differed s ignif icant ly from F . 

In 1982-83 at M , each increase in FYM resulted in a significant increase 

in green matter production. In 1983-34 with the same method of FBI application 

the signif icant increase was noticed only upto F l eve l . 
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Table 7 . i f . Effect of F x M i n t e r a c t i o n on green matter product ion a t 18 WAS 
(1982-83 and 1983-84) 

_ _ . 1982-83 1983-84 
FYM l e v e l s c "*— M1 M 2 M 1 \ 

F 1072.8 1073.5 84-3.1 843.6 

F 2 1077.8 1107.4 825.3 869.1 

F_ 1079.^ 1150.1 847.4 882.4 

3Em+ 7.4 5.9 

C-D5& 2 1 . 1 17.0 

At f ixed r a t e of Fffi in both the years a t F , the methods did not d i f f e r 

s i g n i f i c a n t l y but at both the higher r a t e s a t (F and F ) , M r e g i s t e r e d higher 

green matter product ion during both the years and i t d i f f e r ed s i g n i f i c a n t l y 

from M . 

The d a t a on the e f f e c t of F x H i n t e r a c t i o n on green mat ter product ion 

at ha rves t i n 1983-84 and 1984-35 presented i n Table 7.1g show t h a t in both the 

years a t M , the d i f fe rence between F and F was not s i g n i f i c a n t but as t h e FYM 

r a t e was increased to F the d i f fe rence became s i g n i f i c a n t . In both the years 

a t K , however, the d i f f e rences become s i g n i f i c a n t even at lower FYM r a t e a l s o . 

The inc rease in FYM r a t e from F to F did not inc rease the green mat ter 

accumulation s i g n i f i c a n t l y . 

Effec t of F x M 
ha rves t (1983-84 and 1984-85) 

Table 7 .1g. Effec t of F x M i n t e r a c t i o n on green matter product ion (g/m ) at 

M. Mp **1 " 2 

F 1 ^79.5 ^81.1 536.3 53^.2 

F 2 476.1 533.3 531.3 590.0 

F 3 511.6 5^5.3 568.7 613.0 

SEm+ 5.5 8 .5 

CD5% 15.6 , 24.1 
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At fixed ra te of FYM at F during both the years /the difference between 

tv/o methods was not s igni f icant . At F and F , during both the years the higher 

green matter accumulation was at M which differed s ignif icant ly from M . 

The second order of interact ion S x F x M influenced the green matter 

production s ignif icant ly at 6 WAS in a l l the 3 crop seasons. Interaction effect 

data presented in Table 7.2a reveal that the effect of increasing seed ra tes was 

more pronounced in 1982-83 and l98;+-85 with the exception of that at FJ4 and FJI 

in 1982-83 at 'each of the FTQ-1 combination during both the years the increase in 

seed ra tes resulted ir̂  s ignif icant increase in green matter production. At FJ! 

and F_M the increase was only upto S leve l . The seed ra tes did not differ 

s ignif icant ly from one another in 1983-8^. The highest green matter production 

' in 1^82-83 was obtained at S F M -
2 3 2 

Table 7.2a. Effect of S x F x H interaction on green matter production (g/m ) 
at 6 WAS (1982-83, 1983-8^ and 198^-85) 

Seed rates 

S 1 
S 2 

S_ 

3 1 
S 2 

s 

3 
1 

3 2 

S 

3 

SEm+ 

SEm+ 

am 

SEm+ 

F 1 

22.6 

25.6 

27.9 

13.1 

20.5 
21.6 

16.8 

22.9 

25.2 

H1 
F 2 

22.7 

25.6 

28.0 

17.5 
21.'+ 

2^.2 

' 20.6 

22.5 

27.^ 

F? 

22,1 
•28.1 

. 27.1 

l8.*t 

23.2 

2^.3 

21.2 

26.5 

27.3 

1982-83 

0.7 
2.2 

I98>8*f 

2.9 
8.1 

198^85 

.0.7 
1.9 

F 1 

22.6 

25.5 

27.2 

19.0 

21.7 

21.5 

22.3 

23.9 

25.0 

M2. 
F2 

' 22.8 

28.2 

31.0 

20.3 

22.8 

27.3 

22.1 

' 25.9 

29.0 

F 3 

26.6 

30.^ 

28.2 

21.9 
27.0 

26.6 

23.7 

29.^ 

29.7 
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In 1984-85 though the highest green matter yield v/as obtained at SJT-M 

but i t remained at par with 8 F M , Incidently in 1983-84 though the highest 

green matter yield'was obtained at S F H but i t also remained at par vdth S F M , 

The interact ion S x F x M influenced the green matter accumulation 

s ignif icant ly at 10 WAS also in 1985-84 and 1984-85. The data presented in 

Table 7.2b reveal that at each method and FYM level an increase in seed ra te 

resulted in an increase in green matter production during both the years. 

During 1983-84 and 1984-85 S F_M_ resulted in highest green matter 

production which was at par with S_F M„ and S_F ML and differed s ignif icant ly 
3 2 2 - 3 3 2 

from res t of S x F x M treatment combinations. 
p 

Table 7.2b. Effect of the S x F x M interaction on green matter production (g/m ) 
at 10 WAS (1983-84 and 1984-85) 

Seed ra te 

S 
1 

S 
2 

S 3 

s 
1 

S 2 

S v 
5 

s 

SEm+ 
CD5£ 

SEm+ 

F 1 

53.3 

77.8 

84.4 

58.4 

85.2 

91.6 

M1 

F 2 

. 

64.1 

78.3 

82.9 

71.1 

86.5 

90.1 

h 
.1283-84 

74.4 

84.9 

81.0 

4.2 • 
11.0 

1984-85 

77.2 

92.8 

91.9 

1.8 
5.0 

F 1 

69.5 

77.3 

81.5 

72.5 

87.2 

89.9 

M2 

F 
2 

) 

78.2 

87.6 

94,7 

78.1 

93.4 

99.2 

F 
3 

79.0 

95.2 

94.9 

87.5 

100.9 

97.2 



6 5 

Some of the s ing l e year f i r s t order i n t e r a c t i o n s v i z . F x M at 6 WAS 

in 1982-83, F x M at 14 WAS in 198^-85 have' been presented in Appendix XXIII 

and second order i n t e r a c t i o n S x F x H a t 18 WAS in 1982-83 and a t ha rves t i n 

1983-84 were•also found to be s i g n i f i c a n t and have been presen ted in Appendix 

XXIX. -

4 . 1 . 5 . Dry matter product ion 

The t rea tment e f f ec t s on dry mat ter accumulation (g/m ) at d i f f e r e n t 

s t ages of growth dur ing 3 years have been given in Table 8. The corresponding 

analyses of var iance for the 3 years have embodied in . Appendix V. The da t a 

have a l so been p resen ted g r a p h i c a l l y in F i g . 5 . 

An examination of F ig .5 i nd i ca t eds t h a t during a l l the 3 years under 

a l l the t rea tments the dry mat ter accumulation was slow between 6 and 10-WAS, 

l a t e r on at l4 and 13 WAS the dry matter accumulation increased p r o g r e s s i v e l y . 

From 18 WAS onwards the re wwas a dec l ine in dry matter p roduc t ion . 

A perused of the da ta (Table 8) reveals, t h a t with the except ion of 

t h a t of 14 WAS in 1982-83, at 18 WAS and a t ' h a r v e s t in 1984-85 and a t h a r v e s t 

i n 1983-84 each inc rease in seed r a t e brought a s i g n i f i c a n t inc rease over i t s 

proceeding: seed r a t e . 

.Like seed r a t e s the FYM leve'ls a l so , inf luenced the dry mat ter 

product ion s i g n i f i c a n t l y . I t was at 18 WAS in 1984-85 t h a t the d i f f e rences 

between F and F and F and F was not s i g n i f i c a n t . At h a r v e s t , i n 1983-84 

the d i f fe rence between F and F , a l so was not found to be s i g n i f i c a n t . At r e s t 
2 , 3 

of the stages during the entire course of this investigation each increase in 

the FYM rate brought a significant increase in dry matter production over its 

lower level. 
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Surface app l i ca t ion of FYM (M ) was s i g n i f i c a n t l y - s u p e r i o r to K̂  and 

produced higher dry matter per un i t area during a l l the 3 years a t a l l the 

s t ages of crop grov.'th. ' . 

S x F i n t e r a c t i o n tha t affected the dry mat ter product ion a t 10 WAS i n 

1983-8^ and 198^-85 (Table 8.1a) shows tha t during both the years a t ' e a c h l e v e l 

of FYM, S r e s u l t e d in lowest dry matter product ion and d i f f e r ed s i g n i f i c a n t l y 

from S i . On occasions the d i f fe rence between S and S , , however, was no t JJ 2 3 

s i g n i f i c a n t . S i m i l a r l y at each seed r a t e , F r e s u l t e d in lowest dry mat te r 

product ion and d i f f e red s i g n i f i c a n t l y from F during both the y e a r s . Each increase 

i n FYM brought an inc rease in dry ma t t e r /p roduc t ion . Only a t S in 198A-85 the 

d i f fe rence between F and F and a t S in 1983-84 as well as in 1984-85 the 

d i f fe rence between F and F was not s i g n i f i c a n t . 
2 • 5 

Table 8.1a. Effect of B x F i n t e r a c t i o n on dry matter product ion (g/m ) a t 
10 WAS (1983-8^ and 1984-85) 

Seed r a t e s 

S 
1 

s 
2 

S 3 

SEITIH-

F 1 

13.7 

17.9 

19.2 

1983-84 
F 2 

16.3 

19.3 

20.5 " 

0 . 3 

0 .9 

F 3 

17.6 

20.8 

21.0 

# 

F 
1 

16.4 

22". 6 

23.6 

1984-85 
F 2 

19.3 

23.3 

24.9 

' 0 . 3 . 

1.0 

F ^ 

21.3 

25.7 

24.7 

m l^o Or\0. 

5 x F i n t e r a c t i o n t h a t a l so affected the dry matter product ion a t 1^ WAS 

33 and 1983-8'+ and lias been presented in Table 8.1b shows tha t i n c r e a s i n g . 

the seed, r a t e s increased the dry mat ter at a l l the l e v e l s of FTM. During 1983-84 

a t a l l the l e v e l of FYM and in 1982-83 a t F , S recorded more dry matter 
2 3 

product ion which d i f f e red s i g n i f i c a n t l y with S and o . At a l l the l e v e l s of FYM 

the lowest seed r a t e r e s u l t e d in the lowest dry matter p roduc t ion . 
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Table 8.1b. Effect of S x F interact ion on dry matter production (g/ra ) at 
14 WAS (1962-83 and 1983-84) 

Seed r a t e ; 

S 
1 

s 
2 

• s 

s 

• 

SEm + 

F 
1 

331.0, 

359.5 

360.1 

1982-83 
Y 

2 

340.0 

364.0 

372.2 

2.2 

6.4 

F 
3 

350.7 

366.6 

372.8 

• 

F i 

216.0 

239.8 

250.6 

1983-84 
F 2 

227.3 

250.6 

278.3 

3ok 

9.7 

F5 

245.4 

260.8 

288.2 

At increased level of FYM at a l l the seed rates increased the dry mattei 

production. In 1983-84, at a l l the seed ra tes and in 1982-83 at S , F recorded 

more dry matter, which differed s ignif icant ly from F and F . During 1982-83 at 

S^, F differed s ignif icant ly from F but F remained at par,with F_ and F . 

However, at S , F remained at par. with F and differed s ignif icant ly from F . 

3 x H interact ion influenced the dry matter production s igni f icant ly at 

10 V/AS in 1983-84 and 1984-85. The interact ion effect data presented in Table 

U.1C show that with each, method of FYM application, S resulted in lowest dry 

matter production during both the years and i t differed s ignif icant ly from S and 

Table 8.1c. Effect of S x M interact ion on dry matter production (g/m ) at 10 WAS 
(1983-84 and 1984-85) 

Seed ra tes 
1983-84 

M1 

14.4 

'18.5 

19.0. 

0.2 

0.6 

\ 

M,h 

20.5 

21.4 

1984-85 
M 1 

M. 

SEm+ 

CD5f0 

17.5 20.5 

22.9 • . 24.7 

23.7 . 25.2 

0.2 

0.7; 
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S . The d i f ference between S^ and S_ at M„ i n 1983-84 and at M„ i n 1984-85, 
3 2 3 1 . , c 

however, was not s i g n i f i c a n t . I t was however, i n t e r e s t i n g to note tha t at each 

seed r a t e during both the years , M r e s u l t e d in. s i g n i f i c a n t l y higher dry matter 

product ion over M . 

F x M i n t e r a c t i o n e f f e c t s i g n i f i c a n t l y inf luenced the dry mat ter 

product ion a t 10 WAS during a l l the 3 years of exper imenta t ion . The i n t e r a c t i o n 

a f fec t da t a presented i n Table 8.1d show t h a t i t was only at M i n 1982-83 when 

the FYM l e v e l s did not d i f f e r s i g n i f i c a n t l y from one anoth-fer. Otherwise during 

r e s t of the years with each method, each, i nc rease i n FYM l e v e l r e s u l t e d i n a 

s i g n i f i c a n t inc rease i n dry matter p roduc t ion . I t was a lso i n t e r e s t i n g to note 

t ha t during a l l the 3 years at each l e v e l of FYM, M r e s u l t e d i n s i g n i f i c a n t l y 

higher dry matter product ion as compared to M .. 

Table 8 . l d . Ef fec t of F x M i n t e r a c t i o n on dry mat ter riroduction (g/m ) a t 10 WAS 
(1982-83, 1983-84 and 1984-85) 

FYM leve 

F 1 

F 2 

F3 

I s 

SEm+ 

cb% 

1982. 
M1 

20 .3 

21 .3 

22.2 

0 . 3 

' 0 .9 

-83 

V 
'21 .6 

2'4.3 

26.1 

: 1985-
M1 

16.4. 

17.3 

• 18.4 

•^ 0 . 

0, 

.84 
M2 

17.6 

20.2 

21.2 

.2 

.6 

1984-85 

a 

20.1 

21.4 

22.7 

0 . 2 

.0.7 

M2 

21.5 

23.8 

25.2 

-

F x M i n t e r a c t i o n also inf luenced the dry mat ter product ion s i g n i f i c a n t l y 

a t 14 WAS (Table 8 . 1 e ) . Like tha t at 10 WAS.at t h i s s tage a l so i t was seen tha t 

F r e s u l t e d in lowest dry matter p roduc t ion . The FYM l e v e l s however, did not 

d i f f e r s i g n i f i c a n t l y from one, another at M i n 1984-85. The d i f fe rence between 

F and F 7 at M in 1982-83 also was not s i g n i f i c a n t . 
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Table 8 . l e . Effect of F x M i n t e r a c t i o n on dry mat ter product ion (g/m ) at 14 WAS 
(1982-83, 198>84 and 198A-85) 

FYM l e v e 

F 
1 

i' 
2 

F 5 

i s 

SEm+ 

CD5% 

1982-83 ' 
M 1 M 2 

346.4 . 354.3 . 

351.7 366.8 

350.7 374.4 

1.5 

^ 

1983-8*1 
M1 

232.5 

243.7 

254.6-

2.4 

6.8 

L 

M2 

237.1 

260.7 ' 

276,1 

1984-85 

1 2. 

308.3 311.5 

• ' 314.0 333.5 

321.1' ' 350.7 

5.7 

1.6.7 

Like t h a t a t 10 WAS a t t h i s s tage a l so during a l l the 3 years at each 

l e v e l of FYM, M r e s u l t e d in higher dry mat ter production as compared to M , 

however, the d i f fe rence was not s i g n i f i c a n t a t F i n 1983-84 as well as in 

1984-85. 

At 18 WAS, F x H i n t e r a c t i o n e f f e c t was found t o be s i g n i f i c a n t during 

the f i r s t two years' , where i t was seen t h a t with each method of FYM app l i ca t i on 

an i nc rea se in FYM re su l t ed in a corresponding inc rease i n dry matter ' p roduc t ion . 

Only a t M i n 1983-84 an inc rease i n FYM l e v e l from 10 to 15 t / h a did not r e s u l t 

i n a s i g n i f i c a n t i nc rease (Table 8 . l f ) . F u r t h e r , i t was seen tha t only at lower 

l e v e l of FYM (F ) the d i f ference between M and M was not s i g n i f i c a n t . At -
\~/> ' t~-

higher levels, M always resulted in significantly higher dry matter production. 

Table 8.1f. Effect of F x M interaction effect on dry matter accumulation (g/m ) 
at 18 WAS (1982-83 and 1983-84) 

^TZZ " M i?82-8\ - zzMm 
M- Mg 

F 1 499.9 508.3 

F 2 505.6 536.1 

F 7 511.8 563.2 

SEm+ 3.0 
CD5/0 8.7 

M 1 . 
382.2 

374.5 

385.4 

/ 

2.3 
6.0 

M2 

385.1 

404.2 

404.3 
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At harvest, the interaction.effect (F x M) was found to be-significant 

in 19-83-84 and 1984-85. The interaction effect data presented in Table 8.1g show 

that the effect of FYM levels did"not remain so conspicuous till harvest in 

19O3-84. It was seen that only at H_, the dry matter increased significantly 

and that too only upto F„ level. In 1984-85, however, vdth each method of 

application an increase in FYM level resulted in a significant increase in dry 

matter production over its preceding level. 

Table 8.1g. Effect of F x M interaction on dry matter accumulation (g/m ) at 
harvest (1983-84 and 1984-85) 

£ ill l eve lE 

F 
1 

T?_ 

F 3 

3 
M1 

331.9 

332.6 

339.8 

1983-

6.3 

18.0 

•84 

MP 

325.7 

365,3 

375.0 

M1 

382.5 

380.4 

4io.6 

1984-

# 

6.2 

17.6 

.85 
M 

2 

38i»7 

429.4 

448.6 

Like that at 18 WAS, at this stage also the differences between 

application methods were visible only at higher levels of FYM. At F both the 

application methods were found to be at par v/ith each other during both the years. 

The 2nd order of interaction (S x F x M) influenced dry matter 

accumulation at 10 WAS significantly during all the 3 years of experimentation. 

The interaction effect data presented in Table 8.2a show that during all the 

3 years vdth each method of application at different levels of FYM, the increase 

dry matter production was sharper when the seed rate was increased from S to S . 

The increase from S to S did not influence the dry matter production so 

markedly, • 
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I t was in teres t ing to note that S F M resulted in higher dry matter 

production in 1984-85 and differed s ignif icant ly from SJfyi^. In 1982-83 and 

1983-84 though S J M resulted in highest dry matter production but i t was at 

par with S F M . 
p 

Table 8.2a. Sffect of S x F x M interact ion on dry matter-production (g/m ) at 
10 WAS (1982-83, 1983-84 and 1984-85) 

Seed ra te 

S 
1 

s
2 

3 3 

s 
1 

s 
2 

S 3 

s 
1 

S 2 

S 
3 

s 

SEm+ 
CD5% ' 

SEm+ 

SEm+ 

F 1 

15.8 

21.7 

22.3 

11.7 

17.9 

19.4 

14.2 

22.3 

23.8 

M1 
F 

18.7 

22.5 

22.6 

14.6 

18.2 

19.0 

18.3 

22.3 

23.4 

F 3 

19.4 

. 23.6 

23.6 

17.0 

19.5 

18.7 

20.0 

24.1 

23.8 

1982-83 

0.7 
2.0 

1983-84 

0.5 
1.4 

1984-85 

0.5 
1.5 

T: 

19.2 

22.8 

22.9 

15.9 

17.9 

18.9 

18.4 

22.7 

23.3 

M2 

V , 
20.9 

25.0 

26.5 

18.0 

20.4 

22.0 

20.5 

24.4 

26.6 

' 

F 3 

22.5 

27.5 . 

28.1 

18.2 

22.2 

23.2 

20.7 

27.2 

25.7 

At 14 WAS, the interact ion effect of seed ra tes x FIM levels x methods 

of application.of FYM was found to be significant in 1982-83 and 1983-84 only 

(Table 8.2b). An examination of data table indicate that at th is stage the 
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effect of seed rates in increasing the dry matter yield was more pronounced as 

it was increased from S to S . . The differences between S and S, were not so 

marked. 

During both the years , i t was seen t h a t S^FJl r e s u l t e d i n h ighes t dry 

matter p roduc t ion . I t was i n t e r e s t i n g to note t ha t during both the years a t each 

seed r a t e a medium l e v e l of FYM (F ) with M was e i t h e r more e f f i c i e n t or as 
' 2 2 

e f f i c ien t as F .with M method of FYM a p p l i c a t i o n . 

_2N Table 8 .2b . Effect of 3 x F x M i n t e r a c t i o n on dry matter product ion (g/m^) a t 
14 WAS (1982-83 and l98>-84) 

Seed rates 

S 
1 

S2 

S 3 

s 
1 

S 2 

S_ 

SEm+ 

CD5% 

3Em+ 

CD5# 

F 1 

320.4 . 

3S0.7 

358.2 

209.4 

241.7 

246.5 

F2, 

334.1 

357.2 

363.9 

222.0 

239.0 

270. 1 

F , F • 
3 1 

1982-83 

339.6 3^2.3 

350.4. 359.1 

362.2 360.5 

3 .4 

9 .6 

1983-84 

235.9 ' 223.3 

24J.1 242.9 

284.7 252.7 

10.2 

28 .3 

M2, 

F 

3^7.4 . 

372.2 

380.9 

234.7 

261.3 

286.2 

F , 

360.5 

338.7 

381.1 

275.8 

278.3 

292.1 

The i n t e r a c t i o n e f f e c t s between S x F, at 6 WAS i n 1983-84 and S x F 

a t 18 WAS in 1982-85 (Appendix XX), 5 x 11 at 6 WAS i n 1983-84, S x M a t 18 WAS 

i n 198>84 , S x M at ha rves t i n 1984-85 ..(Appendix XXII), F x M, a t 6 WAS i n 1982-83 
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(Appendix XXIII) . S x F x M at 18 WAS i n 1982-83 (Appendix XXV) were found to 

be s i g n i f i c a n t only during one 'year and have,, the re fore been given i n the 

Appendix s e c t i o n . 

4 . 1 . 6 . Per cent dry mat ter accumulation 

The da ta on ' t he p rogress ive per cent dry mat ter accumulation a t 

d i f f e r e n t s t ages have been given in Table 9 . On those s t ages v/here the v a r i a t i o n 

in the da ta was below 30 per cen t , Square root t ransformat ion was followed and 

v/here the v a r i a t i o n ranged between 30 and 70 per cen t , angular t ransformat ion 

was fol lowed. The o r i g i n a l values have been given i n p a r e n t h e s i s i n Table 9» 

The analyses of var iance have been given in Appendix VI. 

The t reatment e f f ec t da ta (main e f f e c t s ) presented in Table 9 r evea l • 

t h a t there was a s t eep r i s e in the per cent dry matter accumulation a f t e r 10 WAS 

to harves t s tage during a l l the 3 y e a r s . The higher seed r a t e (S •) r e s u l t e d i n 

higher per cent dry mat ter accumulation which d i f f e red s i g n i f i c a n t l y from the lower 

seed r a t e (S ) i n a l l the 3 y e a r s . However, i n 1982-83 at 10, 14 and 18 WAS, 

S>y and S were at par with each o t h e r . During r e s t of the two years a lso a s i m i l a r 

t rend was observed at 10 • WAS and ha rves t b u t 1 4 WAS s i g n i f i c a n t d i f f e rences \^ere 

not found at a l l . 

FYM r a t e s a lso influenced the per cent dry mat ter accumulation a t a l l 

the s tages of crop growth i n a l l the 3 years except in 1983-84 and 1984-85 a t 

' 6 WAS v/here no s i g n i f i c a n t e f f e c t was n o t i c e d . During a l l the 3 years of 

exper imenta t ion , at a l l the growth s t a g e s , the higher FYM l e v e l of 15 t / h a 

r e s u l t e d i n s i g n i f i c a n t l y higher dry matter product ion as compared, to 5 t / h a 

l e v e l of FYM. With the exception of t h a t a t 14 and 18 WAS and at ha rves t in 

1984-85 and a t 18 WAS in 1983-84, 15 t / h a a lso r e s u l t e d i n s i g n i f i c a n t l y h igher 

dry matter product ion as compared to 10 t / h a . . 
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As regards methods of FYM application' (M_. and M_)','the per cent dry 

matter accumulation was influenced s ignif icant ly .-almost at a l l the stages in a l l -

the 3 yearsi"/ I t was seen that the surfaced metKodfFYM application (M-)-

s ignif icant ly accumulated higher per cent dry matter and differed s ignif icant ly 

from the incroporation method (M ) . Only at 6.and 14.WAS in 1984-85 the 

difference was not 'Signif icant . 

During a l l the 3 years at 18 WAS the, 3:x. M interact ion influenced the 

per cent dry matter, accumulation s igni f icant ly , the in terac t ion effect data 

presented in Table 9-1a reveal that at M i n '1982-83 and 1983-84 the increase in 

seed ra tes did not resul t in a significant increase in per cent dry matter yield, 

In 1984-85,. the increase was s ignif icant but only^wpto S l eve l . At M in 

1982-83 each increase in seed ra te resulted in a s ignif icant increase i n per 

dry matter yield but the differences were not s ignif icant in 1984-85. In 1983-84 

the increase was s ignif icant only upto S l eve l . 

Table 9.1a. Effect of S x H interact ion on per. cent dry matter(transformed) at 
1'8 WAS (-1982-83, 1983-84 and 1984-85) • 

Seed r a t e ; 

S 
1 

S 2 -

2 

3 

SEm+ 

CD5% 

1982-83 
M1 

43.1 43.5 
(46.8) , (4?. '0 ..; 

'4-3.2 43.9 
(46.9) (48.3) 

43.1 44.5 
(46.8) (50.0) 

0.1 , 

0 . 4 

. 1983-84 ' 

•V 
42.2 

,. ^ 5 . 2 ) 

42.3 
(45.3) 

42.3 
(45.5) 

0 . 

0 . 

• M , T 

42.5 
• (45.8) 

42.9 
(40.5) 

42.8 
(46.0) 

,04 

.1 

' ••••• 1 9 8 4 - 8 5 

M l 

44.0 
(48.3) 

44.5 . 
(4-9.2) 

44.4 
(49.0) 

0.7 

0 . 2 

\ 

'44.6 
(49.3) 

44.6 
(49.4) 

44.8 
(49.7) 



76 a 

Table 10. Treatment e f f e c t s on days to 50% ,100% headi'ng'Ifid'msctKHptyturity 

Treatment 

Days to 5 0 p e r c e n t Days to 100 per . cen t Days t o ma tu r i ty 
heading,- '. - . foeading,. 

1982-85 1983-84 198V85 1982-83 1985-84 1984-85 1982-85 1985-84 1984-85 

A. Seed r a t e s (kg/ha) 

100 105.0 97.0 92.8 114.7 108.6 105.5 152.4 124.2 125.1 

125 , 105.6 98 .1 93.7 v 115.4 110.O 104.6 155.9 125.1 124.1 

150 107.2 99 .6 94.0 116.8 110.5 105.9 155.2 125.4 124.9 

SEn+ 0 . 4 0 . 5 0 . 5 0 . 4 0 .5 0 . 4 0 . 5 0 . 2 0 . 4 

CD.5% 1.1 1.6 NS 1.5 - NS 1.1 1.0 0 .8 1.2 

B. FIM r a t e s ( t / h a ) 

5 106.1 99 .9 95 .2 116.2 110.9 105.5 156.1 126.6 125.5 

10 105.0 98 .7 95.6 115.7 109.7 104.7 155.5 125.1 124.5 

15 104.8 96 .1 91 .7 115.0 108.5 105.7 151.9 125.0 122.5 

SEm+ 0 . 4 0 .5 0 . 5 0 . 4 0 . 5 0 . 4 0 . 5 0 . 2 0 . 4 

C.D.5% NS 1.6 1.1 NS 1.4 1.1 1.0 0 .8 1.2 

0 . Appl ica t ion methods 

Incorpora t ion 104.7 98.1 95.0 115.3 108.8 105.5 152.2 124.5 122.8 

Surface app l i ed l05 .8 98 .5 94.0 116.0 110.5 105.8 155.4 125.3 125.3 

SEm+ 0 . 3 0 . 4 :0 .3 0 . 3 0 . 4 0 . 3 -0 .2 0 . 2 0 . 3 

C.D.5% 0 .9 NS 0.9 NS 1.1 0 .9 0 . 8 0 .6 1.0 

C.V.(%) 1.8 2 .8 2 . 0 ' 1.9 2 .2 1.9 1.3 1.1 1.7 
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When the methods of FYM app l i ca t ion were compared at d i f f e r e n t seed 

r a t e s , i t was seen tha t with the except ion of tha t a t S in 193^-85, the surface 

method of FYM app l i ca t ion (H ) always r e s u l t e d in s i g n i f i c a n t l y higher per cent 

dry matter accumulation as compared to incorpora t ion method (M ) . 

Among the f i r s t order s i n g l e year i n t e r a c t i o n s S x F a t 10, 18 WAS and 

at harves t in 1982-83 and 198^-85, S x M a t -\k WAS in 1982-83 and at ha rves t i n 

198^-85, F x M i n t e r a c t i o n at 6 WAS in 1982-83 a t 18 WAS i n 1983-8^ and a t 

harves t in 198^-85. Since these i n t e r a c t i o n s were s i g n i f i c a n t only for one year, 

the re fore have been presented i n Appendix XX, XXII and XXIII, r e s p e c t i v e l y . 

The 2nd order of i n t e r a c t i o n s S x F x M a t 10 WAS in 1982-83 and a t 

ha rves t in 1984-85 a l so presented in Appendix XXV, were found to have a s i g n i f i c a n t 

e f f ec t on dry mat ter accumulation but only for one year and have no t , t h e r e f o r e , 

been d i scussed . 

h.2. Development s t ages of wheat 

z i . 2 . 1 . Heading-, .. -_ 

Data pertaining to the days taken to 50 and 100 per cent ear emergence 

and to maturity of wheat have been given in Table 10. Their analyses of variance 

have been given in Appendix VII. 

