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1. INTRODUCTION

Wheat is the most imﬁortant grain crop both iﬁ regard§ to its
antiquity and its use as a source ofvhuman foods It serves as # staple food
for about one billioﬁ peoplé in as many as 43 countries of the world, It
provides about 20 per cent‘of total food calories for human races

. Iﬁ India-pﬁt of-the total cultivated area of 23,6 million hectares

about 72 per cent is rainfed -and it accounts for 45 per cent of total food grain
production of thé country,. Out of the fotal précipitation about 80 per cent is
received during Kharif season, Thus a very low percentage of precipitation is
left for the winter crops., While on one hand sowing of the crop’ immediately
after the harvest of the Kharif crops is not possible dﬁe to non-availability of
Suitable varieties for early sowing, on the other hand sowing at times is delayed
.és late as last week of December or even upto first fortnight of January due to
the late winter rains., Though at.national level comparatively less area under
wheat is rainfed but in the‘statelof Himachal Pradesh wheat is cultiVafed on
84 pervcent of the crofped érea as rainfed crop. Frdm 376,3 thousand hectare
of area under wheat, the total production is only 303,4 thousand tonnes including
that from the irrigated area. The average yield of wheat.in the state is only
810 kg/ha which is quite low as compared tg the national average of 2217 kg/ha
(Anonymous, 1985).

Increase in rainfed wheat yield through improved production technology
is one of the possible ways of imﬁroving the total food grain production. So,
there is urgent need +to analyse the problem of rainfed wheat farming and to

develop suitable techniqués for increasing the productivity of wheat under these

rainfed conditions,.
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Farmers in rainfed area face the problem of poor.séed germination, late
sowing resulting ip delayed germination and poor tillering due to low winter
temperatures, This results in 1§w plant density.

Fortunately, farmers have wheat variety $-308 §Sonalika) which is quite
suitable for deléyed sowinge. Inspite of its suitability for delayéd sowing, the
problem 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 growth has got to be neutralized by certain sgronomic 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 undef late sown conditions. Reducing soil albedo and increasing the roughness
of soil may help in raising the soil temperature by absorbing more heat from the
sun and minimising the range between meximum and minimum daily temperatures,
Mulching may be of great sipnificance 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 éf the photoinsensitive
dwarf wheat cultivars enabling them £o yield vigorously., Use of mulch has been
found to arrest the incoming radiation and enhance the soil temperature during'
winters (Jack é& al.,1955). The use of farm yard manure (FYM) which is black in
colour may be quite useful. Waggoner (1960) 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°C) Reduction in the surface albedo, absorption
of more solar heat resulting in a rise in soil temperature by the use of FYM has
alsc been reported respond from IARI (Dayanand et 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 if it is

spread on the soil surface., Such a practice, though qﬁite common with the farmers
in the State but may result in nitrogén losses due to denitrification. However,
the low temperature that prevail during the wheat growth may reduce such losses.
However, there are no precise information available on the possible soil
moisture content and températupe moderating effects of FIM when used as a mulch.

‘ In view of the above mentioned‘facts the present investigation entitled
"Studies on the effect of rates and method of FYM gpplication and seed rates

in late sown rainfed wheat (Triticum aestiv um L.)" was carried out during three

rabivséaSOns‘1982-83, 1983-84 and 198485 with the following objectives:

1e To assess the optimum seed and FYM rates for late sown rainfed wheat under
mid-hill conditions of Himachal Pradesh,

2. to find out the suitable method of FYM application for higher &ields,

e to study the effect of farm yard manure application on the physico;chemical
properties of soil,

Lk, to assess the nutrient status in respect of N, P and K under different
FYM treatments, and

5 to observe the interaction effect among seed rates, FYM levels and methods

of FYM application if any.



2. REVIEW OF LITERATURE

Wheat (Triticum gestivum L. ems Thell) is the world's leading cereal

crop cultivated over an‘area of 230 million hectares with"a production of 510
million tonnes. Oﬁt of this, in India, the total area under.wheat is.23.6
million hectares with a production of 44,2 willion tonnes contgibuting about
9 per cent of the total wheat production of the worlde India stands 6th among
the major wheat growing cougtfies of the world (Anonymous, 1986), About 40 |
per cent area of the country is rainfed. The huge development cost in further
extending the a?ea under irrigation deters its faster expansion, Agriculture,
more so the wheat cultivation will, therefore, continue to be rain dependent
for many ﬁore decades to come,

wyéat is also one of the mést important crops of Himachal Pradesh,
occupying the highest acreage of about 376.3 thousand hectares and prodﬁction
3034 thousand tonnes with en average yield of 8,1 g/ha in the Pradesh which |
is quite low against the All India averasge yield of 18,73 gq/ha (Anonymous,1985).

Besides other factors, lack of adequate irrigation facilities in the
state is an important yield limiting factor. Omly 16.5 per cent of the wheat
area in the state is irrigated, Therefore, the sowing ;f wheat in majority
of the réinfed area is governed by autumn'rains.v Many a times on account of
delayed rains.sowing is often delayed upto the 3rd week of December or firét
fortnight of January. Experience has shown that thé delayed sowing results in
reduction of yield, The scaﬁce winter rains further contribute to reduced yields,

The success of stgbilizing the yield will, therefore, lie in the .
adoption of suitable agropomic practices like water harvesting.and making the
best use of available rain water by altering seed rate 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 ysrd manure application and seed rates in
late sown rainfed wheat. The literature pertaining to the present investigation

has been reviewed as under:

2ele Effect of seed rates

26 1e1e Growth and development

éhort height has been found to be influenced by the competition
experienced by the plant for light, nutrient etce., 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
thé advence in age (Singh and Alam, 1944), Contrary to this Kiesselbach and
Lyness (1948), 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 45 to 90 kg/ha. Mangukia (1953), Das and Verma (19575’ Solomn and
Patil (1958), Nelson (1960), Tandon and Mishra (1960), Stevens (1965), Gupta
(1966), Mathur (1966), and Malik (1969) 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 (1948) found that the number of tillers per plant
decreased proéressively from 3.8 to 3,0 with increase in seed rate to double.
This was corroborated by Argikar and Patil (1957), Nelson (1960), Chaudhry and
Khalid (1961), Stevens (1965), Rai (1966), Malik (1969) and Dubey and Lal(1970).
Tendon and Mishra (1960) 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 Dungan, 1960), Sumbali

and Sharma (1973) reported that the number of tillers decreased with the increase

»



in séed réte. Contrary to this Randhawa and Jolly (1974) demonstrated that the
seed rate had a pronounced effect on number of tillers per metre row length.
However, Borse and Mahajan (1980) reported that an increase in the seed rate
from 50 and 400 to 150 kg/ha resulted in significant reduction in the number of
productive tillers per plant. _ | ‘ ”

Stickler (1962) observed that the 1000-grain weight had a tendency to
fall with the increased seed rate. Mahendra and Sharma (1976) also reported
tﬁat increasing seed rate from 75 to 125 kg/ha increased plant density but
decreased 1000-grain weight and number of grains per ear.

Likewise$Rndhu et al.(1975) also concluded that an increase in the
seed rate from 50 to 100 or 150 kg/ha resulted in significant reduction in the
ear length and_grains per ear but the 1000-grain weight remained unaffected,
However, reports contrary to this were also éyailable'which suggeéted that seed
rate had no influence on growth characters, In a report of Department 6f
Agriculture, Eire (1950) it had been indicated that seed rate of wheatv(winter
and spring tyﬁe) and oats had no significant effect on growth characters, ILow
rate of seeding gave_ere vigorous plant which were better able to withstand
adverse conditions and generally had a more luxurious foliage, However, the
lower ea; weight at higher rate of seeding was compensated by the higher plant
population.

In a latter study, Kingra et al.(1963) reported that culms per square
foot, height and vigour were much affected by :ga@xf rate while 1000-grain weight

and yield were less affected,

L}

From the foregoing discussion it can be concluded that there was an
inverse relationship between the seed rate and growth characters, Increase in
seed rate increased the plant density but resulted in a decrease in plant height,

number of tillers, length of ear head, grain weight/ear and 1000-grain weight.



2e1e2e Yield

Seed rate is the majbr factor wﬁich has considerable influence on the
yield of late sown wheat, Mitra (1949), Boyd (1952) and Woodward (1966) concluded
from several experimentslthat a very high seed rate instead of pushing the yield,
had resulted in lower grain yield because of production of weeker planté. But
for late sowing, optimum seed rate was 150 kg/hae Stickler (1962) received highest
grain yield with the increased seed rate., However, Nelson (1960), Chaudhary and
Khalid (1961), Rai (1966), Malik (1969) and Dubey and Lal (1970) were of the
épinion that doubling the seed rate reduced the grain yield., From an earlier
study Bhardwaj and Wright (1967), however, recommended thaf the seed rate of
150 kg/ha with 15 cm row spacing can be adopted as a normal practice for late
sown wneat crope-

On the contrary, Dubey and Lal (1970) end Upadhya and Chaudhari (1971)
reported that the higher seed réte reduced the grain yield. However, Singh et al.
(1971) found that 100 to 125 kg seed rate/ha was optimum seed rate for timely
séwn wheat.. But for late sowing, 6ptimum seed rate was 150 kg/ha . Vez (1972)
also reported that amongst 3 sowing rates ﬂ75, 150, or 250 kg seed/ha) in case
of spring wheat grain yigld was higher with 150 kg seed ;ate/ha than 75 kg but
there was no further increase in yield by increasing the sowing rate to 250 kg/ha.
Similar ;,efe the findings of Bishnoi and Gill (1972), Bains and Bhardwaj (1972),
Borse and Mahajan,(1980), and Rana (1980). |

Sharma (1967) demonstrated that 98.8 kg/ha seed rate gave the higher
straw yield. Likewise Dubey and Lal (1970) reported that a seed rate ot 90 kg/ha
proved superior to 60 kg/ha. In confor@ity to this Sinha and Singh (197)) have
reported higher yields witp séwing of 100 kg/ha under Sabour (Biha;) conditions.
In a later study at Hissar,‘Agarwal.gj_gg.(1972) also repgrted highest grain yield

with 100 kg seed rate per hectare, Nadagoudar and Patil (1973) also reported

Y
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highest net income at a sowing rate of 100 kg/ha. Likewise Dhiman and Kalra
(1978) reported that in case of triticale also 100 and 125-kg/ha seed rateé
resulted in significantly better yield over a seed.rate of 75 kg/ﬁa'undep rainfed
conditions,
Mahapatra and leelavathi (1971), however, observed 3 seed rates 75,
100, and 125 kg/ha to be equally effective, Increase in seed rate did not bring
any increase in yield, On the contrary, Agarwal,gi_al;(1972) reported that under
"late sown condition 125 kg seed rate/ha was better, The mean effect of d;fferent
seed rate’wgé not significant though 100 kg seed/ha gave the maximum grain yield
Lhich is in agreement with the results obtained by Singh (1965), Bhardwaj (1965,
" Sharma (1967) and Gupta et 81,(1968). However, the straw yield
inéreased with every increase in seed rate. Bains and Bhardwaj (1972) obtained
highest yield of Sonara-64 with seed rate of 125 kg/ha. However, the straw
yield Qaslsignifiéantly higher with a seed rate of 150 kg/ha over 100 kg/ha.
Sumbali and Sharma §1973), Khurana and Guliani (1973) reported that the seed rate
upto 125 kg/ha influenced the grain yield significantlys Also Mahendra and
Sharma (1976) reported that increasing the seed rate from 75 to 125 kg/ha
consequently increased the yield under Pantnagar conditions. Similar were the
flndlngs of Guptaet al.(1963), Dubey and Lal (1970), Upadhya and Chandhari
- (1971), o o e Kamla and Singh (1975), Dhimen end Kalra (1978) and Upadhya
"and Kuberber (1980).
| On the contrary, Singh et al. (1975), Sandhu et al.(1975), Warsi and
Singh (1975) also reported that the increase in seed rate from 75 to 125 kg/ha
failed to raise the grain yield significantly,
From the foregoing reviéw,the consensus generally goes in favour of

medium seed rate of 125 kg/ha under late sown condition.



2e1e3es Nutrient concentration and uptake

There are no consistent reports available about the effect of different
seed rates on the content of nutrient elements in the plants. Wheat plants have
‘high nitrogen content in initial stages, 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
develépment. Young shoots contain 3.7 to 4,2 per cent of total nitrogen in stem
and leaves but at maturity the content may fall to 1 per cent only (Terman,1979
and Qaldran and Flowerday, 1979). Furthei,—the increase in nitrogen content is
faster in stem than in leaves (Halloran and Leé; 1979) o

In respect of P content also Boatwright and Haas (1961) reported that
concentration of P iﬁ the whole plant and in each of its component part was
generally at a maximum at the earlier stage of growth. Siumgh éthfG‘dpté('.tg?o)‘_,
reported that the percentage of P in the plant was higher during early stages
and decreased subsequently as the plant advanced towards maturitye According to
Black (4970) the minimum plant P content needed for maximum dry matter at
tillering and heading was O.4 and 0,2 per ?ent, respectively,

Bolaria and Mann (1964) reported that the K content at the young stsges
L, 8, 12 weeks and at boot stage was highest whereas phosphorus was 1owést. The
relationship was waintained gt all the 4 stages of growth. But this relationship
was different ip the ear head. A higher percentage of N followed by K and P
was found in the ear head.

Qut of the total N absorbed by the wheat plant 41 per cent was absorbed
by the wheat plant upto tilléring, 18 per cent from tillering to hegding and
rest L1 per cent from headihg to maturity (Anonymous, 1970). Mahapatré and
Leelavathi (1971) studies the effect of different seed rates, 75, 100, 125 kg/ha

and nitrogen levels, 60, 120, and 180 kg/ha and concluded that in general the
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plant population did not effect the response of nitrogen. However, during the
year 1968-69 at Sumerpur the response of Kalyansona to nitrogen was affected
due to varying seed rates of wheat, While the responses were of the same order
to 120 kg N/ha (over 60 kg N/ha) for all the seed rates at 180 kg N/ha (ovef

60 kg N/ha) higher seed rates were conducive to higher nitrogen, The feSponse
of phosphate was not affected by the variation in seed rates at majorityrof'
centreé. At Pusa farm, change in seed rate from 75 to 100 kg/ha.at %0 kg P205

~ level and from 100 to 125 kg seed rate at 60 kg P205 level, increased the
response of phosphate significantly. However, a reverse trend at some other
centres was also observed,

Sharma (1986) reported on the basis of 3 years expérimentation that a
lower seed rate of 75 kg}ha récorded higher N content over other two seed‘rates
at ‘90 days stage but at the latter stages of crop gfowth in generai 100 or 125
kg seed rate/ha recorded higher N content. In general N uptake increased upto
harvest stage.. in the early stagés, 100 kg seed rate recorded more N uptake,
but at harvest it was ﬁore with 125 kg seed rate.

Like N content, P content was also mofe in the early stages of crop
growth and declined at harvest. During first year and third year, the P content
was maximum at early stages and increased upto 120 days stages in all the seed
rates of 75, 100 and 125 kg/ha. But at latter s.tages the concentration was
higher under 75 and 100 kg/ha. It was lowest at 125 kg/ha . P uptake increased
with the age of the plant and it was maximum at harvest. In genefal 125 kg seed
rate reccrded more P uptéke in compariéon to other two seed rates,

Hundred kg seed rate recorded the highest K content at harvest and.'

also the K uptake increased with the age of the plant.
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2.2. Effect of Farm Yard Manure

2e2e1s Growth and development

Crop response to manﬁring depends on several factors related with soil,
plant climate and organic matter itself, The magnitude of response, therefore,
has been found to vary frém place to place. Bains;gf_g}.(1968) suggested the
application of farm yard manure (FYM) on the so0il particularly to the late sown
.Ccrops The low soil temperature inhibits the germination of seed and causes
delay in emergence aﬁd slows down the groﬁth of thé seeding. ©Spreading of
‘FYM helps in increasing the soil temperature by increasing heat absorbance from

the sun and thereby enhances germination and growth. Patil and Bhardwaj (1976)

observed that the germination of late sown wheat was hastened by muléhing with

Sharma (1983),qbserved that FYM application to either wheat directly
or to both rice and wheat'crop in a sequénée, resulted in improvement in all the
growth parameters viz., plant height, number of shoots per unit area, dry matter
accumulation and yield contributingYCharacters. FIM gpplication resulted in
early ear emergence in wheat than control. In a study under Pelampur conditions
Ganai (1983) reported that FM appligation in wheat resulted in significantly
better growth of'whegt; number of shoots m“a, height of plaﬁf, dry matter
'acéumﬁlation at tilleriﬁg, heading and harvest stage over control, Tomar et al.
(1984) - ¢ vo .- "7 concluded that FYM application results in
substantial and significant incresse in dry matter yield of wheat. Gupta (1985)
also observed that FYM apﬁlication in late sown wheat caused @ significant‘

increase on‘the growth and development characters.
2ele2s Yield

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

or on the soil through its benefitial effects in modifying the micro-environment
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_around the wheat seed and plant resulting in better crop yield, In this part
of review the findings of numerous scientists have been reported to show the
effect ofi:FYM rates as well as its-metho&s of’application on wheat yield,

.Geur_et al. (1984) reported that application of 25 t/ha of FM
suppiies 112 kg N, '56 kg P205and 112 kg of K20. Theée~quantities however, are
not {ﬁily available fo the crop in the year of application. Nitrogen is very
;low acting and less than 30 per ceﬁt of it is generally available to the first
crope About 60 to 70 pér cent phosphate and about 75 per cent potash becomes
available to the immediate crop. Chandanani (1954) concluded that increase in
yield of wheat could only be obtained with large quantities of F¥M, He got €0
per cent increase with 25 t/ha of FYM and only 20 per cent increase with 10 t/ha.
He therefore, recémmended that 10-15 t FYM/ha (100 kg n/ha) should be applied
7 to 8 weeks before sowing of wheat to get good response. On the éontrary,
regular addition of FYM did not increase the wheat yield for all the times
(Schnieder, 1980).

Singh and Sharma (1981) also reported that grain and straw yield, were
significantly affected by thellevel of organic matter @ 20 t/ha resﬁlting in
maximumvyieid which was significantly superior to control. Similar were the
findings of Zhezher and Surprov (1980), Lund and Das (1980) and Singh et al.
(1980). Under Palampur condition; Ganai (1983) reported that application of 20
t/ha of FXM increased the yield about 37 per cent over control., Sharma (1983)
'howeve;: reported that FYM.@ 20 t/ha increased the wheat yield by 85 per cent
Qvef control,: .

Gupta (1385)_5‘wh5.1e seeing the influence of P and FYM agpplication on
croP‘fgSponse in late sown wﬁeat observed that the application of FIM @ 8 t/ha

caused a significant increase in the yield of wheat over control (No FYM). The
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increase in yield over control was to the extent of 30 per cent and 4o per cent
during 1982-83 and 1983—8#; respectively, |

Dhingra_g§ g;.(1972) however, did not obtain significant response of
FY4 application in case of late sown wheat, Regular addition of FYM have been
found not to increasé the wheat'yield at all the time (Schnieder, 1980). Gaur
et al.(1982) reported that response of wheat to FYM spplication at 12.6 t/ha
ranged as low as 80 to 90 kg/ha in Gujrat and ﬁelhi to over 250 kg/ha in
Maharashtra,'Madﬁ&a Pradesh and Bihar. Based on 210 experiments distributed
over 31‘research stations located in different states the response was a little
over 200 kg/ha. | |

To obtain full advantage of FYM it need to be supplemented thr;ugh
chemical fertilizers.,Singh 83%3980) found significént increase in wheat yield a
by the application of 12 t/ha of FYM only when supplied with balénced N, P gnd K
over NPK alone, Balyk.(1981) reported that incorporation of FIM @ 5 and 10 t/ha.
resulted in a significant increase in-grain préduction in the first year but
during *rd year the response was not significant. Jagtap and Shfigaté (1982)

obtained 3 g/ha additionsl grain yield by the application of 10 t/ha FYM over

control.

2eleBe Nutrignt concentration andvuptake

_Balla (1981) observed 20.36 per céntvincrease in'nitrogep concentration
" in maize stalks and wheat straw with FYM, The influence of organic matter iﬁ
increasing the total N content of the soil had been observed in several field
experiments (Kanwar and Parihar, 1962, Mandal and Jain, 1965; Prasad et al.1971;

Sahu and Nayak, 19713;Mathan gi_gl,,1978; Gill and Meelu, 1980 and Kapur et al.
1981). | '
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Logufiow and Kaszubiak (1964) also reported an increase in available
phosphorus and potéésium, with the application of 25 t/ha of FYM as compared to:
application of mineral nitrogen phosphorus and potassium alone.-,KuzentSOVa
(1965) repofted a decrease with concentration of nitrogen, but an increase in
the concentration of phosphorus and potassium ;n the grain and straw of winter
wheat and barley by the spplication of dung, Haworth et al.(1966) observed that
FM @ 20 t/ha increased the yield éf redbeet from 11.35 to 18.15 t/ha., The
nitrogen content of leaves increased from 3.97 to 4.54.per cent, The phosphorus
content incre;sed slightly from 0.49 to 0.50'pef cent and potassium conteat
decreased from 6.04 to L.43 per cent with the application of 20 t FYM/ha.

Olsen et §l°(1970) observed the effect of manure agpplication on soil
and found an increase ih content of organic N and available P particularly at
higher rates of P application, Mann et al.(1973) found that increasing level
of FYM applicatién increased the.N content in wheat grain, Besides N, Zn, Mn
and B content in wheat also increased when the crop was fértiiized with FYM.
S wo 7o 7 Boon and Venter (1976) reported the results of field
trials, which showed significant increase in N content of leaves, ears and stem
of wheat with the application of organic matter;

1t can be~conéluded from the foregoing review that an increase in the
levels of FYM results in anfincrease,in N aﬁd P content and a decreasse in K
content in the wheét-grain.

Sharma (1983) found that the uptake of N in.gr;in and straw as well as
total uptake by wheat was.signifiqantly influenced by FIM @ 20 t/ha, Jai Bhagwan
(1985) repo'rteq thatv the application of i*m @ 10 .t/ha increased the uptake of P
which was maximum in grains and lowest in straw. Regarding tﬁe K uptake itvwas

highest in straw and lowest in grain.
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2.2.4, Effect of FYM 6n*gpality of wheat grain ‘
‘ As such FYM may not be instrumental in the synthe51s of protein but may
have its role because of n1tropen present in it. ngher the quantity of FYM more
will be the amount of N supplied to the soil. At the semetime because of its
sléw reaction the nitrogeﬁvsupplied through FYM;may remain available to the
plant for 1qnéer duiation;dufing the_entire plent growth period, Bains (1953)
repofiéd that 60 kg N/ha prbdﬁced.wheat containing 10.5 per cent protein,
Russell (147 37 " and Fernandez and Laird (1959) reported that N significantly
increased the grain protein. »
| Coic and Alexinsky (1954) reported that late application of nitrogen
increased the nitrogen content of grain and thus its gluten content and resulted
in an impfovement of milling and baking quality. Spillane (1962), however,
’reported a bragressive increase in protein conteﬁt by incressed gpplication of
nitrogénous fertilizers;'but this was not paralleled by the improvement>in baking
qualitye Hojjati and Maleki (1972) observed that protein content of'grain was
constantly increased by each additiqﬁal 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 (1974)
observed.an increase in protein content from 10.88 to 10.95 per cent in wheat
cultivar Kalyansona and Hira with no N treatment to 12.54 and 13.36 per cent
Pogy E’J))Lch-
at 80 kg N/ha and 14.00 to 16.25 per cent at 160 kg N/haAntonyukamd/ji197
also reported that application of 120 kg N/ha increased grain proteln by Ok

to 2.9 per cent,

2.2.5. Grain protein yield

In the foregoing review it has been shown convincingly that an increase
in N levels whether through chemical fertilizers or through organic manures

results in an increase in the N content of grains, This increase in N content



| @
0f ¢ proind 311, Shoroforoy Peoult fn on fncrorss 48 tho pvotsin yiold o
wolls Abdudd GAAMY {4976) roporiod thet secin I picdd fncvorsod significostly
£xom 49452 to 7he2B ltn/ho tn 1972 end eons 26,33 to 56099 Le/ho dn W7

fDrgenie cldehis mw_m sul) torporaturdy mﬁm eodo and:;‘:&iﬁmw
'm mmrmg phytdenmehonienl geopiriton of codd (Cheudhuey md Chattorfoo,
H67 et mm, 97%)e  Hemn ot gle{9559) shorad thot tho usudl offeet of culeh
in to loew ooll W@wdaﬁmwrmwmmﬁwnﬁ&w
lovop thanol sanductivity oo eompacd ﬁa ot of brro soile mm el
ltoy (1948) cnd Zocnbowg end Oftand (4959 cloo uote ciniloy eloorvetionns

Yaont boods oows dn tho pA6te ewworcd eh PRI &3 o tuleh hovo boon
found 4 powdneto 23 deyo ouldops o o tho rooult of incroesed cold
woportusos Ths oodk bomorntuse doponio on o curgeto LMD £ OurRess
ctlours PV vhieh do dul) Blodk dn colows wodusw thy ourfesd dibede, otcerts
£o%0 solow koot ond thus holpe 4n poiolng ool tomporaters, Boggstor (1960).
1i4enGosrrae of e (4953) sloo moted that desh colowssd exdolnn otnowd tho
Bost ot rcdon $he oofl GopOratuss, Notho caf Workhoves (1963) rocordod tho
tcaporntoro of cmichod end BarS cofl at 2,5, 0 cod 92,5 oo dopthy IYoprgo
drAly Seoporsturs of mulehod tod boro eeld verded enly clighiiye In wntor tho
cfichod pofd tzo oy by 200 then Mo boro ootle Hefns gt fle(668) ettomved
oovovoont dn Yerporotur by ourfesd cotvordey of Fyil, Thio 4n tuss hootond
tho gordnotion of vhont,- Beonglo s thitofiald (1969) roportod thob ome
forsatian dn vhont ves dlesoly e pooftivoly sloted & the coll torporntro




17

in the initial growth stéges. Moreover, microbial activities might have been
increased under more favourable soil temperature occuring ffom mulch with FM
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.’ Dayaﬂand (1974) observed that FYM
cover acts as a black blanket over the soil and raises the soil temperature by
1.4%F to 3.4°F over no cover treatment and could enhance the grain production
of late sown wheat by 15 to 23 per cent. Patil. and Bhérdwaj (1976) found that
mulching with FIM @. 10 vt‘/ha hastened the germinatic;n 'éf late sown wheat., There
was no difference in the effect of covered and uncovered plots in the morning

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

evening,

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

Water is the most important singlé factor limiting crop production’
under rainfed conditions, The inadequacy ;nd uncertainity of rainfall causes
partial or complete failure of crops in these areas. Rainfall in these areas
is insufficient and unevenly distributed, Therefore, successfﬁl cropping duriﬁg
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 réduced 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 (Jacksgg gl,,1955), Russel (1973) has

defined mulches as application of layer of dead vegetable waste material such
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as straw, hay or old grasses, comﬁost or FYM to the surface of the soil.
Organic mulches also affect the physical and chemical properties of soil
(Chaudhary aﬁd Chatterjee, 1967, and Black, 1973).