^.2. *L * 50 per cent h&adjng genc-c: A perusal of data presented in Table 10 reveal 

that as the seed rate was increased the number of days taken to 50 percent ear 

emergence also increased. In 1982-83, each increase in seed rate resulted in -

corresponding significant increase in the days taken to complete 50 per cent ear 

emergence but in 1983-8'+ the significant difference was found only between 150 . 

and 100 kg seed rate/ha. In 198^-85 the seed rate did not differ significantly. 

.FYM levels, i.e. 5, 10 and 15 t/ha did not influence the number of days 

taken to 50 per cent ear emergence significantly in 1982-83 and 198^-85. In 
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1985-34 the higher l e v e l of FYM (15 t / h a ) r a t h e r helped i n t r o d u c i n g e a r l y ear 

emergence and 50 per cent ear emergence was completed s i g n i f i c a n t l y e a r l i e r as 

compared to 5 and 10 t / h a FYM r a t e s . The l a t t e r two t r ea tmen t s were at par with 

each o t h e r . During 198A--85 each increase , i n FYM r a t e s r e s u l t e d i n s i g n i f i c a n t l y 

decreased days taken t o 50 per cent ear emergence. The i n c r o p r o a t i o n of FYM i n 

the s q i l (M ) a lso helped i n inducing e a r l y emergence and i n 1982-83 and 1984-85 

the d i f f e rences were even s i g n i f i c a n t . 

F i r s t order i n t e r a c t i o n F x M and 2nd order i n t e r a c t i o n S x F x M i n 

1983-84 was found to s i g n i f i c a n t l y af fec t the 50 per cent e a r emergence. The. 

i n t e r a c t i o n e f f e c t d a t a have been presented i n Appendix XXIII and XXV,respectively. 

4 . 2 . 3 -• 100 per cent heading; The da ta oh the number of days taken to complete 

heading also presented i n Table 10 r evea l t h a t the inc rease i n seed r a t e s from 

100 to 150 kg/ha delayed the completion of ear emergence from 1 to 2 days . In 

1983-34, the d i f fe rence was not s i g n i f i c a n t but thp;l984-85 each inc rease i n seed 

r a t e s r e s u l t e d in s i g n i f i c a n t delayed completion of ear emergence. In 1982-83, 

however, only S r e s u l t e d i n s i g n i f i c a n t de l ay . , 

Like 50 per cent ear. emergence, the complete ear emergence was a lso 

hastened when the FYM rates^were i n c r e a s e d . The s i g n i f i c a n t d i f f e r ence , however 

was found.only between 15 and 5 t / h a r a t e s in 1983-84 and 1984-85. In 1982-83 

the FYM r a t e s , however, did not d i f f e r . 

In 1982-83, the methods of app l i ca t i on of FYM did not inf luence the 

days taken for 100 per cent heading. However,. during r e s t of the two yea r s , 

surface app l i ca t i on of FYM (M ) d i f f e red s i g n i f i c a n t l y from M . ' 

In 1983-84, S x F, S x H, F x M and S x F x M i n t e r a c t i o n s inf luenced 

the days taken to 100 per cent heading s i g n i f i c a n t l y and are presented i n 

Appendix XX, XXII, XXIII and XXV, r e s p e c t i v e l y . Since t he se i n t e r a c t i o n s were 

found to be s i g n i f i c a n t only during one year the re fore a d i s cus s ion on these was 

not found to be meaningful. 
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^•2..i*i~.* Maturity: The data on the days taken to maturity embodied in Table 10 

show that the seed rates influenced the days taken to maturity of wheat crop. In 

1982-83, seed rate 100 kg/ha took 2-3 days lesser than 125 kg/ha and 3 days less 

than 150 kg/ha to complete the maturity and each seed rate differed significantly 

from one another. In 1983-84 150 kg and 125 kg/ha seed rates while remaining at 

par with each other took significantly more days compared to 100 kg/ha to mature. 

In 198^85, 100 kg/ha which took least number of days to maturity was found to 

be at par with 125 kg/ha but differed significantly from 150 kg/ha. 125 and 150 

kg/ha seed rates were also at par with each other, 

During all the 3 years of experimentation, FYM rates significantly 

influenced the days taken to maturity. An increase in FYM rates resulted in 

lesser number of days to maturity. During first two years of experimentation 

j 

each increase in FYM rates resulted in a significant decrease in the number of 

days to maturity. Whereas, in 198A-85, 5 and 10 t/ha FYM rates while remaining 

at par with each other differed significantly from 15 t/ha rate of FYM application. 

During all the 3 crop seasons, surface application of FYM (M ) took 

more number of days for the maturity of wheat as compared to incorporated FYM in 

the soil (M ) and differed significantly. 

S x F interaction influenced significantly the days taken to maturity 

in 1982-83 and 1983-84. The interaction effect data presented in Table 10a show 

that in 1982-83 at F , S recorded the lowest number of days taken to maturity 

and each increase in seed rate resulted in a significant increase in the days 

taken to maturity. But at the same level of FYM(i.e. F ) in 1983-84, S resulted 

in the lesser number of days taken to maturity, which remained at par with S 

and differed significantly from S . At F none of the seed rates differed 

significantly during both the years. At fixed seed rate, with the increase in 
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the levels of FYM at S in 1982-85 and at S2 in 1985-84, F resulted in the 

minimum days taken to maturity and each FYM ra te differed s igni f icant ly . At S 

also, in 1985-84, F recorded lesser number of days to maturity which differed 

s ignif icant ly from F and F . The l a t t e r two FYM ra tes remained at par with 

each other. At higher seed ra tes S in 1983-84, the increased level of FYM did 
5 

not differ s igni f icant ly but in 1982-83 contrary to that at S and S at S-,, 

F took more days to maturity and each ra te of FYM differed s igni f icant ly . 

Table 10.1a. Effect of S x F interact ion on days taken to maturity (1982-85 
and 1983-84) 

Seed ra tes 
1982-85 1983-84 

F 1 F 2 F 3 F 1 F 2 F 3 

s 139.5 131.9' 124.8 126.1 124.7 122.0 

s_ 131.8 139.5 130.4 128.2 125.4 121.6 
2 

s_ 136.6 128.7 141.1 125.6 125.4 125.3 
5 

SEm+ 0.7 ' 0.5 

CD5% 2.0 1.6 

In the year 1982-83 as well as in 1985-84, S x M interact ion 

s ignif icant ly influenced the days taken to maturity. The interact ion effect data 

presented in Table 10.1b show that in 19^2-85 a medium seed ra te of 125 kg/ha 

(S ) in which FYM was incorporated in so i l (M ) helped in early maturity and 

the treatment combinations S M recorded s ignif icant ly lowest number of days 

as compared to other treatment combinations. In 1985-84, S H treatment 

combination recorded the lowest number of days to maturity. 
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Table 10.1b. Effect of S x M interaction on days taken to maturity (1982-83 
and 1983-84 

Seed rates 
1982-83 1983-84 

M1 M 2 M1 

120.5 

127.4 

" 125.7 

0. 

1. 

> 

.4 

.6 

M2 

128.0 

122.8 

125.1 

S1 132.0 132.7 

S2 129.0 138.8 

s 3 135.5 13^.8 

SEm+ 0.5 

'CD5P/0 1 . 4 

In 1982-83 and 1983-84, F x M i n t e r a c t i o n a l so inf luenced the days 

taken to ma tu r i ty . The i n t e r a c t i o n e f fec t da t a presented i n Table 10.1c show 

t h a t during both the yea r s , with each method, as the r a t e of FYM was increased 

the number of days taken to matu r i ty decreased. Only in 1982-83 the trend was 

s l i g h t l y reversed a t M̂  as F was increased to F . Also, t he inco rpora t ion of 

FYM i n t o the s o i l (M ) r e s u l t e d in l e s s e r number of days to m a t u r i t y . Only i n 

1983-8*+ at F the t rend was s l i g h t l y r eve r sed . 

Table 1 0 . 1 c Effec t of F x M i n t e r a c t i o n on number of days taken t o ma tu r i ty 
1982-83 and 1983-84 

J? in levels 

F 1 

F 2 

F 3 

SE:n+ 

CD5°/o 

M 
1 

13'1.6 

133.5 

131.5 

1982-

0.5 

1.4 

.83 
M2 

i4o.5 

133.5 

132.3 

1983-84 
H i 

128.0 

12^.0 

121.5 

0.4 

1.6 

M 
2 

125.2 

126.2 

124.5 
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, The second.order of in terac t ion (S x F x M) s ignif icant ly influenced 

the days taken to maturity in 1982-83 and 1983-84. The data presented i n Table 

10.2a show that in 1982-83 the treatment combination SF.H took the lowest 
- t 2 1 1 

number of days to maturity and i t d i f feredts ignif icant ly from res t of the 

treatment combinations. -H was followed by S FJl but i t was at par with S^-FJ^.. 

In 1983-84, however, S F M took lowest number of days to maturity and including 

S F J i t differed s ignif icant ly from a l l other SFM treatment combinations. 
Table 10.2a. Effect of S x F K M interact ion on days taken to maturity 1982-83 

and 1983-84 

Seed ra tes 

S 
1 

S 
2 

V 

s i 

s
2 

S 

SEm+ 

SEmj-

CD?*/ 

V 

139.7 

119.0 

136.2 

124.0 

128.5 
1 

132.0 

M1 
F 2 , 

132.0 

138.5 

130.0 

120.7 

127.5 

123.7 

F 
3 

1982-83 

124.5 

129.7 

140.5 

1.1 

, 3-0 

1983-84 

116.7 

126.2 

121.7 

0.8 

2.4 

V 

140.0 

145.0 

136.7 

128.2 

128.0 

119.5 

M2 

\ 

132.7 

140.7 

127.0 

128.5 

123.2 

127.0 

F 3 

125.5 

130.7 

140.7 

127.5 

117.2 

129.0 
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4.3. Yield contributing characters 

The effect of different treatments on yield contributing characters 

such as number of effective tillers m row length, spike length, spikelets/ 

spike, grains/spike and 1000-grain weight has been presented in Table 11* The 

corresponding analyses of variance have been given in Appendix VIII. 

4.3. i.-. Number of effective tillers 

A perusal of data presented in Table 11 show that the seed rates 

_1 

increased the number of effective t i l l e r s m row length in a l l the 3 years of 

the experimentation. However, 125 and 150 kg/ha seed ra tes remained at par with 

each other in 1982-83 and 1984-85. Both the seed ra tes differed s igni f icant ly 

from 100 kg seed ra te /ha . During the year 1983-84, however, each seed r a t e 

differed s ignif icant ly from one another. 

An increase in FYM ra te also increased the effective number of t i l l e r s 

during a l l the 3 years. In 1982-83, however, the lower FYM ra tes (5 and 10 t /ha) 

while remaining at par with each other differed s igni f icant ly from 15 t / h a . On 

the other hand in 1983-8^ the higher FYM ra tes (10 and 15 t /ha) remained at par 

and differed s ignif icant ly from 5 t /ha ra te of FYM application. In 1984-85 the 

t i l l e r number, did not vary s igni f icant ly due to FYM r a t e s . 

The surface application of FYM (M ) recorded higher number of effective 

t i l l e r s and differed s ignif icant ly with the FYM incorporated into the soil(M ) 

during a l l the 3 years of experimentation. 

The analyses of variance revealed that S x F interact ion s igni f icant ly 
— 1 affected the number of effective t i l l e r s m row length in a l l the 3 years. The 

interact ion effect data presented in Table 11.1a reveal that an increase in 

seed ra te resulted in corresponding increase in number of effective t i l l e r s at 

a l l the levels of FYM. In some of the cases, however, the s ignif icant increase 
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was found only upto S whereas in'some of the cases to obtain a s ignif icant 

increase the seed ra t e had to be increased upto S l eve l . The effect of FYM 

levels at different seed ra tes during different years was not consis tent . In 

1982-83 the increase in FYM rate brought an increase in t i l l e r number only upto 

F level and that too at S only. In 1983-84 at S and S the s ignif icant increase 

was noticed only upto F . Whereas at S , each increase in FBI resulted in a 

s ignif icant increase in t i l l e r number. In 1984-85, however, th is consistency 

was not maintained. 

_ - i 
Table 11.1a. Effect of S x F interact ion on effective t i l l e r s m row length 

(1982-83, 1983-84 and 1984-85). 

Seed 
ra tes 

S 
1 

S 2 

S 3 

SEm+ 

CD5% 

F 1 

73.8 

71.8 

85.1 

1982-83 
F 2 

75.9 

82.2 

85.O 

2.9 

8.3 

F? 

77,1 

86.5 

88.1 

F 1 

^5.0 

48.3 

48.7 

• 

1983-84 

\ 

55.3 

57-3 

56.5 

1.2 

3.6 

F 3 

50.8 

55.6 

64.4 

F 
1 

63.4 

60.0 

65.1 

1984-85 
F 

2 

58.6 

•63.2 

67.7 ' 

' 2.2 

6.4, 

F 
5̂ 

56.6 

69.9 

65.2 

F x M in terac t ion effect which also influenced the effective number of 

t i l l e r s s ignif icant ly during a l l the 3 years have been presented in Table 11.1b. 

The data table shows that with the exception of that at M in 1982-83 and at M 

in 1984-85 an increase in FYM level resulted in corresponding increase in 

t i l l e r number. The increase, however, was more consistent upto F l e v e l . Also 

the surface method appeared to be more conducive for inducing higher t i l l e r 

number. Only at F in 1982-83 and at F i"n 1984-85, the trend was reversed. 
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-1 Table 11.1b. Effect of F x M interaction on number of effective tillers m row 
length (1982-83, 1983-8^-and 198^-85) 

FYM l e v e l 

F 
1 

Tz 

F 3 

s 

SEm+ 

1982-83 
M1 

80.4 

77.7 

7^.3 

MP 

75.0 

84.1 

92.1 

2.0 

5.9 

1983-8*+ 
M 

1 

43.2 

55.9 

57.4 

Mp 

51.5 

56 .2 • 

57 .4 

0 .9 

2.6 

1984-8" 
M1 

56 .5 
>* 

65 .7 

63.4 

1.6 

4.6 

5 

M2 

68.6 

60.7 

65.0 

Second order interaction (S x F x M) which influenced the effective 

number of tillers significantly only, in 1983-84 has been presented in Appendix 

XXVI. 

4.3.2. Spike length 

A perusal of the data on the spike length presented in Table 11 reveal 

that the seed rates affected the spike length significantly only in 1982-83. But 

the treatment effects pooled over 3 years also showed that the seed rates had a 

significant effect on spike length. Both in 1982-83 as well as in pooled 

analysis it was seen that 100 kg/ha seed rate resulted in spikes with greater 

length. It was seen in the pooled analysis that each increase in seed rate 

resulted in significant decrease in spike length. 

The F"XM rates' did not influence the spike length significantly dnring 

the 3 years of experimentation but it was seen in the pooled analysis that 

contrary to seed rates, the increase in FYM rates resulted in an increase in 

spike length and the difference between 5 and 15 t/ha was found to be significant, 
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t 

5 and 10 t /ha and 10 and 15 t / ha FYM level , however, remained at par with each 

other . In respect of the methods of -application of FYM i t was seen that the 

surface method of application resulted in spikes with greater length. Only in 

1983-8^ the difference was not found to be s igni f icant . 

None of the interact ions influenced the spike length s ign i f ican t ly . 

4.3* 3. Number of spikelets /spike ^ 

The effect of different treatments on the number of spikelets/spike 

also presented in Table 11 shows that in 1983-8^ and 198^85 the effect of seed 

ra tes was not s ignif icant but in 1982-83 as well as in the pooled analysis i t 

was seen that a seed ra te of 100 kg/ha recorded the maximum spikelets /spike and 

differed s ignif icant ly from l a t t e r two seed r a t e s . The l a t t e r two seed ra t e s 

(125 and 150 kg/ha) remained at par withceach other . 

FYM ra tes did not influence the spikelets /spike s igni f icant ly during 

a l l the 3 years but whe,n the data were pooled together the effect turned out to 

be s ignif icant and i t was seen that the number of spikelets /spike increased with 

FYM r a t e s . The differences between 5 and 10 t / h a was not s ignif icant but both 

of them recorded lower number of spikelets /spike when compared with 15 t / h a . 

The surface method of FYM application resulted in higher number of 

spikelets/spike but the difference was not s ignif icant in 1983-84 and 198^-85. 

In the pooled analysis i t was seen that S x F interact ion influenced 

the number of" spikelets/spike s igni f icant ly . The interact ion effect data 

presented in Table 11.1c show that at each ra t e of FYM a lower seed ra te resulted 

in higher number of spikelets /spike and i t was seen that at F , the two higher 

seed ra tes (S and S ) while remaining at par with each other, recorded 

s igni f icant ly lower number of sp ikele ts /spike , as compared to S . At F , S 
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recorded s ignif icant ly higher number of spikelets /spike when compared with S 

but was at par with S_. At F_, -S„ and S_ were at par with each other but both 
^ 3 3 1 2 

of them recorded s igni f icant ly higher number of spikelets /spike as compared 

to S . 

Table 11.1c. Effect of S x F interact ion, on number of spikelets/spike(Pooled data) 

Seed ra tes F F„ ' F 
3 2 2 

s 
1 

B2 

S3 
SErn+ 

13.6 

13.1 

12.9 

13.7 

13.1 

' 13.7 

0.3 

1.0 

1^.1 

13.8 

13.0 

Similarly, at each seed ra te an increase in FYM ra tes also recorded 

an increase. in number of sp ike le ts / sp ike . The difference, however, was not 

s ignif icant at S but at S , F and F while remaining at par with each other, 

resulted in s ignif icant ly lower number of spikelets /spike when compared with 

F_. At S the significant difference was found only between F^ and F , -
3 3 1 2 

*f-.3»^» Number of grains/spike 

The data on the number of grains/spike for 3 years and pooled analysis 

have been given in Table 11. The analyses of variance have also been embodied 

in Appendix VIII. 

An examination of the data on the number of grains/spike presented 

in Table 11 shows that the grains/spike decreased by increasing the seed r a t e s . 

During a l l the 3 years, i t was seen that the significant decrease resul ted only 
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upto 125 Kg seed rate/ha but in the pooled analysis it was seen that the 

difference between 125 and 150 kg seed rates was also significant. Contrary to 

this an increase in FYM rates resulted in corresponding increase in grains/spike. 

It was seen in the pooled analysis that each level of FYM differed significantly 

from one another. 

The methods of application of FYM significantly influenced this 

attribute in all the 3 years as well as when pooled. Surface application1 of 

FYM (M ) resulted in higher number of grains/spike which differed significantly 

from the incorporation of FYM into the soil (M ). 

S x F interaction effect was found to be significant in the pooled 

analysis (Table 11.1d), In general, it was seen that at each FYM level an 

increase in seed rate resulted in a decrease in grains/spike. At F , S was 
I 1 

followed by S but at F , S was followed by S and S and each seed rate differed 

significantly from one another. At F , S and S remained on par with each other 

but both of them recorded significantly higher number of grains/spike compared 

to S . 
3 

Table 11.id. Effect of S x F interaction on number of grains/spike (Pooled) 

Seed rates F~~ ¥1 ', ¥1 

J . £. 2 

51 29.2 30.2 30.5 

5 2 27.0 28.6 30.^ 

S_ 28.1 27.0 29.1 
3 

SEm+ 0.3 
CD5% . 1.0 

The effect of FYM levels was more consistent at two lower seed ra t e s 

where i t was seen that an increase in FYM application ra tes resulted in an 
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increase in grains/spike. At S , F and F while remaining at par with each 

other resulted in significantly higher number of grains/spike as compared to F . 

At S each increase in FTM rates resulted in a significant increase in grains/ 

spike. 

The S x M interaction effect in the pooled analysis was also found to 

influence the grains/spike significantly. The data presented in Table 11.1d 

show that with both the methods a lower seed rate resulted in higher number of 

grains/spike. 

Table 11.le. Effect of 3 x M interaction on number of grains/spike (Pooled) 

Seed rates Ma M„ 
1 2 

S 
1 

S2 

S3 
SEra+ 

CD5% 

28.4 

28.4 

25.5 

0.2 

0.7 

31.4 

29.'1 

28.7 

With M , S and S while remaining at par with each other differed 

significantly from S . With M_, S differed significantly even from S . The two 

higher seed rates (S and S ) however, remained at par with each other. It was 

interesting to note that at each seed rate, the surface method of FYH application 

(M ) resulted in significantly higher number of grains/spike. 

Among the second order of interactions, S x F x M interaction 

influenced the number of grains/spike significantly in the pooled analysis. It 

may be seen from the data (Table 11.2a) that S FJ4 resulted in the highest grains/ 

spike which differed significantly from rest of the SFM treatment combinations. 
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Table 11.2a. Effect of S x F x M interact ion on number of grains/spike (Pooled) 

Seed ra tes 

S 
1 

S 2 

S 3 

SEm+-

CD5% 

F 1 

28.2 

26.? 

27.1 

M1 

29.6 

28.9 

25.2 

F 3 . 

27.5 

29.5 

'30.1 

0. 

1, 

.5 

.4 

F 1 

30.0 

27.3 

28.9 

M 
F^ 

2 

31.0 

28.7 

29.1 

F 3 

33.2 

31 .^ 

28.0 

Only those interact ions which were found to influence the number of 

grains/spike s ignif icant ly in the pooled analysis have been discussed. The 

individual in teract ions such as S x F in teract ion during a l l the three years, 

S x M in 1983-84 and in 1984-85, F x M in 1983-84 and S x F x M in 1983-84 and 

in 1984-85 have been given in the appendix section (Appendix XX, XXII, XXIII, 

and XXVI, respect ive ly) . 

4 . 3 . 5 . 1000-grain weight 

The effect of different treatments on 1000-grain weight also presented 

in Table 11 shows that an increase in seed ra tes resulted i n a decrease in 1000-

grain weight. The effect , however, was s ignif icant only in 1982-83 and when 

the data were pooled together. I t was seen in the pooled analysis that 100 kg 

seed ra te resulted in highest 1000-grain weight but i t differed s igni f icant ly 

only from 150 kg seed ra te /ha . The two higher seed rates were also at par 

with each other. 

Contrary to t h i s , an increase in FYM rates resulted in corresponding 

increase in 1000-grain weight. During a l l the three years as well as in the 

pooled analysis, 5 t /ha FYM resulted in lowest 1000-grain weight. During 
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individual years the differences due to each increase in GFYM level was not 

s ignif icant but in the pooled analysis i t was »een that each increase in FYM 

level resul ted in a s ignif icant increase in 1000-grain weight. 

During a l l the three years surface method of FYM application resul ted 

in higher 1000-grain weight. The difference, however was not s ignif icant i n 

1984-85 but during res t of the two years and in the pooled analysis surface 

application resulted in s ignif icant ly higher 1000-grain weight, 

In the pooled analyses S x F in teract ion affected the 1000-grain 

weight s ign i f i can t ly . The in teract ion effect data presented in Table 11.1f 

show that at F and F , increase in seed ra tes did not influence the 1000-grain 

weight s ign i f ican t ly . However, at F , , S , while remaining at par with S 

recorded s igni f icant ly lower 1000-grain weight as compared to S . 

Table 11.1f. Effect of S x F in terac t ion on 1000-grain weight (Pooled) 

Seed ra tes F ' TF F ^ 

s 1 

S 2 

S3 
SEm+ 

CD5% 

4i .o 

4o.6 

39.8 

41.6 • 

4o.5 

4 i .7 

0.4 

1.2 

42.1 

42.7 

41.1 

The FYM rates did not differ at S„ but at S , F , recorded s igni f icant ly 
1 d y 

higher 1000-grain weight. At S , F and F while remaining at par with each 

other recorded s ignif icant ly higher 1000-grain weight in comparison to F . 

In the pooled analysis F x M interact ion was also found to influence 

the 1000-grain weight s ign i f icant ly . The data presented in Table 11.1g reveal 
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tha t at M , F recorded the h ighes t 1000-grain weight which d i f f e r ed s i g n i f i c a n t l y 

from F_ and F_. The l a t t e r two FYM r a t e s were at par with each o t h e r . At M , 
1 2 c. 

F r e s u l t e d in maximum 1000-grain weight which remained at par with F but 

d i f fe red s i g n i f i c a n t l y from F . 

Table 1 1 . i g . Effect of F x M i n t e r a c t i o n on 1000-grain weight (g) (Pooled) 

FYM l e v e l s M M 
3 2 : 

F^ 40 .1 40.9 

F 2 4 0 . 3 ^2.0 

F , 42.1 41.9 
3 

SEm+ 0 .2 

• CB% 0 . 8 

The sur face method of FYM a p p l i c a t i o n (M ) however, showed i t s 

s u p e r i o r i t y over i nco rpora t ion method (M ) only a t F . 

The second order of i n t e r a c t i o n S x F x M when pooled over t h r e e crop 

seasons s i g n i f i c a n t l y affected the 1000-grain weight (Table 11 .2b) . The d a t a 

t a b l e r evea l t ha t at S f FJ4 r e s u l t e d in h ighes t 1000-grain weight which was 

at par with S F_M and S J M and d i f fe red s i g n i f i c a n t l y from r e s t of the 

t rea tment combinat ions . The lowest 1000-grain weight was recorded at S F M . 

Table 11.2b. Effec t of S x F x M<interact ion on 1000-grain weight (Pooled) 

Seed ra tes 

S1 

• S2 
S 3 

SEra+ 

GD5% 

F 
1 

4o.6 

39.6 

4o.O 

M1 
F? 

38.5 
39.6 

40.6 

F? 
41.6 

44.2 

40.5 

0.6 

1.8 

F 1 

41.5 
41.7 

39.6 

M2 

*3 
42.4 

41.2 

42.5 

F 3 

42.7 
41.3 

41.8 
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Like grains/spike, in respect of 1000-grain weight also only those 

interact ions have been discussed which came out to be significant in the pooled 

analysis . Other in te rac t ions , which were found to be s ignif icant during 

individual years v i z . , S x F , F x M , S x F x M i n 1982-83 and 198^-85 have been 

presented in the appendix section only(Appendix XX, XXIII and XXVI, respect ively) . 

^.3.6."Yield 

The effect of different treatments on grain yield, straw yield and 

harvest index has been presented in Table 12, The treatment effects on grain 

and straw yield have also been depicted diagrammatically in F ig .6 . The analyses 

of variance have been given in Appendix IX. 

^a) Grain yield: An examination of data presented in Table 12 reveals that during 

a l l the 3 years, 100 kg seed ra te resulted in lowest grain yield. In 1982-83, i t 

was s ignif icant ly lower than 125 and 150 kg seed r a t e s . The l a t t e r two seed ra tes 

in turn were at par with each other. In 1983-8^ and 198^85 on the other hand 

100 and 125 kg seed ra tes remained at par with each other but both resulted i n 

s ign i f ican t ly lower grain yield when compared with 150 kg seed ra te per hectare . 

In the pooled analysis i t was seen that each increase in seed ra t e 

resulted in a s ignif icant increase in grain yield. Data/table as well as Fig.6 

reveal that the yield levels were quite low in 1983-8^. 

In case of FYM ra tes i t was seen tha t in 1982-83 and 1983-8^ a 

significant increase in grain yield was observed when the ra te of FYM was increased 

from 5 to 10 t /ha . Further increase to 15 t /ha did not resu l t in a s ignif icant 

increase . In 1984-85 as well as in the pooled analysis, however, i t was seen 

that each increase in FYM application rate resulted in a s ignif icant increase 

in grain yield. 
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In r e spec t of methods of FYM a p p l i c a t i o n i t was observed t h a t the 

two methods did not in f luence the g ra in y ie ld s i g n i f i c a n t l y i n 1982-83. However, 

i n 1983-84 and 1984-85 and i n the pooled ana lys i s i t was observed t h a t the 

sur face app l i ca t i on of FYM proved to be s i g n i f i c a n t l y supe r io r over i n c o r p o r a t i o n 

of FYM i n t o ' the s o i l . 

S x F i n t e r a c t i o n e f f ec t tha t inf luenced the g ra in y ie ld s i g n i f i c a n t l y 

i n 1982-83 and 1983-84 have been presented i n Table 12a. A pe rusa l of the 

da t a r e v e a l s t h a t i nc rease i n seed r a t e and FYM r a t e inc reased the g ra in y ie ld 

s i g n i f i c a n t l y i n both the y e a r s . In 1982-83, at F and F and i n 1983-84 at 

F the g ra in y ie ld increased upto seed r a t e S which remained at par with S 

and d i f f e r ed s i g n i f i c a n t l y from S . 

Table 12a. Effec t of S x ' F i n t e r a c t i o n on gra in y ie ld kg/ha (1982-83 and 
1983-84) 

Seed ra te 

S 
1 

S 
2 

S 

! S 

SEm+ 

CD5% 

'1 

1390 

1935 

2089 

1982-83 
F2 

1744 

2448 

2588 

151 

430 

F5 

2270 

2402 

2551 

F 
1 

973 

1092 

937 

1983-84 
F 2 

1029 

1456 

1412 

88 

250 

F . 

1274 

1260 

1562 

In 1982-83, at F and 1983-84 at F , seed r a t e s did not d i f f e r 

s i g n i f i c a n t l y . However, i n 1983-84 a t F , S recorded maximum y ie ld which 

d i f fe red s i g n i f i c a n t l y from S and S . The l a t t e r two seed r a t e s remained at 

par with each o t h e r . 

At fixed seed r a t e i n 1982-83 a t S_ and S_, and i n 198>84 at a l l the 
2 3 . 

seed r a t e s the g ra in yie ld increased by i nc rea s ing the FYM r a t e upto F which 
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remained at par with F and differed s igni f icant ly from F ^ However, in 1982-83 

at lower seed ra te S , F„ recorded the lowest grain yield which remained at par 
1 1 

with F and differed s ignif icant ly from F . 

None of the interact ions in the pooled analysis was found to influence 

the grain yield s igni f icant ly . 

(b) Straw yield; The data on straw yield as influenced by different treatments 

also presented in Table 12 show that during a l l the 3 years as well as in the 

pooled analysis each increase in seed ra tes resulted in a s ignif icant increase 

in straw yield, the highest being obtained at 150 kg seed ra t e /ha . Table 12 as 

well as Fig.6 show that in 1985-8^ the yield level was quite low. 

Like seed ra t e s , in case of FYM ra tes also i t was seen that during a l l 

the 3 years as well as when the data were pooled each increase in FYM ra te 

resulted in a s ignif icant increase in straw yie ld . 

The surface method of application of FYM showed i t s super ior i ty over 

the incorporation method and resulted in s igni f icant ly higher straw yield during 

a l l the 3 year6 of experimentation as well as in the pooled analysis . 

None of the interact ion effects were found to influence the straw yield 

s igni f icant ly . 

(c) Harvest index; The data on the harvest index as influenced by different 

treatments have also been presented in Table 12. 

A perusal of the data table shows that the harvest index decreased with 

the increase in seed r a t e . Where each increase in seed ra te in 1982-83 resulted 

in a s ignif icant decrease in harvest index, during res t of the two years as well 

as in the pooled analysis i t was seen that the lower seed ra tes (100 and 125 kg/ha) 

remained at par with each other but both of them registered s ignif icant ly higher 

harvest index as compared to 150 kg seed ra te /ha . 
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In 1982-83 the harvest index increased with the increase in FYM rates 

but the trend was just reverse in 1983-84 and 1984-85. In the pooled analyses 

however, the effect was not s igni f icant . The methods of FYM application also, 

did not influence the harvest index s igni f icant ly . Only in 1984-85 surface 

method showed i t s superiori ty over incorporation method. None of the in teract ions 

were significant in the pooled analyses, only in 1983-84 in case of seed ra te x 

FYM ra tes (S x F) the in teract ion was found to influence the harvest index 

s ign i f ican t ly . The data pretaining to the in terac t ion have been given in 

Appendix XX. 

4 .4 . Plant chemical studies 

4 . 4 . 1 . Nitrogen content(%) in plants 

The data on the N content in wheat plant at 6, 10, 14,. 18 WAS and in 

straw and grains at harvest as affected by main treatments of experimentation 

in 1982-83, 1983-84 and 1984-85 have been given in Table 13. The corresponding 

analyses of variance for the respective years have been given in Appendix X. 

The content of N at different stages upto 18 WAS in a l l the three crop seasons 

have also been presented graphically in F ig .7 . The content in straw and grains 

at harvest has been shown in F ig .8 . 

An examination of Fig.7 reveals tha t in general the 1M content in plant 

was higher at 6 WAS and f e l l progressively as the crop advanced towards maturity. 

A perusal of data presented in Table 13 indicates that with the 

exception of straw in 1982-83 and 1984-85, the seed ra tes s ignif icant ly affected 

N content {%) in the plant during a l l the 3 years of the study. In 1982-83 at 

6 and 18 WAS and in 1984-85 at 10 WAS, the N content in plants increased 

s igni f icant ly with increase in seed ra te upto 150 kg/ha but i t was at par with 

125 kg/ha and differed s ignif icant ly with 100 kg/ha. In 1984-85 at 6 WAS and 
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in case of grains in 1982-83 and 1984-85 each increase in seed ra te resulted 

in a s ignif icant increase in N content. In r e s t of the cases the N content 

was more at higher seed rate (150 kg/ha) and i t differed s ignif icant ly from 

100 and 125 kg/ha seed r a t e s . However, the lower two seed ra tes were at par 

with each other, 

In case of FYM treatments the N content was affected s igni f icant ly 

during a l l the 3 years with the exception of that in 1982-83 at 10 WAS* In 

1982-83 at 6 WAS and in T983-84 at 10 and 14 WAS the s ignif icant increase in N 

was found only upto F l eve l . At 18 WAS and in grains in 1982-83, and in 1984-85 

at 18 WAS and in the straw each increase in FYM level resulted in s ignif icant 

increase in N content. During res t of the years at different s tages, 5 and 10 

t /ha FYM levels were found to be at par with each other but they recorded 

s igni f icant ly lower N content compared to 15 t/KlMFYM, 

Surface method of FYM application always recorded a higher N content 

in p lant and grains . Only in straw» in 1982-83 and 1984-85 the difference was 

not s ign i f i can t . 

S x F interact ion s ignif icant ly affected the N content at 6 WAS in 

1982-83 and 1983-84. The in terac t ion effect data presented in Table 13a show 

that almost at each level of FYM an increase in seed rate resul ted in 

corresponding increase in N content. However, the signif icant increase was 

found to be only upto S_ at F . and F_ in 1982-83, At F_, only S, differed 
d i d 3 3 

s ignif icant ly from S . In 1983-84 on the other hand th i s influence was not 
d 

consis tent . S albeit helped in accumulating highest N content but at F i t 

differed s ignif icant ly from S . At F i t differed s ignif icant ly from S whereas 

at F i t differed s igni f icant ly from S , At F i t differed s igni f icant ly from 
S whereas at F_ i t differed s ignif icant ly both from S^ as well as from &• . 

^ 3 . 1 2 



1982-83 

1984-85 

FIG.7 TREATMENT EFFECTS ON NITROGEN CONTENT C % > IN PLANTS 
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With the exception at S £11982-83, at each seed r a t e , 15. t /ha (F ) FYM resulted 

in highest N content during both the years and differed s igni f icant ly from F and 

F_ at S„ in 1982-83 and at S_ and S_ in 1983-84. The lower two FYM ra tes were 
c. 1 d. . 3 

at par with each other. At S in 1982-83, F recorded the highest W content and 

differed s ignif icant ly from F and F , . 

Table 13a. Effect of S x F in teract ion on N content in plant at 6 WAS (1982-83 
and 1983-84) 

Seed r a t e s 

S 
1 -

S 
2 

S 3 
SEm+ 

CD% 

F 1 

2.29 

2.36 

2.38 

1982-83 
F2 

,2.33 

2.44 

2.42 

0.02 

0.05 

rv 
2.40 

2.38 

2.45 

• 

F 
1 

2.19 

2.34 

2.43 

1983-84 
Fz 

2.35 

2.31 

2.50 

0.05 • 

0.15 

F3 

2.^3 

2.50 

2.86 

Seed ra tes x FYM levels (S x F) in terac t ion at 10 WAS as found to 

influence the N content during a l l the 3 years of experimentation. The in terac t ion 

effect data presented in Table 13b show that at F during a l l the 3 years and at 

F in 1983-84 the significant increase was found upto S level only. At F and 

F in 1982-83 and at F in 198>84, S recorded the highest N content and differed 

s ignif icant ly from S and S which in turn were at par with each other . Where 

the difference was not significant at F_ in 1983-84 at F , in 1984-85 each 
c. 3 

increase in seed rate resulted in a significant increase in N content in p lan t s . 

At S. and S. in 1982-83 the FYM ra tes v i z . , F„, F_ and F , did not 
1 2 1 2 3 

differ s igni f icant ly . At S , the highest N content was observed at F , which 
3 3 

differed s ignif icant ly only from F and at F . In 1983-84 at a l l the seed r a t e s , 

F resulted in lowest N content and differed s ignif icant ly from F„ and F_. The 
i 2 3 



1982-83 STRAW GRAIN 

FIG. 8 TREATMENT 
NITROGEN CONTENT C % ) STRAW AND GRAIN 
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l a t t e r two FYM r a t e s were at par with each o t h e r . In 1984-85 a lso the same 

t rend was observed at S and S . At S , however, F which recorded the h ighes t 

N content d i f fe red s i g n i f i c a n t l y from F and F . 

Table 13b. Effect of S x F i n t e r a c t i o n on W content at 10 WAS (1982-83,1983-84 
and 1984-85) 

Seed 
r a t e s 

S 
1 

S 2 

S 3 

* 

SEm+ 

F 1 

1.26 

1.35 

1.35 

1982-83 
F 2 

1.30 

1.31 

1.42 

0 . 0 2 

0 . 0 7 

F 3 

1.32 

1.28 

1.43 

F 1 

1.33 

1.44 

1.50 

1983-84 
F 

2 

1.59 

1.56 

1.61 

0 . 0 3 

0 . 1 0 

F 
3 " 

1.55 

1.55 • 

1.70 

. F 
1 

1.27 

1.33 

1.37 

1984-85 
F 

2 

1.34 

1.40 

1.36 

0.02 

0.05 

F3 

1.32 

1.40 

1.46 

The seed r a t e s x FYM l e v e l s (S x F) i n t e r a c t i o n e f fec t at 18 WAS inf luenced 

N content s i g n i f i c a n t l y i n 1982-83 and 1983-84. The i n t e r a c t i o n e f fec t da t a 

presented i n Table 13c show t h a t almost at each l e v e l of FYM increased seed 

r a t e r e s u l t e d i n increased N con t en t . In 1982-83 the s i g n i f i c a n t i nc r ea se was 

found only upto S at F and F which remained at par with S and d i f f e r ed 

s i g n i f i c a n t l y from S . At F each seed r a t e d i f f e red s i g n i f i c a n t l y t o one 

ano ther . 

Table 13c. Effect of S x F i n t e r a c t i o n on N conten t at 18 WAS (1982-83 and 
1983-84) • •' 

Seed rat< 

S 
1 

S 2 

S 3 

2S 

SEm+ 
CD% 

F 1 

0.49 

0 . 6 4 ' 

0.58 

1982-83 
F 2 

0 .57 

0 . 6 3 

O.63 

0.01 
,0.04 

F 3 

0 .65 

0 . 7 3 

0 .75 

F 
1 

0.54 

0.59 

O.60 

1983-84 

F 2 

O.61 

0.59 

0.64 

o.o4 
0.11 

F , 
5 

0.66 

0 .71 

0.90 
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In 1983-84 at F and F , S though recorded higher N content but each 

seed r a t e remained a t par t o one ano ther . However, at F , S , recorded higher N 

content and d i f fe red s i g n i f i c a n t l y from S and S_ but these two remained at pa r 

with each o t h e r . At a l l the seed r a t e s in 1982-83 and a t S 2 and S ? i n 1983-84, 

F , r e s u l t e d in h ighes t N content and d i f fe red s i g n i f i c a n t l y from lower FYM r a t e s , 
3 ' -

At S i n 1983-8^ a l so F r e s u l t e d i n h ighes t N content but remained at par with 

F and d i f f e r ed s i g n i f i c a n t l y only from F . 

The Seed r a t e s x FYM l e v e l s x Methods of FYM a p p l i c a t i o n (S x F x M) 

i n t e r a c t i o n e f fec t which was found t o be s i g n i f i c a n t at 14 WAS i n 1982-83 and 

1983-84 (Table 13d) did not have a p a r t i c u l a r t r end at i n c r e a s i n g seed r a t e s 

when compared at d i f f e r e n t F x M combinat ions. However, a t f ixed seed r a t e , at 

S , F M showed the maximum N content i n both the years and d i f f e r ed s i g n i f i c a n t l y 
3 3 2 

from r e s t of S x F x M combinat ions . 

Table 13d. Effect of S x F x M i n t e r a c t i o n on N content a t 14 WAS (1982-83 and 
198>84) 

Seed r a t e 

S 
1 

S 
2 

S 3 

s 
1 

s 
2 

S 3 

s 

SEm+ 

SEm+ 

F 1 

0 .53 

0 .53 

0.58 

0.50 . 

0.67 

0.71 

M1 
F 2 

0.59 

0.60 

0 .57 

0.70 

0.66 

0.74 

F 3 

1982-8$ 

0.56 

0.58 

O.63 

1 

0.75 

0.71 

0.71 

O.08 
0 .2 

1983-84 

0.09 
0 . 3 

F 
1 

0.62 

0.64 

O.62 

O.78 

0.81 

0 .73 

• M 2 , 
F 2 

0 .62 

O.63 

O.69 

0.80 

0 .82 

0 .81 

F 
*3 

O.63 

0.64 

0 .74 

0.70 

0.74 

1.00 
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Some of the other interact ions v i z . , S x F in case of straw and grain 

in 1983-8^, S x M in straw in 1982-83, F x M at 10 WAS in '198>84 second year, 

F x M at 18 WAS 1982-83 were found to affect the N content. Since these in terac t ions 

were significant only for one season and have therefore been given in Appendices 

XXI, XXII and XXIV, respectively. 

^ .4 .2 . \ Protein content (,%) in grain 

The data pertaining to the effect of different treatments on protein 

content (.%) in wheat grain have been presented in Table l*f and corresponding 

analysis of variance given in Appendix XI. 

The data embodied in Table 1*f show that the seed ra te influenced the 

protein content s igni f icant ly during a l l the 3 years as well as when the data 

were pooled together. In 1982-83 and in the pooled analysis i t was seen that 

each increase in seed rate from 100 to 150 kg/ha resulted in a significant 

increase in protein content. I t i s noteworthy that in 1983-8^ and 198A--85 also, 

the protein content was maximum at 150 kg/ha seed ra te which in 1983-8A- differed 

s ign i f ican t ly from 100 to 125 kg/ha, the l a t t e r two seed ra tes were at par with 

each other. In 198^-85, 150 and 125 kg seed ra tes while remaining at par with 

each other,recorded s ignif icant ly higher protein content compared to that 

obtained at 100 kg/ha. 

Further, while comparing FYM treatments i t was seen that maximum protein 

content was recorded due to 15 t /ha of FYM during a l l the 3 years and in the 

pooled analysis as well. Where in 1982-83 and 1983-8^ an in the pooled analysis 

each increase in FYM level brought a s ignif icant increase in protein content, 

in 1984-85, the difference between 5 and 10 t / ha FYM was not found to be 

s igni f icant . 
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Table 14. P r o t e i n conten t (%) in grair 

m 4. J. P r o t e i n content (%)in g 
Treatments I Q 8 ? _ ^ ^ g ^ ^ j j 

A.Seed r a t e s (kg/ha) 

100 9.3 9.8 10.0 

125 9.7, 9.9 11.0 

150 10.1 10.3 11.2 

SEm+ 0 .04 0 .08 0.07 

C D . % 0 .1 0 .2 0 .2 

B. FYM r a t e s ( t / h a ) 

5 9 .2 9.7 10.5 

10 9 .8 10.0 10.7 

15 10.2 10.3 11.0 

SEm+ 0 .04 0.08 0 .07 

C.D.5% 0 .1 0 .2 0 .2 

C. Appl ica t ion methods 

Incorpora t ion 9 .4 . 9 .9 10.3 

Surface appl ied 10.0 10.2 11.0 

SEm+ 0.Q4 0.Q7 0.Q8 

C.D.5% 0 .1 0 . 2 0 .2 

CV.(%) 2 .4 4 .3 3 .3 

i and p r o t e i n y i e ld (kg/ha) 

;rains P r o t e i n yie ld (kg/ha) 
>5 Pooled 1982-83 1983-84 1984-85 

9 .7 180.5 108.0 137.3 

10.1 217.9 124.3 160.5 

10.6 239.1 135.6 249.2 

0 .04 7.5 4.7 6 .3 

0 .1 NS 13.4 18.O 

9 .8 174.0 98.5 151.6 

10.1 220.9 126.3 180.O 

10.5 242.6 143.2 215.4 

0 .04 7.5 4.7 6 .3 

0 . 1 NS 13.4 18.0 

9.9 198.9 114.8 160.3 

10.4 226.2 130.5 204.4 

0 .03 6 .1 i3 .S 1 : '5?1 

0 .1 NS 1 1 . 0 14.7 

2.0 17.3 18.9 17.0 
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The surface application of FYM showed higher protein content in wheat 

grain which differed significantly from the incorporation of FYM (M ). 

The pooled S x F interaction effect was found to influence the protein 

content significantly. The interaction effect data presented in Table 1̂+a show 

that at each FYM level an increase in seed rate resulted in an increase in 

protein content. Where each increase in seed rate resulted in a significant 

increase in protein content at F , at F the significant increase was found only 

upto S . At F , the significant increase was observed only by increasing the 

seed rates to 150 kg/ha. On the other hand at each seed rate an increase in 

FYM rates resulted in corresponding significant increase in protein content. 

Table 1̂ -a. Effect of S x F interaction on protein content (,%) in grain (Pooled) 

Seed rates F F F . . 

S1 

S2 

s 
SEm+ 

CD5% 

9.2 

9.9 

1O.1 

9.7 

10.1 

10.4 

0.08 

0 .2 

10.1 

10.4 

11.0 

The S x F interaction effect which was also found to be significant 

in 1982-83 and 1983-84 have been given in Appendix XXI. 

k.k.J,. Protein production (kg/ha) 

The data on protein yield presented in Table 1*4- and analysis of 

variance appended in Appendix XII reveal that in 1982-83, the seed rates did not 

differ significantly. In 1983-8^, the significant increase in protein yield was 

found only upto 125 kg/ha seed rate, but in 1984-85, each increase in seed rate 

resulted in corresponding significant increase in the protein yield. 
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Increase in FYM rates increased the protein yield also but the 

difference was not s ignif icant in 1982-83. During res t of the two years each 

increase in FYM level resulted in corresponding s ignif icant increase in protein 

yield. 

FYM application methods did not differ s igni f icant ly in l982-83,but 

in 1983-84 and 1984-85 tne surface application of FYM (M ) was found s ignif icant ly 

superior to incorporation of FYM (M ) into the s o i l . 

None of the interact ions except S x M interact ion in 1983-84 influenced 

protein yield s igni f icant ly . Since the in terac t ion was s ignif icant only during 

one year, therefore a mention of tn is has been made in Appendix XXII only. 

4 .4 .4 . Nitrogen uptake in plant 

Data on the uptake of nitrogen by plants at different stages and at 

harvest (grain + straw) as affected by the main effects of th is study are • 

presented in Table 15. The data have also been presented graphically in . 

F ig .9 . The corresponding analyses of variance have been given in Appendix XIII. 

An examination of Fig. 9 reveals that in general, the nitrogen uptake 

was very low at 6 to 10 WAS. Thereafter the uptake increased progressively 

t i l l harvest . 

A perusal of the data presented in Table 15 shows that the increase 

in seed rates resulted in corresponding increase in nitrogen uptake during a l l 

the 3 years of experimentation. With the exception of that of 10 WAS in 1984-85 

and at 18 WAS in 1982-83 ana 1983-84 each increase in seed rate resulted in a 

s ignif icant increase in uptake values. At 10 WAS in 1984-85 and-at 18 WAS in 
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1982-83 the significant increase was found only upto 125 kg seed ra te /ha . 

In 1984-85 at 18 WAS, the signif icant increase was noted only by increasing 

the seed ra te upto 150 kg/ha, 

Likewise, in respect of FYM treatments also, during a l l the 3 years 

of experimentation at a l l the stages of crop growth, the N uptake increased 

with an increase in FYM leve l s . I t was only at 14 WAS in 1982-83 and at 18 WAS 

in 198-3-84 that the two higher and two lower levels of FYM, respectively 

remained at par . Otherwise each increase in FYM resulted in a significant 

increase i n N uptake. 

I t was in teres t ing to note that during a l l the 3 years of experimentation 

at a l l the stages of growth the surface application of FYM (M ) resulted in 

s igni f icant ly higher uptake of N as compared to incorporation method (M.) of 

FYM application. 

In 1982-83 and 1984-85, S x F in terac t ion at 10 and 18 WAS, F x M 

interact ion at 10 WAS in a l l the 3 years, S x F x M interact ion in 1982-83 and 

1983-8^ at 6, 10 and 14 WAS were found to be s ign i f ican t . 

Table 15a presenting the interact ion effect of - S x F at 10 WAS shows 

that at each level of FYM, each increase in seed ra te resul ted in corresponding 

increase in N uptake. At F , in 1982-83-and at F , in 1984-85 though the 

s ignif icant increase was noticed only upto S level of seed ra te but at r e s t of 

the FYM levels each increase in seed ra te resulted in a significant increase in 

N uptake. 

Table 15a. Effect of S x F interact ion on N uptake (kg/ha) in plants at 10 WAS 
(1982-83 and 198>84) 

Seed ra t e s 

s i 

S2 

S 3 
SEm+ 

F 1 

2.2 

3.0 

3.2 

1982-83 
F 

2 

2.6 

3.2 

3.4 

0.07 
n. 0 

F3 

2.7 

3.3 

3.7 

F 
1 

2.1 

3.0 

3.2 

1984-85 
F 

2 

2.6 

3 .2 

.3.4 

0.06 
n, -1 

F 
*3 

2.8 

3.6 

3.6 
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Likewise at each seed ra te an increase in FYM level also resul ted in 

corresponding increase in N uptake. In 1984-85, each increase i n FYM resulted 

in a significant increase in N uptake. In 1982-83 also, F resulted in highest 

N uptake but i t was at par with F at S and S and both (F and F_) differed 

s ignif icant ly from F . At S , each increase in FYM r a t e , s ignif icant ly increased 

the N.uptake and a l l the FYM ra tes differed s igni f icant ly with one another. 

The data on the influence of S x F interact ion at 18 WAS in 1982-83 

and 1984-85 have been given in Table 15b. An examination of data table indicate 

that at F , during both the years each increase in seed ra te resulted in 

s ignif icant increase in N uptake. At lower levels of FYM in 1982-83, however, 

the s ignif icant increase was'found only upto S , whereas in 1984-85 for gett ing 

a s ignif icant increase the seed ra te had to be increased to S l eve l . 

Table 15b. Effect of S x F in teract ion on N uptake (kg/ha) at 18 WAS (1982-83 
and 198^-85) 

Seed ratei 

S 
' 1 

S 2 

S 

5 

SEm+ 

GD5% 

F 1 

.24.3 

32.7 

30.1 

1982-83 
F2 

28 .If 

33.6 

34.3 

0.9 

2.5 

F? 

33.5 

39.0 

42.8 

• F 1 

25.0 

29.4 

^7.5 

1984-8«j 
F 

35.3 

36.0 

55.8 

2.8 

8.1 

F 3 

36.0 

46.3 

73.6 

At fixed seed ra tes at S and S in 1982-83 and at S in 1984-85, 

the highest N uptake was obtained where FYM was applied @ 15 t /ha . With these 

seed ra tes each increase in FYM levels resulted in s ignif icant increase in 

uptake values. At S_ in 1982-83 and at S„ and S„ in 1984-85 also, F_ resulted 
<c 1 2 3 

in highest N uptake. However, in 1982-83 F and F remained at par and differed 

s igni f icant ly from F but in 1984-85 at S , oF, differed s igni f icant ly only 
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from F and at S . i t differed s igni f icant ly both from F as well as from F . 
1 2 ' T <-

The lower two FYM levels in turn remained at par with each other . 

F x M interact ion at 10 WAS presented in Table 15c indicate that with 

each method an increase in FYM level resulted in an increase in N uptake during 

a l l the 3 years of experimentation. With M in 1982-83 and with M in 1983-84 

the s ignif icant increase was fiound only upto F level whereas with M in 1983-84 

the s ignif icant increase was noted only by increasing the FYM level to F . In 

res t of the cases each increase in FYM level resulted in a s ignif icant increase 

in N uptake. 

I t was in teres t ing to note that at each level of FYM during a l l the 

3 years of experimentation the surface method of FYM application (M ) resulted 

in s igni f icant ly higher uptake of N. 

Table 15c, Effect of F x M in terac t ion on N uptake at 10 WAS (1982-83, 1983-84 
and 1984-85) 

im levels 

F i 

F 2 

J 3 
SEm+ 

M1 

2.6 

2.8 

2.9 

1982-83 

0.66 

0.2 

\ 

2.9 

3.3 

3.6 

1983-84 
M1 

2.3 

2.4 

2.8 

0.0? 

0.2 

MP 

2.5 

3.3 

3.5 

1984-8' 
M 1 

2.6 

2.8 

3.1 

0.04 

0.1 

M2 

2.8 

3.3 

3.5 

S x F x M interact ion was found to affect the uptake of N in plants 

s igni f icant ly in 1982-83 and 1983-84. The interact ion effect data presented in 

Table l5d indicate that during both the years S_F_M recorded the highest N 

uptake. In 1982, i t differed significantlybfrom S_FJ< but was found to be at 

par with i t in 1983-84. During both the years the lowest uptake was recorded 

with S F M -
1 1 1 
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Table i5d. Effect of S x F x M interact ion on N uptake i n plant 10 WAS 
(1982-83 and 1983-8*0 

Seed rate 

S 
1 

S2 

S 3 

s 
1 

s 
2 

S 3 

iS 

SEm+ 
CD5% 

SEm+ 
CD5% 

F1 

1.8 

2.8 

3.0 

1.5 

2 .5 

2.9 

M1 
F2. 

2.4. 

2.9 

3.1 

2.0 

2.7 

2 .7 

F *3 

1982-83 

2.4 

3.0 

3.2 

0.2 
0.6 

1983-84 

2-5 

2.9 

3.0 

, 0.5 
1.4 

F 1 

2.4 

3.2 

3.2 

2.1 " 

2.6 

2.8 

M2 

' V 

2.7 

3.3 

3.8 

2.9 

3.3 '•; 

3.8 

F 
*3 

3.0 

3.5 

4 . 2 

2.9 

3.5 

4 .1 

At 14 WAS also S x F x M interact ion was found to be signif icant 

i n 1982-83 and 1983-84. The in terac t ion effect data presented i n Table I5e 

reveal that l ike that at 10 WAS, at th i s stage also during both the years 

SJT_M resulted in highest N uptake. At th i s stage i t differed s ignif icant ly 

Table I5e. Effect of SxFxM in terac t ion on N uptake in plant's at 14WAS( 1983-83 

Seed ra te 

S 1 
s2 
s 3 

S-, 
S 2 
S 3 

and 

s 

SEm+ 
CD5# 

SEm+ 

™% 

1983-84) 

F 1 

16.6 
19.1 
20.8 . 

10.5 
16.2 
17.6 

Mi 
F 2 

19.6 
21.4 
20.8 

15.6 
15.9 
19.9 

F3 T, 

1982-83 
19.2 21.4 
20.4 23.1 
22.9 22.6 

1.0 
2.9 

1983-84 
17.6 17.5 
17.2 19.6 
20.1 18.6 

1.3 
3.7 

M? 
F 2 

22.0 
23.7 
27.0 

18;2 
21.3 
23.3 

F 3 

22.7 
24.5 
38.3 

17.9 
20.6 
28.2 
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from r e s t of the SFM treatment combinat ions. Also, during both t h e years 

S F M r e s u l t e d in lowest W up take . 
1 1 1 

The s i n g l e year i n t e r a c t i o n s v i z . , S x F at 6 WAS and at ha rves t i n 

1983-84, SxH at 6 WAS i n 1984-85, FxM a t 6 WAS i n 1982-83, FxM a t 18 WAS i n 

1982-83, SxFxM i n 198>84 a t 6 WAS also inf luenced N uptake i n p l a n t s i g n i f i c a n t l y 

and have been l i s t e d in Appendices XXI,XXII,XXIV and XXVI, r e s p e c t i v e l y . 

4 . 4 . 5 . Phosphorus con ten t (%) i n p l an t 

The da t a p e r t a i n i n g to the inf luence of main e f f e c t s on phosphorus 

conten t in p l a n t s at d i f f e r e n t s t ages of growth v i z . , 6 , 10,14 and 18 WAS have 

been presen ted in Table 16, The corresponding analyses of var iance have been given 

i n Appendix XIV. The da t a have a l so been presented d i a g r a m a t i c a l l y i n F i g . 10. 

An examination of Fig .10 r evea l s tha t the content of phosphorus in 

the p l a n t f a l l l i n e a r l y with the advancement in growth s t a g e s during a l l the 

3 y e a r s . 
# 

A pe rusa l of the da ta presented i n Taole 16 show t h a t the seed r a t e s 

inf luenced the P con ten t s i g n i f i c a n t l y . At 6 WAS in 1983-84 and 1984-85, a t 

150 kg seed r a t e / h a the P content was maximum and d i f f e red s i g n i f i c a n t l y from 
« 

100 k g . 125 kg seed r a t e did not d i f f e r s i g n i f i c a n t l y from 100 and 150 kg /ha . 

At a l l the s t ages i n 1982-83, a t 10 WAS in 198>84 and a t 10, 14 and 18 WAS i n 

1984-85 i t was seen t h a t each inc rease in seed r a t e r e s u l t e d i n a s i g n i f i c a n t 

inc rease in P c o n t e n t . At 14 and 18 WAS in 1983-84, 150 kg seed r a t e / h a 

recorded the h ighes t P con ten t , which remained at par with 125 kg seed r a t e / h a 

but d i f f e red s i g n i f i c a n t l y from 100 kg seed r a t e / h a . 

In r e s p e c t of FYH r a t e s i t was observed t h a t i n v a r i a b l y each inc rease 

in F"¥M r a t e r e su l t ed in a s i g n i f i c a n t i nc rease in P content but a t 14 WAS i n 
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1982-83 and at 18 WAS i n 1984-85, 15 t / h a FYM recorded maximum P content and 

did not d i f f e r s i g n i f i c a n t l y from 5 and 10 t / h a l e v e l s , but these lower two 

l e v e l s of FYM were at par with each o t h e r . On the o ther hand at 14 WAS i n 

1983-84 and 1984-85 the s i g n i f i c a n t i nc r ea se i n P content was recorded only 

upto 10 t / h a FYM l e v e l . 

Methods of a p p l i c a t i o n of FYM inf luenced the P content s i g n i f i c a n t l y 

at a l l the s t ages of crop growth, dur ing a l l t h e 3 years of exper imentat ion and 

i t was seen tha t sur face a p p l i c a t i o n of FYM recorded higher P content and 

d i f f e r ed s i g n i f i c a n t l y from incorpora t ion method. 