Attia (1970) reported that the mulching treatment helped the winter
varieties to perform better than 'no mulch' under late séwn conditions, FYM
was more effective than charcoal muleh. Bensal et g&.(1971) also suggested
.thaf when maintained at adequafe 1evels; these materials have been found to
result in increased water content in the soil through reduced evaporafion.
Similar were the findings of Adam (1966), Parihar et als(1968) and Moody et al.
(1963) . Kanao SE.EE'(19745 also obtained increased yield of wheat and barley
due to thérapplication of mulches but the increase was said to be the result
" of prevention of lodging due to mulching.

2¢2.8. Effect of FYM on physico~chemical properties of soil and nutrient
availagbility

Farm yard manure affects both physical and chemical properties of soil
The organic matter content, an important factor in maintaining the fertility
of s0il and cation‘excﬁange capacity can be maintained at a high;r level by the
incorporation of FYM,'

Srinivasan (1943) observed that plots treated with organic manures
increased pore Spacé, infiltration.raté, organic matter and{improved'soil
aggregations Acharya (1949) feels strongly that injudicious use of fertilizers
on lands without organic manures will lead to disastrous results by way of a
rapid deterioration in the physical conditions and fertility level of soil,
Russel (1950) reported that humic acid from organic matter helped to‘maintain
iron and other trace elements in the available form in alkaline soils and

phosphate in an available form in acid soils, Lyon and Buckman (1953) reported

that FYM affects physical, chemical and biological properties of soil and has
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a lastlng effect on fertility of soil. Bhowmick ahd Rayehandhuri (1953)
reported that under Indian condltlons the use of combination of organlc manures
and fertilizers would glve the 0pt1mum results both in 1ong and short term
'plannlng for 1mprov1ng 5011 product1V1ty and malntalnlng the 5011 fertlllty.

wWith the 1ncorporat10n of organlc materlals 1nto the 5011, these are
actedgupon by a variety of micro-organisms and there is,a“tremendous increaee
in their population (Ghildyal and Gupta, 1959; Gaur a»uf PafteﬁlukqfiYV) et
Balasubramanlan et al.,1972). The products of organlc matter decomp051t10n of
soil perform two distinct functlons,,one relates to its mere phySlcal presence
‘on the soil surface and the other to processeS'of biodegradation (Bhardwaj. and
Patll, 1982). Addition of organic matter 1nto the 8011 influences the soil
\Structure, bulk density and allied phys1cal propert1es of the soil, During its
blotransformetlon processes, Ihe organlc carbon is converted 1nto CO and the
carbon bound plant nutrlents becomes avallable to tue grownng plants. Addition
of FIM also causes shifts in the microbial equlllbrla of the soil w1th subsequent
‘rise or fall of‘certain group or sections of the microbial community. Therefore,
, organlc manures play an 1mportant role in crop production.

| Better structural ,conditions of the manured 5011 was a55001ated with

decregselln bulk den51ty, increase in porosity and hydraullc conditivity of soil.
Water retension characteriSties and available water contént oérsoiis‘uere"also
improved, Similer results have been.reported by several other workeis (Biswes
_gf_g}.,1961; ST ‘£;‘A,‘  Prasad and Singh, 1980; Bhatiaugnd Shukla,ﬁ982
and Gupta et al.,1983). |

Havangi and Mann (1970) reported that application of 12.5_f0nue$ ef'.
FYM'per heetare decreased'the bulk density and increased'the Qater staEIe

aggregates, but there was no sppreciable effect on water holding capacity of
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Maurya and Ghosh (1972) showed that the long term spplication of manure
improved the orgénic carbon content and which resulted in improved availability
of available N and other available nutrienfs. Deb (1976) found that FYM
vincreased the organic matter of the soil and improved the physical properties
also, It is a good source of macro and micro-nutrients and provides food for

micro-organisms,

Vyas and Motiramani (1971) observed that applicatiAn of FIM @ 22.4 t/ha
incregsed available P from native ;s well a5 added P,

Akin to these observationé Shinde end Ghosh (1971) also indicated that
both organic acids and humic fractions of decomposing organic matter were more
efficient in releasing P from rock phosphate or tricalcium phosPhatg resulting
in less P fixation in soil, Similar observations were also recorded by Datta
and Srivastava (1963), Basu (1973) and Pareek and Gaur (1973).

The effect of FYM application had significantly increased the available
K content of s0il (Kanear and Prihar, 1962a, Gill and Meelu, 1980 and Prasad et al
1982) |

The effect of FYM application on cation exchange capacity has been
reported in a few experiments and it waes observed that this properfy of soil was
favourably influenced by FYM application (Mandal and Pain, 1965 and Sahu and
Nayak, 1971)e .

Biswas et ale(1971) reported on the basis of 15 years experiment from
(1952-67) that the application of FYM (applied @ 17 t FYM + A/S/ha) decresses the
soil pH to some extent, Debnath and Hajra (1972) observed that soil containing
FYM and paddy straw maintained higher soil pH than control after 120 days of
incubation, Similar were the findings of many other workers (Atkinson et 21.,

1958; Prasad EE a1.,1971 and Lund and Dass,1980). The reason responsible for
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increase in soil pH due to incorporation of organic materials may be due to
quicker release of K from these materials. On the contrary, Singh et al.(1980)
observed a decrease in pH of Siesozem soil of semi-arid region 6f Harjana.‘
However, Kanwar and Prihar (196§?)reported a decrease in soil pH only at Hansi
but at Ambala and Jallandar it remained unaffected due to the aﬁplicaéipn of
FYM._ More or less similar observations were made by Gupta (1985) who reported
that the application of FYM decreased the soil pH from 6.26 to 5,94 (5.4%) at
first 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-308). The results indicated
that the application of FIM caused a decrease in soil pH at all the 3 stages

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

decomposition of FM,



3. MATERIALS AND MisTHODS

The present investigation entitled ' Studies on the effect of rates
and methods of farm yard manure application and seed rates on late sown rainfed

wheat (Triticum gestivum L.)" was conducted for three consecutive years of

Rabi 1982-83, 1983-84 and 1G0L-85.. The experiment was laid out at the Research
Farm of H.P.Krishi Vishva Vidyalaya, Palampur (Kangra) on acidic soil of wet
temperaté zone of Himachél Pradesh, 'The details of material$ used and the
procedures employed for field)operations and laboratory analyses to meet the

objectives of the sald investigation are described in this chapter.

Tele Xperimental site

Jelele Location

The experimental site is situated at 3206‘N latitude and 7603'E
longitude at an elevation of 1290 metres aboﬁe mean sea 1evelv(m.s;1.) in tge
- Palampur valley of Kangra district.
Felele Climate

Agroclimatically the repgion is characterised as wet temperate humid gzone
(Verma, 1979) with sevére winter and humid summers, The annual rainfall is more
than 2?00 mm out of which about 75 per cent is received during June to September,
October to April are the months of least rainfall, iay and June are the hottest
months while Decemberland January are the coldest 6nes.

Hean weekly meteorological data recorded at the departmental observatory
have teen depicted in Fige.1 and given in Appendix I.

The total rainfall received during the years of experimentation i.e,
1052-83, 1963-84 and 1984-85 was 221k4.6, 1993.5 and 224t3.3 mm, respectively,
Out of this 739.0, 260.8 and 352.4 mm rainfall was received during the respective
crop Seasons, The temperature during the cropping seasons varied from 1.4°C to

c o] O, _ . . - . - . s . 1
28.1°C, 0.1°C to 35.0°C and 3.0°€ to 31.8°% alongwith mean relative humidity from
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41 to 71, 31 to 70 and %0 to 37 per cent, respectively, As such, the

experimental area therefore, représented sub-temperate humid climatic conditions.

Je1e3e Soils

The soilsiof 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
originy and the parent materigls consist of granite, biotites, slates, schists,
phyllites, quartzites, gneisses, sand stones etc, Development of these soils
took place unAer 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 givgn in Table 1. The
moisture content at field capacity and permanent wiltiné:point was 26 and 12
per cent, respectively.

3. 1ete Cropping hiétorx

The experimental field was under rice-wheat cropping sequence for the
two preceding vears of the experimentation and prior to that the field was under -
rice~potato sequence. The complete cropping history starting from 1978-79 is given
in Table 2.

Table 2. Cropping history of the experimental site

Manuring kg/ha

" Year Kharif Rabi Kharif Rabi
. N POsg K0 N P05 K0
1978-79 Rice Potato. 90 - bs 45 120 80 80
1979-80 Rice Wheat 90 s s - . 90 45 45
1980-81 Rice Wheat %0 4s g 90 45 L4s
1981-82 Rice vheat =~ 90 Ls bs 90 Ls bs
1982-83 Rice 90 4o 4o
1983-84 Rice 90 . ko Lo

1984-85 Rice Q0 49 Lo
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Table 1, Physico-chemical properties of experimental site

' . Value : )
d
Analyses 18583 198585 1935655 Method and references
A, Mechanical analysis '
Sand (% Db 204 33,1 International pipette method
511t (%) B B %9 (Piper,1966)
Clay (%) 2.8 29.8 2.2
Texture ~-==Clay loam aceemw
Moisture (%) Field 26.8 2645 2542 Gravimetric method (Dastane,
capacity 1972).
Permanent wilting point12.8 11.5 12.0
Moisture(%)at sowing 18.8 2040 225
Pulk density 1430 1033 1035 Core sampling techniques

(8ingh, 1980).
B. Chemical analysis

pH 5e5 55 5e5 1:2.5 soil water suspension
' glass electrode pH meter
method(Jackson, 1967).

Organic carbon (%) 0.5 0.5 0.5 Rapid titration method (Walkley
and Black,1934).
Cation exchange 1045 9.9 1042 Extraction with 1N NH40AC pH
capacity (me/100g) 7.0 (Jackson,1967).
Available nitrogen 418 378 371 Alkaline permanganate method
(kg N/ha) , (Subbiah and Asija,1956).
Available phosphorus 15 12 11 Olsen's method (Olsen et al.,
(kg P/ha) 1954).
Available potassium 201 190 203 Neutral 1N NHQOAC pH 7.0
(kg K/ha) extraction using flame photometer
: _ (Merwin and Peech,1951).
Total nitrogen 850 864 915 . Semi-microkjeldahl method
(kg N/ha) (Bremher, 1960).

Ce Compositioﬁ of FYM
(% oven dry basis used for experimentation)

Dry matter (2) 70 74 69 Total NPK content of FYM was
N (% ' 0.59 0,50 0.53 determined by the standard
P (%) 0.18 0.16 0.19 methods as described by

K (s) 0,60 | 0,47 0.56 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 1983-84 and Block C during 1984-85, Since the two
blocks were adjbining to each other, therefore, they did not vary much in their

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

32+ Experimental details
Treatments: All possible combinations of the following.

A, Seed rate S1 -~ 100 kg/ha

SZ - 125 kg/ha

83 - 150 kg/ha
B, FU4 rates: F1 - 5 t/ha

F, -
P 10 t/ha

F3 - 15 t/ha
C, Application method (FYM)
M1 - Incorporation into the soil
M2 - Surface application
D. Experimental design: 32 x 2 factorial paftially cd;qupded.design
E. Number of replications: 4 |
Total MNo. of treatments : 32 x 2= 18

Total lo. of plots s 72

Fo Treatment combinations

1. SF M, 7. SF M, 13, 83F1M1
2. SF M, 8. S : 1, SBF1M2
3. S,F M, 9.»§2F2M1 15, 83F2M1
L, 5 FH, 1048 F M, 16, SBFZME'
Se S1F3M1 11.SZF3M1 17. 33F3M1
6o S F M, 12.82F3M2 18. 33F3M2

' 150%“‘2
Net H 3.%“] X 2.70m = 9045 m2

i

Ge Plot size : Gross : L4.,25m x 3,60m

'
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Lach replication of the experiment consisted of 3 blocks of 6 plots
each., The treatments were allocated as per the procedure reported by Merrill,
Kilby and Greer (1942). Plan of layout has been given in Fig.2, The field
arrangement of replicates, blocks and plots has been shown in Fig.2.

3e%e Field operations

The schedule of various field operations performed during the crop
seasons is given in Table 3,

Table %, Schedule of field operatioﬁs'

Dates . .
198>-8% _ 1983-8%  1984-85 Particulars of operation

S8,Ho, Operation

1. Seed bed ' : y : One ploughing with tractor
preparation 1501282 19.12.83 15.12.84 drawn plough followed by two
harrowings and planking.

2. Layout 20.12.82 20.12.8% 20.12.84 The layout was done as per
plan given in Fig.2.
2. Sowing 2k, 12,82 2h,12,83 24,12,84 FYM mixed with soil under M
: treatments, Fertilizers wer
thoroughly mixed and applied
. in bands and seed put in furrows
: " by Kera method
L, F¥M surface 24,12.82 24.12.83%3 24.12.84  Under M_ treatment well rotton
application FYM was“top dressed i.e., surface
applied just after sowing.
5. Harvesting 20.5.83  12.5.84  27,5.85 The crop was harvested as
described in Section 3.3.4,
6. Threshing 25.5.83  18,5.84 2.6.85 Done by plot thresher.

2e3e1e Seed and sowing

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

spacing of 22.5 cm, Bach plot had 16 rows.
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Pe 302 Fertilization

, All the plots received a uniform dose of 100 gg N and %0 kg each of
?205 and kéO/h?. The sources of fertilizérs were"Ureé (k6% N), Single superphosphate
(16% P205) and Muriate of pctash‘(6b% Kzo). Entire dose of P and K and 60 kg of
y was.applied before sowing as a basal dressing by placement method after mixing
all the three fertilizers thoroulghly. The remaining 40 kg N was applied after

two months with the first shower of winter rains.

Fe B0 3e Application of FYM

'In Mﬁ method of application, well decompbsed FYM was mixed in soil
before the application of chemical fertilizers at the rate of 5, 10, and 15 tomnes/
ha, respectively as per treatment. In M2 method, it was top dressed immediately

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

3.3.4. Harvesting and threshing

Leaving two rows on each side and 37.5 ¢m 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 wés weighed,
recdrded and converted into kg/ha.

2.4, Observations recorded

Zelte1e 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,

1e Days taken for germination: In each pldt, two spots, each of 50 cm length were

marked in the 6th and the 11th 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 daye 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,

?e 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

(250 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.

L, Humber 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

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

as per metré running row length,

Se Fresh and dry matter asccumulation: The second row in each plot on both the

sides was ear marked as sampling row frém 2 épots each of 25 cm row length, The
plant samples were cut at soil surfaﬁe, weighed for fresh weight and then dried
at 70°C for 24 hours to a constant weight and dry weight was recorded, Sampling
was done at 6, 10, 14 and 18 weeks after sowing and at harveét. Fresh and dry
weights thus obtained were expressed in (g m-2) by multiplyipg.the coerSpondiné

value of 50 cm row length with a factor 4.44 for each treatment. separately.

6. Per cent dry matter: This was computed by using the following relationship:
Dry weight of sample (g )

P ; =
er cent dry matter Fresh weight of samplelg m=2)

x 100

5e5e Development studies

3¢5.1¢ Days taken to 50 per cent heading

Days taken to 50 per cent ear emergenﬁe 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



%0
every alternate day till compiete heading. The dates on which 50 per cent plant
bore ears were recorded and number of days from sowing to 50 per.cent,héading
were worked out,

%e5e2e 100 per:cent heading

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

explained in case of 50 per cent heading.

%.5. 56 Pays to maturity
The date on which. the maximum of the plants of individual plot had
turned golden yelléw was taken as the stage of maturity., This date was taken as

maturity date and days taken to attain this stage mre calculated plotwise from

the date of sowing.

ebe Studies at harvest

%.6e1. 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 S5 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,

%e6e3, 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,

3.6.4, 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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%e6e5. 1000-grain weight

Composite random samples from the produce of net plots were drawn and
the 1000-grains were counted. These grains then were dried at 60°C in the oven

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

Ze7e Yield and harvest index _
3e7«1« Grain yield

" The produce from the individual net plot was ﬂarvésted, threshed and
cleaned, The weight of grain per plot was recorded £n kilograms, The grain
vield per plot so obtaiﬂed was expressed as kilograms haf1‘which was obtained
by multiplying the yield per plot with a factor 1058. 20,

3e7e2e Straw yield

~
.~

Total biological yield (grain + straw) from the net plot was recorded
af ter sun drying of harvested produce, The straw yield was worked out by
subtracting the grain yield from the biologicél yield and expressed in kilograms

per hectare,

e 7e e Harvest index

Harvest Index was worked out using the following relationship:

Grain yield (kg/ha)

Harvest index = G o e vield (ka/ha)

3«8+ Plant chemical studies

The plant samples collected for recording the dry matter accumulation
at différent stages of growth were éround and analysed for total N, P and K
contents, The uptake values for total N, P and K at différent stages were
caléulated by multiplying per cent concentration with dry weight and dividing

by 100s At harvest the grains and straw were analysed separately for N,P and K

content,
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The uptake at harvest was calculated on the basis of relative
percentage of the nutrient elements in grain and straw. In the gxPerimental
. results particularly at harvest stagé the aggregate value of the concentration
and ‘uptake of grain and straw have been described, DBoth the values of grain
anc straw have separately been given in Appendices X ,XIV and XVI,
The methods employed for these chemical analyses are detailed in

T able ll’.

Table 4, Methods followed for plant analysis

Sr. Ho. Particulars . . Methods employed

10 Nitrogen " The digestion was done with Conc,.sulphuric
: acid and nitrogen content was estimated
by modified Kjeldahl's method (Jackson,
1967) . ‘ ‘

2 Phosphorus Digestion with triacid mixture (HNOz,
H._SO4 and HC104 as 10:1:4) and. phosphorus
eStimated by developing Vanadomolybdo
phosphoric acid of yellow colour (Jackson,
1967).

e Potassium bstimated by using flame emission

' spectrophotometry method for the extract
obtained by digestion with triacid 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:’

2.5¢2 Total crude protein production

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

the following relationship:

Crude protein(kg/hal in grain = Fer cent1ggote1n X grain yield/ha
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2,9 Soil Studies

%09 e Soilfﬁemperature

Fo?vrecording soil temperature digital therhometer was placed at 5 cm
depth in each plot randomly at 3 places. The soil temperature was recorded dgily
vetween 12 noon to 2 P.M. for two months w.e.f. 13.1.83 from the start of seed
emergence, The temperature could not:Be recorded during 1983-84 season but this
obsewétion was again taken during 1984-85 crop season. ‘i‘he observations were

recorded from one replication only and means hagve been 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 (0-15cm) were collectgd at 7 days
after every rainfall from sowing to harvest, After recording the fresh wgight,
the samples were dried in oven at 10500 and the moisture per cent was worked

out by using the relationship: |

Fresh weight - Dry weight
Dry weight

Fe0e3e So0il fertility studies

Per cent moisture = x 100

'S0il samples from individual plots were taken after harvest and analysed
for available nitrogen, phosphorus and potash, total nitrogen, pH, cation\exchange
caPacity(CEC),bulk density and organic carbon(0.C% as per methods described in
the Table 1.

3410e Statistical analysis

The data collected and recorded for various growth, yield and yield
contributing characters and other parameters observed during the course of
investigation were subjected to the statistical analyses by the method of

enalysis of variance as advocated by Cochran and Cox (1970). The data expressed

L
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L, EXPERIMENTAL RESULTS

The results of the current investigation entitled "Studies on the

effect of rates and methods of farm yard manure application and seed rates on

the late sown rainfed wheat (Triticum aestivum L.)" conducted during Rabi 1982-83,
198384 and 1984-85 have been described ih this chapter, The data:for the
individual years have been presented throush data tables and . wherever necessary,
the a&erage vaiues have been illustrated graphically also. The analyses of |

variance have been given in Appendix section,

4.1, Emergence and Growth studies

Observations on germination count and the characters like number of
shoots per metre row length at 6, 8, 10, and 12 weeks after sowing (WAS), shoot
height at 6, 9, 12; 15 and 18 WAS, green and dry métter and per cent dry matter
accumulation at 6, 10, 14Iénd 18 WAS and at harvest have been recorded and
explained in this section uﬂder the following sub-heads,
le141s Germination count and number of shoots

The data perteaining to the effect of different treatments on ge?mination
count and number of shoots at different stages have been presented in Table 5.

The corresponding analyses of variance have been given in Appendix II. The main
effects have also been presented gr;phically in Fig.3. .

A perusal of dafa presented in Table 5 indicates that out of the ihreg
years of experimentation, the seed rates influenced the germination count
significantly only during first two years, During both the years it was observed
that a high seed rate of 150 kg/ha (83) took comparatively lesser number.of days
for complete germination.. In 1983-84 it differed sign%ficantly from 100 and 125kg
seed rate/ha but in 1982-83 it differed significantly only from 100 kg/ha. The

lower two seed rates remained at par with each other during these years also.
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The FYM rates viz., 5, 10 and 15't/ha did not influence the germination
count in 1982-83% but during latter two years it was seen that a higher rate of
W™ (15 t/ha) hastened the germination. It differed‘significantly from 5 t/ha
Py bﬁt remained at par with 10 t/ha FYM rate, . The lowér two rétes in turn did
not differ significantl& from each other, ’

-In case of methods of appli;atioﬁ of W, the surface application of
FU (M2> hastened germination and was significantly superior to the FYM
incorporated into the soil (Mq).

None of the inferactions influen;ed the days taken to‘completion of
germination except in 1983-84 where seed rate x metths of applicétion of FM
(3 x M) was found to be significant and has been presented in Appendix XXII,

lig 142+ Humber 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 cor?e5ponding anaglyses of variance have beeﬁ
‘presented in Appendix II;

The number of shoots increased upto 10 WAS and decreased thereafter,
consistently till harvest during all the 3 years of experimentaﬁion (Fige 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 alsora higher shoot number
was observed at a higher seed raté (Fig.?) but the difference wés not Signifiéént
between 51 and 52 at 8 WAS and between S_ and S_ at 6 and 10 WAS during 1983-84,

2 3

Similarly, the difference was not significant between S1 and Sé at 6, 8 and 12

WAS znd between 82 and 83 at 10 and 12 WAS and at harvest during 198485,
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During the first year of experimentation the FYM rates‘did not influence
the shoot number at 6 WAS but at rest of the stages on increase in FIM rates
resglted in an increase in shoot number where 10 t/ha FYM resulted in significantly
higher shoot number as coﬁpared to 5 t/ha, aé all the stagés of growth, the
difference between 15 t and 10 t/ha was found to be significant only at 10 and 12
WiS., More or less a similér trend was observed during 2nd and Zrd year ofv
exPerimentation also, A higher rafe of FYM resulted in.higher shoot number but
the two consecutive FYM rates did not differ significantly at some of the growth
stages,

Surface application éf FYM was found to be superior to incorporation
of FYM in the soil for the nﬁmber of shoots per metre réw length at all the stages
of growth except that the difference was not significant at harvest in 1982-83
and at 10 and 12 WAS in 198L.85, - |

Interaction effect of seed rates x FIM levels (5 x F) which was found to
iinfluence the number éf shoots per mefre row length significantly at least for
two’years during the course of investigation at different stages of'growth has
been presented in Tables Se1a to 5.14d.

The interaction effect data presented in Table 5.1a show that at 6 WAS
during both the years (1983-84 and 1984-85) almost at each FYM rate a higher seed
rate recorded a higher shoot number per metre row length except that at F level

2

Table S.1a. Effect of S x F interaction on number of shoots n ] row length at
6 WAS (1983-84 and 1984-85)

c , 198328l 198485
Secd rates F ¥ ¥ 7 ¥, F?
5, 537 . 56.4  5%2 - 530  58.0  68.1
Sé , 5643 65,7 58.9 | 54,9 . 60,1 69.1
53 6147 5847 6742 ,70.9 75.2 75.0
SEm+ . : 1.7 ‘ T 143

CD% 5.3 by 2
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in 198384, 52 recorded a higher shoot number as compared to S3 and difference

was also significant. Only at this level of FYM,S, recorded significantly higher

2

shoot number as compared to 51 whereas at rest of the levels during both the years,

1 2
superiority statistically also, In 1983-8k4, 85F3 recorded the highest shoot

5, and 5_ were found to be at par with each other, 53, however, maintained its

number which remained at par with S?F but differed significantly from rest of

2
the S x F treatment combinations, In 1984—85,though‘83F2 treatment combination

recorded highest shoot number and differed significant from rest of the treatment

combinations but recorded almost similar ngmber of shoots when comparedawith‘53F3.
At 8 WAS the seed rates x FYM levels interaction effect was found to

be significant during all the 3 years of experimentation; The interaction effect

data presented in Table 5.1b show that during all the 3 years of éxperimentation

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

number-except at F2 during 198384 and 1984-85., The increase was found to be

siznificant only upto 32 seed rate and at F3 during 1982-83 and 1984-85 the

differences were not significant,

Table 5,1be Effect of 5 x F interaction on number of shoots m—1 row length at

8 waS (1982-83, 198%.84 and 1984-85)

Seed 1982-83 193 %-84 : 1984-85
rates F1 F2 EB F1 F2 : FB F1 F2 Fi
S, 755 849 98,5 5645 66.2 7043 78,6  69.8  8h.1q
S, . 859 94 977 59,5 80.0 6k.5  68.2 82,7  86.8
' 5, 107.2 102.7 96,2 68.3 60.6 83,9 8he8  79.6 88,5
SEms 101 . © 2.0 2.0

CD5% 6.6 ' 546 ' 6.0
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Contrary to this the effect of FYM levels at a fixed rate was not

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

1
~noticed upto FB”level whereas in 1983-84 it was only upto F, level, In 1984-85

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

F1 to F_. At Sathe increase was significant only upto F2 level during all the

3 years of experimentation, Contrary to this, in 1982-83 at S_, F, recorded
the hizhest number of shoots per metre row length whereas in 1983-84 and 1984-85

¥, recorded the highest number,

3 ‘
At 10 WAS also, 8 x F interaction effect influenced the shoot number

during all the three years of experimentation. The interaction effect data
presented in Table 5.,1c¢ show that during first and third year an increase in

seed rate resulted in corresbonding increase in the shoot number, Only at F5
level in 1984-85, the seed rates did not differ significantly. During 2nd year
of experimentation the increase in shoot number was seen only upto Sa.
Table 5.1ce Effect of S x F interaction on number of shoots m-1 rowvlength at

10 WAS (1982-83, 1983-84 and 1984-35)

Seed 1982-83 198384 1984-~85

rates F, F, F, ¥, F, F, F, F, F,
S, 93e5 1073 118.6 749  80.7 8545 9.4  88.6 9.3
S, 11361 11543 129.0 83,5 84.9  9k.0 84,7  99.6  100.1
85 119.5.  141.6  120.5  77.5 93.0 93.3 96.6. k6  100.2
SEms 2.3 o 1.8 : 1.7

cD5% 71 o < 5.2

While seeing the effect of FYM levels at a fixed seed rate it was
observed that an increase in FYM level under gll the seed rates an increased
number of shoots and particularly F3(15 t/ha) level of FYM was significantly

superior to F1x(5 t/ha F1ii),
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At 12 WAS, the interaction effect was found to influence the shoot
number only in 1982-83 and 1983-84 (Table 5.1d). During both the years the
hirhest seed rate of 150 kg/ha resulted in an increased number of shoots except
that at F3 in 1983-84 where it was at par with SZ'

FYM at varying seed rates it wasS observed that at S

While seeing the effect of

sy FYM levels had no effect
> v
on shoot number but at lower seed rates the shoot number increased with an

increase in FYM levels,

Téblé 5.1de Effect of S x ¥ interaction on number of shoots m"1 row length at
12 waS (1982-83 and 1983-84).

Seed rates F 19221§3 ¥ F 1982584 F
1 2 3 1 2 3
S, = 84,0 91.1 k.0 65,0 - 6he2 5945
52 ' 87.2 93,8 | 10549 6142 635 7845
S : 106.5  109.5  110.3 811 77.1  78.2
SEm. 1.9 a5
CD%% 5.8 540

At harvest, the interaction effect was found to be significant duriﬁg
all the.3 years of experimentation (Table S.4e)., During first year of
experimentation an increasse in seed rates resulted in corresponding increase in
shoot number. During 3rd year also more or lessvsimilar trend was observed but
at F5 the trend was just the reverse, In 1983-34 also, at F, level of FWM the
trend was similar to that a¥ F3 in 1984-85. |

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

'seen that FYM levels did not influence the shoot number significantly particulariyy
at 53. At lower séed rates also the effect of FYM was either not significant or the

FYM levels had to be increased ot its highest level of 15 t/ha to have visible eff«



ko

Table S5.1e. Effect of 3 x F interaction on number of shoots m'1 row length at
harvest (1982-83, 1983-84 and 198L4-85)

Seed 1982-83 ___1983-8L 1984.85
* rates F1 FZ gﬁ Fj FZ F3 F Fa F3
s, 82.1 85.9 8.5 50,2 61.3 56,0 616 632 72.8
s, 79.5 93,1 96.7 55.5 53.0  65.5 66.3 71,0 66,2
S, 108,2 106.6  102.9 63.0 60.9 65,2 68;0 7243  69.5
SEm+ 24 Tolt 1.9
CD5% 7.3 b2 5.9

The interaction effect of seed rates x methods of FM spplication(s x M)

influenced the number of shoots per metre row length during all the 3 years of

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

1984-85 at harvest, The interaction effect data at different stages have

presented in Table 5.2a, 5.2b and 5.2c, respectively,

The interactionveffect data presented in Table 5«2a reveal that

the exception of M

of shoots per metre row length during all the 3 years of experimentation,

> in 1983-84 an increase in seed rates resulted in more

been

with
number

However,

for a significant increase in the seed rates had to be increased to its highest

level of 150 kg/ha

Table 5.2a. Bffect of S x M interaction on number of shoots m™ ! length at 6 WAS
(1982-83, 1983-84 and 198485

1983-84

Seed rates v ‘ﬂ982f§g . T T N 1984-85 M
1_ 2 1 2 1 2
5, 6745 6245 51.9 61.1 5845 60,5
s, 68.4 78,1 56,2 64.5 60.5 62,7
55 82,6 9kl 63.6 62.0 65.9 81.5
. SEms 1.6 103 140
CD%% L6 3,8 29
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While seeing the effect of methods of FYM aéplicatibn it was seen that
the effect was not consistent at different seed rates during all the 3 years of
expgrimentatioﬁ. It was seen that in 1982-83 as well as in 1984-85, 83M2 resulted
in highést‘nUmber of shoots which differed significantly from rest of the
treatment combinations., In 1983-84 though SZMZ reFulted in highest shoot ﬁumber
“but it was at par with 53M2.

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
‘bqt to have a consistently higher shoot number the seed rate had to be increaséd
at 150 ké/ha (Ss). At each seed rate though the surface application of FYM (MZ)
resulted in higher shoot number dﬁring both the,years but the effect was
significant only at S_ and S, in 1982-83 and at S, in 1983-84,

2 >

Table 5.2b. Bffect of 5 x M interaction on number of shoots m row lehgth at
12 Was (1982-83 and 1983-84)

Seed rates - 198283 - - 1983-84 -
1 2 1 2
s, | 89.5 9.6 57,6 68.2
5 93.0 100.5 65.7 69.1
Sy 10225 1159 78.9 79.4
SEms 1ol 102
CL% i ko %45 N

S x M interaction at harvest in 1962-83% and 1984-85 presented in Table

5.2¢c influenced significantly the number of shoots. It shows that in both the

years at SB’ M2 recorded the highest number of shoots but in 1982-83% at M, 53
differed significantly from 51 and SZ' The latter two remained at par with

each other,
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Table 5.2c. Bffect of S x M interaction on number of shoots m

il

harvest (1982-83% and 1984-85)

1 row length at

Seed rates - 1982—8& . 1984-85 "
1 2 1 2
S, 8L.0 8L, 7 81.0 85.9
S 90,2 89.0 83,0 88,0
5. 1040 112.9 89.5- 88.9
SEma+ 1.8 1okt
CD% 5¢2 bo2
While comparing the metﬁods M, and M, in 1982-83 it was seen that at -
83’ M2 recorded the highest number of shoots and differed significantly from M1.

5imilar trend was also observed in 1984-85 at 51 and S

number of shoots which differed significantly from M_.

where M

Z'recorded more

FYM levels x Methods of FYM, gpplication (F x M) interaction influenced

the number of shoots significantly during all the 3 years at 6 and 10 WAS and

at harvest and have been presented in Table 5.3a, 5.3b and 5.3c, respectively.

The interaction effect data at 6 WAS presented in Table 5.3a show that

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

number of shoots and the difference was significant from that of FZ in 1984-85.,

Table 5.,3a. Zffect of F x M interaction on number of shoots m'1

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

row length at

, 1982-83 198384 198485
FYM levels
W, M, I ’ R i, H,
F, 70.% 81.7 5647 63.8 5849 69.2
F, 20k 8L, 2 58, 1 66.3 67,0 75,4
SEm_‘t 1.6 1.3 100
CD%% L, 6 3.8 2.9
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At each level,. the effect of methods of application of FYM was more conspicuous

only at F1 in 1982-83%, M_ did not show its superiority. Otherwise .during all the

2

3 years this method proved to be superior to M1 and with the exception at F1 in

198384 the differences were significant also,

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

shoots (Table S.3b) with both the methods F3 resulted in highest shoot number

‘during all the 3 years of experimentation and differed significantly from F1.

With F2 the difference was significant only when the FYM was incorporated into
the soil (M1) during all the 3 years of experimentation, With the exception of
F3 in 198485 the surface application of FYM (MZ) resulted in higher number of

shoots m"'l row length during all the 3 years of experimentation., At F_, howevery

1

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

2
Significantly superior to M .

Table 5.3b, kffect of F x M interaction on number of shoots m-1 row length at
10 wAS (1932-83, 1983-84 and 1984-85) .

FM levels - 1982-8@ » - 1983-8; T 198485 -
1 2 1 2 1 2
F, | 107.5 109.4 7.8  81.0 89,0  92.0
F 113.8  128.7 80.0 92.6 9.8 97.6
F, 1216 13142 91.5 89.8 100.9 97.3
SEm4 1.7 149 163
Co%% 540 5¢5 3e6

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 row length, Here, however, the

effect was more consnicuous at medium level of FIM, Asifartasrthe methods of FYM
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application are concerned except for lower level (F1) in 1982-83 and 198485, the
surface application (MP) showed its superiority over the incorporation method(M1)

at all the levels dwring the course of this investigation,
Table S5.3c, &ffect of ¥ x i on number of shoots m'1 row length at harvest
(1982-83, 1983-84 and 1984-85)

FYH levels - 1982“85M - 1983-8“M . 198485 -
1 2 1 2 1 2
.F1 95.5  85.8  5h9  57.0 68,4 62.2
¥, 91.8 98.0 5545 62,2 5945 78.0
Fy 90,0  102.8 5645 65.7 67.9 7145
SEm+ 1.8 140 Tob
CD% 502 3.0 k.2

The interaction effect of seed rate x FYM levels x methods of application
of FYM (3 x F x M) was significant at 6 WAS in 1982-83 and 1983-84, at 12 WAS in
1982-83 and 1984-85 and at harvest during all the 3 years of experimentation. The

data have been presented in Tables S.l4a, 5.4b and 5,4c, respectively,

1

S x F x M interaction that influenced the shoot number m ' at 6 WAS in

1982-83% and 1983-84 and has been presented in Table 5.4%a shows that F x M'
combination8at varying seed rates did not have a particular trend of their
effect on number of shoots. However, in 1982-83 at F3M2’ 83 regulted in the
Higher number of shoots and each seed rate differed significantly to one another,
At the same treatment, in 1983-84, higher number of shoots’were recorded but it

did not differ significantly from 5_ and S _,

1 2

The lowest number of shoots in 1982-83 was observed at‘S1F£42 and
that in 1983-8% was observed at 8 .
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Table S5.4a, Effect of S x F x M interaction on number of shoots m"1 row length
at 6 WAS (1982-8% and 1983.84)
- M
S5eed rates ‘ M1 2 =
o Fy Fy . 8F1 5 3
1982-63
5, 7047 62,5 69.2 61,0 60.7 66,0
S2 71.7 61.7 7167 6645 88.7 79.2
\85 - 91.0 86,7 70,2 86,0 95,7 107.5
SEm+ ' - 3.6
CD%% , 10,0
’ 1983-84
S, 58.2 58,7 51.7 537 735 6645,
5g 60.5 61.7 68,7 63.7  55.5 67.0
SkEm+ 2.9 ‘
CD%% 8e1

S x Fx M interaction influénced.the number of shoots m’q row length
at 12 WAS in 1982-83 and 1984-85, The interaction effect presented in Table S.4b v
show that in 1982-83 atvFBMZ, 53 recorded the highest number of shoots which

differed significantly from S1 and Sa. The latter two seed rates,however,

remained at par with each other, The same trend was also observed at F1M1 and

F Mo At F M and F2M? each increase in seed rate resulted in a significant

M, > in 1984.85,

At rest of F x M combinations the seed rates did not differ significantly,

increase, More or less a similar trend was observed at F. M. and F1M

In 1982-8% 83F3M? treatment combination resulfed in highest shoot numbe:
per metre row length which differed Significantly from rest of the treatment
combination, In 1984-85, however, 83F2M1 resulted in highest shoot number but

it ined at y ith 5. F.M_,
it remained at par wit 03 5“2
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Table 5¢ib, Effect of S x ¥ x M interaction on number of shoots ] rovw length
““at 12 WAS (1982-83% and 1984-85)

M : M
1

[ag N ke 2
Seed rates
~F1 . Fz Fj,' : F1 Fa, FB
\ 1982-83
S, 91.5 89.5 87.7 7.7 930  100.2
S, | 86.2 8.5 0k4,2 88.0 1077 106.0
S5 106.2 106.5 94,0  108.2  112.7 126.7
Jum_t 3. 2
CUT% 8.9
19848 -
5, 777 7745 87.7 717 91.5 945
82 745 Bl 2 83.5 80,5 0.2 93¢5
s3 81.2 100.0 87.5 97.7 6945 99.5
SEm: ' 5. L" ‘
CD%% ' 15.0

S x F x M interaction at harvest in 1982-83, 1983-84 and 1984.85
influenced the shoof number m-1 running row léngtu significantly. The data
presented in Taole.S.Mc show that during all the 3 yearé at each method and rate
of FIM application increase in seed rate resulted in corresponding increase in
shoot nﬁmber'and 55 differed siguiflgantly from S1. However, at F3M1 and Faﬁa,
in 1982-8%-and in 1984285, 82 recorded highest number of shoots, wnich remsined
at vpar wifh‘S - .
-2 73

Iﬁ 4992_83, SBF£42 resuited in highest shoot number and was fdund to be
at par -onlywith SBFqu;'On the other hand in 1982-84 tggugh 82F3M2 resulted in
hizhest number of shoots But it Qas found to he at par with 83F3M2° Contrary to
this in 1984_85'32F2M2 resulted in hipghest shoot.numbgr and differed significantl;:
from S F e
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Table S.bc, iffect of O x F x I interaction on number of shoots m'"I at harvest
(1982-83%, 1982.84 and 1984-85)

— ‘ 3 M
ween ragies F1 FZ Fj F1 ¥ 5
1982-83
3, 8.0 8.2 6.7 775 837  93.0
5, 35.5  8h.2 101.0 7he7 101. 2 91.2
53” 113.2  104.0  95.0 105.2  109.2  12k.2
Stime 2 | ho |
CD%% 11e 2
1983-84
s, 51.7 56.7 5242 47.5 66,2 59.0
vsé 53,7 h9.5 60.0 57,0 57.7 71.0
Ss 59.2 60.5 63.5 66,7 62,7 . 67.2
| SEm+ | | 2.3
CD5% 65
1984-85 |
5, | 62,7 60.0  68.2 59.7 6545 77.0
s, 67.0  Bk.2  69.5. 66,7 . 8.7  6h.5
s, 75.5 6ha2 6640 60.2  79.7  73.0
3Em+ : 3e2

CD% . 9.0

Some of the interactions viz., 5 x M at 8 and 10 WAS 198485, F x M
at 8 and 12 WAS in 1982-83 and S x F x M at 8 WAS in 1984-85 which influenced

the shoot number only for single year have been given in Appendix XXII,XXIII

~

and XXV, respectively.



L4,1,3, Plant height

The influence of main effects on thé plant height (cm) during 3 years
of the study at different stages have been presented in Table 6 and the
correSpondlng analyses of variance given in Appendix III, The pattern of changes
in the plant helphts at different stages of growth has also been deplcted
graphically in Fig.kh,. )

An examination of Table 6 and Fig.lt indicates that the plarit height
increased between 9 and 15 WAS due to seed rates, FYM levels and methods of FYM
application'at a faster raté. The rate of increase after 15 WAS was slowed down.

During first year, at 6 WAS and at harvest, the plant height wa5 not
influencéd by seed rates, During 3rd year alsc the plant height was neither
influenced at 6 WAS nor at 9, 12 -and 18 WAS. At rest of the stages it was seen
>£hat the lower seed rate (51) resulted in taller plants and with few exceptions

differed significantly with S_. The higher seed rates ($, and 5) generally

>
resulted in plants with identical heights, »
\ .

The application of FYM did not influence the plant height at 6 WAS in
1 82-8;, at 6 and 12 WAS in 1983-84 and at 9 WAS in 1984-85, At rest of the
stages during all the 3 years of experimentation it was seen that the plant
height incregsed with increase in FYM levels, The difference between 5 and 10
t/ha’was not significant consistently over the 3 years but 15 t/ha invariably
proved its superiority over 5 or 10 t/ha level,

 Surface appliCation of FM (M ) resulted in taller plents and with the

exception of that at 9 WAS in 1983-84 and at 6y 9y 12 and 15 WAS in 1984-85 the

difference was 51gn1flcant



Table 6. Treatment effects on plant height {(cm) at various stages of crop growth

Weeks after s owing (WA S)

Treatments 6 9 12 15 18 At harvest
1982 1983 1984 1982 1983 1984 1982 1983 1984 1982 1983 1984 1982 1983 1984 1982 1983 1984
-83 -84 -85 -83 -84 -85 -83 -84 -85 -83 -84 -85 «53 -84 .85 ~83 -84 -85
A. Seed rate (kg/ha _ )
100 : 8.5 5.6 12.9 14.7 H.N.m 35.1 39.0 38.5 53.0 64.4 49.5 55.8 67.4 52.8 56.8 72.2 655.C 58.5
125 8.5 5.6 12.6 14.1 12,3 32.2 37.2 38.2 52.¢ 63.2 48.C 53.3 64.4 50.9 55.6 71.6 53.8 56.6
150 8.2 5.2 *12.2 13.3 11,2 31.6 36.7 34,6 51.1 62.3 45,7 S53.0 63.C 50.2 55.6 71.3 82 4 56.0C

SEme 0.1 0.1 0.2 0.1 0.2 1.2 0.6 0.4 1.2 0.4 0.4 0.7 0.5 0.5 0.6 0,5 0.6 0.6
C.D.S% X 0.2 N 0.3 0.5 K 1.7 1.3 K 1.3 1,1 2.1 1.6 1.5 N N 1.9 1.8

B. FYM rates (t/ha)

5 8.3 5.4 11.3 13.2 11.4 31.2 35.2 36.5 49.5 61.5 44.9 51.7 61.8 49.2 53.6 69.5 53.3 54.8
10 8.3 5.5 12.5 13.6 12.2 32.5 35.8 37.0 51.6 62.4 48.4 53.7 64.8 51.6 56.7 71.4 53.8 57.7
15 8.6 5.6 13.8 15.1 12.5 35.1 41.S 37.6 55.0 66.C 50.3 56.7 68.1 53,2 57.7 74.3 55.C 58.6

SEm¢ - 0.1 0.1 0.2 0.1 0.2 1.2 0.6 0.4 1.2 0.4 0.4 0.7 0.5 0.5 0.6 0.5 0.6 0.6
C.D.5% NS NS 0.7 0.3 0.5 NS 1.7 NS 3.6 1.3 1.1 2.1 1.6 1.5 1.9 1.6 1.9 1.8

C. Application methods

Incorporation 8.2 5.2 12.5 13.9 12.1 32.9 36.8 36.3° 51.1 62.3 46.3 53.3 63.8 50.6 54.7 70.1 52.6 55.5

surface R ’ .

applied 8.5 S.7 12.6 14.2 12.0 33.1 38.4 37.9 53.0 64.3 49.5 54.8 66,1 52.0 57.3 73,3 54,8 58.6
SEm¢ 0.1 0.1 0.2 0.1 0.1 1.C 0.5 0.4 1.0 0.3 0.7 0.6 0.8 .0.4 0.5 0.4 0.5 0.5
C.D.5% 0.2 0.2 NS 0.3 NS NS 1.4 1.0. NS 1.1 0.9 NS 1.3 1.2 1.5 .1.3 1.5 1.5

C.V.% .6.5 8.7 10.8 4.7 8.3 - 19.C 8.1 6.4 12.1 3.7 4,2 6.7 4.2 5.3 5.6 4.0 6.1 5.5

X4
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S x F interaction at 9 WAS in 1982-83 and 1983-84 (Table 6a), S x F
interaction,at 18 WAS in 1933-8L4 and 1984-85 (Table 6b), 3 x M interaction at
15 WAS in 1982-83 and 1983-84 (Table 6c) and F x M interaction at harvest in
1982-83 and 1984-85 (Table 6d) influenced the plant height éignifiCantly;
A perusal of data presented in Table 6a shows that by increasing the

seed rates plant heights decreased at all the 3 levels of FM, In 1982-83 at F1,
5, and in 1983-84 at F_S_ recorded more plant height which remained at par with
2 .

§, end differed significantly from S,. In 1982-83 at F,, S, and in 1983-84 at

3° 2’
F1, 31 recorded the maximum plant heipght and each seed rate differed significantly

to one another, In 1982-83 at F3 each seed rate did not differ significantly'

but in 1983-84 at FB’ 33 recorded the maximum plant height and differed

significantly from S1. However, S_ remained at par with S At fixed seed rates

2 3°
at~s1 and SZ the FYM rates were not consistent, but in both the years at 53,
F3 recorded the maximum plant height and each FYM rate differed significantly.

Table bae Lffect of § x F interaction on plant height at 9 WAS (1982-83 and

1983-8L) :
Seed rates . = 11282-83 . - 1;85.89 -
1 2 3 1T -2 .3
5, . 138 5.2 15.3 132 125 1149
S, 1346 13.8 4.9 1.2 13.5 1247
_ S3 12.0 12.8 15.2 9.6 10.9 13;2
SEm+ 0.2 : ' ' 043
CDZ% 0.7 ' | %

S x F interaction influenced the plant height significaﬁtly at 18 wWAS
in 1983-84 and 1984-85, Interaction effect data presented in Table 6b, show that

during both the years at all the levels of'FYM, when the seed rates were increased
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53
the plant heights decreased significantly. During 1983—84.51 resgited in maximum

plant height at F1 and F_ and it was significantly higher than S In 1984-85

2.

3
5 , and differed significantly from

also 5, resulted in maximum plsnt height at F

3

53. In 1983.84 at F2, S1 recorded the maximum plant height and differed

significantly from 33' However, 52 remained at par with 81 and S3 but in 198485

at F, sz'recorded more plant height which differed significantly from S, and s}.

These two were at par with each other. In 1934-85 F1 and F2 were not consistent

in their effect at_different levels of seed rates, .

Table 6b, Bffect of ¥ x F interaction on plant height at 18 WAS (19832<84 and

1984-85)
Seed rates = 088t 7 s
1 2 b 1 2 3
s, 514 535, Sh5 Sk S5.7 - 59.7
s 48.8 519 5143 50.5 5943 58.0
5, .2 503 53.9 558 553 555
SEms ‘ 1.0 102

CUse6 3.1 _ 348

At fixed seed rates during both the years increase in FYM rates,resulted

in an increase in plant height, At S1 the results were not consistent but at 32

‘during both the years, F_ recorded more plant heigﬁt and ‘in 1983-84 it remained

2

at par. with F, and F3 but in 1984-85, it remained at par with F3 and differed

significantly from F1. In 1983-84 at 83' F3 recorded more plant height, each
FYM rate differed significeantly. However, during 1984-85 F1 recorded maximum _
plant height and each FYM rate remained at par with one another,

$ x M interaction at 15 WAS during 1982-63 and 1983-84 presented in

Table 6¢ influenced the plant height significantly, It was observed that in both
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the years increasing the seed rates at both the methods decreased the plant

heirht, In 1982-83 at H, and in 198284 at M., seed rate S1 and §, remained at

par with each other and différed significantly from 33. In 1982-83 at M2 and

in 1283-84 .at Mjy the maximum plant height was recorded at 81, but if differed

significantly from S2 and S}. The latter two were at par with each other.. While
comparing the methods (M1 and Mz) at fixed seed rates it was 89en that surface
application of FYM (MZ) recorded more plant height and.differed significantly

- paol Sqme JG63-8Y
from incorporation (M1) . except in 1982-83 at sagyhere both the methods were
at par with each other,

L2

Table 6¢c, Effect of S x M interaction on plant height at 15.WAS (1982-83 and

1983-84)
Seed rates - 1989'83 | -'M'1983f85 -
~ 1 2 1 _2
S, | | 63.3 65.6 49,5 '+ 50.3
5, . 632 631 b6 514
55 | 601 6ky2 W8 4647
SEm 0.6 ‘ 0.5
CDS% EER T | 1.6

_F x M interaction at harvest presented in Table 6d indicated that
increasing the FYM rates in bpth the years increased the plant height., In

T 1982-83, at M, and M, and in 1984-85 at M, F3 recorded maximum plant height,

which differed significantly from F1.

difference was sipunificant ‘even with FZ'

With M, during both the years the
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Table 6d, Effect of F x M interaction on plant height at harvest (1982-83 and

1984-85)
FYM levels y '1982*83' n . 1984-85 .
1 2 1 2.