Some of the i n t e r a c t i o n s v i a . , S x F at 6 and 10 WAS i n 1982-83 and 

1984-85 and at 14 WAS i n 1983-84 and 198^-85 were found t o be s i g n i f i c a n t . 

In S x F i n t e r a c t i o n at 6 WAS i n 1982-83 and 1984-85 presented i n 

Table 16a i t was seen t h a t at F i n both the years with the inc rease i n seed 

r a t e the s i g n i f i c a n t i nc rease iri P content was found only upto S l e v e l . Where 

the seed r a t e s did not d i f f e r a t F„ FYM l e v e l , a t F_, dur ing both the year i t 
2 * 3 

was seen t h a t for br inging a s i g n i f i c a n t i nc r ea se i n P content seed r a t e had 

t o be inc reased to 150 kg /ha . - On the other hand at f ixed seed r a t e s a t S i n 

1982-83 and at S and S i n 1983-84 i t was seen t h a t an inc rease i n FYM r a t e 

increased the P .con ten t and F r e s u l t e d in' maximum P conten t but i t was at pa r 

Table 16a. Effect of S x F i n t e r a c t i o n on P content at 6 WAS(l982-83 and 1984-85 

Seed r a t e s 

B n 
s

2 

S3 
SEm+ 
CD5% 

F 1 

0 . 

0 . 

0 . 

I 

139 

.155-

,152 

1982-83 
F 2 

O.163 

0.154 

0.162 

0.003 
0.009 

F , 

O.168 

. 0.168 

0.182 

*1 

0 . 

0 . 

0. 

I 

137 

150 

,150 ,. 

1984-8*5 
F * 

.0 .164 

0.164 

O.163 

0.004 . 
0.010 

^ 

0.167 

0.167 

0.181 



1982-83 

to u ti ( 10 u 
WEEKS AFTER SOWING 

It \i. 

FIG. 10 TREATMENT EFFECTS ON PHOSPHORUS CONTENT l £ ) IN PLANT 



115 

with F and differed s ignif icant ly only from F . At S also in 1982-83, F 

recorded the higher content of P and differed s igni f icant ly from F and F but 

the l a t t e r two FYM levels remained at par with each other. At S during both 

the years however, i t was seen that each increase in FYM resulted in a 

significant increase in P content. 

In S x F interact ion at 10 WAS in 1982-83 and 1984-85 (Table*16b) i t 

was seen that at F during both the years and at F in 19&2-83 the highest P 

content was recorded at 150 kg seed ra te /ha which differed s igni f icant ly from 

S and S„ but the l a t t e r two seed ra t e s remained at par with each other . At 1 2 

F , in 1982-83, each increase in seed ra te resul ted in s ignif icant increase in 

P content. At F , in 1984-85, the seed ra tes did not differ s igni f icant ly from 

one another. At a constant seed ra tes at S and S during both the years i t 

was seen that each increase in FYM resulted inccorresponding dsignificant increase 

in P content in p l an t s . At S , the differences were not s ignif icant in 1984-85 

but in 1982-83 i t was seen that thoughrF:, resu l ted i in highest P content but i t 

was at par with F . F„ and F_ in turn remained at par with each other . 
2 i 2 

Table 16b. Effect of S x F in teract ion on P content at 10 WAS (1982-83 and 
1984-85) 

Seed ra tes 
s 1982-83 1984-85 • 
F F F F F F 

Sw 0.110 0.120 0 . l4 l 0.106 0.119 0.1^3 
1 

s 0.118 0.133 0.i48 0.118 0.137 0.153 

s ' o . i 4 i 0.1^9 6.153 0.143 0.142 0.155 
3 

SEm+ 0.003 O.OO5 

CD5% 0.009 ' 0.013 
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S x F interact ion also influenced the P content s igni f icant ly at 14 

WAS in 1983-84 and 1984-85. The interact ion effect data presented in Table 16c 

show that at F and F in 1983-84 and at F>] and F i n 1984-85 though the 

highest P content was observed at S but the s ignif icant increase was noticed 

only upto S l eve l . At F in 1985-84 and at F in 1984-85 a lso , S resulted 

in highest P content but the difference due to seed ra tes was not s ignif icant 

in the former case. In the l a t t e r case also for bringing a s ignif icant 

difference wthe seed rate had to be increased to S l eve l . 
5 

Table 16c. Effect of S x F interaction on P content at 14 WAS (1985-84 and 
1984-85) 

Seed ra tes 

s i 

S 
2 

S3 
SEm+ 

GD5% 

r i 

0.068 

0.107 

0.113 

1983-84 
Fs 
0.108 

0.110 

0.112 

0.002 

0.006 

^ 

0.107 

0.118 

0.121 

* i 

0.082 

0.115 

0.127 

1984-85 
F2 

0.110 

0.115 

0.117 

0.004 

0.012 

F3 

0.110 

0.110 

0.130 

At a fixed seed rate the effect of FYH at this stage was not 

consistent over the years. At S during both the years the significant increase 

in P content was found only upto F level but at S where the differences were 

not significant in 1984-85, in 1983-84, F and F while remaining at par with 
1 2 

each other recorded s ignif icant ly lesser P content compared to F . The same 

trend was noticed at S in 1983-84 also. In 1984-85, however, F and F , while 

remaining at par with each other recorded s igni f icant ly higher P content 

compared to F . 
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Some of the interact ions v i z . , S x F at 18 WAS' in 1984-85, F x M at 

6 WAS in 198.2-83, S x F x M at 14 WAS in 1984-85 which were found to be 

s ignif icant only for one season have been presented in Appendix XXI, XXIV and 

XXVI, respect ively. 

4 .4 .6 . P content in straw and grain 

P content was determined in straw and grain separately after the harvest 

and the relevant data have been presented in Table 16. The analyses of variance 

have been embodied in Appendix XIV. 

An examination of the data Table shows that the seed ra tes did not 

influence the P content in straw s igni f icant ly during a l l the 3 years. In grains 

also none of the seed ra tes influenced the P content s igni f icant ly in 1982-83. 

In 1983-84 i t was observed that 150 kg seed ra te /ha recorded highest P content 

which differed s igni f icant ly only from 100 kg seed ra te /ha . In 1984-85, the 

trend was reverse in the sense that the P content in grains was more at 125kg 

seed ra te which while remaining at par with 100 kg seed ra te differed s ignif icant ly 

from 150 kg seed ra te /ha . 

In respect of FYM treatments i t was noticed that the per cent P in 

straw in 1982-83 and that in grains in 1983-84 was not influenced s igni f icant ly 

by FYM leve l s . In 1983-84 and in 1984-85 in case of straw and in 1982-83 in 

case of grains the highest P content was obtained at the 15 t /ha FYM which 

differed s ignif icant ly from 5 and 10 t FYM/ha. The l a t t e r two FYM ra tes were 

at par with each other. In 1984-85, the s ignif icant increase in P content was 

noticed only upto F leve l . 

The methods of application of FYM influenced the P content in straw 

s igni f icant ly in 1983-84 and in grains in 1982-83 where i t was seen that surface 

method of FYM application recorded s igni f icant ly higher P content compared to 

that of incorporation, 
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S x F interact ion effect influenced the P content , in straw s ignif icant ly 

in 1985-84 and 1984-85. The interact ion effect data presented in Table l6d. show 

that the seed ra tes did not influence the P content s igni f icant ly at F and F 

in 1985-84 whereas at F_ during the same year and at F_ and F , in 1984-85 for 
5 2 5 / 

bringing a s ignif icant increase in P content the seed ra te had to be increased 

to S l eve l . At F , in 1984-85, the highest P content was observed at S which 

differed s igni f icant ly from S and S . The l a t t e r two treatments remained at par 
1 5 

with each o t h e r . 
Table l6d. Effect x S x F i n t e r a c t i o n on P content in s t r aw (1985-84 and 1984-85) 

Seed r a t e s . 

S 
1 

S 2 

S 3 

SEra+ 

CD5% 

F 
1 

0.027 

0.050 

0.022 

1983-84 
F

2 

0.028 

0.028 

0*027 

0.001 

0.005 

F 

0.027 

0.027 

0.055 .. 

' i 

0.025 

0.029 

0.027 

1984-85 

',. 

0.027 

0.025 

0.051 

0.002 

0.005 

F 
3 

0.025 

0.025 

0.051 

While comparing the FYM rates at varying seed r a t e s , i t was observed 

that in 1985-84, at S and S and in 1984-85 at a l l the seed ra tes none of the 

FYM ra tes differed s ignif icant ly from one another. However, in 1985-84, at S , 

each increase in FYM resulted in a s ignif icant increase in P content in straw. 

4 .4 .7 . Phosphorus uptake (kg/ha) in plants 

The data pertaining to the effect of different treatments on P uptake 

at different stages of growth by plants have been presented in Table 17. The 

corresponding analyses of variance have been given in Appendix XV. The treatment 

effects to show the progressive uptake have also been i l l u s t r a t e d graphically 

in F ig .11 . 
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An examination of Fig.11 reveals that the uptake of P during a l l 

the 3 years tended to be more or less sigmoid in nature indicating that the 

uptake of phosphorus was at a fas ter pace between 10 to 14 WAS and then increased 

at a slow pace from 14 to 18 WAS, From 18 WAS to harvest the rate of uptake 

was very slow. 

A perusal of data contained in Table 17 indicates that at a l l the 

stages of growth during a l l the 3 years, phosphorus uptake increased with the 

increase in seed ra tes were not the exception of that at 10 WAS in 1984-85 

where the differences due to seed ra tes were not s ign i f ican t . At res t of the 

stages during a l l the 3 years, each increase in seed ra tes resulted in a 

s ignif icant increase in the P uptake. Similarly each increase in FYM ra te 

resulted in an increase in P uptake a lso . In t h i s case also the differences 

were not significant at 10 WAS in 1984-85, At 18 WAS and at harvest in 1984-85 

for gett ing a signif icant increase in P uptake the FYM ra te had to be increased 

to 15 t / h a . 

The application methods of FYM also influenced P uptake s igni f icant ly 

in a l l the three years at different s tages . The surface application of FYM 

resulted in higher P uptake and differed s ignif icant ly from the FYM mixed in the 

s o i l , except at 10 WAS in 1984-85 during which the FYM application methods did 

not differ s igni f icant ly . 

Some of the interact ion effects v i z . , S x F at 14 WAS in 1982-83 and 

1984-85, F x M at 6 WAS in 1982-83 and 1983-84 and F x M at 14 WAS in 1983-84 

and 1984-85 also influenced the uptake of phosphorus s igni f icant ly . 

In S x F interact ion effect in 1983-84 and 1984-85 presented in Table 

17a i t was seen that in 1983-84 at F , S resulted in highest P uptake which 
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remained at par with S and d i f f e r ed s i g n i f i c a n t l y from S , Same t rend was 

observed in 198^-85 at F .. At F and F , i n 1983-8^, each i nc rea se i n seed r a t e 

r e s u l t e d i n a s i g n i f i c a n t i nc rease i n P uptake . 

Table 17a. Effect of S x F i n t e r a c t i o n on P uptake at *[k WAS (1983-8^ and 1984-85) 

Seed rates 

S 
1 

$ 2 

S 3 

-

SEm+ 

CD5^ 

F 1 

1.46 

2.61 

2.82 

1983-84 
F 2 

2.39 

2.66 

3.12 

0.09 

0.25 

?7 

2.60 

3.09 

3.47 

F 1 

2.29 

• 2.68 

4.14 

1984-85 
F ? 

3.28 

3.77 

4.05 

0.15 

0 .45 

F? 

3.51 

3.77 

4 .53 

In 1984-85 a l s o , at F and F , 150 kg/ha seed r a t e r e s u l t e d i n the 

h ighes t P uptake and d i f fe red s i g n i f i c a n t l y from S and S . The lower two seed 

r a t e s remained at pa r with each o t h e r . F u r t h e r , at f ixed seed r a t e s v i z . , S 

and S dur ing both the yea r s , F and F ' while remaining at par with each o ther 
2 2 3 

recorded s i g n i f i c a n t l y higher P uptake compared t o F . At S , during both the 

y e a r s , FYM @ 15 t / h a recorded the h ighes t P uptake but i n 1983-8** where each 

inc rease i n FYM r e s u l t e d i n a s i g n i f i c a n t i nc r ea se i n P uptake i n 1984~85» 15 

t / h a FYM (F_) d i f f e red s i g n i f i c a n t l y only from 10 t / h a ( F „ ) . 
3 2 

The F x M i n t e r a c t i o n e f fec t at 6 WAS i n 1982-83 and i n 1983-84 presented 

i n Table 17b shows t h a t in 1982-83 with FYM incorpora ted i n the s o i l (M ) t o get 

a s i g n i f i c a n t inc rease i n P uptake the FYM r a t e s had t o be increased t o F , l e v e l . 

In r e s t of the cases during both the year each i nc r ea se i n FYM r a t e r e s u l t e d 

i n a s i g n i f i c a n t i nc rease i n P uptake . 
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I t was in teres t ing to note that at each level of FYM during both the 

years the surface method of FYM application resulted in s igni f icant ly higher P 

uptake. 

Table 17b. Effect of F x M interact ion in P uptake at 6 WAS.(l982-83 and 1983-8^) 

FYM levels 

F ! 

F 2 

F 3 

SEm+ 

CD5% 

" 1 

0.073 

0.078 

0.088 

1982-83 

0.002 

0.005 

*? 

O.079 

0.093 

0.110 

M1 

0.053 

0.062 

0.068 

l983-8<t 

0.002 

0.006 

*>. 

O.063 

O.067 

0.092 

The F x M interact ion in 198>84 and 198A-85 also influenced the P 

uptake at -\k WAS (Table 17c). The data^bable shows that with both the methods 

of application of FYM, each increase in the ra tes of FYM resulted in corresponding 

significant, increase in P uptake. 

Table 17c, Effect of F x M in terac t ion on P uptake at ik WAS (1983-8^ and 198^-85) 

J; in level; 

F 
1 

T2 

F 5 

s 

' 

SEm+ 

Hi 

2.25 

2.5^ 

2.80 

I98v8if 

0.06 

0.18 

M2 

2.38 

2.87 

3.31 

l98*f-85 
M 

1 

3.08 

3 . ^ 

3.48 

0.11 

0.31 

*z 
3.60 

3.92 

k.te 
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As regards the methods of application of FYM i t was seen that at F in 

1983-84 the two methods did not dif fer s igni f icant ly but in res t of the cases 

surface application (M ) always resulted in s igni f icant ly higher P uptake. 

The in te rac t ions , S x F at 18 WAS and at harvest in 1984-85, F x M 

at 10 WAS in 1983-84 and S x F at M at harvest in 1983-84 which were found to be 

signif icant only for one year have been presented in Appendix XXI, XXIV and 

XXVI, respect ively. 

4 .4 .8 . Potassium content (.%) in plants 

The data on the potassium content at different stages of growth in 

plants as influenced by the main effects of the study during the 3 years of 

experimentation are given i n Table 18. The analyses of variance for respective 

years have been presented in Appendix XV. ' The data are also i l l u s t r a t ed 

graphically in Fig.12. 

An examination of Fig.12 reveals that the content of K during a l l the 

3 years-in different treatments slowly decreased from 6 to 10 WAS. The decrease 

was steep from 10 to 14 WAS. From 14 WAS onwards again the decrease was steady. 

A perusal of the data presented in Table 18 indicates that the seed 

ra te treatments did not influence K content s ignif icant ly at 6 WAS in 1983-84, 

at 10 WAS in 198>84 and 1984-85 and at 18 WAS in 1984-85. However, at 6 WAS 

in 1982-83, i t was observed that 150 kg seed rate/ha resulted in the highest K 

content which differed s ignif icant ly from 100 kg seed ra te /ha but 125 kg/ha seed 

ra te remained at par with 100 and 150 kg/ha. In 1984-85, at 6 WAS, more K 

content was observed at 150 kg/ha and, differed s ignif icant ly from 100 and 125 

kg/ha, the l a t t e r two seed ra tes remained at par with each other. Similar trend 

was also observed in 1984-85 and in 1983-84 at 14 and 18 WAS, respectively. In 

1982-83 at 10 WAS, each increase in seed ra te resulted in a significant 
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increase in K content. Similar trend was observed in 1982-83 at 14 and 18 

WAS and in 198>84 at 14 WAS. 

In respect of FYM rates i t was seen that these treatments did not 

influence s ignif icant ly the K content at 6 and 10 WAS in 198>84 and at 18 WAS 

in 1984-85. However, at 6 WAS in 1982-83, each increase in FYM rate resulted 

in a s ignif icant increase in K content. More or less a similar trend was 

observed in most of the cases but at 14 WAS in straw as well as in grain in 

1983-84, in straw in 1982-83 and in straw as well as in grain in 1984-85 the 

Fffl application ra t e had to be increased to 15 t / ha to get a s ignif icant 

increase in K content. 

The surface method of FYM application always resulted in higher K 

content but the difference was not significant at 6 and 10 WAS in 1983-84, at 

18 WAS in 1982-83 and 1984-85 in straw in 1982-83 and in grains in 1984-85. 

None of the in teract ions affected the K content in the plant 

s ign i f ican t ly . 

4Q4.9. Potassium uptake (kg/ha) in plants 

The,data in respect of K uptake in plants as affected by the main 

effects of the study at different stages of growth in the 3 seasons have been 

given in Table 19. The analyses of variance have been given in Appendix XVI. 

The treatment effects have also been i l l u s t r a t e d graphically in Fig.13. 

An examination of Fig.13 reveals that in general, the K uptake during 

three crop seasons in a l l the treatments was less in early growth stages of 

plants between 6 and 10 WAS but i t got speeded up at 14 WAS. The ra te of uptake 

got slowed down from 14 to 18 WAS and thereafter the uptake values increased 

at much slower speed. 
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The data in Table 19 show that with the exception of that of 10 WAS 

in 1982-83 and 198^-85 and 1^ WAS in 1982-83, each increase in seed ra te 

resulted in a s ignif icant increase in K uptake throughout the course of the 

invest igat ion. At these stages the significant increase was observed only upto 

125 kg/ha seed r a t e , 

In respect of FYM ra tes i t wqs noticed that at a l l the stages of crop 

growth during the 3 crop seasons each increase in FYM rate resulted in a 

s ignif icant increase in K uptake. 

The surface application of FYM was superior to incorporation method 

and i t always resul ted in s igni f icant ly higher uptake of K. 

F x M in terac t ion at 6 WAS in 1982-83, and F x M and S x F x M 

interact ions at 10 WAS in 1983-8^ because of being signif icant only for one 

year have been given in Appendix XXIV, and XXVI, respectively. 

^ . 5 . Soil Studies 

*f.5.1. Soil temperature 

With the exception of rainy days so i l temperature was recorded da i ly 

between 12 noon to 2 P.M. from the s t a r t of seed emergence i . e , l 3 January to 

end of February during two crop seasons v i z . , 1982-83 and 198^-85. Due to rains 

on 26, 27, 28 and 29 January and on 13, 1^, 15, 23 and 2k February in 1983 and 

on 26 and 27 January and k and 20 February in 1985, the observations could not 

be taken. The study was limited to one repl ica t ion only. The s t a t i s t i c a l 

analysis was therefore, not possible and only the average values based on 3 

observations from each plot have been given in Table 20. 

An examination of the data presented in Table 20 indicates that with 

the increase in seed rate the s o i l temperature in general registered a decl ine. 

The highest temperature was recorded at 100 kg seed ra te /ha and the lowest at 
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T a b l e 20'.' . ' T r e a t m e n t e f f e c t s on s o i l t e m p e r a t u r e (•C) 
' " " " • ' f t o . 2 8 t h ^ : F e b r u a r y ( l 9 8 3 and 1 9 8 5 ) . 

in-0«5cm deptfr.ifrfcm 13 January-

D a t e s Seed r a t e s ( k g / h a ) 
100 125 150 

FYM r a t e s ( t / h a ) 
10 

A p p l i c a t i o n methods 
15 I n c o r p o r a t i o n S u r f a c e 
. a p p l i e d 

J a n u a r y 13 

-\k 

16 

17 

18 

19 

20 

21 

22 

23 

2^ 

25 

30 

31 

F e b r u a r y 1 

2 

3 

^ . 

5 

6 

7 

10 

11 

12 

16 

18 

19 

20 

1 6 . 1 

1 8 . 3 

13 .0 

1 6 . 6 

1 8 . 2 

- 1 6 . 8 

1 9 . 3 

2 1 . 9 

1 5 . 7 

1 9 . 2 

1 7 . 9 

1 8 . 7 

1 7 . 1 

16 .0 

1 7 . 9 

1 7 . 1 

1 5 . 2 

1 8 . 5 

16 .8 

17 .0 

2 2 . 8 

19 .0 

23.7 

23.2 

2 1 . 5 

2 1 . 6 

19 .5 

2 ^ . 1 

2 5 . 6 

1 7 . 1 

1 7 . 9 

1 5 . 8 

18 .0 

1 2 . 9 

16 . ^ 

1 7 . V 

' 1 S . 6 

18 .8 

2 1 . 5 

1^.9 

1 8 . 6 

I7. i f 

1 8 . 3 

1 6 . 6 

15 .0 

1 7 . 5 

1 6 . 6 

1*f.6 

1 7 . 8 

l6 . i f 

16. ^ 

2 2 . 3 

1 8 . 3 

2 3 . 1 

2 2 . 6 

2 1 . 0 

2 1 . 2 

19 .0 

2 3 . 6 

2 5 . 1 

1 6 . 6 

17-if 

15 .0 

17.8 

12.8 

1 6 . 2 

17 .1 

1 5 . 2 

18 .1 

2 0 . 6 

l i f . r 
18 .0 

17 .0 

17 . ^ 

1 6 . 3 

1V7 
1 6 . 8 

16.O 

l i f . i f 

17 .0 

1 5 . 6 

1 5 . 7 

2 1 . 6 

17 .2 

2 2 . if 

2 1 . 9 

2 0 . 2 

. 2 0 . 5 

1 8 . 4 

2 2 . 9 

2k A 

1 5 . 9 

16 .7 

1983 

1 5 . 1 15 .5 

1 7 . 8 

1 2 . 6 

1 6 . 2 

1 7 . 1 

1 5 . if* 

1 7 . 9 

2 1 . 2 

l i f . i f 

1 8 . 1 

1 6 . 6 

1 7 . 6 

16 .0 

l i f . 8 

17.0 

1 6 . 3 

l i f . 3 

1 7 . 2 

1 5 . 9 

1 5 . 9 

2 1 . 6 

17.8 . 

2 2 . 7 

2 2 . if 

2 0 . 6 

2 0 . 5 

18 .5 

2 2 . 9 

2*u5 

1 6 . 0 

1 7 . 1 

1 8 . 1 

1 2 . 6 

1 6 . 3 

17.if 

1 5 . 9 

18 .7 

2 1 . 3 

l i f .8 

1 8 . 6 

1 7 . 5 

1 8 . 1 

1 6 . 7 

1 5 . 1 

1 7 . 2 

1 6 . 6 

l i f . 7 

1 7 . 7 

1 6 . 2 

1 6 . 3 

2 2 . 1 

1 8 . ^ 

2 3 . 0 

2 2 . 5 

2 0 . 8 

2 1 . 3 

19 .0 

2 3 . 5 

2 5 . 1 

1 6 . 6 

1 7 . 3 

1 6 . 3 i i f .7 1 6 . 6 

1 8 . 2 1 7 . 1 19 .0 

1 3 . 2 1 1 . 9 1 3 . 9 

1 6 . 7 ' 1 5 . 8 1 7 . 1 

1 8 . 2 1 6 . 3 1 8 . 8 

1 6 . 3 1 5 . 1 1 6 . 6 

19 .5 17 .8 1 9 . 6 

2 1 . 6 ' 2 0 . 1 2 2 . 6 

1 5 . 5 1 3 . 9 1 5 . 9 

1 9 . 1 •" 1 7 . 7 19 . 5 

1 8 . 3 1 6 . if 1 8 . 6 

1 8 . 7 1 7 . 1 1 9 . 2 

17. i f ' 1 5 . 7 ' 1 7 . 6 

1 5 . 7 l i f . 2 1 6 . 3 

1 7 . 9 l6 . i f 1 8 . 5 

1 6 . 9 1 5 . 5 ' 1 7 . 6 

1 5 . 0 1 3 . 5 1 5 . 9 

l8 . i f 1 6 . 5 1 9 . 0 

1 6 . 6 1 5 . 3 1 7 . 1 

1 6 . 9 1 5 . ^ 17 . if 

23 .0 2 1 . 1 2 3 . 3 

18 .5 1 7 . 2 1 9 . 1 

2 3 . 5 2 2 . 2 2if.O 

2 2 . 8 2 1 . 7 2 3 . ^ 

2 1 . 3 2 0 . 0 2 1 . 8 

2 1 . 5 20 .0 2 2 . 1 

19.A- 1 8 . 1 19 .8 

2if.1 2 2 . if 2if.6 

2 5 . 5 2if.0 2 6 . 1 

17*0 1 5 . 6 17.if 

1 7 . 6 1 6 . 3 i8.i+ 

Contd, 
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Table Contd. 

Appl icat ion methods 
, Dates 

Seed r a t e s (kg/ha) 
100 J2L 150 

FYM r a t e s ( t / h a ) 

JP_ 35 Incorpora t ion Surface applied 

F e b r u a r y 21 

22 

25 

26 

27 

28 

J a n u a r y c. 13 

1^ 

15 

16 

17 

18 

19 

20 

22 

23 

2k 

25 

28 

29 

30 

31 

F e b r u a r y -] 

2 

3 

5 

6 

7 

8 

9 

2 1 . 8 

2 1 . 3 

2 2 . 6 

1 8 . 9 

2 1 . 3 

•1*U^ 

1 6 . 7 

1 9 . 9 

1 6 . 3 

1^.1 

1 5 . ^ 

1 7 . 9 

i b . i 

19 .0 

1 9 . ^ 

1 7 . ^ 

1 6 . 7 

1 7 . 7 

1 6 . 6 

16 .5 

1 9 . 1 

19 .2 

18 .8 

1 7 . 6 

1 9 . 2 

1 8 . 2 

2 0 . 9 

1 8 . 5 

2 0 . 2 

1 9 . 3 

2 1 . 2 

2 0 . 8 

2 2 . 2 

18 .5 

21 .0 

1 3 . 9 

1 6 . 2 

1 9 . 3 

, 1 5 . 7 

1 2 . 6 

1^.7 

1 7 . 3 

1 7 . 6 

18 .8 

1 8 . 9 

1 6 . 9 

1 6 . 3 

1 7 . ^ 

16 .0 

18 .0 

1 8 . 6 

1 8 . 6 

1 8 . 2 

1 7 . 2 

18 .7 

17 .8 

20 . k 

18.0 

19 .7 

18 .8 

2 0 . 6 

2 0 . 1 

21A 

17.8 

2 0 . 3 

13 .2 

1 5 . 6 

18 .5 

15 .0 

13 .0 

1^.0 

1 6 . 7 

1 6 . 9 

18 .2 

1 8 . 2 

1 6 . 2 

15 .5 

16 .8 

1 5 . 2 

1 7 . 3 

1 7 . 9 

1 7 . 9 

17 .5 

1 6 . ^ 

18 .0 

17 .0 

19 .8 

1 7 . 3 

1 9 . 3 

1 8 . 1 

2 0 . 6 

2 0 . 1 

2 1 . 5 

18 .0 

2 0 . 6 

1 3 . 1 

1 5 . 5 

18 .8 

1 5 . 2 

1 2 . 8 

1^.3 

17 .6 

17 .0 

1 8 . 2 

1 8 . 3 

1 6 . 2 

1 5 . 3 

16 .8 

1 5 . 6 

17 .5 

18 .0 

18 .0 

17 .5 

.16.7 

1 8 . 3 

1 7 . 2 

19 .8 

1 7 . 6 

1 9 . 2 

1 7 . 9 

2 1 . 1 

2 0 . 8 

22 .0 

1 8 . 4 

2 0 . 8 

13 .8 

1985 

1 6 . 2 

1 9 . 3 

1 5 . 7 

13 .5 

1*f.7 

1 7 . 2 

17 .5 

1 8 . 8 

1 8 . 9 

1 6 . 9 

1 6 . 2 

1 7 . 1 

1 5 . 9 

18 .0 

ia.6 
18.6 

18.2 

17.0 

18.6 

17.6 

20 .3 

17.8 

19.7 

18.8 

21.9 

21 .3 

22.7 

.13.7 . 

21.1 

i*f.6 

16.7 

19.6 

16.1 

1^.3 

15.1 

17.6 

18.1 

19.0 

19.3 

17 .^ 

17.0 

17.9 v 

1 6 . 3 

l8 . i f 

1 8 . 9 

' 1 9 . 1 

18 .7 

1 7 . 6 

1 9 . 1 

18 .2 

2 1 . 1 

1 8 . 3 

2 0 . 3 

1 9 . 3 

2 0 . 2 

19 .8 

2 1 . 1 

1 5 . 7 

19 .8 

1 2 . 9 . 

1 5 . 1 

1 8 . 1 

1^.7 

1 2 . 6 

13-6 

1 6 . 3 

• 1 6 . 7 

1 7 . 6 

1 7 . 8 

1 5 . 8 

1 5 . 1 

1 6 . 2 

15 .0 

17 .0 

1 7 . 5 

1 7 . 6 

17 .0 

16.O 

17 .6 

16 .7 

1 9 . 3 

1 6 . 9 

18 .8 

. 1 7 . 8 

2 2 . 2 

2 1 . 7 

2 3 . 0 

1 9 . 3 

2 1 . 9 

1^.8 

1 7 . 2 

2 0 . 3 

1 6 . 6 

1^.6 

15 .8 

1 8 . 3 

1b.*t 

1 9 . 7 

1 9 . 8 

1 7 . 9 

1 7 . 3 

1 7 . ^ 

1 6 . 9 

1 8 . 9 

1 9 . 5 

1 9 . 3 

1 9 . 3 

1 8 . 1 

19 .7 

1 8 . 7 

21.A-

1 9 . 0 

2 0 . 6 

1 9 . 6 

r 

I Contdl. . . • 
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Table Contd. 

Dates Steadi-rates (kg/ha) 
J ° 0 125 150 

FYM rates ( t /ha) ' Application method 
JO. JL Incorporation Surface applied 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

21 

22 

23 

24 

25 

26 

27 

28 

20.5 

18.9 

20.4 

19.9 

20.9 

21.4 

22.8 

24.5 

24.9 

24.5 

17.1 

22.0 

22.9 

. 24.6 

25.3 

21.9 

24.9 

25.9 

20.0 

18.4-

19.9 

19.3 

20.2 

20.9 

22.2 

24.0 

24.4 

24.0 

16.6 

21.5 

22.4 

24.0 

24.8 

21.4 

24.4 

25.2 

19.2 

18.0 

19.2 

18.6 

19.4 

20.2 

21.5 

23.2 

23.6 

23.5 

15.8 

20.7 

21.7 

23.3 

24.1 

20.6 

24.1 

24.4 

19.6 

18.1 

19.2 

18.8 

19.7 

20.4 

21.9 

23.4 

23.6 

23.2 

15.8 

20.9 

21.8 

23.5 

24.2 

20.7 

23.9 

24.6 

19.8 

18.4 

19.8 

19.3 

20.0 

20.7 

22.1 

23.8 

24.4 

24.0 

16.5 

21.4 

22.4 

23.8 

24.6 

21.3 

24.4 

25.3 

20.2 

18.8 

20.4 

19.7 

20.8 

21.4 

22.5 

24.2 

24.8 

24.7 

17.3 

22.0 

22.9 

24.6 

25.3 

21.8 

24.4 

25.3 

18.7 

17.2 

. 18.6 

18.3 

19.3 

19.4 

21.1 

22.8 

23.0 

22.2 

15.2 

20.5 

21.4 

22.7 

23.3 

20.2 

23.4 

24.0 

21.1 

19.7 

20.-9 

20.2 

21.2 

22.3 

23.3 

24.9 

25.6 

25.2 

17.8 

22.3 

23.3 

'25.3 

26.1 

22.3 

25.4 

. 26.3 
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150 kg/ha. ; The decline in so i l temperature ranged from 1.3 to 0.8 C in 

1982-83'aridjfrpm 1.3 to 1.1°G in 1984-85. 

Contrary to th is the increase in FYM rates registered an increase 

in so i l temperature and the increase ranged from 0.8 C to 1.3 C in 1982-83 and 

from 0.9°C to 2.0°C in 1984-85, as the ra te of FYM was increased from 5 to 

15 t /ha . 

While comparing the methods of application of FYM i t may be noticed 

that surface application of FYM tended to enhance the temperature of so i l 

surface. The' increase ranged from 1.9°C to 2.2°C in 1982-83 and from 2.0 C to 

2.4°C in 1984-85 compared to that when FYM was mixed in the s o i l . 

4 .5 .2 . Soil moisture content {%) 

Observations on so i l moisture content i n 0-15 cm s o i l depth were taken 

after 7 days of each ra infa l l on different dates and at harvest during the 3 

crop seasonsi In t h i s manner, there were at leas t six observations which were 

common during each year. The data were analysed s t a t i s t i c a l l y and hence given 

i n Table 21. The corresponding analyses of variance have been given in 

Appendix XVIIll 

An examination of data table indicates that in general the so i l 

moisture content was high when a low seed ra te of 100 kg/ha was used. However, 

these differences due' to seed ra tes were not s ignif icant during the 2nd and 4th 

observation in 1984-85, 5th observation in 1982-83 and at harvest in 1983-84. 

During; 1st,- 2nd and 3rd observation in 1983-84, 1st observation and at harvest 

in 1984-85 and! 2nd observation in 1982-83, 100 kg seed ra te /ha which resulted 

in highest so i l moisture content differed s ignif icant ly from 125 and 150 kg seed 

ra t e /ha . ; The l a t t e r two seed ra tes were at par with each other . During 1st 

observation in*1982-83, 3rd observation in 1984-85 and during 4th and 5 t h 

/ 
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observation in 1983-84 the so i l moisture content in lower two seed ra tes was 

s t a t i s t i c a l l y similar but was s ignif icant ly higher than that in 150 kg seed 

ra t e /ha . f 

During 5th stage in 198^-85 each increase in seed ra te resul ted in 

signif icant decrease in so i l moisture content. 

Contrary to the effect of seed ra tes the s o i l moisture content was 

highest where FYM was applied at the ra te of 15 t / h a . During I s t observation 

and at harvest in 1983-84 and at harvest in 1982-83, each increase in FYM ra te 

resulted in a s ignif icant increase in s o i l moisture content. Where the 

differences due to FYM rates during I s t observation in 1984-85, and during 5th 

observation 1983-84, the differences due to FYM rate were not s ignif icant in 

rest of the observations during different years. I t was seen that 15 t /ha FYM 

always resulted in s ignif icant ly higher so i l moisture content compared to 

5 t /ha . 

I t was in teres t ing to note that surface application of FYM always 

resulted in s ignif icant ly higher so i l moisture content compared to incorporation 

method during a l l the observations, during different years of experimentation. 

S x 5* in terac t ion in I s t observation in 1983-84 and 1984-85 and at 

harvest during a l l the 3 years of experimentation influenced the so i l moisture 

content s ign i f ican t ly . 

S'x F in teract ion during I s t observation presented in Table 22a 

reveals that with the exception at F in 1983-84, at r es t of the FYM leve l s , 

the lower seed rate (S ) resulted in higher s o i l moisture content. At F , 

during both the years, i t resulted in s igni f icant ly higher ffloil moisture content 

compared to S and S . The l a t t e r two seed rates were at par with each other . 

At F , 1983-84, i t differed s ignif icant ly only from S At F , during the 
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same year, S resulted in higher moisture content compared to S and S^ 

whereas the differences were not significant at t h i s level of FYM in 1 9 8 4 - 8 5 I 

Table 22a. Effect of S x F in teract ion on s o i l moisture content during 1st 
observation (198>84 and 1984-85) 

Seed ra te i 

s- i 

S 3 

• S 3 

3 

SEm+ 

CD5% 

r i 

19.6 

22.0 

19.3 

1983-84 
F

? 

23.6 

20.7 

23.5 

0 .5 

1.4 

F 3 

25.3 

23.8 

22.7 

Fn 

26.2 

25.1 

25.2 

1984-85 
F 2 

27.0 

28.4 

24.5 

0 .8 

2 .3 

F3 

29.1 

25.1 

26.4 

With the increase in FYM ra t e s , in general, there was an increase in 

so i l moisture content but in some cases, the s ignif icant increase was only upto 

F level whereas in some cases to get a s ignif icant increase the FYM level had 

to be increased upto F l eve l . The FYM levels however, did not differ 
3 

significantly from one another at S in 1983-84, and at S in 1984-85. 

The same (S x F) interaction effect that influenced the soil moisture 

content at harvest during all the 3 years of experimentation has been presented 

in Table 22b. 

Table 22b. Effect of 3 x F in teract ion on s o i l moisture content at harvest 
(1982-83, 1983-84 and 1984-85) 

Seed 
r a t e s 

8 i 

S 
2 

S 3 

SEm+ 
CD5% 

F 1 

10.2 

10.8 

8.8 

1982-8^5 

\ 

12.8 

10.4 

11.9 

, 0 .5 
1.6 

F 
3 

13.2 . 

'12.7 

12.3 

F 1 

9 . 6 

12.0 

9 . 5 

198 V 8 4 
F 2 

13.6 

10.7 

13.5 

0 .5 
1.4 

F3 

15.3 

13.7 

12.7 

F 1 

12.3 

10.5 

9 .0 

1984-85 

V 
10.2 

10.3 

9 . 9 

0.5 
1.6 

F 3 

12.1 

11.5 

11.0 
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At harvest, the so i l moisture content almost approached the permanent 

wilting point and therefore, the effect due to different seed ra tes was not 

consistent during the 3 different years. While examining the effect of FYM rates 

at different seed ra tes the general trend was that the higher ra tes of FYM tested 

brought comparatively higher so i l moisture content, a few exception during one 

of the other year notwithstanding. 

Some of the interact ions v i z . , S x F^and S x F x M during 2nd 

observation in 1982-8j5t which influenced the s o i l moisture content only for one 

year have been given in Appendix XXI and XXVI, respectively. 

4 .6 . Physico-chemical propert ies 

Data pertaining to the effect of different treatments on s o i l reaction 

CpH), bulk density (B.D.), available nitrogen, phosphorus and potassium, t o t a l 

nitrogen and organic carbon (%) in s o i l lef t after the harvest of crop after 

each season have been presented in Table 22. The corresponding analyses of 

variance have been given in Appendix XIX. 

4.-6,|.. Soi l pH 

As regards the change in s o i l pH i t was observed that seed ra t e s did 

not show a par t icular trend but in respect of FYM ra t e s , i t was seen tha t an 

increase in FYM resulted in corresponding decrease in s o i l pH, The surface 

method of FYM application registered a marginal decline in s o i l pH. 

4 .6 .2 . Bulk density 

Seed rates did not influence s igni f icant ly the bulk density during any 

of the years. In respect of FYM r a t e s , i t was noted that the increasing rates 

of FYM decreased the bulk density. The highest rate of FYM (15 t/ha) recorded 

the minimum bulk density. In 1982-83, i t differed s igni f icant ly from 5 and 10 

t /ha FYM and in 1983-84 while remaining at par with 10 t /ha differed s igni f icant ly 

only from 5 t /ha . In 1984-85, however, each increase in FYM resulted in 

significant decrease in bulk density. The surface application of FYM always 
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recorded a lower bulk density which differed s igni f icant ly from the incorporation 

method. 

S x F x M interact ion in 1984-85 that influenced bulk density has 

been presented in Appendix XXVI. 

4 .6 .3 . Available s o i l nitrogen 

A perusal of data on available so i l N also presented in Table 22 

indicates that dur ing/a l l the 3 years, the available so i l nitrogen after the 

harvest of the crops was not influenced s igni f icant ly due to seed r a t e s . In 

respect of FYM treatments, i t was observed that in 198>84 and 1984-85 these 

also did not influence the available s o i l N s igni f icant ly . But in 1 9 8 2 - 8 3 I 

FYM applied @ 15 t / ha recorded the highest available s o i l nitrogen which,however, 

differed significantly.from 5 t /ha only. While comparing the methods of FYM 

application i t was seen that though surface application resulted i n higher 

available so i l N but the difference was s ignif icant only in 1984-85. 

4 .6 .4 . Available phosphorus 

The data pertaining to the effect of different treatments on available 

so i l phosphorus l e f t after the harvest of the crops have been presented in Table 

22. An examination of the data shows that the seed ra tes did not influence the 

available P in so i l s ignif icant ly after the harvest in 1984-85. However, i n 

1982-83 i t was observed that each increase in seed rate recorded a s ignif icant 

decrease in available so i l P. In 1983-84 the decrease was significant only 

upto S level 125 kg seed ra te /ha . 

In respect of FYM ra tes i t was observed that in 1984-85 the available 

so i l P was not influenced s ignif icant ly by FYM r a t e s . In 1983-84 whereas in 

1982-83 each incfease in FYM level resulted in a significant increase in available 

s o i l P . The increase in 1983-84 was significant only upto 10 t /ha . 
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The methods of application of FYM in 1982-83 and 1983-84 did not 

influence the amount of so i l available P s ign i f ican t ly . " However, in 1983-84 

i t was observed that surface application of FYJM recorded s ignif icant ly more 

available P in comparison to the incorporation of FYM in the s o i l . 

The S x M interact ion in 198>84 and 1984-85 influenced the so i l 

available P after harvest s igni f icant ly . The data have been presented in 

Table 22a. The in terac t ion effect data table indicates that the seed rates 

with e i the r of methods did not influence the available s o i l P in 1984-85, but 

in 1983-84 the higher amount of available so i l P was observed at S with both 

the methods. With M , S differed s igni f icant ly from S and/S but with M , 

S and S while remaining at par with each other t recorded s igni f icant ly higher 

available so i l P as compared to S . 

Table 22a. Effect of S x M interact ion on available .soil P after harvest 
(1983-84 and 1984-85) 

Seed ra tes 
1983-84 1984-85 

M1 

20.9 

17.8 

19.3 

0. 

2, 

7 

• 1 

M2 

22.8 

22.3 

19.0 

M1 

16.4 

14.7 

19.7 

2.3 

6.5 

\ 

18.3 

19.3 

12.9 

s 
1 

sa 

s 3 

SEm+ 

GD5% 

The effect of methods of application at different seed ra te was not 

consistent over the two years. Where at S , M resulted in higher available 

s o i l P in 1983-84 and differed s ignif icant ly from M , in 1984-85 the difference 

was not s igni f icant . On the other hand, at S_, in 1983-84 the difference due 

to two application methods was not s ignif icant but in 1984-85 the surface method 
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of application (M ) resulted in s ignif icant ly lower available so i l P compared to 

incorporation method (M ) . At S the two methods did not differ s ign i f ican t ly 

during both the years, L 

Single year S x F in teract ion in 1983-8^ and F x M in 1982-83 

influenced available P content in so i l and presented in Appendix XXI and XXIV, 

respect ively. 

^ . 6 . 5 . Soil available potassium 

A perusal of data on available so i l K presented in Table 23 shows 

that the seed ra tes did not influence s igni f icant ly the available K in s o i l 

after the harvest of the crop during any of the crop seasons, 

The FYM r a t e s , in 1983-8^ and 198^85 also did not influence the so i l 

available K s igni f icant ly . However, in 1982-83, FYM applied @ 15 t / ha which 

recorded the highest available K, differed s igni f icant ly from 5 and 10 t /ha rate 

of FYM application. The l a t t e r two ra tes remained at par with each other. 

The surface application of FYM resulted in higher so i l available K 

but the difference was found to be signif icant only in 1982~83« 

F x M interact ion influenced the available so i l K s igni f icant ly in 

1982-83. Being s ignif icant only for one year, the data therefore, have been 

given in Appendix XXIV. 

k.6.6. Total so i l nitrogen 

Data on to ta l so i l nitrogen reveal that in 1982-83 and 198^-85 increase 

in seed r a t e s , consistently and s ignif icant ly decreased the t o t a l so i l nitrogen. 

In 1983-8^ however, the differences were not s ignif icant between 100 and 125 

kg seed ra te /ha . 

In respect of FYM r a t e s , i t was seen that in 1983-8^ and 198*4-85 each 

increase in FYM ra tes resulted in a s ignif icant increase in t o t a l s o i l N. In 
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1982-83 also, 15 t/ha FYM resulted in highest total soil N and i t differed 

significantly from 5 and 10 t/ha but the latter two FYM rates remained at par 

with each other, 

During all the 3 years the highest total N after harvest of wheat 

was due to the surface application of FYM which was significantly higher than 

incorporation method (M ) . 

The interaction effect of S x F in 1982-83 and 1983-84 and S x M 

interaction in 1983-84 and 1984-85 influenced the total soil N significantly, 

S x F interaction effect presented in Table 22b indicates that in 

general, the lower seed rates had higher total soil N almost at all the FYM 

levels, S recorded the highest total soil N at F in 1982-83 but remained at 

par with S . Both of them (i.e.S and S •) however, recorded significantly higher 

total soil N when compared with S . Contrary to this, the differences due to 

seed rates were not significant and F in 1983-8*+. At F in 1982-83, S and S 

while remaining at par with each other recorded significantly higher total N ' 

compared to that at S . While comparing the FYM rates, with the exception of that 

at S in 1982-83, each increase in FYM rates resulted in an increase in total 

soil N. Where the increase at S in 1982-83 and in 198>84, .at S in 1983-84 was 

significant only upto F level, at S in 1982-83 and at S in 198>84 each 

increase in FYM rate resulted in a significant increase in total soil N. 

Table 22b, Effect of S x F interaction on total soil N after harvest (1982-83 
and 1983-8*0 

Seed rates 
198g-83 1983-84. 

F 1 F P
 F . F 1 F P

 F . 

s 
1 

S 2 

915.4 997.9 1035.4 946.9 1024.5 1085.8 

771.5. 916.8 1001.5 954.0 1027.8 1065.5 

S? 874.8 764.7 8i4.o 813.9 893.6 1058.9 

SEm+ 23.4 21.8 

CD5% 66.5 , 62.O 
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S x H in terac t ion that influenced the to ta l s o i l N in 1983-84 and 

1984-85 and has been presented in Table 22c shows that with both the methods, 

S resulted in comparatively higher t o t a l s o i l N during both the years. With 

M in 1985-8^, S ' and S were at par with each other and recorded s igni f icant ly 

higher t o t a l so i l N compared to S, but with the same method in 1984-85?! each 

increase in seed rate resulted in a significant decrease in t o t a l so i l N, With 

M in 1983-84 the differences in t o t a l so i l N due to seed ra tes were not 

s ign i f ican t , but in 1984-85 the two higher seed ra tes (S and S ) while remaining 

at par with each other recorded s igni f icant ly lower t o t a l s o i l N when compared 

with S -
1 

Table 22c. Effect of S x H interact ion on t o t a l so i l N after harvest (198>84 -
and 1984-85) 

Seed rat< 

S 
S 2 

S 3 

3S 

SEm+ 

CD5% 

1983-84 
M1 

982.9 

961.2 

814.4 

15.4 

^3.9 

M 2 

1064.1 

1058.1 

1053.2 

1984-85 
H i 

1037.1 

965.1 

851.0 

16.7 

47.4 

\ 

1104.0 

1050.0 

1047.9 

At each seed rate during both the years, the surface method of FYM 

application (M ) recorded s ignif icant ly higher to ta l so i l N. 

4 .6 .7 . Soil organic carbon (,%) 

The organic carbon data also contained in Table 22 reveal that seed 

ra tes did not influence the organic carbon content s igni f icant ly whereas each 

increase in the ra te of FYM application registered a s ignif icant increase in 

1982-83 and 1984-85. In 1983-84 though 5 and 10 t /ha FYM ra tes were at par with 

each other but both of them differed s igni f icant ly from 15 t/ha» 
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In respect of methods of application of FYM in the year 1982-83 

there was no signif icant difference due to two methods but during res t of the 

two years surface application of FYM recorded higher organic carbon content and 

differed s igni f icant ly from the incorporation method. 

The f i r s t order of in te rac t ions , S x F, S x M and F x M influenced 

the organic carbon content s igni f icant ly after harvest in 1982-83.- Being 

s ignif icant only for single year, the data therefore, have been embodied in 

Appendix XXI, XXII and XXIV, respect ively. 

k.7» Nutrient balance 

I t i s essen t ia l to maintain a record of the nutr ients applied in the 

s o i l , removed by the crops, balance after the crop season and the gains(+) and/ 

or losses (-) occuring thereby. Such balance sheet would enable use to have a 

real picture of the dynamics^ of the'.plant nutr ients to draw out a natural 

picture of f e r t i l i t y of the s o i l . The yearwise balance sheet of N, P and K 

has been presented in Tables 23, 2k and 25» respect ively . Since the data were 

not analysed s t a t i s t i c a l l y , therefore, .only a generalization has been made 

about t h i s study. 

^ . 7 . 1 . Nitrogen balance 

Nitrogen balance data presented in Table 23 show that during a l l the 

3 crop seasons a negative (-) balance of N was observed under a l l the t reatments . 

I t was seen that increase in seed ra t e s decreased the loss of N, while increase 

in FYM ra t e s , resulted in a decrease in the nitrogen l o s s . While comparing the 

method of FYE application, i t was found that the minimum loss of N was recorded 

in surface application of FYM. 
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?able 23 . Balance sheet of s o i l n i t rogen (kg/ha) 

' rea tments 

I . 

Available N-added 
s o i l N during 
( i n i t i a l ) crop 

season 
2 3 

N-removed Balance 
by the 
crop (3-4) 

-1 

Calcula ted Available Net gain(+) 
ava i l ab l e s o i l W or l o s s ( - ) 
N(balance a f t e r of ava i l ab l e 
in s o i l ) harves t N 
6(2*5) 7 8(7-6) 

iUSeed r a t e s (kg/ha) 

100 2+18.00 

125 ' 4 l8 .00 

150 •• 4 l8 .00 
B.FYM r a t e s ( t / h a ) 

5 

10 

•418.00 

4 l8 .00 

15 4 i8 .00 
?. Appl icat ion methods 

I n c o r p o r a t i o n 4 l 8 . 0 O 

Surface appl ied 4i8 .00 

A.Seed r a t e s (kg/ha) 
100 378.00 

125 378.. 00 

150 378.00 
B.FYM r a t e s ( t / h a ) 

5 378.00 

10 378.00 

15 378.00 
G.Applicat ion methods 

I n c o r p o r a t i o n 3 7 8 . 0 0 

Surface appl ied 378.OO 

A.Seed r a t e s (kg/ha) 

100 371.00 
125 371.00 

150 371.00 
B. FIM r a t e s ( t / h a ) 

5 371.00 

10 371.00 

^ 15 371.00 

[C. Applicat ion methods 

Incorpora t ion 371.00 

Surface applied37i.OO 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 
100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

51 .4 

63.5 

69.7 

50.7 

63.9 

69.4 

58.1 

64.6 

28.4 

32.6 

47.5 

25.8 

33.7 

39.0 

30.5 

35.0 

36.0 

41.7 

67.0 

38.8 

47.3 

58 .4 

43.0 

53.5 

1982-83. 

48.6 

36.5 

30.3 

49 .3 

36.1 

30.6 

41.9 

35.4 

1983-84 

71.6 

• 67.4 

52 .5 

74.2 

66 .3 

61.0 

69.5 

65.0 

1984-85 

64.0 

58 .3 

33.0 

61.2 

52.7 

41.6 

57.0 

46.5 

466.6 

454.5 

448.3 

467.3 

454.1 

448.6 

459.9 

453.4 

449.6 

445.4 

430.5 

452.2 

444.3 

439.0 

447.5 

443.0 

435.0 

429.3 

4o4.o 

432.2 

423.5 

412.6 

428.0 

417.5 

436.2 

435.0 

434.6 

421.2 

432.5 

452.2 

429.7 

440.9 

394.1 

401.4 

394.0 

382.O 

398.6 

408.9 

392.0 

401.0 

388.9 

386.8 

377.9 

375.7 

379.2 

398.7 

374.4 

394.7 

- 3 0 . 4 

-19 .5 

-13 .7 

- 4 6 . 1 

-21 .6 

- 3.6 

- 3 0 . 2 

- 1 2 . 5 

- 5 5 . 5 

- 4 4 . 0 

- 3 6 . 5 

- 7 0 . 2 

- 4 5 . 7 

- 3 0 . 1 

- 5 5 . 5 

-42 .0 

- 4 6 . 1 

- 4 2 . 5 

-26 .1 

-56 .5 

- 4 4 . 3 

- 1 3 . 9 

- 5 3 . 6 

- 2 2 . 8 
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4 .7«2 . Phosphorus balance 

Like n i t r o g e n , i n case of phosphorus a l so a negat ive (-) balance was 

not iced (Table 24 ) . Only in 1982-83 there was a +ve balance when FYM was appl ied 

@ 15 t / h a . However, con t ra ry t o N balance i t was seen t h a t the l o s s of 

phosphorus increased with the inc rease i n seed r a t e . With the a p p l i c a t i o n of 

FYM the re was a decrease i n the P l o s s . In r e spec t of P balance a lso the 

surface a p p l i c a t i o n of FYM r e s u l t e d in decreased l o s s of P . 

4.7»3» Potassium balance 

The K balance a f t e r each crop season has been p resen ted i n Table 25 . 

Contrary t o N and P ba lance , i t was seen tha t during a l l the 3 y e a r s , t h e r e was 

a net ga in in the K s t a t u s of s o i l a f t e r each crop season . Each i nc rea se i n 

seed r a t e r e s u l t e d i n an inc rease i n ava i l ab l e K a f t e r the ha rves t of the c rop . 

Likewise each i n c r e a s e i n FYM a p p l i c a t i o n a l so r e s u l t e d i n corresponding inc rease _ 

in. K s t a t u s of s o i l . The surface method of FYM a p p l i c a t i o n helped i n bu i ld ing 

up i nc rea sed amount of a v a i l a b l e K i n the s o i l . 
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Table 2k. Balance sheet of soil phosphorus (kg/ha) 

Treatments 

1. 

Available P added 
s o i l P during 
( i n i t i a l ) crop 

season 
2. 3 . 

P removed Balance 
by the 
crop 

Calcula ted Available Net gain(+) 
ava i l ab l e s o i l P or l o s s ( - ) 
P(balance a f t e r of ava i l ab le 
in s o i l harves t P 

4. 5(>-4) 6(2+5) 7. 8 . (7 -6 ) 

A.Seed r a t e s ( k g / h a ) 
100 *15.0 

125 15.0 

150 • 15.0 
B. FYM r a t e s ( t / h a ) 

5 15.0 

10 i 5 .o 

15 15.0 
C.Appl icat ion methods 

Incorpora t ion 15.0 
.Surface appl ied 15.0 

A. Seed r a t e s (kg/ha) 
10.0 12.0 

125 12.0 

150 12.0 
B.. FYM r a t e s ( t / h a ) 

5 12.0 

10 12.0 

15 12.0 
C. Appl ica t ion methods 

Inco rpo ra t i on 12.0 

Surface- appl ied 12.0 

A.Seed r a t e s (kg/ha) 
100 11.0 

125 11.0 

150 11.0 
B. FYM r a t e s ( t / h a ) 

5 11.0 

10 11.0 

15 11.0 
C.Appl ica t ion methods 

Inco rpo ra t ion 11.0 
Surface appl ied 11.0 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

13.1 

4 .3 

5.1 

5.7 

4 .2 

5.1 

5.7 

4.7 

5 .3 

3.0 

3.8 

4.2 

3.0 

3.6 

4 . 3 

3 .4 

3.9 

3-7 

4.5 

5.0 

4.1 

4.4 

4.8 

4 .1 

4.7 

-1982-83 

8,8 

8.0 

7.4 

8.9 

8.0 

7 .4 

8.4 

7.8 

1983-84 

10.1 

9 .3 

8.9 

10.1 

9.5 

8.8 

9.7 

- 9.2 

1984-85 

9.4 

8.6 

8.1 

9.0 

8.7 

8 .3 

9.0 
8.4 

23.8 

23.0 

22.4 

23.9 

23.0 

22.4 

23.4 

22.8 

22.1 

21 .3 

20.9 

22.1 

21.5 

20.8 

21.7 

21.2-

20.4 

19.6 

19.1 

20.0 

19.7 

19.3 

20.0 

19.4 

23.7 

21.2 

20.5 

19.2 

21.7 

24.6 

21.0 

22.7 

21.8. 

20.0 

19.1 

17.6 

21.1 

22.5 

19.3 

21 .3 

17.3 

17.0 

16.3 

16.4 

17.2 

17.0 

16.9 
16.8 

- - 0 . 1 

- 1 . 8 

- 1 . 9 

- 4 . 7 

- 1 . 3 

+2.2 

- 2 . 4 

- 0 . 1 

- 0 . 3 

- 1 . 3 

- 1 . 8 

- 4 . 5 

- 0 . 4 

- 1 . 7 

- 2 . 4 

+0.1 

- 3 . 1 

- 2 . 6 

- 2 . 8 

, - 3 . 6 

- 2 . 5 

- 2 . 3 

- 3 . 1 
- 2 . 6 
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Table 25, Balance sheet of soil potassium (kg/ha) 

Available 
s o i l K 

Treatments ( i n i t i a l ) 

1. 2. 

A. Seed r a t e s (kg/ha) 

100 ' 201.0 

125 201.0 

150 201.0 
B.FYM r a t e s ( t / h a ) 

5 201.0 

10 201.0 

15 201.0 
C.Appl icat ion methods 

Incorpora t ion 201.0 

Surface appl ied 201.0 

A.Seed r a t e s (kp:/ha) 
+100 190.0 

125 190.0 

150 190.0 
B. FYJ4 r a t e s ( t / h a ) 

5 190.0 

10 190.0 

15 190.0 
C.Appl ica t ion methods 

Incorpora t ion 190 JO 

Surface appl ied 190.0 

A.Seed r a t e s (k^/ha) 
100 203.0 

125 205.0 

150 203.0 
B. FYM r a t e s ( t / h a ) 

5 203.0 

10 203.0 

15 203.0 
C. Appl ica t ion methods 

Incorpora t ion 203.0 

Surface appl ied 203.0 

K added 
during 
crop 
season 
3 . 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

^25*0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 ' 

25.0 

25.0 

K removed Balance 
by the 
crop 

4 . 5 . (3-4) 

58 .9 

72.2 

86.1 

61.8 

71.4 

84.0 

68.6 

76.2 

35.5 

43.8 

5 2 . 3 

34.1 

43.7 

53.8 

40.1 

47.7 

45.1 

54.7 

83.1 

46.1 

59 .6 

77.1 

55 .3 

66.7 

1982-83 

-35 .9 

-47 .2 

-61 .1 

-36 .8 

- 4 6 . 4 

-59 .0 

-43 .6 

- 5 1 . 2 

1983-84 

- 1 0 . 5 

- 1 8 . 8 

- 2 7 . 3 

- 9.1 

-18 .7 

-28 .8 

- 1 5 . 1 

-22 .7 
^ 8 4 - 8 5 

- 2 0 . 1 

-29 .7 

- 5 8 . 1 

- 2 1 . 1 

- 3 4 . 6 

- 5 2 . 1 

- 3 0 . 3 

-41 .7 

Calcula ted 
a v a i l a b l e 
K balance 
i n s o i l 
6.(2+5) 

167.1 

153.8 

139.9 

164.2 

154.6 

142.0 

157.4 

149.8 

179.5 

171.2 

162.7 

180.9 

171.3 

161.2 . 