E, | 67.5 7145 5345 56.0
F, 6920 73.8 54,3 6 .
Fa 73.9 76 - 5846 5846

SEms 0.8 049

Cos%4 2.3 2.6

When the FYM application methods were compared at fixed FYM rates it
was seen that in 1982—83 af all the levels of FYM and in 1984—85 on;y at FZ’ MZ
recorded more plant height which differed significantly from M1. In 1984-85, at
FT.and F3’ both the‘method? of application -of FYM‘wEre at par with each otber.

The single year interactions which influenced the ﬁlant height
significantly viz., S x.F intéraction at ﬁ2 and 15 VAS in 1983-84, at harvest
in 1984-85 (Appendix XX)., S x M interaction at 6 WAS in 1982-83 at 9 and 12 WAS
in 1983-84, at harvest in 1984-85 (Appendix XXII), $ x F x M interaction at 6
WAS in 12982-8_3 at 9 WAS in 1983-84, at hafves‘t in 1984-85 have been given in

Appendix XXV,

4.4.4, Green matter production

The data on green matter accumulation (g/mz) at different stageé viz.,
6, 10, 14, 18 WAS and at harvest during the growth period‘of crop as influenced
by different treatments have béep given in Table 7. The corré5ponding 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 progressiveiy.at all the siages

of growth upto 18 WAS and registered a decline at harvest,



Table 7, Treatment effects on green matter

production AQ\ENV at various stages of crop growth.

Weeks aifter sowing (WAGS)
Treatments 6 10 ] 14 18 At harvest
1982 1983 1984 1982 1983 1984 1982 . 1983 1984 1982 1983 1084 1982 1983 1984
-83 -84 -85 ~83 -84 -85 -~83 ~84 -85 -83 -84 -85 -83 -84 ~85
A. Seed rates (kg/ha)
100 23.3 18.4 21.1 78.6 69.8 74,1 924.5 647.8 759.7 woww.w.muu-m 904.8 604.4 461.2 510.C
125 27.2 22.8 25.2 98.7 83.5 mu.d 1099.8 700.6 824.5 1097.4 863.1 954.6 (mbw.q 524,96 587.5
150 28.2 24,3 27,3 97,1 86.4 93.3 984,9 763.7 849.7 1127.6 878.8 966.8 694.5 527.4 S80.3
SEms 0.2 0.3 0.2 0.9 0.6 0.5 72 .1 S.1 9.5 8.2 4.2 7.1 9.C 3.8 6.C
€.D.5% 0.7. 0.6 0.6 2.8 2.0 1.6 14.5 27.C -14.9 11.9 20.3 25.7 11.C 17.C
B.FYM rates (t/a)
5 25.2 19.6 22.7 84.7 73.8 80.8 951.8 668.5 788.3 1073.,2 843.4 935, 635,3 480.3 535.2
10 26.4 22,2 N$om 20.8 81.0C 86.4 962.,1 708.5 812.2 1092.6 847.2 940.9. 643.7 504.7 560.6
15 27.1 23.6 26.3 .OA.m 84 .9 mw-N 1095.3 735.1 833.5 1114.C 864.% 950.0 668.7 528.4 590.9
SEmy 0.2 ohw 0.2 0.% 0.6 0.5 72.1 Sel 9.5 5.2 4.2 7.1 9.C 3.8 6.0
C.D.5% 0.7 0.8 0.6 2.8 1.9 1.6 NS 14.5 - 27.C 14,9 11.9 NS 25.7 11.0 17.C
c.Application methods
Incorporation 25.5 20,5 23,4 85.8 75,6 82.7 1031.3 mwo.o 796.5 1076.7 838.6 931.6 627.C 489.1 54%5.4
Surface applied 26.% 23,1 25,7 94.4 84.2 89.5 974.8 718.1 826.1 1110.3 865.0 952.3 671.4 51e.8 579.1
. SEm¢ 0.2 0.2 0.1 0.7 0.5 0.4 58.9 4,1 7.7 4.2 3.4 .8 7.4 3. 4,9
C.D.5% 0.6 0.6 0.5 2.2 1.5 1.3 NS ‘11.8 22.1 12.2 9.7 16.€ 21.¢C 9.C 13.9
C.V.% 4.8 5.9 4.5 5.2 4.2 3.3 35.2° 3.5 5.7 2.3 2.4 3.7 6.2 3.7 g.2
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As the seed rates increased the green watter acpumulétion also
registered an increase and the difference between 100 and 125 kg/ha sged rate
was siénificant. Only at some éf the stages viz., 10 and 14 WAS in 1982-83, 1k
and 18 WAS and at harvest in 1934~85 and at harvest in 1983.8L the differences
between 125 and 150 ki seed rate/ha was not significant, Like seed rates the
increagse in FYM rates also resulted in an increase in@ﬂQMma;ter accumulation.

15 t/ﬁa FYM resulted in highest gregn matter production at all the stages during
all the % years of experimentation and differed signific;ntly from 5 t/ha. The.
differences between 5 éndl1o t/ha however, was not significant a£~44 WAS and at
harvest in 1982-83, at 18 WAS in 1953-84 and at 14 and 18 WAS in 1984-85, Also, -
the difference between 10 and 15 t/ha vas not significant at G and 14 WAS and at
harvest in 1982-83 and at 14 and 13 WAS in 1934-85,

In respect of methods of application of FWM it was interesting to note
that surface application of FYM (MZ) always proved to be superior to incorporation
(M1) and the difference was significant at all the stages of grthh during all
the 3 years of investigationé.

The first order of interaction effect of seed rate x FM rate (S x F)
at 6 WAS was found to influence the green matter production significantly during
all the three years (Table 7.1a). It was noticed that F1 and'F2 in 1982—83 and
198485 . and at F2 in 1983-84 each increase in seed resulted in a significant
increase in green matter production. At rest of FYM rates during different years
the increase was found to be significant only upto Fa level. .

At fixed seed rates in 1982-83 at S1 and S2’ F3 recorded the highest

green matter production which differed significantly from F1 and F_. The latter

-
two remained at par with each other, 1In 1983-84 and 1984~85 also at S1, F3

recorded the highest green matter which remained at par with Fé and differed



significantl& from F1. In 1982-83 at 83, F2 registered the highest green
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matter production which differed significantly from F1 and F3° The latter two

remained at par with each other,

Table 7.1a. Effect of S x F interaction on green matter accumulation‘(g/ma) at
6 uA3 (1982-83, 1983-84 and 1984-85)

Seed rates 3 '1933’831 = = 19§§F84 = 5 19?4—85' -
1 2 3 1 2 3 1 2 3
3 22.6  22.7 2k.k 16.0 18,8  20.2 19.5 21,3 22.h
5, 2546 26,8  29.3 21.5 22,0 25.2 2%.4 24,3 28.1
85 27.6 29.5  27.7 21,5  25.7 25.6 25.1 28,2 285
SEm+ 0.5 0.5 0.4
CD5% 1.4 165 Te2

1

txactly the same 8 x F interaction effect was noticed at 10 WAS in
1983-84 and 1984-85, The interaction effect presented in Table 7.1b shows that
increase 1in seed rates resulted in an'incfease in green matter production., Durin

both the years it was seen that at F, and F

1 2

in corresponding significant increase in green matter, At F

each increase in seed rate resulted

s however, the

3

increase was noticed only upto S2 level,

Table 7.1b., Effect of S x F interaétionvon green matter production at 10 WAS
(1983-84 and 1984-85)

198485

- 198 3-84
Seed rates FLF, 7, ¥ F, ¥
5, 61.3  70.9 76.5 65.5  7h.2 82.5
S, 77.7  83.0 90,2 8.4 89.5 97.0
55 32.5- 88.8 83.0 95.0 9k.3 9.9
SEm+ a3 Te1
CD% 2.7 3.3
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Ateach seed rate it was also observed that incréage in FIM rate

resulted in an increase in green matter production, In 1983—8H at 81 and 82
and in 1284.85 at Sa, F3 recorded the highest éreen mﬁtter which differed
‘significantly from each FYM rate., At SB’ in 1985-84 as well as in 1984-85 F,
and F3 recorded statistically same green matter but differed significantly from
Foo | - : ' \

S x M interaction effect ' on green matter production at 6 and 10 WAS
in 198384 and 1984-85/presented in Table 7.1c shows that ét 6 WAS in both £he
years the increased seed ratesvat M1 and M2 end at 10 WAS ip 1983—84 at M2 and
in 1984-8?'at M1, S3 (150 kg seed rate) resulted in sigﬁificantly highgr green

matter production, which differéd significantly from S, and S2 (100 and 125 kg

1
seed rate/ha). At 10 WAS in 1983-84 at M, and in 198485 at M,y S recorded
highbst green matter which remsined at par with S2 and differed signifiéantly
from Sq.

Table 7.1c, Effect of S x M interaction on green matter production at 6 and 10WAS
(1983-84 and 1984-35)

Seed rates m 1985-84 M ‘d W 1984-85 i
' 1 2 1 - 2
_ 6 WAS
5, ‘ ) 16.3 204 1945 22.7
s2 ‘ 217 2348 2Lke0 26,4
s, 23,3 25,1 27.7 27.9
SEms - 0.3 | 03
| 10 WAS
S1 63.9 . 756 69.0 79. 4
52 80.3 36,7 88.1 93.8
S CERE %0.3 91.2 95. &
Skms+ 0.9 . 0.8 ‘
D% 2.7 2.3
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While comparing the methods of ¥F¥M application at fixed seed rate,
except at 6 WAS in 1984_85vat 83;fm@&Ltwo methods -+ differ significantly
but in rest of the cases in both the years at 6 and 10 WAS at fixed seed rate M2
recorded higher éreén matter productign and was significantly superior to M1.

§ x M interaction at 18 WAS during 1983-84 and 1984-85 presented‘in
Tabie 7.1d shows the similar trend as discussed at earlier stages in Table 7.1c.
During 1983-84-at M, each increase in seed‘rate resulted in aysiggifiéantttew'
vinprease in dr& matter production, In 1983-84 at M2 and in 1984-85 at M1 énd Mé’
the increased seed'rate . 1SO ke/ha (33) resulted in higher green matter

production which remained at par with 5_ and differed significantly from 8

2 1°
While comparing the methods of application of FIM in both the years at lower seed

rate 51,'H2 recorded higher green matter production which differed significantly
from H1. However, at medium énd higher seed rates in both the years methods of

¥ application (M1 and M2) did not differ significantly,

1

Table 7.1d. Effect of S x M interaction on green matter production (g/ma) at 18
WAS (1983-84 and 1984-85)

3 ' _ ‘ 198384 « 1984-85
eed rates m m m m
1 2 1 2
5, - 782.7 8Lk, 4 88143 928.4
5, a2 87101 M6 96h.6
S5 - 870 879.5 9690 94,0
' SEms 5.9 o 1001 |

CD 6.9 28,7
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In the vear 1982-83 and 1983—84 the interactioé effect of F x M
_influenced the green matter accumulation significantly (Table 7.1¢)e. In both the
years at>each method increase in FYMvrates resulted in a significant increase in

green mafter accumuiation. At the samétime at each level surface applicafién'
resulted in significantly higher green matter accumulation, During both the yéars
| F3M2 resulted in highest green matter accumulation, which differed gignificaﬁtly

from rest of the treatment combinations,

Table 7.1e. Effect of F x M interaction on green matter production at 10 WAS
(1982-83 and 1953-34) :

1

FIM levels ' , - 1082583_ . ‘ - 19830k -
: : 1 ' 2 1 .2
F, | 83.0 86.5 715 7641
F, - 85.6 %.0 75.1 86,8
FB 38.8 10048 80.1’, 89,7
Skms 0.3 0.9
Chs | ’ 1.0 | 27

At 18 WAS, F x M interaction influenced the green matter ﬁroduction
significantly in‘1982-83 and 1§83;84. The interaction effect data presented in
Table 7.17 show that in 1982-83 at M, increasing rates of FIM did not differ
significantly, In 1983-84 at Mgy Tz recorded higher greenvﬁétter production
and differed significantly from Fg'

In 1982-33 ét Mz,'each increase in FYM resulted in a significént increase
in preen matter production, In 1983-34 with the same method of FYM‘épplication

the significant increase was noticed only upto F_ level,

2
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Table 7,1f. Lffect of F x M interaction on green matter production at 18 WAS

(1982-83 and 1983-84)

ifg levels i 1982-83 T M:985-84 i
F, 1072.8 1073.5 3L3,1 843.6
F, 107748 11074 4 825.3 869. 1
v, 0795 1150.1 g7k 832,
Skm+ YR 549
Ch5es 2141 17.0

At fixed rate of FYM in both the years at F1, the methods did not differ

significantly but at both the higher rates at (F2 and FB)

s M. registered higher

2

green matter production during both the years and it differed significantly

fron M1.

The data on the effect of F x M interaction on green matter production

at harvest in 1983-84 and 1984-85 presented in Table 7.1g show that in both the

years at M, the difference between F_ and F, was not significant but as the FYM

rate was incregsed to F

at I=12,

The increase in FYM rate from F2 to F

accumulation significantly,

however,

1 2

the difference becgme sipgnificante.

)

In both the years

the differences become significant even at lower FIM rate also,

3 did not increase the green matter

Table 7.1g. Effect of F x M interaction on green matter production (g/m ) at
harvest (1983-34 and 1984.85)

FYI levels ; 1983-84 . . 198485 o
1 2 1 2
F, 479.5 h8141 53643 5242
F, 476, 1 533.3 531.3 590.0
SEm.t ' 505 . 8.5

2la
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3

At fixed rate of FYM at Fq during both the years the difference between

tywo methods was not significant, At F

2

rreen matter accumulation was at M2 which differed significantly from M1.

production significantly at 6 WAS in all the

The second order of interaction S x ¥ x M influenced the green matter

7

2

crop seasons,

and F, during both the years the higher
) .

Interaction effect

data presented in Table 7.2a reveal that the effect of increasing seed rates was

more ﬁfonqunced in 1982-83 and 1984-85 with the exception of that at FBMq‘and F
in 1982-83 atfeach of the FYH combination during both the years the increase in

sced rates resulted in significant increase in green matter production., At F3M1

and F_M

—a £
sipgnifi

2

the increase was only upto &

2

Jevel, The seed rates did not‘differ

M
52

cantly from one another in 19832-84, The highest green matter production

"in 1982-83 was obtained at 5 _F_i

232 , :
Table 7.2a. Bffect of 5 x F x M interaction on green matter production (g/ma)
at 6 WAS (1932-03, 1983-84 and 1984-85) '
M M
o 1 2
Seed rates
F, F F3 , F, FZ 23
\ , - 1982-83
5, 22.6 22.7 22.1 22,6 22.8 26.6
s, 25.6 25.6 2841 2545 28.2 30.4
8, 27.9 28.0 L2741 27.2 31,0 28.2
SEms+ 0.7 '
CD%% 2.2
: 1983~
5 1341 17.5 184 19.0  20.3 21.9
S 20.5 21.b4 23,2 217 22.8 27.0
53 21.6 o, 2 oh,3 21.5 27.3 - 26.6
SEmi 209 » .
Ch%% 8.1
1984-85
3 16.8 " 20.6 21.2 223 2241 2347
5 22.9 22.5 26.5 . 23.9 25.9 29. 1
25.2 27,4 27.3 25,0 29.0 29.7
Stims 0.7 |
CDF% 1.9
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In 1984-85 though the highest green matter yield was obtained at SngiZ
T ~

but it remained at par w1th 02F3M2  Incidently in 1983-84 though the highest

green matter yield was obtained at S3F2”2 but it also remained at par with SBFBMﬁ.

The interaction S x F x M influenced the green matter accumulation

[9]

ignificantly at 10 WAS also in 1933-84 and 1984-85. The data presented in
Table 7.2b reveal that at each method and FYM ievel an increa§e in seed raté
resultéd in an increase in gréen matter production during both the vears.
During 1983-84 and 198u-85 SEFBM‘ resulted.in highest-green.matter
production which was at par with 53 ZM and S3F and differed significanﬁly

from rest of S x Fx M treatment comblnatlons.

Table 7 2b. Lffect of the 5 x F x M interaction on green matter production (g/m
at 10 waS (1983-84 and 1984-85) :

. Seed rates 7M1 _ M
¥ ¥ ¥ T T2 ¥
. : .1983-84 N
5, 53.3 6.1 I 69.5  78.2  79.0
S, 77.8 78.3 849 - 773 876  95.2
5 C 8k 8209 810 - B85 97 99
SEmi ] ‘ 1+.2. ‘ v
CD5% . ‘ 11.0
~ 198485
s, 58.4 7101 77.2 72.5 .1 87.5
32 85.2 86.5 92.8 87.2 93.4  100.9
S 91.6 90. 1 91.9 89.9 9%2  97.2
SEms+ 1.8
CD%% 5.0
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Some of the -single year first order interactions viz. F x M at 6 WAS
in 1982-83, F x M at 14 WAS in 198485 have been presented in Appendix XXIII
and second order interaction 8 x F x M at 18 WAS in 1982-83 and at harvest in
1933-84 were also found to be significant and have been presénted in Appendix

LIIX.

@;1.51 Dry matter production

The treatment effects on dry matter accumulation (g/ma) at different.
stages of growth during 3 years have been given in Table 8. . The cofr35ponding
analyses of variaﬁce for the 3 years have embodied in Appendix V. The data
have also been presented graphically.in Fig;S. |

An examination of Fig.5 indicateds that during all the 3 years under
all fhe treatments the dry matter accumﬁlation was slow betweenv6~and 10 -WAS,
later on at 14 and 13 WAS the dry matter accumulation'increasédvprogressively.
From 13 WAS onwards there wwas a decline in dry matter production.

A verusal of the data (Table 8) revealy that with the exception of
that of 14 WAS in 1982-83, at 18 WAS and at harvest iﬁ 1984-85 and at har%rest
in 1933-34 each increase in seed rate brought a significant increase over its
proceding. seed rate,

.Like seed rates the FYM levels also influenced the dry matter
production significantly. It was at 18 WAS in ﬂ984-85vtﬁat.the_differences
between F1 and F2 and Favand F5 was not-signifiqgnt. At harvest; in 1983-84
the difference hetween F2 and F3 also was_not found to be significant., At rest
of the stages during the entire course of this investigation eaéh increase in

the FYM rate brought a'sighificant increase in‘dry matter production over its

lower level,
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surface application of FIYM (Ma) was significantly-superior to M1 and -
produced higher dry matter per unit area during all the 3 years at all the

stapes of crop growth,

€

1%

S x F interaction that affected the dry matter production at 10 WAS in
198384 and 1984-85 (Table 8.4a) shows that during both the years at each level
of FYM, 51 resulted in lowest dry matter prpducfion and differed significanfly

;-

from 53, On occasions the difference between Sé and 83, however, was not

v

significant, Similarly at each seed rate, F1 resulted ih lowest dry matter
production and differed significantly from F3 during both the years., Each increase
in FYM brought an increase in dry matter'préduction. Only at 82 in 198#-85 the
difference between Fq‘and F2 and at S3 in 19832.84 as well as in 1984-85 the

difference between ¥_ and F_ was not significant,
. 'Z. [
-

AV}

Table 8.1a. kffect of 8 x F interaction on dry matter production (g/ma) at
B 10 WAS (1983-84 and 1984-85)

Seed rates F %?85—84 T | T 1Q8g-85 F
1 2 3 1 z -
s, 1347 16,3 17.6 | 164 19.3 21.3
s, 17.9 9.3 20.8 22.6 23.3 25.7
83 19.2 | 2045 21.0 _ 22,6 ' 24,9 ok, 7
SEmg | 0.3 i 0.3
cogs 0.9 | 0
5 x F interaction that also affectéd the dry matter production at 14 WAS

in 1962-833 and 1983-04 and las been presented in Table 8.1b shows that increasing.

the seed rates tncreased the dry matter at all the levels of F¥M, During 198 284

at all the level of F¥i and in 1982-83% at FZ' 3_ recorded more dry matter

3

production which differed significantly with 51 and 82. At all the levels of FYM

the lowest seed rate resulted in the lowest dry mafter production,

~
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Table 8,1b. Lffect of § x F interaction on dry matter productlon (g/m ) at
1h waS (1982-83 and 1653-84)

Seed rates F 1202-83 3 —= 1983”;“ 7
1 2 3 1 2 3
s, ~ 331.0. 3:0.0  350.7 216.0  227.3  245.L4
5, 359.5  %6L4.0 266.6 . 2%9.8 250.6  260.8
Sy | 0.1 372.2 372.8 250.6 276.3 288.2
SEm 2.2 3.k
ChS W 9.7

At increased lével of FYM at all the seed rates increased the dry matter

production. In 1983+8k4, at all the seed rates and in 1982-83 at 51, F3 recorded
more dry matter, which differed significantly from F1 and F2' During 1982-83% at
Sa, F3 differed significantly from F1 but F2 remained gt par with Fq and FB.

Hovever, at S, Py remained at par with F, and differed significantly from F,.

3
interaction influenced the dry matter production significantly at

10 WAS in 1983-84 and 198485,

5 x H

The interaction effect data presented in Table

8.1c show that with each method of FYM epplication, S, resulted in lowest dry

matter production during both the years end it dlffered aanlflCantly from 8_ and

2
Table 8.1¢. Effect of S x M 1nteract10n on dry matter production (g/m ) at 10 WAS

(1983-84 and 1984-85)

Seed rates 4 T 1985-8l v v 1984-85 T
1 2 1 2
81 ' 1 b 174t 1745 ' 20.5
5, 18.5 20.5 22.9 2k, 7
SEms : 0.2 0.2
CD% ' 0.6

0.9
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5_. The difference between S_ and S_ at M1 in 1983-84 and at M_ in 1984-85,

3 2 > 2

however, was not significant., It was however, interesting to note that at each

seed rate during both the years, MZ resulted in significantly higher dry matter

production over M1.

F x M interaction effecflsignificantly inf;uenced the dry mattér
production at 10 WAS during 211 the % years of eXperimen?atiQn. The interaétion
affect data presented in Table 8.1d show that it was only at M, in 1982-63 when
the ¥FYM levels did not differ ulgnlflcantly from one anothbr. Othervise during
rest of the years with each method, each. 1ncrease in ' level resulted in a
significant increase in dry.matter production. It was also interesting to note
that during all the 3 years at each level of FYM, Ma,fesulted in significantly
higher dry matter productibn as compared to M#.

Table 8,1d, Effect of F x M interaction on dry matter nroductlon (s /ma) at 10 WAS

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

P levels - 1082-83M . . ;1983-84M M1984_85 -
1 2 1 -3 a2
F, 20,3 '21.6 164 17.6 2041 21.5
F, 21.3 24,3 | 17.3  20.2 . 214 23.8
Ty 22,2 26.1 184 2142 22,7  25.2
SEm+ 0.3 | o 0.2 B k 0.2 .
CO%% 0.9 . . 0.6 0.7,

F x M interaction also influenced the dry matter’prqduction significantly

at 1 WAS (Table 8.1e). Like that at 10 WAS at this stage also it was seen that

Fq resulted in lowest dry mattcr production. The FYM levels however, did not

differ significantly from one another at’ M1 in 1984—85. The difference between

T

, and F3 at ¥, in 1982-83 also was not significant.
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Table 8.1e. Bffect of F x M interaction on dry matter producdtion (g/m ) at b WAS
(1982-83, 1983-.8L and 1984-85)

Fii levels 2 1982—832‘ M11983—84 i M;?$4-85 i
i 6. . 353 232,5  237.1 308.3 3115
r, W %6.8 243.7  260.7 ° 314.0 333.5
FB 35047 374.uv 254:6- 27641 321.1 " 350.7
St 5 2.4 | 5.7
CD%% hoho 6.8 | o187

Like that at 10 WAS at this stage also durihg all the 3 years at each
level of FYM, M2 resulted in higherbdry matter production as compared to M1,
however, the difference was not significant at F, in 1983-84 as Qeil’as in
1984-85,

At 18 WAS, F x M interaction effect was found.to be significant during
the first two years, where it was seen that with each method of FYM application
an increase in FYM resﬁlted in a corresponding increase in dry matter production.
Only at MZ in 1983-84 an increase in FYM level ﬁrom 10 to 15 t/ha did not result
in a significant increase (Table 8.41f). Further, it was seen that only at lower
level of FYH (F1> the difference betwégﬁ M1 and MZ wés not‘significant. At

higher levels, M always resulted in significantly higher dry matter productlon.