174.9 

167.3 

182.9 

173.3 

144.9 

181.9 

168.4 

150.9 

172.7 

161.3 

Available 
s o i l K 
a f t e r 
harvest 
7 . 

208.5 

207.7 

202.8 

201.5 

202.2 

215.3 

199.7 

213.0 

201.2 

200.5 

196.4 

192.4 

197.1 

208.5 

194.6 

204.1 

214.2 

213.2 

204.0 

205.0 

206o9 

219.5 

209.2 

211.7 

Net gain(+; 
or l o s s { - ) 
of avai lab; 

K 
8(7-6) 

44 .4 

53 .9 

62.9 

37 .3 

47.6 

73 .3 

42 .3 

63.2 

21.7 

29 .3 

33.7 

11.5 

25.8 

47 .3 

19.7 

36.8 

31 .3 

39.9 

59.1 

23.1 

38.5 

68.6 

36.5 

50 .4 



5. DISCUSSION 

The experimental resu l t s emanating from the current inves t iga t ion , 

"Studies on the effect of rates and methods of FYM application and seed ra tes 

on la te sown rainfed wheat (Triticum aestjvum L.)M comprising varying seed and 

FYM rates and methods of FYM application have been presented in the preceding 

chapter. An attempt has been made in th i s chapter to in te rpre t the observed 

effects in the l ight of available evidences and to establ ish a cause and 

effect re la t ionsh ip . 

5 . 1 . General i 

Late sown wheat was grown in the year 1982-83, 1983-84 and 1984-85 on 

a so i l medium in N, P and K . The experimental f ields were well drained and 

uniform in so i l f e r t i l i t y . 

Weather conditions, pa r t i cu la r ly under rainfed farming play a great 

role in the success of farming. At Palampur, winters are cold with a mean 

minimum temperature in January varying from 2.6 G to 4.2 C. Occasional frosts 

also occur.during l a t e December or early January. Ground temperature sometimes 

touches 0 C. The low temperature hampers the normal germination and growth'of 

the crops sown la te in December or early January. Seeds imbibe water for 

germination when sown in the so i l but due to the low s o i l temperature th i s 

process i s generally slowed down delaying the germination. This delay i n 

germination or retarded growth ra te of the young seedlings due to low temperature 

further enhances the duration of i t s maturity affecting the grain production 

adversely. 

The meteorological data presented in Appendix I for the period of 

invest igat ion show that the crop season in 1982-83 was more favourable for crop 

production than tha t in 1985-84 and 1984-85. The ra in fa l l during the l a t t e r two 

crop seasons was not adequate.and dis t r ibuted evenly, which may be termed as 
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unfavourable for wheat growth. The differences had the i r impact on yield which 
* 

i s evident from the yield (Table 12) showing considerably higher grain yield in 

1982-83 as 'compared to the l a t t e r two years. The effects of different treatments 

during this study are discussed under following heads, 

5 . 1 , 1 . Effect of seed ra tes 

5 .1 . ",|S» Emergence and growth studies 

The data presented in Table 5 revealed that the seed ra tes had not 

influenced the days taken for germination in 198A--85 but in 1982-83 and 1983-81+ 

i t was seen that as the seed1 ra te increased the number of days taken to 

germination decreased. The effect of higher seed ra te in enhancing the 

germination may be associated with expected increase in s o i l temperature due to 

increased metabolic ac t i v i t i e s during the process of germination,.Comparatively 

low temperature does reduce the speed of germination (Read and Beaton,1963). 

Two types of observations were made in respect of shoot number per 

metre running row length (Table 5 ) , F i r s t l y , the number of shoots s igni f icant ly 

increased with the increase in seed ra te and secondly, the number of shoots 

increased with the age of the plant upto 10 WAS and then slowly decreased showing 

the death of late t i l l e r s at harvest . Seed ra tes brought about s ignif icant 

vai'iation in plant population, A lower seed ra te (100 kg/ha) displayed less plant 

density. Increase in seed ra te increased the plant density. In conformity with 

the present findings Randhawa and Jo l ly (197^) also reported that seed ra te has 

a pronounced effect on number of t i l l e r s per metre running length. In fact , the 

number of plants as well as t i l l e r s increase with the increasing seed rate 

(Bhardwaj e t aL.,1973). Rathi and Misra (l973)>, Singh e_t a l . ( l?75) and Chela 

and Brar (1975) observed an increase in i n i t i a l crop stand with the increasing 

seed r a t e . The higher i n i t i a l plant poprllationubiroduced higher number of t i l l e r s . 
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The ear head bearing tillers were also reported to be more with increase in plant 

density (Holiday, 1960; Suput, 1966, and Roy et al., 1969). . 

It can, therefore, be summarised that the increase in number of shoots 

per metre running row length and increase in effective tillers (Table 11) due to 

increase in seed rate as obtained in the present investigation may have much 

bearing on final grain yield. Thus, for a cultivar like sonalika which is 

bold seeded and shy tillering and more so particularly under late dry sown 

conditions a higher seed rate may be desirable. Mahendra and Sharma (197&) also 

reported that increasing the seed rate from 75 to 125 kg/ha increased the plant 

density, but as in. present study they also observed decrease in 1000-grain weight 

and number of grains per spike (Table 11). 

The data presented in Table 6 revealed a decrease in plant height with 

an increase in seed rate indicating that under limited moisture supply, thinner 

plant density may tend to produce taller plants. Green matter, dry matter 

production (g/m ) and per cent dry matter accumulation at various stages of growth 

during all the 3 years of investigation increased with increase in seed rate 

(Tables 7» 8 and 9). This may be linked to higher number of shoots obtained at 

higher seed rate (Table 5)« Similar findings on the effect of seed rates on 

green matter, dry matter and per cent dry matter production have also been 

reported by Chela and Brar (1975), Randhawa et_ ai;(l977)' and Rajat De and 

Girl (1978). 

Like plant height, spike length, spikelets per spike, grains per spike 

and 1000-grain weight also decreased with the increase in seed rates (Table 11). 

The present investigation corroborate the findings of Sandhu et al.(1975) who 

concluded that increased seed rate from 50 to 100 or 150 kg/ha resulted in 

significant reduction in ear length and grains per ear. However, the lower ear 
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weight at the higher rate of seeding was compensated by higher plant population. 

In the present study also higher plant population particularly the effective 

tillers per metre row length might have compensated for this loss. 

5.1.3. Yield 

The data presented in Table 12 and Fig.6 revealed the s ignif icant 

effect of seed ra tes on grain as well as on straw yield of wheat during the 

3 years and that obtained on pooling the data* The low yield of grain and straw 

in the year 1983-84 may be at t r ibuted to uneven and unsufficient ra infa l l during 

the crop season and dry conditions prevailing par t i cu la r ly during early stages 

stages of crop growth (Fig.1 and Appendix I ) . The pooled yield data in respect 

of grain as well as straw (Table 12) revealed a signif icant increase as the 

seed ra tes increased from 100 to 150 kg/ha. The increase in grain and straw 

yield over 100 kg seed rate/ha was to the extent of 35.9 Ver c e n t and 49.0 per 

cent, respectively. Wheat grain yield has been said to be a function of number 

of p lants /uni t area, number of effective t i l l e r s / p l a n t , number of grains/ear 

and weight of individual grain (Amon, 1975). In the present study the number 

of plants per unit area measured in terms of number of shoots/metre running row 

length (Table 5) and f e r t i l e t i l l e r s / plant measured in term of effective t i l l e r s 

per metre row length (Table 11) invariably increased with increase in seed ra te 
\ 

upto 150 kg/ha. However, th i s was not accompanied by a similar increase in 

number of grains/ear expressed as grains/spike and weight of individual grain 

measured in terms of 1000-grain weight (Table 11). There appeared to exis t a 

-ve correlat ion between t i l l e r number and grains/spike and t i l l e r number and 

1000-grain weight with the increase in seed r a t e s . Such relat ionship bas been 

reported by many workers (Gupta et_ a l . 1968; Mehta and Hathur, 1.972; and Singh 

et a l . ,1975) . 
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I t may, therefore, be inferred that in the present study the plant 

population and the effective t i l l e r number helped in getting more grain yield 

at higher seed r a t e s . Similar type of observations have been made by Bhardwaj 

and Whight .(196?), .Singh et a L . d 9 7 l ) , V e z (1972), Bishnoi and Gil l (1972), 

Bains and Bhardwaj (1972), Sumbali and Sharma (1973)i Dhiman and Kalra (1978); 

Shukla,and Misra (1979), Rana (l98o) and Kali ta and Ghaudhari (198*0. 

5.1.*+. Nutrient concentration and uptake 

Almost at a l l the stages the N content in the plants was more at higher 

seed rate during a l l the 3 years (Table 13), There does not appear to be direct 

relat ionship between seed ra te and plant nitrogen content which might have 

resulted in these types of resul ts but since nitrogen was not a l imit ing factor 

in the present study and i t was applied uniformly at the ra te of 100 kg/ha, 

therefore, higher plant density obtained at higher seed ra te might have u t i l ized 

the available nitrogen e f f ic ien t ly . However, due to the lack of published 

reports on th i s type of behaviour of seed r a t e s , i t may s t i l l remain a point 

of controversy. 

The protein content of grains obtained during the course of t h i s 

study was invariably low (Table 1^). This can be at t r ibuted to increased straw 

yield which was obtained during a l l the 3 years of experimentation resul t ing in 

a very low harvest index. The nitrogen might not have been able to t ranslocate 

to the sink i . e . grains , ult imately result ing in low concentration of nitrogen 

in grains (Table 13) and therefore, the pro te in . However, higher seed rate 

resulted in higher protein content in grains (Table 14). This may be at t r ibuted 

to the signif icant increase in N content in grains due to an increase in seed 

r a t e s . Similar r esu l t s have also been reported by Singh (1963), Mahapatra and 

Leelavathi d 9 7 l ) , Waldran and Flowerday (1979) and Halloran and Lee (1979). 
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In conformity to the present findings, Kiesselback (1926) also reported that 

crop quality has a posit ive correlat ion to seeding p rac t i ces . 

Nitrogen uptake i s a function of nitrogen content in plant and the 

dry matter production. The higher uptake at higher seed rate can therefore, 

be at tr ibuted e i ther to the higher nitrogen content (Table 13) °r to the high 

dry matter production (Table 8) or to both at the respective stages of growth. 

The highest uptake at 18 WAS or at harvest also be at t r ibuted to the same reasons. 

Similarly, the higher protein yield at higher seed ra te (Table i*f) can also be 

at t r ibuted to higher grain yield and higher protein content obtained at these 

seed r a t e s . These r e su l t s are in conformity with those obtained by Smika and 

E l l i s (1971), Agarwal (197*0, Mahapatra and Leelavathi (1971) who have also 

reported that higher seed rate was conducive to higher nitrogen uptake. 

P content i n plants was higher at higher seed ra tes (Table 16). Also 

the P content was higher at ear ly stages of crop growth and decreased subsequently 

at 18 WAS. By th i s time i t appears that the nutr ient got translocated towards 

ear head. Subsequently at harvest when the grains and straw were analysed 

separately i t was confirmed that the nutr ient had got translocated to the grains 

resul t ing in higher P content in grains and in very low concentration in straw. 

These findings suggest that higher seed rate not only resulted in higher grain 

yield but also resul ted in grain of higher qual i ty . Similar type of observations 

have been made by Boatwright &Haas( 19&1) <••• '•""••>' s "<•'.. 

I t was in teres t ing to note that higher seed rate resulted in higher 

P uptake and i t increased with the age of the plant and was maximum at harvest 

(Table 17). The removal' of P from the s o i l at a constant rate t i l l harvest 

corroborates the observations of Asana and Sarin (1968) who while working under 

rainfed conditions claimed that the uptake of P continuous to increase r ight upto 
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the end. Sharma (1986) also reported that the uptake values by the plants were 

considerably low. This shows that in the absence of optimum supply of so i l 

moisture, the uptake of phosphorus does not take place at desired l eve l . 

Like N and P, K content also increased with the increase in seed r a t e s . 

Similarly, the uptake of K also increased with the seed ra tes and the age of 

plant (Tables 18 and 19). The nutrient uptake studies, therefore, suggest that 

for eff icient u t i l i z a t i on of plant nut r ients , there has to be considerable 

increase in the seed ra tes whenever the sowing i s delayed. Under normal sown 

conditions perhaps the higher rate of t i l l e r i n g may compensates for lower seed 

ra te but when sowing i s delayed the t i l l e r i n g i s normally poor and the 

differences in t i l l e r s / shoo t (Table 5) and dry matter (Table 8) pe r s i s t s 

t i l l the maturity period. 

5 .2 . Effect of FYM 

5 . 2 . 1 . Emergence and growth studies 

The so i l temperature recorded in 1982-83 and 198^-85 revealed that 

the increase in FYM rates from 5 to 15 t /ha resulted in an increase in so i l 

temperature from 0.8°C to 1.3°C in 1982-83 and from 0.9°C to 2.0°C in 198^-85. 

Also, the surface application enhanced the s o i l temperature from 1.9 C to 2.2 G 

in 1982-83 and from 2.0°C to 2.^°C in 198^-85 (Table 20). Though these 

observations were recorded after the germination had almost completed but 

such type of differences could be expected to exist right from the time of 

sowing. Also, the higher FYM rates and the surface application resulted in 

higher s o i l moisture content whenever the observations were recorded (Table 21). 

The enhanced so i l temperature and the moisture content reflected in the number 

of days taken for seed germination when-It was observed that whenever FYM was 

applied at higher ra te i t took lesser number of days to complete the germination. 

Also, the surface application of FYM resulted in lesser number of days to 
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of the crop (Raychaudhuri, 1977). The organic manures are also known to 

increase the cation exchange capacity of s o i l , forming chelates with metal 

micro nutr ients elements consequently the leaching losses are considerably 

reduced (Khanna and Stevenson, 1962). Besides these beneficial e f fec ts , FYM 

also helps in improving the so i l s t ructure which, in turn, increase the 

i n f i l t r a t i o n and retent ion of water, improves s o i l aeration and root penetration 

and increases the microbial population (Baver, 1972; Biswas et al . ,19^9 and 

Prasad et_ a l . ,1982) . 

The increase in FYM rates was found to resul t in lesser number of 

days taken to 50 per cent and 100 per cent heading and to maturity (Table 10). 

Contrary to th is the surface application of FYM was found a resul t in 

comparatively more number of days to 50 to 100 per cent heading as well as to 

maturity. This might be the effect of FYM mulch, that retained more moisture 

in the s o i l for longer period. 

5 .2 .2 . Yield 

The beneficial effect of higher FYM rates and surface application on 

growth, development and yield contributing characters was duly reflected in 

f inal grain and straw yield, where during each year as well as in pooled analysis 

i t was seen that higher FYM rates and surface application resulted in higher 

grain and straw yield (Table 12). While discussing the effect of seed ra tes 

i t was stated tha t yield was mainly a.function of plant population and number 

of effective t i l l e r s per unit area but faere i t can be seen that higher number 

of t i l l e r s , spike length, spikelets per spike, grains per spike as well as 

1000-grain weight (Table 11) contributed towards the f inal yield. Though 1000-

grain weight i s the character which i s affected leas t by environmental changes 

but the favourable so i l moisture conditions prevailing during the crop growth 

period at higher FYM rates and FYM applied on the so i l surface seems to be 
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have r e s u l t e d i n bolder g r a i n s . Higher g ra in y ie ld <of wheat at h igher FYM 

r a t e s has been repor ted by many workers (Sharma t 1983 and Ganai, 1983). Gupta 

(1985) also concluded tha t FYM a p p l i c a t i o n @ 8 t / h a i n l a t e sown wheat caused 

a s i g n i f i c a n t inc rease i n the y i e ld of wheat over c o n t r o l . S i m i l a r l y , the 

surface app l i ca t i on of FYM has a lso been repor ted by P a t i l and Bhardwaj (197&X 

Dayanarid et_ a l . ( l977) and Ram and Bhardwaj M983) to r e s u l t i n higher g r a i n and 

s t raw y ie ld of wheat c rop . 

Almost a l l the y ie ld c o n t r i b u t i n g c h a r a c t e r s namely number of e f f e c t i v e 

t i l l e r s per metre running row l e n g t h , spike l e n g t h , s p i k e l e t s per s p i k e , g r a in s 

pe r spike and 1000-grain weight increased with the inc rease i n FYM r a t e s . The 

sur face a p p l i c a t i o n of FYM also had a s i m i l a r e f fec t when compared with 

i n c o r p o r a t i o n . The presence of FYM i n the s o i l at higher r a t e s or when i t was 

applied on the s o i l surface provided so favourable cond i t ions for the growth 

and development of the p l a n t s t h a t a negat ive r e l a t i o n s h i p t h a t ex i s t ed between 

t i l l e r number and s p i k e l e t s per sp ike and g ra in s per spike and 1000-grain weight 

a t h igher seed r a t e s seemed t o have been o f f s e t (Table 11) . These f ind ings are 

i n agreement with the r e s u l t s of S t i c k l e r d 9 6 2 ) , Sandhu e t a l . ( l 9 7 5 ) fMahendra 

and Sharma (,1976) and Borse and Mahajan (198*3. Some of the favourable cond i t ions 

at h igher FYM r a t e s as well as by surface a p p l i c a t i o n have been observed i n the 

p resen t s tudy a l so when almost at a l l the s t a g e s a higher s o i l moisture con ten t 

was observed at higher FYM r a t e s and when FYM was appl ied on the sur face XTable 21) . 

Also, bulk d e n s i t y , ava i l ab l e s o i l N, P and K and organic carbon was higher at • 

higher r a t e s and when FYM was appl ied on the s o i l surface (Table 22 ) . Some 

be n e f i c i a l e f f e c t s of FYM on these y ie ld c o n t r i b u t i n g c h a r a c t e r s have a lso been 

repor ted by A t t i a (1970), Sachan (1976) , Rajat De and Gi r i (1978) and Ram and 

Bhardwaj (1983) . 
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As stated e a r l i e r the straw yield of wheat increased s igni f icant ly 
J}-

with the application of FYM (Table 12). The straw yield of crop i s the resul tant 

product of number of shoots per unit area and plant height. I t i s apparent from 

Fig.3 and k that these parameters of wheat were considerably higher at higher 

rate of FYM as well as when FYM was applied on the so i l surface. 

Application of FYM in general did not bring about significant changes 

in harvest index of wheat (Table 12). However, in 198^-85 the harvest index of 

wheat was s ignif icant ly higher due to surface application of lower rate of FYM. 

Harvest index i s used to assess the efficiency of a crop to produce grains or 

more especial ly i t indicates the relat ionship between the source and sink. Any 

factor that has preferent ia l effect on any one of them or when any environmental 

or nu t r i t iona l factors are limited ei ther during development, anthesis or grain 

f i l l i n g period of crop growth would bring about changes in source and sink 

relat ionship and ult imately on the harvest index. 

In case of pooled analysis also the FYM application could not bring 

the change in harvest index. The photosynthetic ac t iv i ty of the ear, which i s 

s i tuated at the top of the s ta lk makes a considerable contribution t., , : 

to grain formation(Rawson •%»»l3976). Par t icu la r ly a l l the dry matter of grain 

i s produced by par t of the shoot above the flag leaf node. Of th is dry matter, 

the ear contributes about "50 per cent in wheat (Asana and Mani, 19^-9). But low 

ra in fa l l in 1983-8^ which caused a considerable decrease in the yield of t o t a l 

dry matter must have decreased the harvest index. Bunting and Drennan (1966) 

also reported that due to decrease in dry matter and yield of wheat harvest 

index also decreased. 

5.2.3» Nutrient concentration and uptake 

The increase in FYM rates resulted in corresponding.increase in N, P 

and K content' in p l an t s . Similarly, the surface application of FYM also resulted 
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i n an inc rease i n the per cen t content of these n u t r i e n t elements i n p l a n t s 

(Tables 13, 16 and 18) . This, may be explained p a r t l y due to enrichment of the 

s o i l a t higher FYM r a t e s and p a r t l y due to b e t t e r tempera ture , moisture and 

phys ica l condi t ions of the s o i l r e s u l t i n g in b e t t e r r o o t and shoot development. 

Higher uptake of these n u t r i e n t elements almost at each growth s tage a t higher 

FYM r a t e s and sur face app l i ca t i on of FYM(Tables 15 ( 17 and 19) was the d i r e c t 

e f f e c t of t h e i r h igher concent ra t ion (Tables 13, 16 and 18) and b e t t e r shoot 

growth measured in terms of shoot number and p l an t height (Tables 5 and 6) 

r e s u l t i n g i n higher dry matter accumulation (Table 8 ) . S imi la r to the p resen t 

f ind ings Olsen et_ a l . d 9 7 0 ) , Mann e t aL.( l973) ' and Boon and Venter (1976) a lso 

repor ted s i g n i f i c a n t inc rease i n N content of l e a v e s , ear and stem of wheat with 

the a p p l i c a t i o n of organic m a t t e r . Da t t a and iS^«^|**v>*( 1963), Whitehead (1963), 

v- • ' ' : Olsen et_ a l . (1970) and Houque and Sotakora (1978) a lso repor ted 

higher uptake of N, P and K with the app l i ca t i on of FYM. 

The p r o t e i n y ie ld which i s a product of N content i n g ra in s and the 

g ra in y ie ld was duly r e f l e c t e d in the p r o t e i n y ie ld where i t was seen t h a t more 

crude p r o t e i n y ie ld was obtained a t high FYM r a t e s and. when FYM was appl ied on 

the s u r f a c e . In 1982-83, the inc rease was even s i g n i f i c a n t (Table 1^f). In , 
a l . 

conformity with the p r e sen t f indings Dayanand eF(1972) Ram Sewa( 1975) and P a t i l 

and Bhardwaj (197&) a l so repor ted an inc rease in p r o t e i n y i e l d with the 

a p p l i c a t i o n of FYM. 

The mechanism believed i n i nc reas ing the phosphorus uptake was a lso 

explained by Drake and Steckel (1955) who suggested t h a t h igher phosphorus uptake 

i n the presence of FYM may be due to the r educ t ion of Ca a c t i v i t y i n s o i l 

s o l u t i o n v i a the bonding of Ca by the p l a n t roo t exchange s i t e s , thereby 

r e s u l t i n g in increased phosphorus uptake and r educ t ion of Fe and Al a c t i v i t y 
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in so i l solution v ia the complexing of these cations by root, exuded organic 

anions. Such a role of FYM i s also understandable from i t s property of 

mobilizing both native and applied phosphorus thus reflect ing i t s effect on 

the uptake of phosphorus and other nu t r ien t s . 

5.2.*f. Physico-chemical properties of so i l and nutr ient ava i l ab i l i ty 

The acidifying effect of FYM at higher ra tes was reflected in lower 

pK (Table 22). Also, the surface application lowered the pH but the effect was 

not as conspicuous as 'that of increased ra te of FYM. There are reports where 

so i l pH has been found to be affected in different ways depending upon the type 

of so i l and the amount of FYM applied. Kanwar and ?r ihar d96Z.b)and Singh e t a l . 

(1980) reported a decrease in s o i l pH in the presence of FYM which may be 

explained in view of the fact that during the decomposition of FYM in the so i l 

several organic acids are released which might cause depression of so i l pH. 

Results on bulk density (Table 22) revealed that i t was s igni f icant ly 

lowered with the increase in FYM ra tes and also when i t was applied on the s o i l 

surface. Similarly, the organic carbon content after the harvest was also 

higher whenever FYM was applied at higher ra tes as well as when FYM was applied . 

on the so i l surface. I t was not infrequent that so i l bulk density has been used 

to judge the porosity or so i l aggregation. A well aggregated s o i l has lower 

bulk density compared with a dispersed and poorly structured s o i l . Bhardwaj and 

P a t i l (1982) pointed out that a close relat ionship existed between the so i l 

organic matter content, microbial population and so i l aggregation. The organic 

carbon content and microbial population of s o i l were increased due to the 

application of FYM. The so i l organic matter being acted upon by the micro­

organisms might have resulted in considerable increase in polysaccherides and 

microbial gum synthesis in the s o i l . These microbial decomposition products 

being res is tant to further decomposition have been reported to act as s o i l 
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p a r t i c l e binding agents (Dhoot e t a l . , 1 9 7 4 ) . This might help i n s o i l aggregat ion ' 

r e s u l t i n g i n a low bulk dens i t y of s o i l . S imi lar ' type of observa t ions have been 

made-by a number of workers elsewhere a lso (Biswas e_t e j l . ,1971; -"'-"• " J V * 

'•' '••• - .Prasad and Singh, 198O; Bhatia and Shukla, 1982 and Gupta e t a l . , 1983). 

I t was a l so apparent from the p re sen t s tudy tha t the ava i l ab l e 

ni t rogen,phosphorus and potassium a f t e r the harvest of the crop i n v a r i a b l y 

inc reased with the inc reased r a t e s of FYM and with the sur face a p p l i c a t i o n of 

FYM (Table 2 2 ) . Since the FYM which was appl ied i n 1983-83'had 0.59* O.18 and 

O.60 p e r cen t , i n 198>84 0 .50 , O.16 and 0 .47 per cent and in-1984-85, 0 . 5 3 , 

0 .19 and O.56 per cen t N, P 0 and K 0 , r e s p e c t i v e l y , i t s add i t i on i s l i k e l y 

to improve the content of these n u t r i e n t s i n the s o i l . Also, i t has been 

est imated t h a t from the applied FYM l e s s than 30 per cen t of n i t r ogen , above 

60-70 per cent phosphorus and above 75 per cent of potassium g e n e r a l l y become 

ava i l ab l e to the immediate crop and r e s t of the p l a n t n u t r i e n t s become ava i l ab l e 

to the subsequent crop (Gaur e_t a l . , 1984). The inc rease i n the ava i l ab l e N 

conten t due to favourable e f f e c t of FYM on p h y s i c o - b i o l o g i c a l p r o p e r t i e s of 

s o i l has been demonstrated which might have improved the microbia l popu la t ion 

as well as t h e i r a c t i v i t y which were r e spons ib le for m i n e r a l i z a t i o n of organic 

N compounds (Kanwar and P r i h a r , 19^2; Mandal and J a in ,1965 ; G i l l and Meelu, 

1980 and Kapur e t a l . , 1 9 8 1 ) 

The accumulation of phosphorus due t o FYM a p p l i c a t i o n can p a r t l y be 

explained on the bas i s of the f a c t tha t organic ac ids produced during i t s 

decomposition may be involved i n the replacement of phosphorus from the 

sesquioxides i n s o i l (Sinha , 1970 and Bhardwaj and P a t i l , 1982). Bhardwaj e_t a l . 

(1982) have a t t r i b u t e d increased supply of K from the FYM i t s e l f - d u e to 

mine ra l i za t ion and r e l ea se of K from K bearing minerals from the so lven t ac t ion 

of organic acids produced during decomposition of FYM. 
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In the l ight of facts explained above i t was not uncommon to obtain 

higher quantit ies of available N, P and K at higher ra tes of FYM and also when 

i t was applied on the so i l surface. The s ignif icant effect may not be reflected 

always. 

The to ta l N includes both organic and inorganic forms of N in s o i l . 

Some of NH, ions are absorbed on the clay complex which re f lec ts i t s effect in 

the form of residual value (Black, 19&5)* I t may become slowly available after 

i t s mineralization. The data in Table 22 revealed that FYM at higher ra tes as 

well as when i t was applied on the so i l surface s igni f icant ly increased the 

t o t a l N s ta tus of s o i l during a l l the 3 years of experimentation. £he higher 

rates of FYM result ing in higher nutrient s ta tus (available as well as to ta l ) 

may be questionable. But i t i s just possible that the low.temperatures ( so i l 

as well as atmospheric) that prevailed during the winter months might have not 

encouraged the losses due to deni t r i f ica t ion from the so i l surface. The influence 

of organic manures in increasing the t o t a l N content of the s o i l has been 

observed in several long term field experiments (Sen and Bande, 19^2; Kanwar 

and Prihar , 1962, Chaudhary and Uocchani, 19^5; and Kapur ejt _al., 1981). Gi l l 

and Meelu (1980) indicated tha t continuous use of organic manures increased the 

to ta l N when compared with organic f e r t i l i z e r s . 

5 .2 .5 . Effect of interact ions 

The grain yield of wheat in 1982-83 and 1983-8^ was s ignif icant ly 

influenced by the in teract ion between seed ra tes and FYM ra tes (S x F ) . I t has 

been seen that the highest grain yield was obtained when the combined use of 

150 kg seed ra te alongwith application of FYM at the ra te of 15 t /ha was made. 

Similar type of effect was also noted for green matter accumulation at 6 WAS 
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during a l l the 3 crop seasons (Table 7.1a) and dry matter accumulation at 14 WAS 

in 1982-83 and 1983-84 (Table 8.1b). The super ior i ty of this treatment 

combination was also consistent in respect of other yield contributing characters 

such as number of effective t i l l e r s during a l l the 3 years (Table 11.1a) and 

in the pooled data for 3 years regarding other characters v i z . , Spikelets per 

spike (Table 11.1c), number of grains per spike (Table 11.1d),1000-grain weight 

(Table 11.1f). 

In 1982-83, higher moisture content was observed at different growth 

stages due to S_F resulted in the higher grain yield (Table 22a). The higher 

grain yield could be expected due to bet ter s o i l moisture condition. But in 

198>.84 i t was a drought year, therefore, the yields were very low, but higher 

rate of FIM application conserved the more moisture in the so i l as compared to 

control (5 t / h a ) . 

All these yield contributory characters might have interacted in a 

manner that the effect was manifested to a significant level in the grain yield 

of wheat. More or less similar type of observations have been made by Mahrotra 

and Agnihotri (l970), Sharma e_t a l . d 9 7 l ) , Agarwal e_t a l . d 9 7 l ) and Singh e_t aL. 

(1971). They observed that the yield increased l inear ly with the increase in 

seeding ra tes and in nitrogen ra tes under l a t e sown conditions of wheat, though 

the nitrogen application was not a treatment in the present study but more 

nitrogen can be expected to be available at higher levels of FYM which in 

addition to i t s effect on so i l physical properties can resu l t in higher y ie lds . 

The protein content of the grains was influenced s ignif icant ly by 

seed ra tes x FYM rates in 1982-83 and 1983-84 as well as in pooled analysis 

(Table 14a). I t was seen that increase in rates of seed and FYM resulted in an 

increase in protein content. I t has been seen that S x F interact ion at 6 WAS 
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in 1982-83 (Table 13a), at 10 WAS during a l l the 3 years (Table 13b) and at 

18 WAS in 1982-83 and 1983-8^ (Table 13c) influenced the N content in p lants 

s ign i f icant ly . This can be corroborated that higher the quantity of FYM, more 

will be the amount of N supplied to the s o i l . ' At the same time because of 

i t s slow reaction, the nitrogen supplied through FYM may remain available to 

the plants for a longer duration during the ent i re plant growth. Hence the 

protein content was more at higher ra tes of seed and FYM. 

5.3» Balance of nutr ients 

The balance sheet of nitrogen (Table 23) showed a def ic i t balance in 

a l l the treatments during the 3 years of experimentation. From a long term 

experiment a similar type of a negative balance has also been reported by 

Yaduvanshi et a l . (198*0. One of the possible reasons for the negative balance 

can be very less proportion of the added nitrogen removed by the crop plants 

under rainfed conditions. Secondly, microbial a c t i v i t i e s are necessary for 

enhancing nitrogen fixation (Kemmler,1986). Under the rainfed conditions 

microbial population cannot be expected to be at optimum level consequently 

contributing to a net loss of nitrogen. 

Available s o i l P (Table 12) also had a negative balance under a l l the 

treatments during the 3 years of experimentation. Only in 1982-83, FYM applied 

at the rate of 15 t /ha had a posit ive balance. This can be at tr ibuted d i rec t ly 

to only a minute fraction taken by the crop p l a n t s . So far as the available 

so i l P s ta tus before the sowing of the crop and after the harvest of the crop 

i s concerned there was not much difference at l e a s t in 1983-8*)- and l98*t--85. 

This c lear ly indicated that most of the applied P got fixed and resulted in 

a negative balance. 
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. Contrary to n i t rogen and phosphorus there was a p o s i t i v e balance 

of ava i l ab l e potassium (Table 25) under a l l the t rea tments during a l l the 3 

years of exper imenta t ion . In 1982-83 and 1984-85 which were not as severe i n 

r e spec t of drought occurrence i n comparison to 1983-84, K removed by the crop 

p lan t was i n excess of the added amounts of K. This can be a t t r i b u t e d t o the 

removal of K from the s o i l r e s e r v e s . S imi lar type of observa t ions have a lso 

been made by Yaduvanshi e_t _al. (1984) . These o b s e r v a t i o n s ' a l s o i n d i c a t e t h a t 

there i s good reserve of potassium in the s o i l „ 



6 . SUMMARY 

The cu r r en t i n v e s t i g a t i o n e n t i t l e d ' 'Studies on the e f f e c t of r a t e s 

and methods of FYM a p p l i c a t i o n and seed r a t e s on l a t e sown ra in fed wheat 

(Tr i t icum aestivum L . ) " vas undertaken with the following o b j e c t i v e s : 

1. To assess the optimum seed and farm yard manure r a t e s for l a t e 8own r a in f ed 

wheat under m i d - h i l l condi t ions of Himachal Pradesh, 

2 . to f ind out s u i t a b l e method of FYM a p p l i c a t i o n for h igher y i e l d s , 

3 . to s tudy the e f f ec t of FYM a p p l i c a t i o n on the physico-chemical p r o p e r t i e s 

of s o i l , 

4 . t o assess the n u t r i e n t s t a t u s i n r e spec t of N, P and K under d i f f e r e n t FYM 

t r e a t m e n t s , and 

5 . t o observe the i n t e r a c t i o n e f f e c t among seed r a t e s , FYM l e v e l s and methods 

of FYM a p p l i c a t i o n , i f any. 

In order t o meet the ob j ec t i ve s of the sa id i n v e s t i g a t i o n a f i e l d 

experiment was i n i t i a t e d at the Research Farm of Department of Agronomy and 

Agrometeorology, Himachal Pradesh Krishi Vishva Vidyalaya, Palampur, D i s t r i c t 

Kangra, s i t u a t e d at 32 6'N l a t i t u d e and 76 3 ' E longi tude about 1290 metres above 

m . s . l . with sub-temperate type of c l i m a t e , during the Rabi season i n the year 

1982-83, 1983-84 and 1984-85. The experiment cons i s t i ng of e igh teen t rea tment 

combinations of th ree seed r a t e s (100, 125 and 150 k g / h a ) , t h r e e farm yard 

manure r a t e s ( 5 , 10 and 15 t / h a ) and two methods of FYM a p p l i c a t i o n ( i n c o r p o r a t i o n 

of FYM i n s o i l and sur face app l i ca t i on ) was l a i d out i n 3 *2 f a c t o r i a l p a r t i a l l y 

confounded des ign , r e p l i c a t e d four t i m e s . Wheat-(S-308) was taken as a t e s t 

c rop . The s o i l on which the experiment was conducted had a c l a y loam t e x t u r e 

with 4 i 8 , 15 and 201 kg of ava i l ab l e N, P and K, r e s p e c t i v e l y i n 1982-83, 378, 

12 and 190 kg of ava i l ab l e N, P and K in 1983-84 and 371, 11 and 203 kg of 

ava i l ab l e N, P and K in 1984-85. The s o i l pH during a l l the 3 years was 5 . 5 . 
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The e n t i r e amount of P (superphosphate 16% Pp^s^ a n d ^ (muriate of 

potash 60^ K 0) and 2/3 of N (urea 46% N) were banded 3-5 cm below the seed 

at the time of sowing of c rop . The remaining N was suppl ied a f t e r 2 months, 

All the p l o t s received a uniform dose, of 100 kg N, 30 kg each of P-0,. and K 0 

per h e c t a r e . The main f indings t h a t emerged from the p re sen t i n v e s t i g a t i o n are 

summarised as under: 

6 , 1 , Germination and growth 

a ) . Days taken to germinat ion 

In 1982-83 and 1983-84 higher seed r a t e hastened the germina t ion . In 

1984-85, however, the inf luence was not s i g n i f i c a n t , 

FYM a p p l i c a t i o n a t the r a t e of 15 t / h a a lso hastened the germinat ion 

by 2 t o 3 days compared to 5 or 10 t / h a . Surface a p p l i c a t i o n of FIH r e s u l t e d 

i n an e a r l y germinat ion . 

b)Growth c h a r a c t e r s 

(1) Number of shoo t s : The number of shoots per metre running row l eng th 

inc reased with the inc rease i n seed r a t e and with the age of p l a n t . The shoot 

number increased upto 10 WAS. At 10 WAS during a l l the 3 years of exper imenta t ion , 

150 kg seed r a t e / h a recorded the h ighes t number of shoots and the inc rease i n 

shoot number was 21.5> 9.0 and 6.0 per cent over 100 kg/ha i n 1982-83, 1983-84 

and 1984-85, r e s p e c t i v e l y . In case of FYM r a t e s , 15 t / h a FYM recorded the 

h ighes t number of shoots at 10 WAS i n a l l the 3 crop s e a s o n s . The sur face 

app l i ca t i on of FYM proved to be supe r io r to incorpora t ion of FYM iri the s o i l , • 

(2) P l a n t he igh t ; P lan t height decreased by each inc rease i n seed r a t e upto 

150 kg/ha . However, at each seed r a t e with the inc rease i n age, the he igh t 

increased p r o g r e s s i v e l y upto h a r v e s t . On the con t r a ry i nc rea se i n FYM r a t e s 

increased the p l an t height s i g n i f i c a n t l y by each inc rease i n FYM r a t e s dur ing 
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a l l the 3 years of study. At harvest, in 1982-83, each seed ra te differed 

s ignif icant ly and m-aximum plant height was observed at 15 t /ha and increase in 

plant height was '7 per cent over 5 t /ha . However, in 1983-84 and 1984-85, the 

increase over 5 t /ha plant height was only 4,0 and 7.0 per cent , respect ively. 

Surface application of FYM increased the plant height s igni f icant ly and resulted 

in 4 ,6 , 4.2 and 5.6 per cent increase over the incorporation method in f i r s t , 

second and third year, respect ively. 

(3) Green and dry matter production; In general, the maximum green and dry 

matter production was observed at 18 WAS, In 1982-83 and 1983-84 increase in 

seed ra te increased the green and dry matter production and each seed ra te 

differed s igni f icant ly . In 1984-85, the increase was found only upto 125 kg 

seed ra te /ha , FYM ra tes contributed to increase the green and dry matter 

production which was s ignif icant ly higher at 18 WAS and both these parameters 

decreased at harvest, . At 18 WAS, in 1982-83 and 1983-84, increase in FYM rates 

increased the green and dry matter production. However,ih 1984-85, both these 

parameters did not differ s igni f icant ly . Surface application of FYM recorded 

higher green and dry matter production at 18 WAS in a l l the 3 years, which 

differed s igni f icant ly from incorporation method, 

(4) Per cent dry matter production: Per cent dry matter increased with the 

age upto harvest stage,, There was a steep r i se in the per cent dry matter 

production after 10 WAS to harvest stage during a l l the 3 crop seasons, 150 kg/ha 

seed rate recorded highest per cent dry matter and each seed rate differed 

s ignif icant ly with one anothero 15 t /ha FYM resulted in s ignif icant ly higher 

per cent dry matter production as compared to 5 t / ha . However, at 6 WAS in 

1983-84 and 1984-85 the differences were not s igni f icant . Surface method of 
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FYM application s igni f icant ly accumulated higher per cent dry matter and 

differed s ignif icant ly from the incorporation method. 

6.2. Development stages of wheat 

i ) 50 per cent heading; Increase in seed ra tes resulted in an increase in 

number of days taken to 50 per cent heading. In 1982-83, each increase in seed 

ra te resulted in corresponding signif icant increase in the days taken to 50 per 

cent heading. In 19O3-84 the s ignif icant difference was found only between 150 

and 100 kg seed ra te /ha . In 198*1-85, however, the differences were not found 

to be s ign i f ican t . 

In 1982-83, FYM levels did not influence the number of days taken to 

50 per cent heading. In 1983-84, 15 t/ha of FYM helped in producing early ear 

emergence as compared to 5 and 10 t /ha . In 1984-85, application of 15 t /ha 

took 4 days lesser to 50 per cent heading and each FYM rate differed s igni f icant ly . 

Incorporation of FYM in so i l also helped in inducing early 50 per cent heading 

in 1982-83 and 1984-85 but in 1983-84 the differences were not s igni f icant . 

( i i ) 100 per cent heading: Seed rates influenced the 100 per cent heading in 

1982-83 and 1984-85. 15b kg/ha seed ra te delayed 100 per cent heading by 1 to 

2 days. In 1983-84 the difference was not s igni f icant . 15 t /ha FYM hastened 

the completion of heading by 2 to 3 days as compared to 5 or 10 t /ha in 1983-84 

and 198^-85. In 1982-83 the FYM rates did not differ s ign i f i can t ly . In 1982-83, 

the methods of application of FYM did not influence the days taken for 100 per 

cent heading. However, during r e s t of the two years surface application of FYM 

took 2 days more to complete the heading. 

( i i i ) Maturity; 150 kg/ha seed rate took about 2 to 3 days more to complete 

maturity. In 1982-83, each seed ra te differed s ign i f ican t ly but in 1983-84 and 

1984-85, 150 kg/ha seed ra te recorded higher number of days to complete maturity 
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and differed s igni f icant ly from 100 or 125 kg/ha. The l a t t e r two seed r a t e s , 

however, did not differ s igni f icant ly . 

Contrary to t h i s , application of FYM @ 15 t /ha took 3 to A- days lesser 

to complete maturity. In 1982-83 and l98>-8i+ each FIM rate differed s igni f icant ly 

However, in 1984-85, 15 t/ha FYM took lesser number of days to complete maturity 

and differed s ignif icant ly when compared to 5 or 10 t / ha . Surface application of 

FYM took 2 to 3 days more to complete the maturity and differed s ignif icant ly 

to incorporation of FYM into the s o i l . 

6 . 3 . Yield and yield a t t r ibu tes 

( i ) Yield a t t r ibu tes 

Among the yield contributor^ characters in 1982-83 and 1984-85, the 

number of effective t i l l e r s increased by increasing the seed r a t e to 125 kg/ha. 

In 1983-84, the effective t i l l e r s increased by increasing the seed rate upto 

150 kg/ha and each seed ra te differed s ign i f ican t ly . In 1982-83, 15 t / h a FYM 

s igni f icant ly increased the effective number of t i l l e r s but 5 and 10 t /ha levels 

remained at par with each other. In 1983-84 the increase in effective number 

of t i l l e r s was observed only upto 10 t /ha . In l98*f-85 however, the FYM ra tes 

did not differ s igni f icant ly . Surface application of FYM signif icant ly increased 

the effective number of t i l l e r s and proved to be superior to incorporation of 

FYM in the so i l in a l l the 3 years of experimentation. 

The other yield contributory characters such as spike length ,sp ike le t s / 

spike, grains/spike and 1000-grain weight when pooled for 3 years, s igni f icant ly 

decreased by increasing the seed rate to 150 kg/ha. On the contrary, increase in 

FYM ra te to 15 t /ha increased the spike length, spikelete /spike, grains/spike 

and the 1000-grain weight. In case of surface application of FYM a l l these * 

yield contributory characters s ignif icant ly increased as compared to 

incorporation of FYM in the s o i l . 
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( i i )Yield 

In case of pooled analysis i t was observed that each increase in seed 

rate increased the grain and straw yield and each seed rate differed s ign i f ican t ly . 

150 kg/ha seed ra te increased the grain and' straw yield by 55.9 and ^9.0 per cent, 

respectively over 100 kg/ha. when seed rate was increased from 125 to 150 kg/ha 

the increase in grain and straw yield was 18»5 and 2^.8 per cent, respect ively. 

15 t /ha FYM increased the grain and straw yield respectively by 31.8 and 35.? 

per cent over 5 t /ha and th i s increase was s igni f icant . Increase in FYM ra te 

from 10 to 15 t /ha resulted in 10.7 and 8.5 per cent increase in grain and straw 

yield, respectively and the increase was s igni f icant . Surface application of 

FYM also recorded s ignif icant ly higher grain and straw y ie ld . 

( i i i ) Harvest index 

In the pooled analysis of 3 years i t was seen that 100 and 125 kg seed 

ra te remained at par and recorded s ignif icant ly higher harvest index as compared 
to 150 kg seed ra t e /ha . FYM rates as well as method of application did not 

influence the harvest index s igni f icant ly . 

6.*+. Effect on nutrient concentration and uptake 

( i ) Nitrogen content (%) 

In general, the nitrogen content in plants was' higher at 6 WAS and f e l l 

progressively as the crop advanced towards maturity in a l l the 3 years of study, 

150 kg/ha seed ra te resulted in higher N content in plants and differed 

s ignif icant ly from 100 kg seed ra te /ha at a l l the s tages . 

Increase in FYM rates increased the N content and 15 t /ha differed 

s igni f icant ly from 5 t /ha . Higher N content was observed in case of surface 

application of FYM and differed s ignif icant ly from the incorporation of FYM 

in the s o i l . 
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( i i ) Protein content 

Seed ra tes influenced the protein content in grain s igni f icant ly 

during a l l the 3 years as well as in the pooled analysis . I t was seen i n 

the pooled analysis that each increase in seed ra te from 100 to 150 kg/ha 

resulted in s ignif icant increase in protein content. In respect of FYM ra tes 

in 1982-83, 1983-8^ and pooled analyses the highest protein content was at 

15 t /ha and each FYM rate differed s ign i f ican t ly . In 198^-85 also, the highest 

protein content was registered at 15 t /ha of FYM and differed s igni f icant ly 

from 5 and 10 t / ha , but the l a t t e r two FYM rates remained at par with each 

other. Surface application of FYM recorded the highest protein content and 

proved s ignif icant ly superior to incorporation of FYM in the s o i l in a l l the 

3 years as well as in pooled analysis , 

( i i i ) Protein production (kg/ha) 

In 1982-83, seed rates "did not differ s ign i f ican t ly . In 1983-8**, the 

protein production increased upto 125 kg seed ra te /ha and differed from 100 kg/ha. 

In 198^-85, the highest protein yield was recorded at 150 kg seed ra te /ha and 

each seed ra te differed s ignif icant ly from one another. In 1982-83, FYM ra tes 

did not influence the protein production." In 1983-8^ and l98^-85 t the highest 

protein production was registered at 15 t /ha and each FYM rate differed 

s igni f icant ly . In 1982-83, -the methods of application of FYM did not influence 

the protein production. In 1983-84 and 19.84-85, the surface application of FYM 

recorded, the highest protein production. 

(iv) P content (?.Q 

P content in plant decreased with the advancement in growth s tages . 

At harvest, in grains , the P content was more as compared to straw. Increase in 

seed rate to 150 kg/ha recorded the highest P content and differed s igni f icant ly 

from 100 kg seed ra te /ha . 
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In respect of FYM ra t e s , 15 t /ha resulted in higher P content and 

differed s ignif icant ly from 5 t /ha . Surface application of FYM also recorded 

higher P content and differed s ignif icant ly from i t s incorporation in the s o i l . 

(v) K content (%) 

K content increased with increase in seed ra te and 150 kg/ha differed 

s ignif icant ly from 100 kg/ha. 15 t /ha FYM recorded the highest K content and 

each FYM rate differed s igni f icant ly , except at 6 and 10 WAS in 1983-84 and at 

18 WAS in 1984-85 FYM rates did not differ s ign i f ican t ly . Surface method of 

FYM application always resulted in higher K content but the differences were not 

s ignif icant at 6 and 10 WAS in 1983-84 and at 18 WAS in 1982-83 and-1984-85. 

(vi) N uptake • 

150 kg seed ra te recorded more N uptake and each seed rate differed 

s ignif icant ly from one another. 15 t /ha FYM reoorded the highest N uptake and 

each FYM ra te differed s igni f icant ly . Surface application of FYM recorded 

higher N uptake which proved to be superior to incorporation of FYM into the s o i l . 

( v i i j P uptake 

P uptake increased with the age of the plant and i t was maximum at 

harvest , 150 kg seed ra te recorded highest P uptake and each seed ra te differed 

s ignif icant ly at a l l the stages of crop growth during a l l the three years of 

study. In a l l the 3 crop seasons, the P uptake was highest at 15 t /ha FYM and 

each FYM rate differed s igni f icant ly . Surface application of FYM recorded higher 

uptake of P and differed s ignif icant ly from incorporation of FYM in the s o i l , 

( v i i i ) K uptake 

Like P uptake, the uptake of K also increased with the age of the 

plant upto harvest in a l l the 3 years of experimentation. The uptake of K was 

highest at 150 kg seed ra te and each seed rate differed s igni f icant ly from one 

another. 
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The uptake of K was also higher at 15 t /ha FYM and each FYM ra te 

differed s igni f icant ly . Surface application of FYM also recorded the highest 

K uptake and proved s ignif icant ly superior to incorporation of FYM into the s o i l . 

6 .5 . Soil studies 

( i ) Temperature 

The increase in seed r a t e s , in general, registered to a decline in the 

s o i l temperature. The highest temperature was recorded at 100 kg seed ra te /ha 

and the lowest at 150 kg/ha. The decline in s o i l temperature ranged from 1.3 C 

to 0.8°C in-1982-83 and from 1.3°C to 1.1°G in 1984-85. Increase in FYM rates 

registered an increase in so i l temperature and the increase ranged from 0.8 G 

to 1.3°C in 1982-83 and from 0.9°C to 2.0°G in 1984-85. Surface application of 

FYM tended to enhance the temperature of surface s o i l . The increase ranged from 

1.9°C to 2.2°C in 1982-83 and from 2.0°C to 2.4°C in 1984-85 compared to that 

when FYM was incorporated in the s o i l . 

( i i ) Soil moisture content 

During a l l the 3 crop seasons the moisture content in s o i l decreased 

s igni f icant ly with the ; increase in seed r a t e s , lixcept at I I and IV observation 

in 1984-85 and V observation in 1983-84 the seed rates did not influence the 

moisture content. The FYM rates also influenced the s o i l moisture content at 

a l l the observations in a l l the 3 years. 15 t /ha FYM recorded the highest 

moisture content. Surface application of FYM retained more moisture in the s o i l . 

at different observations in a l l the 3 years and i t was s ignif icant ly superior 

to incorporation of FYM in the s o i l . 

6 .6. Interact ion effect 

From seed ra tes x FYM ra tes (S x F) interact ion that influenced the 

grain yield of wheat in 1982-83 and 1983-84 (Table 12.1a) i t was seen that use 

of 150 kg seed ra te /ha alongwith 10 or 15 t /ha FYM resulted in comparable y ie lds . 
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S imi la r type of e f f e c t s were a l so not iced i n r e spec t of o ther y ie ld c o n t r i b u t i n g 

cha rac t e r s such a s , number of e f f e c t i v e t i l l e r s / m e t r e running row length i n a l l 

the th ree years of s tudy . In case of o ther y i e ld c o n t r i b u t o r y cha rac t e r s such 

as number of s p i k e l e t s / s p i k e (Table 11.1c).number of g ra ins / sp ike (Tab le 11.1d) , 

1000-grain weight(Table 11.1f) from the same i n t e r a c t i o n e f f e c t i n the pooled 

a n a l y s i s , i t was observed t h a t inc rease i n seed r a t e s at d i f f e r e n t l e v e l s of 

FYM decreased the s p i k e l e t s / s p i k e , number of g r a i n s / s p i k e and 1000-grain 

, weight . Howeyer, at f ixed seed r a t e inc rease i n FYM r a t e s r e s u l t e d i n a 

s i g n i f i c a n t inc rease in a l l the 3 y ie ld c o n t r i b u t i n g c h a r a c t e r s . 

The n i t rogen content and N uptake was a lso inf luenced by S x F 

i n t e r a c t i o n at 6 WAS i n 1982-83 and 1983-8^ (Table 13a) . The h ighes t N content 

and N uptake was observed at S_F during both the y e a r s . 

The same i n t e r a c t i o n ( i . e . S x F) a lso inf luenced the p r o t e i n content 

i n 1982-83 and 1983-8^ a s well as i n pooled ana lys i s (Table 1^a). I t was seen 

tha t i nc r ea se i n the r a t e of seed and FYM r e s u l t e d i n an inc reased i n the 

p r o t e i n c o n t e n t s . 

6.7» Nu t r i en t balance 

The ava i l ab l e s o i l N and P showed a d e f i c i t ba lance , whereas a 

p o s i t i v e balance of K was observed under a l l the t rea tments i n a l l the t h r e e 

years of exper imenta t ion . 

CONCLUSIONS 

The following conclusions could be drawn from the r e s u l t s of t h i s 

i n v e s t i g a t i o n which could, be b e n e f i c i a l in a t t a i n i n g success with l a t e sown 

wheat under ra in fed c o n d i t i o n s . 

1. Use of higher seed r a t e @ 150 kg/ha which s i g n i f i c a n t l y inc reased the g r a i n 

and s t raw y ie ld to the tune of 36 and ^9 per cen t over 100 kg seed r a t e / h a , 

r e s p e c t i v e l y and by 18 and 25 per cent over 125 kg/ha may be advocated. 
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Application of FYM @ 15 t /ha which increased the grain and straw yield to 

the extent of 32 and 3^ per cent over 5 t /ha , respectively and by 11 and 

9 per cent over 10 t /ha , respectively may be advocated. 

Surface application of FYM signif icant ly increased the grain and straw 

yield to the extent of 12 and 10 per cent over the incorporation of FYM 

into the s o i l . FYM should therefore, be applied on the so i l surface for 

l a t e sown rainfed wheat. 

Increase in FYM application ra tes resulted in an increase in organic 

carbon, available N, P and K and to ta l N and i n decrease in so i l pH and 

bulk density. Surface method of FYM application decreased the so i l pH, 

bulk density but increased available N, P and K and t o t a l N in s o i l . 

Seed ra tes x FYM rates interact ion revealed that 125 kg seed rate/ha 

accompanied by 10 t /ha FYM resulted in s t a t i s t i c a l l y similar grain yield 

as i s obtained at 150 kg seed ra te /ha accompanied by 10 or 15 t /ha FYM. 

150 kg seed rate accompanied by 15 t /ha FYM, however, also resulted in 

higher protein content in g ra ins . For higher grain yield with be t te r 

grain quality as well as- better physical conditions of so i l obtained at 

higher FYM rate i t may, therefore, be recommended that under la te sown 

rainfed conditions for the cul t ivat ion of wheat farmers should use 150 

kg/ha seed rate accompanied by 15 t /ha FYM. 
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APPENDIX I I 

An.alysis of variance for days for germination*and number of shoots/m row length 
at various stages of growth 

Source of 
v a r i a t i o n 

Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

Rep. 

B R 

S 

F 

M. 

SF 

SM 

FM 

SFM 

Error 

Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

d . f . 

3 

8 

2 

2 

1 

k' 

2 

2 

k'. 

43 

3 

8 

2 

2 

1 

4 ' 

2 

2 

k' 

, ^3 

3 

8 

2 

2 

1 

^ ' 

2 

2 

4'' 

43 

Days for 
germinatior 

2.0.8 

0.19 

6.05* 

3.01 

86.68* 

0.16 

2.05 

0.26 

0.38 

1.47 

1.01 

O.26 

9.18* 

4.76* 

74.01* 

0 . 3 ^ 

3.18* 

0.26 

0 .23 

0 .83 

1.05 

1.08 

0 .87 

4.62* 

80.22* 

0 .11 

0 .14 

0.18 

0 . 9 3 

0 .92 

1 6 

8.20 

111.72 

3729.50* 

48.29 

690.68* 

50.95 

579.55* 

753.10* 

201.05* 

32.90 

•5.59 

63.79 

244.68* 

149.68* 

512.00** 

121.84* 

216.54* 

96.29* 

65.80* 

21.66 

7.20 

37.79 

1415.05* 

830.89* 

786.72* 

59.17* 

379.06* 

139.39* 

23.97 

13.30 

Mean sum < 
Weeks aft< 
8 

af squares 
s r sowing ' 
10 

1982-83 
23.08 56 .83 

27.76 

1373.37* 

336.50* 

217.01* 

617.42* 

9.35 

42.06 

59.81 

32.55 

111.41 

3198.15* 

2051.25* 

1386.80* 

500.22* 

37.60 

259.75* 

693.34* 

37.97 

1983-84 

32.76 

120.75 

229.84* 

754.68* 

410.89* 

694.87* 

15.26 

356.51* 

44.74 

22.72 

34.90 

40.68 

353.35* 

852.76* 

455.02* 

119.47* 

105.01 

315.09* 

98.91 

' 45.31 

1984-85 

26.60 

92.69 

356.54* 

880.29* 

231.13* 

301.25* 

439.12* 

35.79 

108.79* 

27.27 

7.50 

17.43 

185.06* 

444.76* 

76.06 

170.10* 

776.05* 

166.09* 

78.66* 

20.31 

(WAS) 
12 

30.33 

9 3 . V| 

2219.79* 

618.00* 

997.55* 

79.75* 

237.60* 

544,89* 

182.35* 

25.88 

11.02 

63.57 

1680.18* 

85.43* 

420.50* 

265.12* 

161.54* 

28.04 

39.68 

19.22 

90.53 

93.40 

206.01 

726.93* 

171.12 

134.80* 

63.29 

209.29 

629.43* 

73.63 

Harvest 

3^.38 

122.41 

3858.85* 

239.05* 

141.68 • 

150.25* 

169.01* 

757.56* 

263.92* 

40.67 

16.61 

44.72 

373.72* 

228.39* 

512.00* 

152.76* 

21.50 

45.50* 

4o.33* 

13.76 

9.16 

101.37 

113.39* 

126.93* 

506.68* 

92.05* 

91.55* 

926.01* 

160.81* 

26.70 



APPENDIX I I I 

Analysis of variance for treatment effects on plant height at Various stages of 
crop growth 

Mean, sum of squares 
Source d.f. * Weeks after sowing (WAS) 

Rep, 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Er ro r 

3 

8 

2 

2 

1 

k' 

2 

2 

h' 

43 

6 

1.57 

0.57 

O.63 

0 .57 

1.33* 

0 .44 

1.29* 

0.37 

0.92* 

0.30 

9 

0.29 

. 0 .55 

12.19* 

21.46* 

2.00* 

3.30* 

0 .18 

0 .77 

1.04 

0 .45 

12 

21.00 1 

12.60 

35.14* 

326.24* 

47.22* 

9 .53 

2 .13 

26.3? 

6.90 

9 .4? 

15 
l982lB?20 

10.94 

28.32* 

130.93* 

74.08* 

7.02 

23.88* 

9.40 

12.06 

5.73 

18 

14,47 

18.94 

124.23* 

240.53* 

94.94* 

16.77 

5.96 

21.47 

7.89 

7 .73 

Harvei 

7.85 

19.25 

4.95 

138.75* 

185.22* 

20.07 

21.03 

28.86* 

4 .91 

8 .4 i 

1983-84 
Rep, 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

E r r o r 

3 

8 

2 

2 

1 

4 ' 

2 

2 

4 ' 

43 

0 .77 

0 .21 

1.00* 

0.29 

3.48* 

0 .28 

0 .44 

0.81 

0.15 

0 .23 

2.85 

3.88 

13.98* 

7.59* 

0.16 

10.86* 

7.63* 

1.92 

5.22* 

1.00 

14.27 

28.57 

111.50* 

4.42 

44.08* 

4 i . 4 i * 

22.75* 

9.58 

4.00 

5.76 

1.44 

8.38 

104.95* 

178.42* 

174.04* 

33.30* 

61.43* 

11.16 

9.20 

4.06 

37.97 

7.20 

45.57* 

98.57* 

38.42* 

26.01* 

12.19 

21.74 

4.72 

7.41 

7.32 

3.22 

41.47* 

43.02* 

83.87* 

14.52 

16.00 

0.20 

11.29 

10.89 

1984-85 
Rep. 