Table 8.1f. Effect of F x M interaction effect on dry matter accumulation (g/m

at 18 WAS (1982-83 and 1983-84)

., 1962-83 1983—84
T levels
M, i, Mo M
F, : 499.9 508. 3 -0 3822 385.1
F, 505.6  5%6.1 3745 ,  hok.2
r, 518 5632 5.4 hoh.3
SEms 3.0 2.3

CD%% : 8.7 6.0




. Y

At harvest, the interaction effect (F x M) was found to be -significant
in 1983%-Sh and 1984-85, The interaction effect data presented in Table 8.1g show
that the effect of FYM levels did‘'not remaln 50. conspicuous till harvest in
198%-84, It was seen that only at HZ’ the dry matter 1ncrea5ed 51gn1flcantly
and that too pnly upto F2 level, In 1984-85, however, with each method of
application an increase in FYM level résulted in a significant increase in dry
matter.production ovér its preceding level,

Table 8.1g. LEffect of F x M interaction on dry matter accumulatlon (g/m ) at
harvest (1983-84 and 1984-85)

FYi levels T 1985-8% T v 198M~85 =

F, | 3519 a7 82,5 . 81,7

F, 3%2.6 365,38 | B0k b29, b

F, 339.8 37540 410.6 1436
BEms 6.3 ' 672

CD%% 18.0 : : 17.6

Like that at 18 WAS , a£ this stage also the d;fferences between
application methods were visible only at higher levels of FYM, At‘F,I both the
application methods were foundﬂto be at par vith each other during both the years.

The énd order of interaction (S x F x M) influenced dry matter
accumulation at 10 WAS significantly during all the 3 years of experimentation.
The inferaction effect data présented in\Table 8.2a show that during all the
3 years with each method of application at different levels of FYM, the increase
dry matter production was sharper>When’the seed rate was increased from 51 to SE'
The increase from $_ to S, did not influence the dry matter production so

2° 3
markedly, ‘ : '
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It was interesting to note that S2P3M2 resulted in higher dry matter

production in 1984-85 and differed significantly from SjFBMZ. In 1982-83 and
1983-84 though S3F3M2 resulted in highest dry matter production but it was at

i S F M e
par with 2;5 ‘

Table 8.2a. Effect of S x F x M interaction on dry matter: productlon (g/m ) at
10 WAS (1982-83, 1983_84 and 1984-85)

. M1 M2
Seed rates - - - -
F1 FZ F F1 F2 F3
1982-83% -
31 T 15.8 18,7 19.4 ' 19.2 . 20,9 22.5
5, 21.7 22,5 L 23.6 : 22.8 25.0 27.5
83 - 22.3 22.6" 2346 B 22.9 = 26.5 é8.1
 SEmy S | 0.7
CD%% : ' 2.0
198 -84
51 1147 14.6 17.0 15.9 1840 18.2
5, 17.9 18.2 1945 1749 20,4 22.2
S5 19,4 19.0 8.7 18.9 22.0 23.2
SEme 0.5 -
Co% 104
_ 198485
s1 k.2 18.3 . 20.0 - 18,4 20.5 20.7
S2 22.3% 22.3 21 22.7 ol b 27,2
53 23,8 23,4 2%.8 23.3 26.6 25.7 -
SEms. 0.5 -
CD%4 165 -

At 14 WAS, the interaction effect of seed rates 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 this stage the
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effect of seed rates in increasing the dry matter yield was more pronounced as
it was increased from S1 to 5_. . The differences between S_ and 53 were not so

2 2
m ark‘e d .

During both the years, it was seen that S3F3M2 resulted in highest dry
matter production. It was interesting to note that during both the years at each

seed rate a medium level of FYM (F?)'with M2 was either more efficient or as

efficient as Fa.with M1 method of FYM application.

Table 8.2b. Effect of 8 x F x M interaction on dry matﬁef production (g/mz) at

14 waS (1982-83 and 1983-84) -

M, M,
Seed rates '
F .
F 2 T 1 S
1982-83 '
s, 3204 33k01 0 330.6 k2.3 7. 360.5
S, 260.7  357.2  350.4 359.1 372.2  338.7
S5 358.2  363.9  362,2 360.5  380.9  381.1
CDS% : 9.6
- 198}_-‘ 34
s,I 209.h4 222.0 235.9 ©223.3 23k, 7 275.8
S, 2h1.7 239.0 243,19 - 2kal9 261.2 278.3
5 ‘ 246.5  270.1 2847 252.7  286.2  292.1
CD5% ' 28.3

The interaction effects between S x F, at 6 WAS in 1983-84 and S x F
at 18 WS in 1982-83 (Appendix XX), S x M at 6 WAS in 1983-8L, S x M at 18 WA3

in 1983-84, 8 x M at harvest in 1984-85 (Appendix XXII), ¥ x M.at 6 WAS in 1982-83
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(Appendix XXITI)e S x F x M at 18 WAS in 1982-83 (Appendix XXV) were found to

be significant only during one year and have, therefore been given in the

Appendix section.

L,q.6. Pér cent dry matter accumulation
The data on:the progréssive per cent dry matter accumulation at

differént stages have been.given in Tablé‘9. On those stages where the variation
in the data was below 30 per'cent, Square foot transformation was followed and
where the variation ranged between 36 and 70 per cent; angular transformation
was followed. The original values have been given in parenthesis in Table Q.
. The anazlyses of variance havé been given in Appendix VI,

~ The treatment effect data (main effects) presented in Table é reveal
that there was a steep rise in the per cent dry matter accumulation after 10 WAS
to harvest stage during all fhe 3 years. The higher seed rate (Sé) resulted in
higher ner cent dry matteriaccumulation which differed significantly from the lower
seed rate (Sq) in all the 3 &ears. However, in 1982-83 at 10y 14 and 18 WAS,.
83 and 32 werelat par with each otﬁer. During rest of theAtwo years also a similar
trend was observed at 10 .WAS and harvest buf 14 WAS significant differences were
not found at'all. |
| FYM rates also influenced thévper cent dry matter accumulation at all
the stages of crop growth in all the 3 years except in 1983-84 and 1984-85 at
"6 WAS where no significant effect was ﬁoticed. During all the 3 vears of
experimentation, at all the growth stages, the higher FYM level of 15 t/ga
regulted in significantly higher dry matter pro&uction as compared. to 5 t/ha
level of FYM.‘ With the excepfion‘of that at 14 and 18 WAS and at harvest in
1984285 and at 18 WAS in 1983:84, 15 t/ha also resulted in éigﬁificantly higher

dry matter production as compared to 10 t/ha.
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Asvregafds'methods of FIM appligétibh“(ﬁj én&dﬂéy:tthe per cent dry

matter accumulafion was influenced signifiéantly{plﬁost at all the stages in all

the 7 years.. If was seen that the surface; 6 £H5d  FYM application ()

sign?ficénily a@cumulated higher per cent dry mafter and differed significantly
from the ipcroporétion method (Mq). Only a{ 6.;:and 14 WAS in 1984;85 the
diffegencq was not:/significant, |

During all the 3 years at 18 WAS théABvx M interaction influenced the
?er cent dry hatferpacCumulation 8ig nlflcantly, the 1nteractlon effect data
nresented in Table 9.1a réveal that at M 1n 1982—83 and 1983—84 the increase in
oeed rates did not result in a 51gn1flcant 1ncrease 1n per cent dry matter yleld
In 1984-85, the increase wass 51gn1f1cant but only upto S level, At M

2
10u2-83 each 1ncrease in seed rate resulted 1n a 51pnif1Cant increase in per

dry matter yield but the differences were not 51pn1flcant in 1984~85, In 1983.84

- the increase was 51gn1flcant only upto S level.

Table 9.1a. Effect of S x M interaction on per cent drv matter(transformed) at

18 WAS (1982-03, 1983284 and 1984-85) o R
Seed rates ‘M 982-85 i 983—84 e :L“YfM1984i85 -
‘ 1 2 ; 1. -;';; ,Z,f;; . 2
s, b b5 haaohas Mo M
(46.8) . (47.h) o (B5.2) (45 8);, R CR 3) (49.3)
S, 43"2‘ -~ 43,9 k2,3 h2.9 ; 44.5 O Lh6
* (46.9) (48.3) (45.3) . (40.5) (49.2)  (h9.4)
S ' Lz, 1 Lhs Lo,z Lo, 8 o _' Ly L 448
g ﬁ (46.8) (50.0)  (45.5)  (46.0) (495.0)  (49.7)

SEms o 0a1 0.06 0.7
CD% 0.l 0.1 0.2
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Table 10, Treatment effects on days to 50% ,100% he ading” @nd: matulrirtyturity

Days to SOper\cent Days to- 100per cent Days to maturlty
heading. heading.e
1982-83 1983-84 19814-85 1982-83 1983-84 1984_85 1982-83 1983-84 1984_85

Treatment

A. Seed rates (kg[ha)

100 103,0 97.0 92,8 114,7 108.6 10343 132.4 124?2 1231

125 105.6 98,1 93.7 . 115.4  110.0 1046 1339 125.1 12k1
150 107.2  99.6 940 116.8 110.3  105.9 135.2 125.4 1249
SEm+ 0.4 0.5 0.3 0.4 0.5 0.k 0.3 0.2 0.4
C.De % 1e 1.6 NS 143 . NS 1o 140 0.8 1e2

B, FYM rates (t/ha)

5 10641 99.9  95.2 116.2 110.9  105.5 136.1  126.6  125.3
10 105.0 98,7 93.6 115.7  109.7 047 1335  125.1 1245
15 1048  96.1 917 15.0  108.3  103.7 131.9 123.0 122.5
SEm+ O.b 0.5 0.3 O.h 0.5 0,4 0e3 0.2 0okt
CoD.5% NS 1.6 161 NS T b 1e1 1.0 0.8 1e2

C. Application methods

Incorporation 04,7 98.1 93.0 115.3 108.8 103.5 132.2 12k5 < 122.8
Surface applied105.8 98.3 94,0 116.0  110.5 105.8 135.4 125.3 125.3
Sm_:_l- 0.3 o.L" :003 003 O.LI' 003 ,002 0.2 0.3

CoDo5% 0.9 NS 0.9 NS 101 0.9 0.8 0.6 1.0

CV.(%) 1.8 2.8 2.0 W9 22 19 W3 1 g
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wWhen the methods of ¥¥M application were compa£ed at different seed
rgtes,bit was seen that with the excgption’of that at 82 in 1984-85, the surface
method of M application (ME) always resulted in significently higher pef cent
dry matter acqumﬁlation as compared to incorporation method (Mq),

Among the first order single year interactions S'k F at 10, 18 WAS and
at harvest in 1982-8% and 1984-85, 5 x M at 44 WAS in 1982-83 and at harvest in
1981+-85, F x M interaction at 6 WAS in 1982-83 at 18 WAS in 1983-84‘ and at
b~“vcst in 198L-85, Since these interactions were significant only for one year,
therefore have been presented in Appendix XX, XXII and XXIII, respectively.

The 2nd order of interactions 5 x F x M at 10 WAS in 1982-83 and at
harvest in 198%-85 also presented in Appendix XXV, were found to have a significant
ef[ect'on'Ery matter accumulation but only for one year and have not, therefore,

heen discussed,

L.2. Development stages of wheat

4.2.1, 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.

L,2.%9.:. 50 per cqnthﬁading;encs: 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 iﬁ the days taken to complete 50 per cent ear

emergence but in 1982-84 the sipgnificant difference was found only between 150 .

and 100 kg seed rate/ha. In 1984 85 the seed rate did not differ Slgnlflcantlv
PYM levels, i.e. 5, 10 and 15 t/ha did not 1nfluencc the number of days

taken to 50 per cent ear emergence significantly in 1982-83 and 1084 85.
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1983-8L4 the higher level of FYM (15 t/ha) rather helped in producing early ear
emergence and 50 per cent ear emergence wa§_comp1eted significantly earliervas
compared to 5 and 10't/ha FYM rates, The 1atte£'twp tfeatments were at par with
each other., During 1984-85 each increase. in FYMvrates resﬁlted‘in signifiCantly
decreased days taken to 50 per cent ear emergence, The inéropgpation of F¥M in
the sqil (M1) also helped in inducing early éﬁérgence and in 4982;85'and 1984-85
the differences were even‘signifigant;_

Pirst order intersction F x M and 2nd order interaction $ x F x M in
198384 was found to significantly affgct'thévso per.cénﬁ ear‘emergehcé; The .

interaction effect data have been preseunted in Appendix XXIII and XXV,respectively.

Lk.2.% . 100 per cent heading: The data on the number of days taken to complete

2

heading also presented.in Table 10 reveal that the increase.invsegd rates from
AOO,to 150 kg/ha delayed the completion of ear‘emergence ffbé.ﬁ'to 2 days. In
198384, the difference was not significant but 1he 198485 each increase in seed
rates resulted in significant delayed completion of ear emergeﬁée. In 1982-83,

‘however, only S_ resulted in significant delay.

Y

3

Like 50 per cent ear emergence, the complete ear éﬁergence was also
hastened when the FYM rateswwere increased. The significant difference, however
was found only between 15 ana 5 t/ha rates in d983.84 aﬁév1984_85. In 1982-83
the FYM rates, however, did not differ, | h

In 1982-83, thé.ﬁethods of appiication of FMM did not influence the
days taken for 100 per cent hea&ing. However, during rest of the two vyears,
surface application of FWM (MZ) differed significanﬁly from Mq.' 

In 19832-84L, S x‘F, S x H,'F x M and 8 x F x M interactions influenced
the days taken to 100 per cent heading significantly and are presented in
fopendix XX, XXIT, XXIII and XXV, respectively, Since these interactions were
found to be significant only during one year therefore a discussion on these was

net found to be meaningful,
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bo2.147 Maturity: The data on the days teken to maturity embodied in Table 10
show that the seed rates influenced thé 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 1982%.84 150 kg and 125 kg/ha seed rates while remaining at
?ar with each other took significantly more days compared to 100 kg/ha to mature.
In 1984-85, 100 kg/ha which took léast 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 a£ par with each other. |

During all the 3 years of experimentation, FYM rates significaﬁtly
influenced the days taken to maturity. An increéﬁe in FYM rates resulted in
lesser number of days to maturity., During first two years of experimentation
each increase in‘FYM rates resulted in a sig;ificant decrease in the number of
days to maturity. Whereas, in 198485, 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 applicafién of FYM (MZ) took
more number of days for the maturity of wheat as compared to incofporated FYM in
the soil (M1) and differed significantly,.

5 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 F3’ 81 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 maturitye. But at the same level of FYM(i.e, F3) in 1983-84, S_ resulted

2

in the lesser number of days taken to maturity, which remained at par with S

and differed significantly from 83. AtvF2 none of the seed rates differed

significantly during both the years. At fixed seed rate, with the increase in
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5 in 1983-84, F3 resulted in the

minimum days taken to maturity and each FYM rate differed significantly., At S1

the levels of FYM at 81 in 1982-83 and at S

also, in 19838k, F3 recorded lesser number of days to maturity which differed

significantly from F1 and FZ. ‘The latter two FYM rates remained at par with

each other.' At higher seed rates 53 in 19838k, the increased level of FM did

not differ significantly but in 1982-83 contrary to that at S, and 5, at 5

2
F3 took more days to maturity and each rate of FYM differed significantly.

3’

Table 10.1a. Effect of S x F interaction on days taken to maturity (1982-83

and 1983-84)
Seed rates | 7 ﬁ982;83 T = 1983;8& =
1 2 "3 1 2 ' 2

5, 139.3  131.9°  12k.8 126.1 12k.7  122.0
Sa 131.8 139.5 130.4 . 128.2 125.4 121.6
S3 1%6,.6 128.7 11,1 125.6  125.4 125.3

SEm+ 0.7 - 0.5

CD5% . 2.0 ‘ 1.6

In the year 1982-83% as well as in 1983-84, S x M interaction
significantly influenced the days taken to maturity. The interaction effect data
presented in Table 10.1b show that in 1982-83 a medium seed rate of 125 kg/ha
(52) in which FYM was incorporated in soil (M1) helped in early maturity and
the treatment ?ombinations SZM1‘recorded significantly lowest number of days

as compared to other treatment combinations., In 1983-84, S1M1 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 oy 1982.§3M2 i, 3983'8% i,
s, 132.0 132.7 iEo.s - 128.0
s, 129.0 138.8 127.4 122.8
s, 135.5 134, 8 C125.7 - 125.1
SEm+ 0.5 0.
. CD% Tkt 1.6

In 1982-83 and 1983-84, F x M interaction also influenced the day;

taken to maturity.
that during both the years; with each ﬁethod, as the rate of FYM was increased

the number of days taken to maturity decreased. Only in 1982-83 the trend was

slightly reversed at M1 as FT was increased to F

1983.84 gt F1 the trend was slightly reversed.

2.
FYM into the soil (M1) resulted in lesser number of days to maturity. Only in

The interaction effect data presented in Table 10.1c show

Also, the incorporation of

Table 10.1c. Effect of F x M interaction on number of days taken to maturity
1982-8% and 1983.84

P levels 1982-83% 1983-84
M M M M
1 2 1 2

F, 131.6 40,5 128.0 125.2

F, 133.5 - 1335 12440 1262

Fy 131.5 132.3 12145 1245
SEm+ 0.5 Ouh
CD% 1.6

1.4
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The second order of 1nteraction (s xFx M) significantly influenced

the days taken to maturity in 1982-83 and 1983-84, The data'presented'ln Table
10.2a show that in 1982—83 the treatment combination SZF1M1 took the lowest
number of days to'magprity and it differedtsignificantly from rest of the
treatment combinations. 1t was followed by S,FM but it wes at.par with SF M.
In 1983—8# 'however, S1F3M1 took lowest number of days to méturity and including
S F3M2 1t differed 51gn1f1cant1y from all other SFM treatment combinations.

Table 10.2a. Effect of S x F x M interaction on days. taken to maturlty 1982-83

‘and 198384
M. M
Seed rates T FzA T, o 2f2 ¥
1982-83 - ‘
s, 1397 1320 12k.5 1H0.0 1327 1255
S, 119.0 138.5 129.7 - 145.,0 140.7  130.7
S5 1%.2 130,0  140.5 1267  127.0  1L0.7
SEm+ : : 11
CD5% - .. 30
1983-84
‘S1 124.0 120, 7 116.7 128.2-  128.5 127.5
82 . 128.5 127.5 16,2 128.0  123.2  117.2
5, 132.0 123.7 121.7 119.5 7 127.0  129.0
SEm+ 0.8

Ch% . : _ 2.4
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4,2, Yield contributing characters

The effect of different treatments on yield contributing characters
such as number of effective tillers m-1 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,

L,2,1,- Number of effective tillers

A perusal of data presented in Table 11 show_ that the seed rates

1 row length in all the 3 years of

increased the number of effective tillers m~
the experimentation. However, 125 and 150 kg/ha seed rates remained at par with
each other in 1982-83% and 1984-85, Both the seed rates differed significantly
from 100 kg seed rate/ha.’ During the year 1983-84, however, each seed rate
differed significantly from éne another,

N An increase in FYM rate alsovincreased the effective number of tillers
during all the 3 years. In 1982-83, however, the lower FYM rates (5 and 10 t/ha)
while remaining at par with each othef differed significantly from 15 t/ha, On
the other hand in 1983-84 the higher FYM rates (10 and 15 t/ha) remained at par
and differed significantly from 5 t/ha rate of FYM spplication. In 1984-85 the
tiller number did not vary significantly due to FYM rates,

.The surface application of FM (MZ) recorded higher number of effective
tillers and differed significantly with the FYM incorporated into the’soil(Mq)
during all the 3‘years of experimentation.

The analyses of varianée reveaied that 5 x F interaction significantly
affected the number of effective tillers m~ ' row length in all the 3 years. The
interaction effect data présented in Table 11.1a reveal that an increase in

seed rate resulted in corresponding increase in number of effective tillers at

all the levels of FYM, In some of the cases, however, the significant increase
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was found only upto 82 whereas in some of the cases to obtain a significent
increase the seed rate had to be increased upto S3 level, The effect of FIM
levels at different seed rates during diffefent years was not consistent., In
1982-83% the increase in FYM rate brought an increase in tiller number only upto

F_ level and that too at $_, only. In 1983-84 at 81 and S_ the significant increase

2 2 2

was noticed only upto F. Whereas at 83, each increase in FYM resulted in a

significant increase in tiller number, In 1984-85, however, this consistency

.

was not maintained,

Table 11.%2. Effect of S x F interaction on effective tillers o row length
(1982-83, 1983284 and 1984-85).

Seed _1982-83 1983-84 1984-85
rates . F1 ?3, ?57 F1 F2 F3 , Fi' F24 F_5
S, 73.8 75,9 77.1 . 45,0  55.3 50.8 63,4 58,6 56,6
s, 71.8 82.2 86.5 48,3  57.3  55.6 60.0 63,2  69.9
s, 85.1 85.0 88.1 48.7  56.5 Gh.k T 65,1 67.7° 65.2
SEm+ 2.9 1.2 e
CD% 8.3 \ 3.6 6.l

F x M interaction effect which also influenced the effective number of
tillers significantiy during all the 3 years have been presented in Table 11.1b.

The data table shows that with the exception of that at M1 in 1982-83 and at M2

in 1984-85 an increase in FYM level resulted in corresponding increase in

tiller number, The increase, however, was more consistent upto F_ level, Also

2
the surface method appeared to be more conducive for inducing higher tiller

number, Only at F1 in 1982-83 and at F, in 1984-85, the trend was reversed.
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Table 11.1b. Effect of F x M interaction on number of effective tillers m“1 row

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

FYM levels - 1982-8% - " 19&3-8; _ 198#-85M
1 2 1 2 1 2
F, - 80.4 75.0 k3.2 515 56,5  68.6
F, 77.7 8haq 55.9  56.2 ¢ 65.7 60.7
F, 7.3 92.1 57.4 57,4 63,4 65.0
SEms 2.0 0.9 1.6
CD>% 5.9 2.6 | 4,6

Second order interthction (S8 x F x M) which influenced the effective
. 4

number of tillers significantly only in 1983-84 has been presented in Appendix
XXVI,

L,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 §ach increase in seed rate
resulted in significant decrease in spike length,

The FYM rates did not influence the spike length significantly diring
the 3 years of experimentation but it was seen in the pooled analysis that
contrary to seed rates,.thé 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 ;evel, however, remained at par with each

other. In respect of the methods of \application of FYM it was seen that the
surface method of application resulted in spikes with greater length, Only in
198 2-84 the difference was not found to be significant.

/

None of the interactions influenced the spike length significantly.

4.3.3.>Number of spikelets/spike

L :
The effect of different treatments on the number of spikelets/spike

also presented in Table 11 shows that in 1983-84 and 1984-85 the effect of seed
rates was not significant but in 1982-83 as well as in the pooled analysis it
was seen that a seed rate of 100 kg/ha recorded the maximum spikelets/spike and
differed significantly from latter two seed rates, The latter two seed rates
(125 and 150 kg/ha) remained at par withoceach other,

FYM rates did not influence the-sPikelets/Spike significantly during
all the 3 years but wﬁan the data were pooled t;gether the effect turned cut to
be significant and it was seen'that the number of spikelets/spike increased with’
F rates. The differences between 5 and 10 t/ha was not\significant but both
of them recorded lower number of 5pikeiets/5pike when compared with 15 t/ha.

The surface method of FYM application resulted in higher number of
spikelets/spike but the difference was not significaﬁt in 1983-84 and 1984-85,

In the pooled analysis it was seen that S x F interaction influenced
the number of spikelets/spike significantly., The interaction effect data
presented in Table 11.1c show that at each rate of FYM a lower seed rate resulted
in higher number of spikelets/spike and it was seen that at F1, the two higher
seed rates (52 and 83) while remaining at par with each other, recorded

S

significantly lower number of spikelets/spike, as compared to S1. At F2’ 1



87
recorded significantly higher number of spikelets/spike when compared with 82

but wes at par with Sy At F,, 8, end S_ were at par with each other but both

2

of them recorded significantly higher number of spikelets/spike as compared

to S_.
3

Table 11.1c. Effect of 8 x F interaction on number of spikelets/spike(Pooled data)

Seed rates F‘L F2 F5
8, 13.6 | 13,7 e
S, J 1341 1361 13.8
'53 | 12.9 ' j3.7 13.0
SEmy 0.3
cos% 1.0

Similarly, at each seed rate an increase in FYM rates also recorded
an increase in number of spikelets/spike. The difference, however, was not
significant at §, but at S, F, and F, vhile remaining at par with each other,
resulted in significantly lower number of sPikelets/spike when éompared wi th

FB’ At 83, the significant difference was found only between F1 and on

v’

43,4 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 veriance have also been embo&ied
in Appendix VIII,

Aﬁ examination of the data on the number of grains/spike presented

in Table 11 shows that the grains/spike decreased by increasing the seed rates,

During al11 the 3 years, it was seen that the significant decrease resulted only
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upto 125 kg segd rate/ha but in the pooled analysis it waS seen that the
difference between 125 and 150 kg.seed rates was also significént.«Contrary to
this an increase iﬁ FYM rates resulted in corresponding increase in grains/spike.
It was seen in the pooled analysis that each level of FIM differed significantly

from one znother.

The methods of application of FYM significantly influenced this
attribute in all the 3 years as well as when pooled, Surface applicati:on' of
FYM (MZ) resulted in higher numi:er of grains/spike which differed significantly
from the incorporation of FYM into the soil (ﬁ1).

S x F interaction effect was found to be significant in the pooled
analysis’(Téble 11¢1d)e In general, it was seen that at each FIIM 1e§el an \

incresse in seed rate resulted in a decrease in grains/spike. At F1, S1 was

> and 83 and each seed rate differed

3 81 and 82 remained on par with each other

but both of them recorded significantly higher number of grains/spike compared

followed by S3 but at FZ’ S1 was followed by .S

significantly from one another., At F

) to 83'

Table 11,1d. Effect of S x F interaction on number of grains/spike (Pooled)

Seed rates F1. . Fz . F3 .
S, ' 292 062 ' 2065
s, : 27.0 28.6 2044
s3 | 2841 2740 291
' SEm+ 0.3
CD%% ‘ 140

The effect of FYM levels was more consistent at two lower seed rates

where it was seen that an increase in FYM application rates resulted in an
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increase in grains/spike. At S_, F_ and F_ while remaining at par with each

1”2 3
other resulted in significantly higher number of grains/spike as compared to F1.
At S1 each increase in FYM rates resulted in a significant increase in grains/
spike, '
The S x M interaction effect in thé pooled analysis was also found to
influence the grains/spike significantiy. The data ppesentadvin Table 11.1d
show that with both the methods a lower seed rate resulted in higher number of

grains/spike,

Table 11.1ee. Effect of 5 x M interaction on number of grains/spike (Pooled)

Seed raﬁes M1 | M2
s1 284 314
S, 284 , 294 .
S : 25, 8e "
3 _ . _ 25.5 207
{:Emi 0.2
CD%% 0.7

with M_, '31 and S, while remaining st par with each other differed

With M_, S  differed significantly even from S_. The two -

3* 2' 71 2°

higher seed rates (32 and 33) however, remained at par with each other. It was

significantly from S

interesting to note that at each seed rate, the surface method of FYM application
(MZ) resulted in significantly higher number of grains/spike.
Among the second order of interacéions, 8 x F x M interaction
influenced the number of grainé/sPike significantly in the pooled analysis, It
may be seen from the data (Table 11.2a) that S1F3M2 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 interaction on number of grains/spike (Pooled)

Seed rates ¥, ?; r, r, Fg . §,
S, 28.2 29.6 275 3.0 | 31.0 3%e2
s, 6.7 89 2.5 27,3 28.7 314
S, | 271 2542 3041 28.9 2941 \2840
SEma - 0.5
CD%% ‘ 1ol

Only those interactions which were found to influence the number of
grains/sPike significantly in the pooléd analysis have been discussed. The
individugl interactions such as S x F interaction during all the three years,
S x Min 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 appéndix section (A@pendix XX, X1, XXI1I,

and XXVI, respectively).

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 rates resulted in a decrease in 1000-
grain weight, The effect, however, waé significant only in 1982-83 and when
the déta were pooled together, It was seen in fhe pooled analysis that 100 kg
seed rate resulted in highest 1000-grain weight but it differed significantly

only from 150 kg seed rate/ha. The two higher seed rates were also at par

with each other,
Contrary to this; an increase in FYM rates resulted in corresponding
increase in 1000-grain weight. During all the three years as well as in the

pooled analysis, 5 t/ha FYM resulted in lowest 1000-graiﬁ weighte During



91

individual years the differences due to each increase in GFYM level was not
>significant but in the pooled analysis it was meen that each increase in FYM
level resulted in a significant increase in 1000-grain weighte

During all the three years surface method of FM application resulted
in higher 1000-grain weight. The difference, however was not significant in

1984-85 but during rest of the two years and in the pooled analysis surface
~application resulted in significantly higher 1000-grain weight.

In the pooled analyses S x F interaction affected the 1000-grain
weight significantly. The interaction effect data preéented in Table 11.1f
show that at F1 and FZ’ increase in seed rates did not influence thg 1000-grain
weight significantly. Howe§er, at FB’ 83 while remaining at par with S1
recorded significantly lower 1000-grain weight as compared to SZ.
Table 11.1f. Effecf of S x F interaction on 1000-grain weight (Pooled)

Seed rates ' ,F1 . ’ TFZ F3
S, k1.0 k1,6 - L2e1
5, ' bo.6 | 40,5 ~ ko,7
s3 ' | 39.8 .Lm.? | L1,
SEm+ Okt
CD5% ) | 1.2

The FYM rates did not differ at S, but at 82’ F

. recorded significantly

3

higher 1000-grain weight, At S F2 and'F3 while remaining at par with each

3)
other recorded significantly higher 1000-grain weight in comparison to Fq.

In the pooled analysis F x M interaction. was also found to influence

the 1000-grain weight significantly. The data presented in Table 11.1g reveal
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that at M1, F3 recorded the highest 1000-grain weight which differed significantly

from F, and F,. The latter two FYM rates were at par with each other. At M,

FZ resulted in maximum 1000-grain weight which remained at par with F3 but
differed significantly from Fq.

Table 11.1g. Effect of F x M interaction on 1000-grain weight (g) (Pooled)

FYM levels M, M, ,
L 4o, 1 : k0.9
F2 4o.3 : 42,0
Fy | 2o k1.9
SEm+ 0.2
. CD%% A 0.8

The surface method of FYM gpplication (MZ) however, showed its

superiority over incorporation method (M1) only at F. .

The second order of interaction S x F x M when pooled over three crop
seasons significantly affected the 1000-grain ﬁeight (Tgble 11¢2b)e The data

table reveal that at 82, F3M resulted in highest 1000~grain weight which was

1
. F . RN
at par with S1 3M2 and SBF2M2 and dlffefed significantly from rest of the

treatment combinations. The lowest 1000-grain weight was recorded at S1F2M1.

Table 411.2be Effect of S x F x M interaction on 1000-grain weight (Pooled)

Seed rat ' i
e e 5 Py * F s
ko6  28.5 Lq,6 44,5 Lo b L2,7
5, 39.6  39.6 Lh,2 41,7 kg2 k1,3
S3 Lo.0 k0.6 40.5 - 39.6 42,5 41,8
SEm+ 0.6 '

CD%% : 7.8
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Like grains/spike, in respect of 1000-grain weight also only those
interactions have been discussed which came out to be significant in the pooled
analysis. Other interactions, which were found to be significant during
individual years viz., Sx F, Fx M, Sx Fx M in 1982-83 and 1984-85 have seen

presented in the appendix section only(Appendix XX, XXIII and XXVI, respectively).

ke3.6. 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 diasgrammatically in Fig.6. The analyses
of variance have been given in Appendix IX,

(a) Grain xiéld: An examination of data presented in Table 12 reveals that dgring
all the 3 years, 10kag seed rafe resulted in lowest grain yield, ‘In 1982-83, it
was significantiy lower than 125 and 150 kg seed rates, The latter two seed rates
in turn were at par Qith each other. In 198384 éﬁd 1984-85 on the other hand
100 and 125 kg seed rates remained at par with each other but both resulted in
significantly lower grain yield when compared with 150 kg seed rate per hectare,
in the pooled analysis it was seen that each iécrease in seed rate
resulted in a significant increase in grain yield, Datal/f;able as well as Fig.6
reveal that the yield levels were quite low in 1983—84.'

In case of FYM rates it was seen that in 1982-83 and 1983-84 a
significant increase in grain yield was observed when tﬁe rate of FYM was increased
from 5 to 10 t/ha. Further increase to 15 t/ha did not result in a significant
increase., In 1984-85 as well as in the pooled analysis, however,'it wéé seen
that each increase in FYM application rate resulted in a éignificant increase

in grain yield,
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In respect of methods of FYM application it was observed that the
two methods did not influence the grain yield significéntly in 1982-83, However,
in 19832.84 aﬁd 198&-85 and in the fooled analysis it was observed that the
surface épplication of FYM proved to be significantly éuperior over.incorporation
of FYM into the soil,

S x F interaction effect that {nfluenced the grain yield significantly

1

in 1982-83 and 1983-84 have been presented in Table 1280 A perusal of the
data reveals that increase in seed rate and FYM rate increased the grain yield

significantly in both the years. In 1982-83, at F, and F, and in 1983.84 at

2

. F_ the grain yield increased upto seed rate Salwhich-remained ét par with S

2 3

and differed significantly from S

1
Table 12a. Effect of S x F interaction on grain yield kg/ha (1982-83 and
1983-84) ' :
Seed rates F 19?2-83 F 3 1383_84 F
1 2 3 1. 2 3
5, 1390 1744 2270 973 1029 1274
5, ’ 1935 2448 2ko2 1092 1456 1260
S, 2089 2588 2551 937 1412 1562
SEm+ , 151 88
CD% o 250

In 1982-83%, at F_ and 1983-84 at_F1, seed rates did not differ

3

significantly. However, in 198384 at F_, S, recorded maximum yield which

373

and SZ' The latter two seed rates remained at

differed significantly from S1

par with each other.

At fixed seed rate in 1982.83 at S and_SB,'and in 1982-84 at all the

2

seed rates the grain yield increased by increasing the FIM rate upto FZ which



9% B

remained at par with F3

at lower seed rate S1, F1 recorded the lowest grain yield which rempined at par

and differed significantly from F1. However, in 1982-83

with F2 and differed significantly from F3.

None of the interactions in the pooled analysis was found to influence

the grain yield significantly.

(b) Straw yield: The data on straw yield as influenced by different treatments
also presented in Table 12 show that during all the 3 years as well as in thé
pqoled analysis each increase in seed rates resulted in a significant increase
in straw yield, the highest Being obtained at 150 kg seed rate/ha. Table 12 as
well as Fig.6 show that in 1983-84 the yield level was quite lows

Like seed rates, in case of FIM rates also it was seen that during all
the 3 years as well as when the data were pooled each increase in FIM rate
‘resulted in a significant increasé in straw yield,

. The surface method of application of FYM showed its superiority over
the incorporation method ana_resultedvin significantly hiéher‘straw yield during
all the 3 years of experimentation as well as in the pooled analysis,
| None of the intéraction effects were found to influence the straw yield
significantly. |

(c) Harvest index: The data on the harvest index as influenced by different_

treatmeﬁts have also been presented in Table 12,

A perusal of the data table shows that the harvest index decreased with
fhe increase in seed rate. Where each increase in seed rate in 1982-83 resulted
in a significant decrease in harvest index, during rest of the two years as well
a5 in the pool(;d analysis it was seen that the lower seed rates (100 and 125 kg/ha)

remained at par with each other but both of them registered significantly higher

harvest index as compared to 150 kg seed rate/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. 1In the ppoled analyses
however, the effect was not significant. The methods of FYM spplication also,
did not influence the harvest index significantiy. Only in 1984—85 surface
method showed its superiority over incorporation method, None of the interactions
werq significant in the pooled aﬁalyses, only in 198384 in case of seed rate x
FYM rates (S x F) the interaction was found to influence the harvest index
significantly. The déta pretaining to the interaction have been given in

Appendix XX.

L4, PTant chemical studies

L L,4, Nitrogen content(%) in plants

The data on the N content in wheat plgnt 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 differént stages upto 38 WAS in all the three crop seasons
_ héve alsg been presented graphically in Fig.,7. The content in straw and grains
at harvest has been shown in Fig.8.
An examination of Fig.7 reveals that in general the N content in plant
was higher at 6 WAS and fell 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 rates significanély affected
N content (%) in the plant'dﬁring all 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
significantly with increase in seed rate upto 150 kg/ha but it wes at par with

125 kg/ha and differed significantly 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 rate resulted
in a significant increase in N content., In rest of the cases the N content

was more at higher seed rate (150 kg/ha) and it differed significaﬁtly from

100 and 125 kg/ha seed rates, However, the lower two séed rates were at par
with each other, |

In case of FYM freatments'the N content was affected significantly
during all the 3 years witﬂ £he exception of that in 1982-83 at 10 WAS. 1In
1982-83% at 6 WAS and in 198384 at 10 and 14‘WAS the significant increase in N
was found only upto F, level, 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 significant
increase in N content. During rest of the years at different stages, 5 and 10
t/ha FYM levels were found to be at par with each other but they recorded
significantly lower N content compared to 15 t/H@FIM,

Surface method of FYM application always recorded a higher N content
in plant and grains, Only in straw, in 1982-83 and 1984-85 the difference was
not significant,

S x F interaction significantly affected the N content at 6 WAS in
1982-83 and 1983184. The interaction effect data presented in Table 13a show
that almost at each level of FYM an incresse in seed rate resulted in
corresponding increase in N content, However, the significant increase was

found te be only upto 52 at F, and F2 in 1982-83, At F3’ only S_ differed

3
significantly from SZ' In 1983-84 on the other hand this influence was not

consistent, S3 albeit helped in accumulating highest N content but at F1 it

differed significantly from S1. At F2 it differed significantly from S_ whereas

2

at F_ it differed significantly from 51; At F_ it differed significsntly from

3 2

s2 whereas at F3 it differed significantly both from s1 a5 well as from SZ.
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With the exception at szan1982.83, at each seed rate, 15 t/ha (FB) FYM resulted

in highest N content during both the years and differed significantly from F1 and

F2 at S1 in 1982-83 and at 82 an‘dl 83 in 1983-84, The lower two FYM rates were
at par with each other. At 52 in 1982-83, F2 recorded the highest N content and.
differedvsignifiCantly from F1 and F3'
Table 93a, Effect of S x F interaction oh N content in plant at 6 WAS (1982-83
and 1983-84) ‘
Seed rates F 1922-83 F_ F 1983-84 F
1 2 > 1 2 3
s, 229 233 2.0 2.19 2.3 2.3
S, . 236 2.4k 2.38 23 2.3 2.50
S5 2.38 2,42 2.45 2,43 2.50 2.86
'SEmi - 0,02 - 0.05
CD% 0.05' | g 10415

Seed rates x FYM levels (S x F) interaction at 10 WAS as found to
influence the N content during all the 3 years of experimentation., The interaction
effect data presented in Table 13b show that at F, during all the 3 years and at

F2 in 1983-84 the significant increase was found upto S_ level only. At F_ and

2 2

F_ in 1982-8% and at F in“1983—84, S3 recorded the highest N content and differed

3 3

~significantly from 51 and 82

the difference was not significant at F

which in turn were at par with each other, Where

in 1983-84 at F, in 1984-85 each

2 3

increase in seed rate resulted in a significant increase in N content in plants.

At S, and S_ in 1982-83 the FYM rates viz., F.s F, and F, did not

1 2 2 )
differ significantly. At 33, the highest N content was observed at F3 which
differed significantly only from F1 and at F2° In 198384 at all the seed rates,

F1 resulted in lowest N content and differed significantly fromlF2 and Fj‘ The



STRAW. GRAIN
1982-83 @ @
2.0r F r -
L8t ﬂ gﬁ
:4 ;l :1
»" 1
- } !
Z ok " I
g " ;: "
@] h
g.) | ': "
= I
o5 L I': 1"
] .:
h l
° :
}
@
1" H
— “ l'
v h j
-~ :: i
~ 1.0} :' ;I
z HE I
"u‘, ‘l ':
§ h 2 I
" t
z osf ;: [ !:'
| H
" :'
0
2.0 {
a M
" "
. ' fe
_ 1.5 E ::
S i
n "
= o " 3
g :: h
o 1 p
(8] ’l ;I
Z 9.5} N l;
|" T
1 0!
[ " t;
L 2 p ' 4
0 St Sz Sy foo F? F) . M‘ H)
FIG.8 TREATMENT EFFECTS ON NITROGEN

CONTENT (g ) STRAW AND GRAIN



101

latter two FYM rates were at par with each other. In 198485 also the same

trend was observed at S1 and SZ, At 83; however, F3 which recorded the highest

N content differed significantly from F and F2.
Table 13b, Effect of 8 x F interaction on N content at 10 WaS (1982—83, 198384
and 1984-85)

Seed F 198§_83 F F ;983_84F F 1384-85 F
rates - 1 2 3 1 2 3 1 2 3
s, .26 1.30 1,32 .33 1.59  1.55 1027 134 132
S, 135 1.31 1.28 LAk 1056 155 - 1033 1.b0 .40
Sy 135  1.42 143 150 1,61 1.70 .37 1.36 146
SEm+ | 0.02 - 0.03 0.02
CDh 0.07 | , 010 \ 0.05

The seed rates x FYM levels (S x F) interaction effect at 18 WAS influenced

N content significantly in 1982-83 and 1983-84, The interaction effect data

!

presented in Table. 13c show that almost at each level of FYM increased seed
rate resulted in increased N content. In 1982-83 the significant increase was

found only upto 82 at F2 and F3 which remained at par with 53 and differed

significantly from $ At F1 each seed rate differed significahtly to one

1.

another,

Table 1%c, BEffect of S x F 1nteract10n on N content at 18 WAS (1982-83 and

19832-84)
Seed rates R F198 283 7 F 191?*3-84 F
1 2 3 , 1 2 3
5, 0.49  0.57  0.65 0.5%  0.61  0.66
s, 0.6k  0.63  0.73 0.59 0.59 0.71
53 0.58 0.63 0.75 0.60 0.64 0.90
SEm+ 0.01 0.0k

CD%% 0.0k 0o 11 ’
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In 1983-84 at F1 and FE’ S3 though recorded higher N content but each

seed rate remained at par to one another, However, at-FB, S3 recorded higher N
content and differed significantly from S1 and S2 but these two remained at par

with each other, At all the seed rates in 1982-83 and at S, and S5 in 198 384,

F3 resulted in highest N content and differed significantly from lower FYM rates,

A.t‘S1 in 198%-84 also F. resulted in highest N content but remained at par with

3

F_ and differed significantly only from F

2 1*

The 8eed rates x FYM levels x Methods of FYM gpplication (S8 x F x M)
interaction effect which was found to be significant at 14 WAS in 1982-83 and
1983;84 _(Table 13d) did not have a particular trend at increasing seed rates
when Compared’at different F x M combinations. However, at fixed seed rate, at

showed the maximum N content in both the years and differed significantly

4

s, F.M
332

from rest of S x F x M combinations.

Table 13d. Effect of S x F x M interaction on N content at 14 WAS (1982-83 and

1983-.84)
Seed rates M1 » _ Ma
F1 FZ F; F1 F 33
1982-8%
S, 0.53 0.59 0.56 0.62 0.62 0.63
32 0.53 0.60 0.58 0.64 0.63 0.64
s3 0.58 0.57 0.63 0.62 0.69 0. 74
SEm+ 0.08
CD%% 0.2
1985-84
S1 0.50 . 0.7 0.75 0.78 0.80 0.70
82 0,67 0.66 0.71 0.81 0.82 0. 74
S5 0471 0. 74 0.71 0.73  0.81 1.00 -
SEm+ .09

——— ’ o
CD% 0.3
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Some of the other interactions vize, S x F in case of straw and grain
in 1982-84, S x M in straw in 1982-83, F x M at 10 WAS in 1983-84 second year,
Fx M at 18 WaS 1982-83 were found to affect the N content, Since these inte?actions
were significant only for one season and have therefore been given in Appendices

XXI, XXII and XXIV, respectively.

bok,2, Protein content (%) in grain

The data pertaining to the effect éf different treatments on protein
content (%) in wheat grain have been presented in Table 14 and cofresponding
analysis of variance given in Appendix XI.

The data embodied in Table 14 show that the seed rate influenced the
protein content significently during all the 3 years as well as when the data
were pooled togefher. In 1982-83 and invthe pooled analysis it was seen that
each increase in seed rate froa 100 to 150 kg/ha resulted in a significant
increase in protein content. It is noteworthy that in 1983-84 and 1984-85 also,
the protein content was maximum at 150 kg/ha seed rate which in 1983-84 differed
significantly from 100 to 125 kg/ha, the latter two seed rates were at par with
each other. In 1984-85, 150 and 125 kg seed rates whilé remaining at par with
each other. recorded significantly higher protein content compared to that
obtained at 100 kg/ha. :

Further, while compariné FYM treatments.it was seen that'maximum protein
content was recorded due to 15 t/ha of FYM during all the 3 years and in the
.pooled analysié a5 well. Where in 1982-83 and 1983-84 an in the pooled analysis
each increasé in FIM level brought a significant increase in protein content,

in 1984-85, the difference between 5 and 10 t/ha FYM was not found to be

significant.
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Table 14, Protein content (%) in grain and protein yield (kg/ha)

Protein content (%)in grains ' Protein yield (kg/ha)

Treatments

1982-83 198%-8% 1985-85 Pooled _ 1982-83 1985-8% 1984-85

A.Seed rates (kg/ha)

100 9.3 9.8 10.0 9.7 180.5 108.0 1373
125 9.7 9.9  11.00  10.1 217.9  12k.3  160.5
150 1001 1043 112 10.6 239.1  135.6  2U9.2
SEm4 0.04  0.08  0.07  0.0k4 7.5 4.7 6.3
C.D.5% 0.1 0.2 0.2 0.1 NS 13k 18.0

Be FYM rates (t/ha)

5 9.2 9.7 1065 9.8 1740 98.5 151.6

10 9.8  10.0 10.7 1041 220.9  126.3  180.0

15 0.2 1043 11,0 10.5 2b2.6 43,2 215. 4
SEm+ 0.0k  0.08  0.07 0.0k 7.5 47 6.3
C.D.%% - 0.1 0.2 0.2 0.1 ‘ : NS 136k 18.0

Ce Application methods

Incorporation O. 4 9.9 10.3 9.9 198.9  114.8 160.3
Surface spplied 10.0  10.2 1.0 1.4 226.2  130.5 20b, 4
SEm+ 0.04  0.@7 0.08  0.03 6e 1348 14991
C.D.5% 0.1 0.2 0.2 0e1 NS 110 14.7.

CV.(%) 2.k 4.3 3.3 2.0 1743 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 FWM ().

The pooled S x F interaction.effect was found to influence the protein
content significantly., The interaction effect data presented in T;ble 1ta show
that at each FYM level an increaée in seed rate resulted in an increase in
protein content, Where each increase in seed rate resulted in a significant
increaée in protein content at F

s at F_ the significant increase was found only

3 1

upto S At F_, the significant increase was observed only by increasing the

2° 2’
seed rates to 150 kg/has On the other hand at each seed rate an increase in
FYM rates resulted in corresponding significant increase in protein content.

Table 14a. Effect of S x F interaction on protein content (%) in grain (Pooled)

Seed rates ] F1 F2 ?3
5, 9.2 9.7 10.1
S, - 9.9 1041 0.4
53 | 1041 10.4 11.0
SEma | 0,08
CD5%5, ' 0.2

The S x F interaction effect which wss also found to be significant

in 1982-83 and 1983-84 have been given in Appendix XXI.

L,4,3, Protein production (kg/ha)

The data on protein yield présqnted in Table 14 and analysis 6f
Vvariance appended in Appendix XII reveal that in 1982-.83, the seed rates did not
vdiffer significantly. In 1983-8%4, the significant incresse 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 %he
differénce was not significant in 1982-83. During rest of the two years each
increase in FYM level resulted in corresponding significant increase in protein
yield. : v -

FYM application meth.ods vd'id not differ significantly in 1982-83,but
in 1983-84 and 1984-85 tne surface application of FWM (Ma) was found significantly
superior to incorporation of FWM (M1) into the soil.

None of the interactions except § x M interaction in 1983-84 influenced
protein yield significantly; Since the interaction was significant only during

one year, therefore a mention of this has been made in Appendix XXII only.

Lo ke Nitrogen uptake in plant

Data on the uptake of nitrogen by piants at different stages and at
ﬁarvest (grain + straw) as affected by the main effects of this.study are - |
presented in Table 15. The data have also been presented graphiéally in '
Fig.9. Thé corresponding anélyses of variance have been given in Appendix XIII,

An examination of‘?ig. 9 reveals that‘in generél, the nitrogen uptake
wasS very loQ at 6’to 10 WAS. Thereafter the uptake incfeésad progressively

till harvest,

A perusal of the data pfesentéd in Table 15 shows that the increase
in seed rates resulted in co£re8ponding increase in nitrogen uptake du¥ing all
the 3 yeérs of e;perimentatidn. With tﬂé éxéeption of that of 10 WaS in 1984-85
and at 18 WAS in 1982-83% and 19832-84 eachbincreaSe‘in seed rate resulted in a

significant 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 rate/ha.
In 1984-85 at 18 WAS, the significant increase was noted only by increasing
the seed rate upto 150 kg/ha.

Likewise, in respect of FYM treatments also, during all the 3 years
of experimentation at all the stages of crop growth, the N uptake increased
with an increase in FYM levels, It was only at 1 WAS in 1982~83 and at 18 WAS
in 1983—84 that thé two higher and two lower levels of FiM, respectively
remained at par, ‘Otherudse each incresse in FYM resulted in a significant
increase in N upt ake, |

It was interesting to note that during all the 3 years of experimentation
" at 21l the stages of growth the surface applic’ation of'vFYM (MZ) resulted in
significantly higher uptake of N as compared to incorpbration methpd.(M1) of
F application. |

In 1982-83 and 1984-85, S x F interaction at 10 and 18 waS, F x M
interaction at 10 WAS in all the 3 years, S x F x M interaction in 1982-83 and
1983-84 at 6, 10 and 14 WAS were found to be significant.

| Table 15a presenting the interaction effect'of-s x F at 10 WAS shows
that at each level of FYM, each increase in seed rate resulted in corresponding

increase in N uptake. At F,, in 1982-83-and at F, in 1984-85 though the

3

significant increase was noticed only upto S_ level of seed rate but at rest of

2
the FYM levels each increase in seed rate resulted in a significant increase in

N uptake.