BR 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

3 

8 

2 

2 

1 

4 ' 

2 

2 

4 / 

43 

3.30 

3.55 

3.19 

37.23* 

0.86-

1.27 

1.80 

1.47 

1.13 

1.85 

71.65 • 

34.59 

84.72 

95.38 

0 .92 

17.65 

36.69 

9.45 

26.49 

39.46 

443.78 

5.59 

22.24 

182.55* 

59.29 

77.76 

8.11 

26.62 

31.75 

39.85 

67.85 

15.23 

53.14* 

154.09* 

39.67 

33.97 

4.84 • 

13.29 

6.26 

13.27 

18.27 

11.70 

12.09 

109.93* 

121.89* 

50.00* 

5.68 

2 .43 

13.99 

11.00 

12.52 

18.29 

41.67* 

96.65* 

173.17* 

60.06* 

38.63* 

70.59* 

34.21* 

10.08 



APPENDIX IV 

Analysis of var iance for t reatment e f f e c t s oh green mat te r product ion (g/m) a t 
va r ious s t ages of crop growth ' . 

Source 

Rep. 

,B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Er ro r 

Rep. 

'B. R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

E r r o r 

d.f . 

3 
8 

2 

2 

1 

k' 

2 

2 

k' 

43 

3 

8 

2 ' 

.' 2 

1 

4 ' 

2 

2 

k' 

43 

3 

8 

2 

2 

1 

> 4 ' 

2 

2 

4 ' 

43 

6 

4 .13 

1.98 

165.8V 

21.49* 

34.91* 

11.54* 

0 .39 

13.35* 

5.40* 

1.62 

0.95 

2.60 

223.38* 

100,43* 

125.98* 

5.62* 

8.98* 

1.42 

6.24* 

1.69 

3.39 

2.01 

234.94* 

78.99* 

94.75* 

6.32* 

5.78* 

o . 4 i 

. 7.20* 

.1.25 

Mean ; 
Weeks 

10 

42.48 

42,16 

244i.o8* 

616.39* 

1339.17* 

7.10 

0.46 

122.64* 

57.40 

22.69 

28.23 

.16.27 

1899.91* 

761.97* 

1348.53* 

63.35* 

44.69* 

80.62* 

96.96* 

11.28 

14.23 

19.30 

2633.63* 

655.18* 

833.32* 

92.37* 

64.52* 

18.24 

23.57* 

8.23 

sum of squares 
a f t e r so win* 

14 
f982-83 

118525.00 

119190. 00 

190433.50 

1533810.00* 

57561.00 

118357.50 

138603.00 

100349.50 

106489. 81 

124983.81 

1983-84 

887.33 

902.25 

80899.50* 

2694S.00* 

14235.00* 

1320.00 

1732.50 

1284.00 

1461.51 

630.92 

1984-85 

8563.33 

808.12 

51691.00* 

12287.00* 

15845.00* 

1712.50 

1869.50 

7583.50* 

2145.14 

2189.21 

18 

1988.33 

1406.50 

31380.00* 

10378.00* 

20371.00* 

950:00 

1664.50 

7420.51* 

2479.71* 

' 665.74 

380.66 

618.25 

27784.00* 

3157.00* 

12520.00* 

112.50 

5930.00* 

3138.00* 

446.75 

427.51 

1272.00 

910.25 

25644.00* 

1381.50 

7724.00* 

177.50 

4071.00* 

3588.00 

933-04 

1230.57 

Hatves t 

6271.33 

1763.87 

48717.00* 

7266.00* 

35514.00* 

462.50 

1543.00 

1825.OO 

4226.28 

1978.88 

1759.00 

408.50 

33743.00* 

13907.00* 

17125.00* 

186.25 

3767.50* 

4651.00* 

1761.91* 

365.37 

512.00 

1713.25 

49247.50* 

18603.OO* 

20335.00* 

674.00 

2696.50 

6059.00* 

420.84 " 

871.17 



APPENDIX V 
2 

Analysis of variance for dry matter accumulation (g/m ) at various stages of growth. 
Mean sum of squares 

Source d.f. Weeks after sowing (WAS) 
6 10 j4 18 Harvest 

1982-8$ 
Rep, 

B R " 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

3 

8 

2 

2 

1. 

4 ' 

2 

2 

h' 

43 

0 .24 

0 .24 

9.74* 

1.81* 

5.10* 

0 .19 

0 .39 

0.58* 

0 . 1 5 

0.87 

2 .43 

2.25 

1 O 4 . 5 8 * 

60.69* 

130.30* 

0.56 

0 .19 

9.34* 

6.78* 

1.40 

8.80 

54.36 

51.30* 

955.10* 

4353.60* 

98.25* 

50.50 

376.30* 

141.27* 

30.15 

197.33 

192.37 

12071.00* 

6695.00* 

16296,00* 

589.50* 

63.50 

2777.00* 

400.11* 

113.64 

122290.35 

1225.62 

25976.50* 

5743.50* 

29864.00* 

265.25 

144.50 

272.00 

2874.92 

1201.00 

1983-84 
Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

3 

8 

2 

2 

1 

4 / 

2 

2 

4 ' 

43 

0 . 5 3 

0 .31 

11.36* 

2.78* 

7.67* 

0.36* 

0 .31* 

0 . 1 3 

0 .14 

0.78 

0 . 9 3 

1.45 

125.08* 

' 49.74* 

96.37* 

2.54* 

2.43* 

5.18* 

6.74* 

0.66 

66.83 
88.90 

10373.85* 

5610.35* 

3717.60* 

240.50* 

90.35 

459.95* 

262.00* 

69.95 

256.00 

77.12 

6447.00* 

751.00* 

5298.00* 

23.25 

1205.00* 

1082.OO* 

32.00 

65 .04 

2319.63 

200.55 

13423.30* 

5208.10* 

7704.80* 

43.75 

391.95 

3273.00* 

689.52 

486.75 

1984-85 
Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

3 

8 

2 

2 

1 

4 ' 

2 

2 

k' 

43 

1.63 

0.30 

15.08* 

3.03* 

3.25* 

0.19 

0.29 

0 . 4 i 

0 .20 

0.15 

0 . 9 3 

2.35 

* 209.51* 

59.27* 

79.27* 

8.64* 

3.50* 

2.74* 

2.32* 

0.79 

1330.23 

232.00 

11278.05* 

4072.20* 

5461.20* 

268.50 

152.95 

1060.95* 

613.21 

390.75 

485.66 

302.62 

7541.50* 

794.50 

3789.00* 

194.50 

809.50 

930.00 

296.09 

341.01 

264.66 

913.50 

33130.00* 

13557.50* 

14839.00* 

361.25 

1845.50* 

4122.00* 

266.82 

462.34 
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APPENDIX IX 

Analyses of var iance for g ra in y i e l d , s t raw y ie ld and ha rves t index. 

c , „ Mean sum of squares 
b o u r c e d , f ' 1982-83 1983-84 1984-85 Pooled 

Grain y ie ld 

Rep. 

B K 

3 

F 

M 

SF 

SM 

FM 

SFM 

E r r o r 

3 

8 

2 

2 

1 

k' 

2 

2 

4 ' 

43 

69.15 

49.47 

127.21* 

157.09* 

36.22 

36.30* 

1.17 

O.89 • 

10.36 

13.82 

11.26 

7.83 

27 .5V 

87 .1V 

25.35* 

18.8V 

0.72 

2.05 

O.85 

4.68 

172.74 

10.49 

527.43* 

153.0 V 

182.59* 

3.75 

0 .84 

0.46 

3.45 

8.75 

41.56 

•11.12 

161.63* 

127.42* 

60.79* 

4.17 

•0.50 

0.35 

1.66 

2.49 

Straw y ie ld 

Rep. 

* B 

S 

F 

M 

SF 

SM 

FM 

SFM 

Error 

3 

8 

2 

2 

1 

h' 

2 

2 

k' 

^3 

204.34 

114.27 

1251.76* 

629 .5V 

196.52* 

98.27 

13.90 

16.53 

106.13 

45.68 

9.45 

8.49 

365.4V 

390.13* 

85.82* 

3.95 

7.59 

O.87 

3.10 

17.89 

328.50 

26.06 

3179.63* 

1094.26* 

441.09* 

43.9? 

O.81 

15.04 

18.34 

37.81 

123.03 

23.04 

1285.60* 

666.04* 

218.00* 

2.82 

1.93 

5.52 

22.82 

10.17 

Harvest Index 

0.80 

0.57 

0.47* 

0.48 

0 .42 

0.53 

O.83 

O.38 

O.12 

0.38 

Hep. 
B R 

S 

F 

M-

SF 

SM 

FM 

SFM 

Error 

3 

8 

2 

2 

1 

4 ' 

2 

2 

4 ' 

43 

0 .73 

0.11 

0.19* 

0 .94 

O.13 

6.25 

0.21 

0.46 

0 .33 

0.46 

0.35 

0.27 

0.13* 

0.11 

0 .55 

0.85* 

0 .33 

0 .98 

0.45 

0 .28 

0.39 

0 .45 

0 .23 

0 .21 

0.26 

0.11 

0.10 

0 .97 

0.78 

0 . 1 3 
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APPENDIX XI 

Analyses of var iance for p r o t e i n content(%) in g r a i n . 

Mean sum of squares 
Source d.f . 1982-83 1983-84 1984-85 Pooled 

Rep. 3 0 .31* . 7.89 0 .71 1.22 

Bfi 8 0 . 8 3 0.18 O.89 0 .71 

$ 2 3.82* 1.83* 8.53* ^.01 

F 2 5.87* 2.17* 1.81* 2.97* 

M v 1 5.84* 1.3V 6.17* 4.08* 

SF 4 0.12* 0.50* 0 .32 0 .11* 

SM 2 0.10 0.20 0 .14 0.57 

FM , 2 0.30 0.31 0.18 0.29 

SFM if ' • • 0 . 4 8 0 .27 0 .12 0 .22 

Er ror 43 0.59 0.18 0 .12 0.41 

APPENDIX XII 

Analyses of var iance fo r g ra in p r o t e i n y ie ld kg /ha . 

Source d . f . , . n . 0_ M e a n s u m ° £ _ s S ? a r e s 

Rep. 

B R 
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F 

M 

SF 

SM 

FM 

SFM 

Er ro r 

U . I . 

3 
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2 
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1 

k' 

2 

2 

4 ' 

43 
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68.0831 

53.38 

211.13 

294.62 

134.85 

37.12 

4.46 

2.83 . 

8.99 

13.53 

1983-84 

2249.60 

757.61 

4594.35* 

12203.85* 

4445.80* 

2871.10* 

54.50 

73.75 

40.99 

542.17 

1984-85 

22309.80 

1414.22 

83719.70* 

24537.05* 

34910.90* 

739.55 

274.15 

^.95 

430.05 

965.23 
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APPENDIX XVII 

Analysis of var iance for K uptake ( k g / h a ) ' i n p l a n t s , 

Sources d . f . 
6 10 

Mean sura of squares 
Weeks a f t e r sowing 

14 18 
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SM 

FM 

SFM 

Error 

Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

E r r o r 

Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Er ro r 

APPENDIX XVIII 

of variance for s o i l moisture 

d . f . 

3 

8 

2 

2 

1 

h' 

2 

2 

k' 

4 3 -

3 

8 

2 

2 

1 

kf 

2 

2 

if.' 

, ^ 

3 

8 

2 

2 

1 

4 ' 

2 

2 

4 ' • 

^3 

I 

2 .33 

1.99 

46.8 i* 

17.72* 

23.62* 

4.36 

0 .21 

1.05 

3.25 

2.25 

8.1*8 

4.79 

5.44* 

72.79* 

58.71* 

18.35* 

0.68 

3.13 

0 .75 

1.64 

3.39 

0 .52 

•22.47* 

9.6o 

60.04* 

22.90* 

1.16 -

2.35 

3.8o 

3.85 

I I 

4.56 

8.88 

31.98* 

58.51* 

6o.84» 

67.61* 

4.07 

0.79 

12.42* 

2 .43 

25.82 

3-32 

26.98* 

26.39* 

53.28* 

7 . 1 ^ 

'0 .37 

O.18 

1.81 

2.76 

7.89 

1.78 

2.45 

14.12* 

70.56* 

5.47 

1.14 

0 .12 

2.33 

2.93 

content (%) i n 0 - 15cm s o i l 

Mean "sum of sauares 
I I I IV 

1982-83 

10.88 

2.24 

14.69* 

26.78* 

38.66* 

3.02 

0 .17 

0 .12 

1.54 

2.30 

7.51 

3.77 

76.80* 

42.29* 

73.60* 

3.73 

0.37 

0 .28 

1.31 

4.44 

• 

O.89 

2 . 3 ^ 

22.73* 

24.46* 

46.22* 

14.72* 

0.57 

O.26 

0.60 . 

2 .4 i • 

6.69 

2.88 

7.02* 

12.19* 

58.31* 

2 .21" 

9.93* 

0 .58 

1.29 

2.15 

1983-84 

11.03 

1.88 

32.12* 

17.59* 

49.66* 

1.99 

0.60 

1.03 

0.98 

4.12 

1984-85 

9.61 

9.88 

1.75 

25.68* 

55.55* 

117.68* 

0 . 3 ^ 

0 . 5 3 

1.45 

4.32 

V 

4.86 

1.77 

2 .53 

17.08* 

51.83* 

0.66 

0.76 

2.07 

0 .25 

2.16 

15.84 

O.80 

15.03* 

o . i 4 

73.20* 

6.87* 

3.31* 

1.98 

1.23 

0 .68 

18.77 

1.29 

10.68* 

15.08* 

29.05* 

2.99* 

O.16 

0 . i 4 

0 .11 

0 .99 

dep th . 

At ha rves t 

9.75 

1.09 

8.67* 

50.05* 

37.87* 

6.46* 

0 . 5 3 

2 .03 

1.46 

1.90 

9.20 

4 .93 

5.05 

7.59* 

60.90* 

17.89* ' 

0 . 5 3 

3.20 

0 .68 

1.64 

17 .3^ 

2.29 

16. 24* 

10.28* 

18.74* 

6.22* 

0 .88 

0 .41 

0.96 

1.92 



APPENDIX XIX 

Analysis of var iance for physico-chemical p r o p e r t i e s of s o i l . 

; Mean sum of squares 
Sources d . f . Bulk Available Avai lable Available T o t a l N Organic 

d e n s i t y N P__ K carbon 
1982-83 

Rep. 

B R 

S 

F 

M •• 

SF 

SM 

FM 

SFM 

Error 

3 

8 

2 

2 

1 

h' 

2 

2 

K' 

^3 

0 .53 

0 .11 

0 .19 

0.55* 

O.82* 

o.4o 
0 .84 

0.20 

0.50 

0.26 

198.00 

684.00 

15.00 

5924.50* 

2255.00 

618.OO 

58.00 

356.00 

910.45 

1339.21 

11.50 

31.22 

67.59* 

168.43* 

46.72 

11.08 

5.09 

76.01* 

13.66 

11.63 

93.66 

483.30 

234.50 

1461.35* 

3186.60* 

1007.25 

62.90 

1619.50* 

650.89 

439.62 

13774.00 

13623.37 

173075.00* 

46814.50* 

239056.00* 

4 i6 i5 .oo* 

5477.00 

1976.00 

6216.95 

3296.74 

0 .39 

0.10 

0 .48 

0.20* 

0.10 

0.94* 

0.10* 

' O.36* 

0 .71 

0.59 

1983-84 
Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

Er ro r 

3 

8 

2 

2 

1 

4 ' 

2 

2 

4 ' 

43 

0 .12 ' 

0 .14 

0 .11 

0.43* 

0.26* 

0 . 5 6 . 

0 .16 

0 . 4 i 

0 .38 

0.37 

1689.66 

1193.50 

434.50 

4441.50 

1466.00 

504.00 

160.50 

201.50 

1555.23 

2187.86 

12.19 

5.84 

45.54* 

149.62* 

74.01* 

19.69* 

35.09* 

15.26 

3.13 

6.72 

363.10 

1413.36 

162.40 

1657.10 

1624.50 

77.25 

39.50 

586.15 

625.21 

1033.63 

88496.66 

1438*25 

70015.00* 

168865.00* 

115015.00* 

10117.50* 

34028.00* 

2912.50 

445.17 

2867.10 

0 .52 

0 .37 

O.76 

0.44* 

0.12* 

0 .14 

0 .18 

0.20 

0.69 

0 .73 

1984-85 
Rep. 

B R 

S 

F 

M 

SF 

SM 

FM 

SFM 

E r r o r 

3 

8 

2 

2 

, 1 

4 ' 

2 

2 

4 / 

43 

0.20 

0 .22 

0.20 

0.49* 

0.39* 

0 . 2 8 , 

0 .34 

0 .24 

0.55* 

0.21 

1332.00 

365.5O 

817.00 

3686.OO 

7442.00* 

701.00 

212.00 

'547.00 

1099.73 

1654.67 

42. to 

48.55 

6.75 

3.97 

0 .22 

49.28 

214.01* 

100.93' 

35.60 

63.63 

238.03 

1613.35 

763.80 

1481.80 

105.00 

81.25 

341.35 

109.10 

985.15 

989.50 

40529.00 

2540.62 

87993.00* 

142032.50* 

243084.00* 

1297.50 

29801.50* 

5529.00 

1240.43 

3361.26 

O.28 

O.16 

0 .53 

O.60* 

o.4o* 

0.15 

0.97 

0.32 

0.45 

0.22 
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Effec t of S x F i n t e r a c t i o n on growth c h a r a c t e r s . 

S F S F , S > , ; S F S F S F , S_F„ S_F0 S_F_ SEra+ CB5% 
Characters 1 1 1 2 1 ;3 2 1 2 2 2 3 3 1 7 2. 73 -

P lan t hejght(em) 

12WAS 1983-84 40.8 36.7 37.0 37.1 39.8 38.O 33.0 33.1 38.8 0 .9 2.8 

15WA3 1985-84 46.9 50.9 52.4 4 6 . 9 ' 48 .7 48.0 41.0 45.6 50.8 0 .8 2 . 3 

Harvest 1984*85 58 .3 56 .7 61 .2 52.0 60.5 57 .7 53.9 53.7 57.4 1.2 3-7 

Dry matter accumulation (g/m ) 

6 WAS 1983-84 2.9 3.5 . 3.9 ^ . 2 4 . 3 4 .9 4 . 3 5.1 5.0 0 . 1 0 . 3 

18WAS 1982-83 487.3 ^96.2 511.5 510.1* 526.3 530.4 518.8 538.5 568.2 4 . 3 12.3 

Per cent dry matter accumulation(g/m ) 

10-WAS. 1982-83 4.91 5 .o4 5.06 5.08 5.04 5.08 5.04 5 .03 5.11 0 .02 0.07 

18WAS 1984-85 43.9 44.5 44.4 44.5 44.5 44.5 44.4 44.6 44.8 0 .1 0 . 3 

Harvest 1984-85 56.8 57.4 58.O 58.1 58.O 58.4 57.9 59.0 58.9 0 .1 0 . 3 

Days to 100% heading 

1983-84 112.0 108.1 105.2 110.6 108.0 112.5 111.0 ' 112.5 107.2 1.0 2.8 

Number of g r a i n s / s p i k e 

1982-83 32.1 3^.7 33.4 31.6 29.8 31.9 29.7 29.9 32 .7 0 .7 2.0 

Humber of g r a i n s / s p j k e 

1983-84 25.9 25.1 26.9 22.0 27.0 26.7 24.9 23.5 23.9 0.7 2.0 

1984-85 29.5 31.0 31.1 27.4 29.0 32.7 29.7 27.7 30.9 0 .5 1.4 

1000-grain weight(g) 

1982-83 39.3 29.1 4 i . 3 39.5 38.8 39.8 37.5 40.1 40.0 0 .4 1.2 

1984-85 46 .2 4?.0 46.5 44.4 44.5 50.0 45 .3 ^ 7 . ^ Mf.4 1.0 3.0 

Harvest index 

1983-84 0 .32 0 .33 0.51 0 .33 0.31 0.32 0 .33 0.29 0.29 0 .01 o.o4 
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9.2 9.9 

9.8 9.8 

0.95 0.98 

26.8 35.3 

10.5 

9.9 

1.22 

35.8 

Effect of S x F interact ion on nutr ient content and uptake in plants and available 
nutr ient in so i l after harvest 

Tu I S~F~ S~F T F s T " S T " S~F~ S T " SJT S J SEm+ CDJ% 
Characters 1 1 1 2 1 3 2 1 2 2 2 3 3 1 3 2 3 3 

N content in plants 

Straw 1983-84 0.53 0.59 0.60 0.54 0.52 0.58 0.53 0.58 0.62 0.01 0.03 

Grain 1983-84 1.52 1.55 1.61 1.57 1.56 1.59 1.56 1.63 1.76 0.02 0.07 

Protein content in grains 

1982-83 8.7 9.3 9.9 9.2 9.9 10.5 9.6 10.2 10.6 0.09. 0.2 

1983-84 9.5 9.7 10.1 9.8 9.8 9.9 9.7 10.1 11.0 0.2 0.5 

N uptake in plant (kg/ha) 

6 WAS 198 3-8 *f 0.65 0.84 0.94 0.95 0.98 1.22 1.04 1.26 1.410.03 0.09 

Harvest 1983-84 23.O 27.4 34.1 26.8 35.3 35.8 26.5 39.4 46.7 1.9 5.4 

P content in plants 

18 WAS 1984-85 O.067 O.O83 0.097 0.093 0.095 0.099 0.103 0.101 0.103 0.004 0.032 

P uptake in plant (kg/ha) 

18WAS 1984-85 2.8 3.7 4.3 4.3 4.4 4.7 4.8 4.8 5.0 0.2 o\6 

Harvest 1984-85 2.9 3.8 4.4 4.4 4.5 4.8 4.9 4.9 5.2 0.2 0.6 

Soil moisture content during 2nd observation 

1982-83 23.1 25.0 26.6 23.9 23.1 23.2 21.2 23.0 24.1 0.6 1.9 

Available s o i l P 

198>84 18.9 21.4 25.5 19.9 20.6 20.7 15.1 20.4 21.4 1.0 3.0 

Soil organic carbon content 

1982-83 0.56 0.62 0.85 0.53 0.66 0.77 0.64 0.71 0.60 0.03 0.08 



APPENDIX XXII 

Ef fec t of S x M i n t e r a c t i o n on growth, y ie ld c h a r a c t e r s , n u t r i e n t content and uptake 
i n p l a n t s and s o i l organic carbon content a f t e r h a r v e s t . 

Charac te rs 

Days taken to coraple-

1983-84 

Number of shoots 

S WAS 1984-85 

10WAS 1984-85 

P l a n t height (cm) 

6 WAS 1982-83 

9 WAS 1983-84 

12WAS 1933-84 

Harvest 1984-85 

Dry matter accumulat 

1 1 s iMa 
te germinat ion 

26.5 

77.1 

92.9 

8.2 

13.0 

37.2 

55.8 

ion (g/m 

25.0 

77.2 

90.4 

8.8 

12.3 

39.8 

61 .3 

h. 

S 2 M 1 

26.5 

80.5 

98.2 

8.6 

11.8 

36.8 

54.9 

2 2 

24.5 

77.9 

91.9 

8 .3 

13.0 

39.6 

58 .4 

S M 
° 3 1 

26.0 

78.0 

89.6 

8.0 

11.5 

35.0 

55 .7 

S_M 
5 2 

23.1 

91 .3 

104.6 

8.4 

10.9 

34 .3 

56 .2 

SESU+ 

0 .2 

1.5 

1.3 

0 .1 

0 . 3 

0.6 

0 .9 

CD% 

0 .7 

4 . 3 

3-7 

0 .4 

0 .8 

1.9 

2.6 

•6 WAS 1983-84 3.0 3.9 

18WAS 1983-84 354.4 387.3 

Harvest 1983-84 338.3 387.1 

Per cent dry mat te r accumulation 

14 WAS 37 .3 

Harvest 56.9 

100 per cent heading 

1983-84 105.9 

No.of g ra ins per spike 

1983-84 23.5 

1984-85 29.2 

N content i n p l a n t s 

1982-83 0 .53 

P r o t e i n y ie ld (kg/ha) 

1983-84 100.7 

"N uptake (kg/ha) 
6 WAS 1984-fe 0 .9 

S o i l organic carbon content 

1982-83 0.68 

37.5 

57.9 

111.4 

28.0 

32.2 

0.52 

115.4 

1.2 

0.68 

4 . 2 4 . 7 4 . 5 5.0 . 0.08 0 . 2 3 

388.3 401.6 399.4 4o4.8 2 .3 6.6 

4 i 4 . 7 435.1 420.6 437.5 6 .2 17.6 

37 .3 37.9 37.4 37.9 0.08 0 .2 

57.8 56.6 58 .5 58 .5 0.08 0.02 

109.0 111.1 ' 111.7 109.0 0 .7 2.0 

25.6 25.3 

29.0 30 .3 

23.2 25.0 0 .5 1.4 

28.9 29.7 0 . 3 1.0 

0.55 0.52 0 .52 0.57 0.01 o.o4 

117.6 131.0 126.0 145.1 6 .7 19.0 

1.3 1.4 

0.71 0.59 

1.5 1.7 O.03 0 .1 

0.58 0 .72 0 .02 0.06 



APPKNUIX XXIII 

Effect of F x M i n t e r a c t i o n on growth and yield c h a r a c t e r s . 

F M FJ1 F_,M^ SEm+ CD5% 
Charac te rs 1 1 E 1 M 2 F 2 M 1 3 2 

_1 
Number of shoots m row length 

12 WAS 1982-33 94.6 91.6 

8 WAS 198>84 61.O' 62.5 

Green mat ter accumulation (g/ro^) 

6 WAS 1982-83 25.4 25.1 

14WAS 1984-85 793.8 782.8 

Dry mat ter accumulation (g/m^) 

WAS. 1982-83 5.0 5.2 

Per cent dry mat te r accumulation 

6 WAS 1982-83 4.47 4.62 

42.2 18WAS 1983-84 

Harvest 1984-85 57.5 

Days to heading 

50% heading 193>84 100.0 

100% heading 1983-84 109.5 

Number of g r a i n s / s p i k e 

1983-84 23-6 

1000-grain weight(g) 

1982-83 38.8 

1984-85 44.4 

42.4 

57.6 

99.8 

112.4 

25.0 

38.9 

46.6 

94.8 

69.0 

25.5 

789.6 

5.1 

4.54 

4 2 . 3 

57.7 

99.9 

107.2 

iKl 

38.4 

45 .3 

104.5 95 .3 111.0 1.4 4 .1 

68.2 66.1 79.7 1.3 5-9 

27 .3 25.9 28.4 0 . 3 1.0 

834.8 806.1 860.9 13.5 38 .3 

5.6 5 .3 6 .1 0.08 0 .2 

4.57 4.55 4.68 0.02 0.05 

43.0 42 .3 42.9 0 .05 0.15 

58.5 58.1 58.8 * O.08 0 .2 

97 .7 94.7 97.6 0 .8 2 .2 

112.2 109.9 106.9 0 .7 2.0 

25.8 24.0 27.5 0 .5 1.5 

40 .3 39.6 4 i . o 0 . 3 0 .9 

47.0 48.6 46.0 0 .7 2.1 
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Ef fec t of F x M i n t e r a c t i o n on n u t r i e n t con ten t , uptake in p l a n t s and a v a i l a b l e s o i l 
F,K and organic carbon content a f t e r h a r v e s t . 

Characters F M„ 
1 1 

N content in p l a n t s 

10 WAS 1983-84 1.43 

18 WAS 1982-83 0.55 

N-uptake i n p i a n t ( k g / h a ) 

6 WAS 1982-83 . 1.16 

18 WAS 1982-8 28.0 

P content in plant(%) 

6 WAS 1982-83 0.147 

Ya 

1.43 

0.59 

*1.25 

30 .3 

0.150 

Y1 

1.49 

0.59 

1.22 

30.0 

0.151 

F M 
2 2 

1.67 

O.63 

' 1.36 

34.0 

0.167 

F,M 
5 1 

1.55 

0.64 

1.24 .. 

37.2 

O.167 

% 

1.66 

0.78 

1.50 

4 4 . 3 -

0.180 

SEm+ CD5% 

0 .02 0 .07 

0 .01 0 . 0 3 

0.02 0.06 

• 0 .6 1.8 

. 0.002 O.OOi 

P uptake i n p l a n t (kg/ha) 

10 WAS 1983-84 0.19 0.22 0.22 0.29 0.2o 0.33 0.007 0.02 

K uptake in p l a n t (kg/ha) 

6 WAS 1982-83 1.00 1.11 1.15 1.41 1.38 1.74 0 .03 0.08 

10WAS 1983-84 •'• ' 3 . 2 3.8 3.8 5.1 > 5 .3 6.2 ' 0 . 1 0 . 3 

S o i l ava i l ab l e n u t r i e n t a f t e r harves t 

F 1982-83 ; 20.5 18.0 20.2 23.1 22.4 26.7 0 .9 2.7 

K 1982-83 200.9 202.0 186.2 218.2 212.0 218.7 6.0 17.1 

Organic carbon content (%) 

1982-83 0 .53 0.59 0.66 0.70 0.78 0.70 0 .02 0.06 
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