Table 15a. Bffect of 8 x F interaction on N uptake (kg/ha) in plants at 10 WAS
(1982-83 and 1983-84)

Seed rates 7 1382’83 ¥ F 1924-85 F
1 2 3 1 2 3
s1 262 2.6 2.7 241 246 2.8
5, 3.0 3.2 3.3 3.0 3.2 3.6
5, 3,2 34 3,7 3.2 ke 3.6
SEms 0.07 D 0,060

SILTA Ao Ao
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Likewise at each seed rate an increase in FYM level also resulted in
corresponding increase in N uptake; In 1984.85, each increase in FYM resulted

in a significant increase in N uptake. In 1982-83 also, F_, resulted in highest

3

N and both (F2 and FB) differed

significantly from F1. At 83, each increase in FYM rate, significantly incresased

N upteke but it was at par with F2 at S1 and S

the N uptake and all the FYN rates differed significantly with one another.

The data on the inflLence of S x F interaction at 18 WAS in 1982-83
-and 1984-85 have been given in Table 15be An examination of data table indicate
that at F3 during.both the years each ipcrease in seed rate resulted'in«
significant increase in N uptake, At lower levels of FYM in 1982-83, however,
the éignifiCant increase was‘found only upto Sz, whereas in 1984-85 for getting
a significant increase the seed rate had to be incressed to S level.

3

Table 15b. Effect of S x F interaction on N uptake (kg/ha) at 18 WAS (1982-83
and 1984-85) :

1982-83 1984-85
Seed rates ] T, ¥, T ¥, T,
5, 243 ‘ 28,4 33.5 25.0‘ 35.3 %.0
5, 327 336 39.0 . 294 3%,0 46,3
S5 : 0.4 3h.3 b2.8 k7.5 | 5548 73.6
SEm+ - 0.9 2.8
CDS% 2.5 8.1 .

3
the highest N uptake was obtained where FYM was applied @ 15 t/ha. With these

At fixed seed rates at 5, and S, in 1982-83 and at S, in 1984-85,

seed rates each increase in FYM levels resulted in significant increase in
uptake values, At S_ in 1982-83 and at 5, and 8

2 2 3
in highest N uptake, However, in 1982-83 F, and F, remained at par and differed

in 198485 also, F, resulted

significantly from F3 but in 1984-85 at S1, $F3 differed significantly only
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from F1 and at SZ’ it d%ffered significantly both from F1 as well as.from FZ.
The lower two FIM levels in turn remained at par with each other,

F x M interaction 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
all the 3 years of experimentation, With M1 in 1982-83 and with M2 in i983584
- the significant increase was fiound only upto F2 level whereas with M, in 198384

the significant increase was noted only by increasing the FYM level to F In

3
rest of the cases each increase in FIM level resulted in a significant increase
'invN upt akes

It wes interesting to note that at each level of FYM during all the
3 years of experimentation the surface method of FYM applicatiop (MZ) resulteé

in significantly higher uptake of N.

Table 15c, Effect of F x M interaction on N uptake at 10 WAS (1982-83, 1983-84

and 1984-85)
FH levels | M1 1982~832 m 1983-811;2 M11984-85M2
F, 2.6 249 2.3 2.5 26 . 2.8
F 2.8 33 2.1 33 2.8 33
F, 2.9 346 2.8 3.5 361 345
SEm+ 0.66 . 0.07 0.0k
CD5% 0.2 0.2 0.1

S x F x M interaction was found to affect‘the uptake of N in plants
significantly in 1982-83 and 1983-84, The interaction effect aata p;esented in
Table 15d indicate that du¥ing both the years S3F3M2 recorded the highest N
gptake. In 1982, it differed significantlybfrom S3F3N.I1 but was found tovbe at
par with it in 1983-84., During both the years the lowest uptake was recorded

. M.
with S1F1 1



I

Table 15d. Effect of S x F x M interaction on N uptake in plant 10 WAS
(1982-83% and 1983-84)

. % "2
Seed rates F1 Fa F3 F1 'Fz F}
1982-83
s, 1.8 2.k 24 2.k 2.7 . 3.0
s, 2.8 2.9 3.0 3.2 3.3 3.5
s3 - 3.0 3e1 3.2 362 3.8 b2
SEm+ 0.2
CDS% 0.6
198384
s, | 1.5 2.0 2.5 2.1 2.9 2.9
5, 2.5 2.7 2.9 2.6 2.3 7 35
53 2.9 2.7 3.0 “ 2.8 3.8 b1
SEms | . 0.5
CD% 1ob

At 14 WAS also S x F x M interaction was found to be significant
in 1982-83 and 1983-84, The interaction effect data presented in Table 15e
revegl that like that at 10 WAS, at this stage also during both the years

53F3M2 resulted in highest N uptake., At this stage it differed significantly

Table 15e. Effect of SxFxM interaction on N uptake in plants at 14WAS(1982-83
and 1983-84)

: M4 M2
Seed rates
F1 Fo. T3 Fe____ %2 F3
1982-83 :

Sq 16.6 1946 19.2 211 22.0 2247
S, 19.1 21,4 0.4 2341 23.7 . 2h.5
83 - 20.8 . 20.8 22.9 22,6 27.0 38.3

SEmz+ 1.0 :

CD%% . 2.9

, ) 198284

31 1045 15,6 . 17.6 17.5 18.2 17.9
82 o 16,2 15.9 17.2 . 19.6 21.3 20.6
35 17.6 19.9 20.1 18.6 2%.3 28.2

SEm+ : 1.3 )

CD%, 3,7
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from rest of the SFM treatment combinations. Also, during both the years
S1F1M1 resulted in lowest N uptéke.

The single year interaét;ons viz.,S x F at 6 WAS and gt harvest in
1983-8L4, SxM at 6 WAS in 1984-85, FxM at 6 WAS in 1982-83, FxM at 18 WAS in
1982-83, SxFxM in 1983-84 at 6 WAS also influenced N uptake in plant significantly
and have been listed in Appendices XXI,XXII;XXIV and XXVI, respectively.

4 4,5, Phosphorus content (%) in plant

1
The data pertaining to the influence of main effects on phosphorus

content in plants at different stages of growth viz., 6, 10,14 and 18 WAS have
been presented in Table 16. The corresponding analyses of variance have been given
in Appendix XIV, 'The data have also been presented'diagramatiéally in Fng10.

An examination of Fig.10 reveals that the content of phosphorus in
the plant fzll linearly wiéh the advancement in growth stages during all the
3 yearse.

A perusal of the data presented in Table 16 show that tﬁe seed rates
influenced the P conteht significantly. At 6 WAS in 1983-84 and 1984-85, at-
150 kg seed rate/ha the P.coﬁtent waes meximum and differed significantly ffom
100 kg. 125 gg seéd rate did not differ significantly from 100 and 150 kg/ha.
At 211 the stages in 1982-83, at 10 WAS in 1983-84 and at 10, 14 and 18 WAS in
1984-85 it was seen that Qach increase in seed rate regulted in a signifiCanﬁ
increase in P content. At 14 and 18 WAS in 1983-84, 150 kg seed rate/ha
recorded the highest P content, which remained at par with 125 kg seed rate/ha
but differed significantly from 100 kg seed rate/ha.

In respect of FYM rates it was observed that invariably each increase

in FYM rate resulted in a significant increase in P content but at 14 WAS in
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1982-83 and at 18 WAS in 1984-85, 15 t/ha FYM recorded maximum P content and
did not differ significantly from 5 and 10 t/ha levels, but these lower two
levels of FYM were at par with each other. On the other hand at 14 WAS in
1983-84 and 1984-85 the significant increase in P content was recorded only
upto 10 t/ha FYM level.

Methods of application of FYM influenced the P content significantly
ét all the stages of crop growth, during all the 3 years of experimentation and
it was seen that surface application of FYM recorded higher P content and
differed significantly from incorporation method.

Some of the interactions viz., S x F at 6 and 10 WAS in 1982-83 and
1984.85 and at'14 WAS in 1983-84 and 1984-85 were found to be significant.

In S x F interaction at 6 WAS in 1982-83 and 1984-85 presented in
Table 16a it was seen that at F, in both the years with the increase in seed

1

rate the significant increase in P content was found only upto S2 level., Where
the seed rates did not differ at F2 FYM level, at F3' during both the year it
was seen that for bringing a significsnt increase in P content seed rate had
to be increased to 150 kg/ha.- On the other hend at fixed seed rates at S1 in

1982-83% and at S1 and 52 in 1983-84 it was seen that an increase in FYM rate

increased the P:conteﬁt and‘F3 resulted in maximum P content but it was at par

Table 16a. Effect of S x F interaction on P content at 6 WAS(1982-83 and 1984-85

Seed rates F 1282?83 AF T 1285'85 T
1 2 3 1 - 3
S, 0.139  0.163 - 0.168 0.137  0.164 0,167
S, . 0.155- 0.154 . 0,168 0.150 0.164  0.167
S5 ’ 0.152 0,162  0.182 0.150  -0.163  0.181
SEm+ 0.003 0,004 .

CDY, 0.009 0,010
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with ¥, and differed significantly only from Fo At 32 3

recorded the higher content of P and differed significantly from F1 and F2 but

the latter two FYM levels remained at par with each other. At 83 during both

also in 1982-83, F

the years however, it was seen that each increase in FYM resulted in a
significant increasse in P content.
In S x F interaction at 10 WAS in 1982-83 and 1984-85 (Table* 16b) it

was seen that at F1 during both the years and at F_ in 1982-83 the highest P

3

content was recorded at 150 kg seed rate/ha which differed significantly from

S1 and 82 but the latter two seed rates remained at par with each other. At

FZ’ in 1982-83, each increase in seed rate resulted in significant increase in
. P content, At FB' in 1984-85, the seed rates did not differ significantly from

one another. At a constant seed rates at S, and S2 during both the years it

was seen that each increase in FYM resulted inccorresponding dsignificant'increase
in P.content in plants. At 83, the differences were not significant in 1984-85

but in 1982-83 it was seen that though*Fs resulted:in highest P content but it

was at par with F2, Fﬁ and F_ in turn remained at par with each other.

>
Table 16b. Effect of S x F interaction on P content at 10 WAS (1982-83 and
1984-85)
Seed rates 7 ;982’83 7 7 198;-85 T
1. 2 3 1 2 3
s1 0.110 0.120  O.1l49 0.106 0.119 O 143
s, 0.118  0.133  0.148 0.118 0.137  0.153
S5 0.1%1  0.149  0.153 0.143 0.1k2 04155
SEme  0.003 0,005

CD% 0.009° 0.013
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S x F interaction also influenced the P content significantly at 1k
WAS in 1983-8%4 and 1984-85, The interaction effect data presented in Table 16¢

Show that at F1 and F_ in 1983-84 and at F;] and F_ in 1984-85 though the

3

highest P content was observed at S

2

but the significant increase was noticed

3

only upto S2 level, At F_ in 1983-84 and at F

2 3 >

in 1984-85 also, S, resulted
in highest P content but the difference.due to seed rates was not significant

in the former case. In the latter case also for bringing a significant

difference wthe seed rate had to be increased to S, level,

. 3
Table 16c. Effect of S x F interaction on P content at 14 WAS (1983-84 and
- 1984-85) o
Seed rates 1283-84 F F 1934_85 F
Fy 2 3 1 2 3
S, 0.068  0.108 0.107 0,082  0.110  0.110
5, 0.107  0.110 0.118 06115  0e115  0.110
5 0.113  0.112 0,121 0.127 04117  0.4%0
SEm+ 0.002 , 0.004

CD%% 0.006 0.012

At a fixed seed rate the effect of FYM at this stage was not
consistent over the years. At 51 during both the years the significant increase

in P content was found only upto F2 level but at S_ where the differences were

2
not significant in 1984-85, in 1983-84, F1 and F2 while remaining at par with

each other recorded significantly lesser P content compsared to F_, The same

3‘
trend was noticed at 83 in 1983-84 also., In 1984-85, however, F1 and F3 while

remaining at par with each other recorded significantly higher P content

compared to FZ'
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Some of the interactions viz., S x F at 18 waS-in 1984-85, F x M at
6 WAS in 1982-8%, S x F x M at 14 WAS in 1984-85 which were found to be
significant only for one season have been presented in Appendix XXI, XXXV and

XXVI, respectively.,

[

L,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 rates did not
influence the P content in straw significantly during all the 3 years. In grains
also none of the seed rates influenced the P content significantly in 1982-83,

In 198384 it was observed that 150 kg seed rate/ha recorded highest P content
which differed significantly only.from 100 kg seed rate/ha. In 1984-85, the

trend was reverse in the sense that the P content in grains wasvmore at 125ké

seed rate which while remaining af par with‘100 kg seed rate differed significantly
from 150 kg seed rate/ha.

In respect of FYM treatments it was noticgdvthat the per cent P in
straw in 1982-83 and that in grains in 1983-84 was not influenced significantly
by FYM levels, In 1983-84 and in 1984~85 in case of straw and in 1982-83 in
case of graiﬁs the higﬁest P content was obtained at the 15 t/ha FYM which
differed significantly from 5 and 10 t F¥/ha, The latter two FYM rates were
at par with each other, 1In 1584—85, the.significant increase in P content was
noticed.only upto F2 level.

| The methods of application of FYM influenced the P content in straw
significantly in 1983-84 and in grains in 1982-83 where it was seen that surface
method of FYM application recorded‘significantly higher P contént compared to

that of incorporation,
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S x F interaction e€ffect influenced the P content in straw significantly

in 1983-84 and 1984-85. The interaction effect data presented in Table 16d. show

’

that the seed rates did not influence the P content significantly at F1 and F2

in 1983.84 whereas at F3 during the same year and at F2 and F3 in 1984~85 for
/

bringing a significant increase in P content the_éeed rate had to be increased

to s3 level. At Fq, in 1984.85, the highest P content was observed at s2 which

differed significantly from S1 and S,. The latter two treatments remained at par

3

with each other., .

Table 16d. Effect x S x F interaction on P content in straw (1983-84 and 1984-85)

Seed rates, F 1%83‘84 T T ‘198g-85 7
1 2 3 . 1 2 3
S, 0,027 0.028 0.027 0.023 0.027 0.023
s, 0.030 0.028 0.027 0.029 0.025 0.025
| S5 . 0.022 0.027  0.035 . 0.027  0.031 0.031
SEms 0.001 o 0,002
CD5% 0,003 0.005

While cdmparing‘the FYM rates at varying seed rates, it was observed

that in 1983-84, at §_ and S, and in 1984-85 at all the seed rates none of the

FYM rates differed significantly from one another, However, in 1983-84, at 83

each increase in FYM resulted in a significant increase in P content in straw.

L. 4.7, Phosphorus uptake (kg/ha) in plents

The data pertaining t; the effect of different treatments on P uptake
at differeﬁt stages of groﬁth by plants have been presented in Table 174 The
corresponding analyses of variance have been given in Appendix XV. The treatment

effects to show the progressive uptake have also been illustrafed graphically

in Fig.11.
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An examination of Fig.11 reveals that the uptake'of P during all
the 3 years tended to be more or less sigmoid in nature indicating that the
uptake of phosphorus was at a féster 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 slowe

A perusal of data contained in Table 17 indicates that at all the
stages of growth during all the 3 years, phosphorus uptake indreaéed’with the
increase in seed rates were not the exception of that at 10 WAS in 1984-85
where th% differences due to seed rates were not significant. At resf of the
stages during all the 3 years, each increase in seed rates resulted.in a
Vsiv.gnifiCant increase in the P uptake. Similarly each increase in FIM rate
resulted in an increase in P uptake also., In this case also the differences
were not significant at 10 WAS in 1984-85, At 18 WAS and at harvest in 1984-85
for getting a significant increase in P uptake the FIM rate had to be inéreased
to {5 t/ha.

The application methods of FYM also influenced P uptéke‘significantly
in all the three years at differént stages. The surface application of‘FYM
resulted in higher P uptake‘and differed significantly from the FYM mixed in the
soil, exéept af 10 WAS in 1984-85 during which the FYM applicatign methods did
not differ significantly. |

Bome of the interaction effects vi?.,'s x F at 14 WAS in 1982-83 and
198485, 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 significantly.

In S x F interaction effect in 198384 and 1984-85 presented in Table

17a it was seen that in 1983-84 at Fos 53 resulted in highest P uptake which
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remained at par with S2 and differed significantly from S Same trend was

1.
observed in 1984-85 at Fa. At F2 and F3’ in 1983-84, each increase in seed rate
resulted in a significant increase in P uptake,

Table 17a. Effect of § x ¥ intersction on P uptake at 14 WAS (198384 and 1984-85)

198384 1984-85
Seed rates F, F, F, F, F, F,
s% 1,46 2439 2,60 2,29 3.28 3.51
s, . 2.61 2.66 3,09 - 2.68 3.77 377
S, | 2.82 3.12 3,47 kol 4,05 k.53
SEm+ : 0.09 0.15
CD5% 0.25 0.45

In 1984-85 also, at F1 and F3’ 150 kg/ha seed rate resulted in the

highest P uptake and differed significantly from S1 and SZ' The lower two seed

rates remained at par with each other. Furthef. at fixed seed rates viz., S1

“and 82 during both the years, F2 and FB‘while remaining at par with each other

recorded significantly higher P uptake compared to F1. At S, during both the

39
years, FYM @ 15 t/ha recorded the highest Pluptéke but in 1982%-84 where each
increase in FYM resulted in a significant increase in P uptake in 1984<85, 15
t/ha FM (FB) differed significently only from 10 t/ha (FZ)-

The F x M interaction effect at 6 WAS in 1982-83 and in 1983-84 presented
in Table 17b shows that in 1982~83 with FYM incorporated in the soil (M1) to get
a significant increase in P uptake thé FYM rates had to be increased to F3 level.

In rest of the cases during both the year each increasse in FIM rate resulted

in a significent increase in P uptake,
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It was interesting to note that at each level of FYM during both the
years the surface method of FYM application resulted in significantly higher P
upt ake.

Table 17b, Effect of F x M interaction in P uptake at 6 WAS .(1982-83 and 1983-8%4)

FYM levels o 1982‘83 v 1985-84 y
. 1 _ 2 1 2
F, 0.073 0.079 0.053 0.063
F, 0.078 0.093 | 04062 04067
Fj 0.088 0.1 ' | 0.068 0,092
SEm+ 0.002 ' 0,002
CD%% 0.005 0.006

The F x M interaction in 1983-84 and 1984-85 also influenfed the P
uptake at 14 WAS (Table 17c). The data table shows that with both the methods
of application of FYM, each increase in the rafes of FYM resulted in corresponding

significant increase in P uptake,

Table 17co Effect of F x M interaction on P uptake at 14 WAS (1983%-84 and 1984-85)

FYM 1evéls = 1983'8hﬁ L= 1984-35 =
1 2 1 2
| F . 2.25 o 2.38 3,08 3.60
F, 2,54 2.87 | 3.48 3.92
s 28 | 3431 3.48 L 46

SEmz, . 0.06 ,v . o

CD%% 0.18 0. 31
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As regards the methods of application of FYM it was seen that at F1 in
198%-8%4 the two methods did not-differ significantly but in rest of the cases
surface application (MZ).always reéulted in significantly higher P uptake.
| The interactions, 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 & M at harvest in 1983-84 which were found to be

significant only for one year have been presented in Appendix XXI, XXIV and

XXVI, respectively.

4L.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 in Table 18, The analyses of variance for respective
years have been presented in.Appendix XV. ' The data are also illustrated
graphically in Fig.12. '

An examination of Fig.12 reveals that the content of K during all 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 Tabtle 18 indicates that the seed
rate treatments did not influence K contént significantly at 6 WAS in 1983-84,
at 10 WAS in 1983-84 and 1984-85 and at 18 WAS in 1984-85. However, at 6 WAS
in 1982-83, it was observed that 150 kg seed rate/ha resulted in the highest K
content which differed significantly from 400 kg seed raée/ha but 125 kg/ha seed
rate remained at par with 100 and 150 kg/ha. In 1984-85, at 6 WAé, more K
content was observed at ﬁEO kg/ha and; differed significantly from 100 and 125
kg/ha, the latter two seed'rates rémained’at par with each other, Similar trend
was also observed in 1984-85 and in 1983-84 at 44 and 18 WAS, respectively, In

1982-82 at 10 WAS, each increase in seed rate 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 1983-8L at 1k WAS.

In respect of FYM rates it was seen that these treatments did not
influence significantly the K content at 6 and 10 WAS in 1983—84 and at 18 WAS
in 1984-85, However, at 6 WAS in 1982-83, each increase in FYM rate resulted
in a §ignifi0ant increase in K content, More or less a similar trend was
observed in most of the cases but at 14 WAS in straw as Qell as in grain in
198284, in straw in 1982-83 and in straw as well as in grain in 1984-85 the
FYM application rate had to be increased to 15 t/ha to get a significant
incrgase in K content,

'The surface method of FYM application ;lwayslresulted in higher K
content but the difference was not significant at 6 and’10 WAS in‘1983-84, at
18 WaAS in 1982483 and 1984-85 in straw in 1982-83 and in grains in 1984-85.

None of the interactions affected the K contedﬁ.in the plant

significantly.

404.9..Potassium uptake (ke/ha) in plants

The data in respect of K uptake in plants as affected by the main
effects of thé study at different stéges 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 aléo been illustrated graphically in Fige.13.

An examination of Fig.13 reveals that in general, the K uptake during
three crop seasons in all the treatments was less in early growth stages of

'plants between 6 and 10 WAS but it got speeded up at 14 WAS. The rate of uptake
got slowed down from 14 ta 18 WAS and thereafter the uptake vealues 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 1982-8% and 1984-85 and 14 WAS in 1982-83, each incre;se in seed rate
resulted in a sigPificant increase in K uptake‘throughout the course of the
investigation. At these stages the significant increase was observed only upto
125 kg/ha seed rate,

In respect of FYM rates it wes noticed that at all the stages of crop
growth during the 3 crop seasons eachrincrease in FIM rate resulted in a
significant increase in K uptake.

The surface agpplication of'FYM was superior to incorporation method
and it always resulted in significantly higher uptazke of K.

F x M interaction at 6 WAS in 1982-83, and F x M and § x F x M
interactions at 10 WAS in 1983-84 because of being significant only for one

‘Yyear have been given in Appendix XXIV, and XXVI, respectively.

4,5, Soil Studies

k,5.1. Soil temperature

With the exception of rainy days séil temperature was recorded daily
between 12 noon to 2 P,M, from the start of seed emergenée i.e;13 January to
end of February during two crop seasons viz., 1982-83 and 1984-85, Due to rains
on 26, 27, 28 and 29 January and on 13, 14, 15, 23 and 24 February in 1983 and
on 26 and 27 Jamuary aﬁd L4 and 20.February in 1985, the observations cauld‘not
be taken. The study was limited to one replication only. The statistical
analysis wgs therefore, not possibie 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 soil temperature in general registered a decline.

The highest temperature was recorded at 100 kg seed rate/ha and the lowest at
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Tableépf’:'?Tfééihéhtieffecté on soil temperature (°C) in-0sBem depthufiom 1% January
7 to .28thv: February{1983 and 1985).

Dates = i{Seed ratés (kg/ha) FYM rates (t/ha) Application methods:
- 71000 125 150 5 10 15 Incorporation Surface
) : : : . applied
, _ 1983 ,
January 13 16,1 15.8 1540 5.1 15,5 . 16,3 14,7 16.6
14 18,3 18,0 17.8 17.8  18.1 18.2 171 19.0
15 1%.0 - 12.9 12.8 12,6 12.6 13,2 11.9 13.9
16 16,6 16, 16,2 16,2  16.3 16.7 ©15.8 17.4
7 8.2 7.4 1749 17.1 17.4 18.2 1643 18.8
18 -16.8  16.6 1502 15,5 15.9 16.3 1541 16,6
19 19.3  18.8 18,1 1.9 8.7 19.5 . 17.8 19.6
20  21.9 215 20.6 21.2 213 21.6 ' 2.1 22.6
21 15.7 19 ka1 4k 18 1505 1309 15.9
22 19.2 18.6 = 18.0 8.1 18.6 19.1 7 1747 19.5
23 7.9 17.k4 17.0 16,6 7.5 18,3 160k 18,6
2k 1847 8.3 174 7.6 18.1 18.7 1741 19.2
25 7.1 16,6  16.3 16,0 16,7 17,4 15.7" 17.6
30 16,0 15.0 147 b8 1541 15.7 .2 1643
31 17.9 175 16,8 7.0 17.2 179 6. 4845
February 1 17.1 16.6 16.0 16.3 1646 16.9 15.5 © 17.6
2 15.2 b6 bk qh3 qb7 15.0 13.5 15.9
3 18,5 17.8 17.0 17.2  17.7 18,4 16,5 19.0
L, 16,8 16,4 15.6 15.9 - 16.2 16.6 - 1543 1701
5 17.0 164 T 15.7 15,9 16.3 1649 1544 17k
6 22.8 22,3 21.6 21,6 22.1  23.0 2141 23.3
7 19.0 18.3 17.2 1748 184 ¢ 18.5 172 19.1
8 22,7 231 22,k 22.7 23.0 23¢5 . 2242 24,0
0 23.2 " 22.6 21.9 224 2245 22.8 21.7 23,4
10  21.5 21.0 20.2 20.6 20.8 2143 20,0 21.8
11 21.6 21.2 .20.5 20.5 21.3 . 21.5 20.0 221
12 19.5 19.0 184 18.5 19.0 19.4 18.1 19.8
16 2b.1 23.6 22.9 22.9 -~ 23.5 = 24.1 22.4 2l 6
18 25,6 25.1 2h bt | 24,5 25.1 25.5 24.0 2641
19  17.1  16.6 1549 16.0 16.6  17.0 15.6 17.4
20 17.9  17.b 16.7 171 1743 17.6 16.3 184
Contd,
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" Dates App}ication methods.
’ __100 125 150 5 10 15 Incorporation Surface applied
February 21 21,8 21,2 20,6 20,6 21.1 21.9 2.2 22.2
22 21,3 2.8 20,1 0.1 20,8 213 19.8 21.7
25 22,6 22.2 21k 21,5 22.0 2247 2101 2340
26 18.9  18.5 17.8 ~ 18.0  18.4 18.7 . 1547 19.3
27 213 2140 20.3 20.6 20,8 2141 19.8 21.9
26 kb 13,9 13.2 13,1 13.8 14.6 129 - 14.8
)

January . 13 16.7 1642 15.6 15.5 16.2 1647 151 17.2
14 19.9 19.3 18.5 18.8  19.3 19.6 1841 20.3
15 16.3 | 1547 15.0 15.2 1547 161 1.7 16.6
16 141 13.6 13.0  12.8  13.5 143 12.6 14,6
17 5.4 7 4h0 k3 b7 1541 13.6 15.8
18 179  17.3 1647 17.6  17.2 17.6 1643 1843
19 1Be1 1746 16.9 17.0 1745 1841 - 16,7 104 1t
20 19.0 18.8 18.2 18,2 18.8 19.0 17.6 19.7
22 194 8.9 8.2 8.3 18.9 19.3 17.8 19.8
23 17.4 6.9 16.2 16.2 16,9 17.4 15.8 17.9
ok 16.7 16,3 15.5 15.3  16.2 17.0 1541 17.3
25 17.7 174 16,8 16,8 17.1 17.9 16,2 17.4
28 16,6 16.0  15.2  15.6 15.9 1643 1540 16.9
29 1.5 18.0 17.3 17.5  18.0 18.4 17.0 18.9
30 191 18.6 17.9 18.0  18.6 18.9 1745 19.5
31 19.2  18.6 17.9 18.0 18.6 "19.1 17.6 19.3
CFebruary 1 18.8  18.2  17.5  17.5  18.2 18.7 17.0 19.3
2 7.6 17,2 16,4 16,7 17.0 17.6 16,0 181
3 19.2 8.7 18.0 18.3 18.6 19.1 176 19.7
5  18.2 17.8  17.0  17.2 17.6 = 18.2 1647 18.7
6 20.9  20.4 19,8 19.8  20.3 21.1 193 214
7 18.5 18,0 17.3  17.6  17.8 1843 1649 19.0
8 20,2 19.7  19.3  19.2 19.7 20.3 18.8 20.6

9 19.3 8.8 8.1 179 18.8 19.3 - 17.8 19.6

g

Table

138 a

Contd.'

Seed rates (kg/ha)

FYM rates(t/ha)

Contd,...
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Table Contd,

Dates Seedirates (kg/ha) FYM rates (t/ha) Application method
100 125 150 5 10 15 Incorporation Surface applied

February 10 20;5 2.0 1%2 19%.6 19.8 20,2 87 27¢1

11 8.9 8.k 18,0 8.1 8.4 18,8 17.2 1947

12 204 19.9  19.2 19.2 19,8 . 20.4 . 18,6 2049

13 19.9  19.3 8.6 18.8  19.3  19.7 8.3 0.2 ‘

b 2009 2002 194 197 20.0 20,8 193 212

15 21.4 20,9 20.2 20.4  20.7 21.h 9.4 22.3

16 22,8 22,2 21.5 21.9  22.1 22.5 2141 2363

17 2k.5 24,0 23.2 23.4 23,8 2k, 2 22.8 2k.9

18 2k,9  ob bk 23,6 23.6 bk 24,8 23.0 25.6

19 24,5 24,0 23.5 2%.2 2h.0 24;7 22,2 2542

21 17.1  16.6  15.8 15.8  16.5 17.3  15.2 . 17.8

22 22,0 21.5 0.7 2.9 2.k 220 2045 2243

23 229 22.%  21.7 21.8 22,4 22.9 21.4 2%.3

2k 2h.6 24.0 23.3  23.5 23.8 24.6 22.7 - D3

25 5.5 2M.8 2k 22 26 25.3 23.3 26,1

26 21.9 214 20.6  20.7 213 21.8 0.2 2.3

27 2k.9  2hl 2h.1 2%.9 2k b4 2k b | 23kt 5.4

28 25,9 5.2 2bh 2b6 25,3 25.3 240 . 26.3
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150 kg/ha. The decline in soil temperature ranged from 1. 3 to 0.8°%C in

1982—83%an;;from 1.3 to 1.1°C in 198485,

Contrary to‘this the increase in FYM ratesﬁ;egistered an iqcrease
in soil temperature and the increase ranged from 0.8°C to 1.3°C.in 1982~83 and
from 0.9°C fb 2.0°C in 1984-85, as the rate of FYM was increased from 5 to
15 t/hé. , \ v . ’

While compafiﬁg the methods of application of FYM it may be noticed
that surface application of FYM tended t§ enhance the temperature of soil
surface. Therincrease ranged from 1.99C 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 soil.

- -~

4.5.é. Soil moisture content (%)

'ébserQations on soil moisture content in 0-15 cm soil depth were taken
after 7tdajs‘of each rainfall on different dates and at harvest during the 3
crOp‘seésdns: In this manner, there Qeré at least six observations which were
common during each year. The data were analysed statistically and hence given
in Table 21. The”corfeSponding analyses of variance have been given in
Appendlx XVIII | |

An examlnatlon of data table 1nd1cates that in general the soil

moiétu?eicontent was_hlgh when a low seed rate of 100 kg/ha was used, However,
theée differeﬁces due to seed rates were not significant during the 2nd and 4th
observatlon in 198485, 5th observation in 1982—83 and at harvest in 1983-84,

Durlng 1st 2nd and 3rd observation in 1983—84 1st observation and at harvest

in 198h~85 and 2nd observatlon in 1982-83, 100 kg seed rate/ha which resulted

in hlghESt 5011 m01sture content differed significantly from 125 and 150 kg seed
rate/ha.; The 1atter two seed rates were at par with each other. During Ist

observatlon in 1982-83, 3rd obserVatlon in 198485 and during 4th and Sth
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observation in 198384 the soil moisture content in lower two seed rates was
statistically similar but was significantly higher than tﬁat in 150 kg seed
rate/ha. . 3

During 5th stage in 1984-85 each increase in seed rate resulted in
significant decrease i; soil moisture content,

Contrary to the effect of seed rates the soil moisture content was
highest where FYM was'applied at the rate of 15 t/ha. During Ist observation
and at harvest in 19832-84 and at harvest in 1982-83, each increase in FYM rate
resulted in a significant increase in so0il moisture content, Where the
differences due to FYM rates during Ist observation in 1984-85, and during S5th
observation 1983-8k4, the differences due to FYM rate were not significant in
rest of the observafions during different years. It was seen that 15 t/ha FIM
"always resulted in significantly higher soil moisture content coﬁpared'to
5 t/ha.

It was interesting to note that surface applicétion of FYM always
resulted in significantly higher soil modsture content COmpared'to incorpora£ion
method during all the observations,‘duriné different years of experimentation.

S x F interaction in Ist observation in 1983-84 an§ 1984-85 aﬁd at
harvest during all the 3 years of experimentation influenced the soil moisture
content significantly.

S'x F intéractioﬁ during Ist observation presented in Table 22a
reveals that with the exception at F1 in 1983.84, at rest of the FYM levéls,
the lower seed rate (81) resulted in higher soil moisture content. At FE'
during both fHe yéars; it resulted in significantly higher moil moisture content
compared to 8

5 and 53. The latter two seed rates were at par with each other.

At F,, 1983-8k, it differed significantly only from S,. At ,F1, during the
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Same year, S2 resulted in higher moisture content compared to 81 and 53
whereas the differences were not significant at this level of FYM in 198485,

Table 22a. Effect of S x F interaction on soil moisture content durlng 1st

observation (1983-84 and 1984-85)

Seed Tates = 19%3:84 = = 198;‘85 =
_ 1 2 3 1 2 3
S., 19.6 23.6 25.3 6.2 27.0 29.1
S, 22,0 20,7 2%.8 5.1 284 25.1
LS5 193 2%.5 2247 L 252 2l,5 26, L
SEms+ 0.5 0.8 |
CDS% 1k 2.3

With the increase in FYM rates, in general, there was an increase in
50il moisture content but in some cases, the significant increase was only upto

F2 level whereas in some cases to get a significant increase the FYM level had
' rd

to be increased upto F_, level., The FYM levels however, did not differ

3

significantly from one another at 51 in 1983-84, and at S, in 1984-85.

3
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 8 x F interaction on soil moisture content at harvest

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

Seed 1982-83% : 198384 1984-85

rates F. F, F, F, F, F, F, F, F,

S, 10.2 12.8  13.2 . 9.6 13.6  15.3 123  10.2 12.1

S, 10.8 0.4 12,7 12.0 0.7  13.7 1065 10.3‘ 115

s3 8.8 1.9  12.3 9.5 13.5 12.7 9.0 9.9 11.0
SEm. s 0.5 | 0.5

CD%% 1.6 10k 1.6
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At harvest, the soil moisture content almost approached the permanent
wilting point and therefore, the effect due to different seed rates was not
consistent during the 3 different years., While eiamining the effect of FYﬁ rates
at different seed rates the general trend was that the higher rates of FYM tested
brought comparatively higher soil moistupe content, a few exception during one
of the other year notwithstanding.

\ Some of the interactions viz., S x F_ and 8 x F x M during 2nd

observa£ion in 1982-83, which influenced the soil méisture content pnly for one

year have been given in Appendix XXI and XXVI, respectively.

Lk,6. Physico-chemical properties

Data pertaining to the effect of different treatments on soil reaction
(pH), bulk density (B.D.), available nitrogen, phosphorus and potagsium,.total
nitrogen and organic carboﬁ (%) in soil left 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,

beBfe Soil pH

As regards the change in soil pH it was observéd'that seed rates did
not show a partiéular trend but in respect of FYIM rates, it was seen that an
increase in FYM resulted in corresponding decrease in soil pHe. The surface
method of FYM application registered a marginal decline in soil pH,
L,6.2, Bulk density

Seed rates did not influence significantly the bulk density during any
of the years. 1In respect of FYM rates, it was noted that the increasing rates
of FYM decreased the bulk Aensity. The highest rate of FYM (15 t/ha) recorded
the minimum bulk densify. In 1982-83, it differed significantly from 5 and 10
t/ha FYM and in 1983-84 while remaining at par’with 10 t/ha differed significantly
only from 5 t/ha. In 1984-85, however, each increase in FIM resulted in

significant decrease in bulk density. The surface ampplication of FYM always
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recorded a lower bulk density which differed significantly from the incorporation
method.

'S x F x M interaction in 1984-85 that influenced bulk density has
been presented in Appendix XXVI,

L4,6.3, Available soil nitrogen

" A perusal of data on available soil N alsé'presented in Table 22
indicates that during/all the 3 years, the available s0il nitrogen after the
»harvest of the crops was not influenced significantl& due to seed rates, in-
respect of FYM treatments, ié wes observed that in 1983-84% and 1984-85 these
also did not influence the available soil N significantly. But in 1982-83,

FYM applied @ 15 t/ha recorded the highest available soil nitrogen which,however,
differed significantly from 5 t/ha only, While comparing the methods of FYM
application it was seen that though surface application resulted in higher

available s0il N but the difference was significant only in 1984-85,

4,64le Available phosphorus

The data pertaining to the effect of different treatments on available
soil phosphorus left after the harvest of the crops have been presented in Table
22.  An examination of the data shows that the seed rates did not influence the
available P in soil significantly after the harvest in 1984-85, However, in
1982-8% it was observed that each increase in seed rate.recorded a Significant
decrease in available soil P. In 1983-84 the decrease was significant only

upto S_ level 125 kg seed rate/ha.

2 .
In respect of FIM rates it was observed that in 1984~-85 the available
s0il P was not influenced significantly by FYM rates. In 1933-84 whereas in

1982-83 each incfease in FYM level resulted in a significant increase in available

soil P, The increase in 1983-84 was significant only upto 10 t/ha.
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The methods of application of FWM in 1982-83 and 198384 did not
influence the amount of soil available P significantly."ﬁowever, in 1983-84
it was observed that surface application of FIM recérded signifidantly more
availsble P in cémparison to the incorporation of F¥M in the soil.

Thels x M interaction in 1983;84 and 1984-85 influenced the soil
avail?bie P after harvest significantly, The data have been presented in
Table 22a. The interaction effect data table indicates that the seed rates
with either of methods did not influence the ‘available soil P in 1984-85, but
in 1983-84 the higher amount of available soil P was observed at S, with both

Assiwesd arle povv Lindt

the methods. With M1, S1 differed significantly from S2 énsz3 but with M2’

S1 and S2 while remsining at par with each other recorded significantly higher

available soil P as compared to SB.
Table 22a. Effeé¢t of S x M interaction on available .soil P after harvest
(19832-84 and 1984-85)

Seed rates M 198584 M M 12805 M
1 2 1 2
S, 0.9 22.8 1604 - 18.3
5, 17.8 22.3 kY 193
S, 19.3 19.0 19.7 1249
SEm+ ‘ 0.7 2¢3

CD% | 2e1 6.5

The effect of methods of application at different seed rate was not

consistent over the two years, Where at SZ,_M resulted in higher available

2
80il P in 1983-84 and differed significantly from M1, in 1984-85 the difference

was not significant. On the other hand, at S., in 1983-84 the difference due

3

to two application methods was not significant but in 1984-85 the surface method
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of application'(Mz) resulted in significantly lower available soil P compared to
incorporation mefhod (M1). At S1 the two methods did not differ significantly

during both the years, .
Single year S x F interaction in 1983-84 and F x M in 1982-83

influenced availabke P content in soil and presented in Appendix XXI and XXIV,

respectively.

4,6,5, Soil available potassium

A perusal of data on avgilable s0il K presented in Table 23 shows
that the seed rates did not influence significantly the available K in soil
after the harvest of the.crop during any of the crop seasons,

The FM rates, in 1983-84 and 1984-85 also did not influence the soil
available K significantly, However, in 1982-83, FYM gpplied @ 15 t/ha which
recorded the highest available K, differed significantly from 5 and 10 t/ha rate
of F¥M application. The latter two rates remained at par with each other,

The surface application of FYM resulted in highér 50il available K
but the difference wes found to be significant only in 1982-83,

F x M interaction influenced the available soil K significantly in
1982-83, Being significant only for one year, the data therefore, have been

given in Appendix XXIV,

L,6,6. Total soil nitrogen

Data on total soil nitrogen reveal that in 1982-83 and 1984-85 increase
in seed rates, consistently and significantly decreased the total soil_nitrogen.
In 1983-84, however, the differences were not significant between 100 and 125
kg seed rate/hae.

In respect of FYM rates, it was seen that in 1983-84 and 1984-85 each

increase in FYM rates resulted in a significant increase in total soil Ne 1In
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1982-83 also, 15 t/ha FYM resulted in highest total soil N and it differed
significantly from 5 and 10 t/ha but the latter two FIM rates remained at par

with each other,

During all the 3 years the highest totel N after harvest of wheat

was due to the suwrface application of FYM which was aignificantly.higher than

incorporation method (M1). | _
The interaction efféct of S x F in 1982-83 and 1983-8%4 and § 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 l§wer seed rates had higher total soil N almost at all the FYM

levels, S1 recorded the highest total soil N at F_ in 1982-83 but remained at

3
par with S_. Both of them (i.e.$, and §,) however, recorded significantly higher

total soil N when compared with 83° Contrary to this, the differences due to

in 1983-84, At F

seed rates were not significant and F3 . in 1982-83, S1 and S

while remaining at par with esch other recorded significantly higher total N’

5

o+ While comparing the FYM rates, with the exception of that

3

compared to that at S
at S3 in 1982-83, each increase in FYM rates resulted in an increase in total
soil N, Where the increase at S1 in 1982-83 and in 198384, at 52 in 1982-84 was

significant only upto F2 level, at Sa_in 1982+83% and at S_ in 1983-84 each

3

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 1983-84) '

Seed rates . - 1382-83 ~ . 1%83,84. .
1 2 3 ' 1 2 3
Sq 915.4 997.9  1035.4 946,9 1024.5 1085.8
Sz 771.5. 916.8  1001.5 © 954,0 10278  1065.5
S5 8748  76k.7 84,0 8132.9  89%.6 1058.9
SEm 234 ' 2148
CD5% | 6645 , 62.0
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S x M interaction that influenced the total soil N in 1983-84 and
1984-85 and has been presented in Table 22c¢ shows that with both the methods,
S1 resulted in comparatively higher total soil N during both the years, With

M1 in 1983-8k, S% and S_ were at par with each other and recorded significantly

2

higher total soil N compared to 5. but with the same method in 1984-85g each

3
increazse in seed rate resulted in a significant decrease in total soil Ne. With
M2 in 1983.84 the differences in total soil N due to seed rates were not
significant, but in 1984-85 the two higher seed rates (52 and s3) while remaining

at par with each other recorded significantly lower total soil N when compared

with S _,

1 .
Table 22c. Effect of 8 x M interaction on total soil N after harvest (1983-84 .
and 1984-85) -
Seed rates m 1983-84 = . .M 198485 -
1 2 1 2 ~
5, 982.9 106441 103761 1104.0
S, %1.2 10581 965.1 10500
s3 814, 4 1053.2 851.0 10479
SEms 154 | S 1647

CD% , 42,9 by

At each seed rate during both the years, the surface method of FM

application (MZ) recorded significantly higher total soil Ne.

Lo6.7. Soil organic carbon (%)

\\

The organic carbon data also contained in Table 22 reveal that seed

rates did not influence the organic carbon content significantly whereas each
increase in the rate of FYM application registered a significant incfease in
1982-83 and 1984-85, In 1983-84 though 5 and 10 t/ha FYM rates were at par with

each other but both of them differed significantly from 15 t/hae
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In respect of methods of application of FYM in the year 1982-83
there was no sipgnificant diffepence due to two metﬁods but during rest of fhe
two years surface application of FYM recorded higher organic carbon content and
differed significantly from the incorporation method,

The first order of interactions, 5 x F, 5 x M and F x M influenced
the oyganic carbon content significantly after harvest in 1982-83.- Being
significant only for single year, thé data éherefore, have been embodied in

,Appéndix XXI, XXII and XXIV, respectiwely,

4,7, Nutrient balance

It is essential to maintain a record‘of the nutrients applied in the
soil, removed by the crops, balance after the crop season and the gaihs(+) and/
or losses (-) occuring thereby. Such balance sheet would enable use to have a
real picture of the‘dynamicSnofatheiflant nutriénts to draw out a natural
picture of fertility of the soil, The yearwise balance sheet of N, P and K
.has been presented in Tables 23, 24 and 25, respectively. Since the data were
not analysed statistically, therefore, only a generalization has been made

about this study.

4,7.1. Nitrogen balance

Nitrogen baiance data presented in Table>23 show that during all the
3 crop seasqns a negative (-) baiance of N was observed under gll the treatments,
It was seen that increase in seed rates decreased the‘loss of N, while incresgse
in FYM rates, resulted in a decrease in the nitrogen loss. While comparing the
method of FYM application, it was found that the minimum loss of N was recorded

in surface application. of FIM,

LY
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able 23, Balance sheet of soil nitrogen.(kg/ha)

Avagilable N-added

N.removed Balance

Calculated Available Net gain(+)

‘reatments soil N during by the available soil N or loss(-)
(initial) crop crop (3-4) N(balance after of available
season in soil) harvest N
le 2 3 4 5 6(245) 7 8(7-6)
1982-83% '
AeSeed rates(kg/ha)

100 448,00 100,00 514 48,6 L66,.6 Lz6,2 -0k

125 418,00 100,00 63.5 26,5 454.5 435,0 - -19.5

50 . - 418,00  100.00  69.7 - %0.3 448,3 43ke6  -13.7
B.FM rates (t/ha)

5 418,00 100,00 5047 ho,3 467.3 Lkp1.2 ~46.1

10 448,00 100,00 63.9 3641 Lsk, 4 432,5 -21.6

15 448,00 400.00 69.4 0.6 L48,.6 452,2 - 3.6
> Application methods )

Incorporation 418400 100.00 5841 41,9 459.9 k29,7 -%0.2
Surface applied 448.00 100.00 64,6 354 4534 440.9  -12.5
, 198384
A.Seed rates(keg/ha)

100 378,00  100.00 28,4 71.6 Lh9.6 391 =555

125 378,00 100.00 32,6 C 674 s 4 4o 4 -44,0

150 378,00 100,00 47,5 52.5 k20,5 394,00 -36.5
B.FYM rates (t/ha) : ’ 7

5 378400 100,00 25.8 7he 2 452,2 332.0 -70.2

10 378,00 100,00 33,7 663 uht, 3 398.6 ~45,7
15 378,00 100.00 39,0 61,0 439.0 408,9  -%0.1
CeApplication methods
Incorporation 378,00 100,00 30.5 69.5 Lh7,5 392,0  =55.5
Surface applied 378.00 100,00 35.0 65,0 43,0 k01,0 ~-42.,0
198485
A.Seed rates (kg/ha)

100 371.00 100,00  36.0 64,0 435.0 388.9  -46.1

125 , 371.00 100.00 41,7 58.3 429.3 386.8  -L2.5

150 371.00 100,00 67.0 33,0 Lok 0 3779 -26.1
B, FYM rates (t/ha) ‘ _

5 371,00 100.00 33.8 61,2 432,2 375.7 =565
P10 371.00 100,00 47.3 5247 423.5 379.2  -4b,3
.15 371,00  100.00- 58,4 41,6 h12.6 398.7  -13.9
ic. Application methods

Incorporation 371.00 100,00 43,0 57.0 428.0 374kl -53.6
Surface applied371.00 100.00 53.5 4645 k7.5 3947  -22.8
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L4,7.2. Phosphorus balance

Like nitrogen, in case of phosphorus also a negative (-) balance was
noticed (Table 24), Only in 1982-83 there was a +ve balance when FYM was applied
@ 15 t/ha. However, contrayy to N balance it was seen that the loss of
phosphorus increased with the increase in seed rate, With the application of
FYM there was a decrease in the P loss. In respect of P balance also the

surface application of FYM resulted in decreased loss of P,

L,7.%, Potassium balance

The K balance after each crop season has been'presented in Table 25,
Contrary to N and P balance, it was seen that during all the % years, there was
a net gain in the K status of soil after each crop season. Each increase in
seed rate resulted in an increasse in available K after the harvest of the crop.
Likewise each increase in FYM application also resulted in corresponding increase
in K statué of soil. The surface method of FYM application helped in building

up increased amount of available K in the soil,
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Table 24, Balance sheet of soil phosphorus (kg/ha)

Available P added P removed Balance Calculated Available Net gain(+)

rreatment s0il P during by the availbble soil P or loss(-)
reatments (initial) crop crop P(balance after of available
season in soil harvest P
e ' 2. 3. L, . 5&3—% 6(245) 7e 8. (7-6)
1932-33

AeSeed rates(kg/ha) ' ‘ '

100 15.0 1341 N 848 23.8 2347 . =01
125 ' 15.0 1341 Se1 8.0 23,0 2162 -1.8
150 . 15,0 13.1 5.7 7.k 22,4 20.5 -1.9

B. FYM rates (t/ha) _

5 15.0 13.1 4,2 8.9 2349 19.2 ~L.7

10 15,0 1341 541 8.0 23.0 21.7 -1.3
5 - 15.0 13.1 5.7 7ok 22,k 2he6 +242

CeApplication methods
Incorporation 15.0 1341 b7 8.4 23,4 . 21.0 -2k

.Surface applied 15.0 1341 5.3 7.8 22.8 22.7 -0.1
1983-84

A. Seed rates (kg/ha) .

100 12.0 13¢1 3.0 10.1 2241 21.8. 0.3
125 12,0 1341 2.8 9.3 21.3 . 20.0 ~1e3
150 12.0 1341 b2 8.9 20.9 19.1 1.8

B.. FIM rates (t/ha)

5 12,0 1341 3.0 10.1 2241 17.6 -5
10 12,0 1361 3.6 9.5 21.5 211 0.4
15 12.0 1341 L,3 8.8 - 20.8 2245 -1e7

C. Application methods : ‘ ‘
Incorporation 12.0 1301 okt 9.7 2147 1963 2.4
Surface applied  12.0  13.1 3.9 - 9.2 21.2. 21.3 4041

1984-85 '

A.Seed rates (kg/ha) ‘ ,
10 1.0 13,1 3.7 9okt 20,4 - 7.3 ~3.1
125 1140 13.1 4,5 8.6 19.6 17.0 -2.6
150 11.0 1341 5.0 8.1 19.1 1643 -2.8

Be FYM rates (t/ha) | '

5 11.0 13.1 ko1 9.0 20.0 164 -3,6

" 10 11.0 13,1 Lok 8.7 19.7 17.2 -2.5

15 11,0 13.1- 4.8 8.3 19.3 17.0 -2.3

Ce Application methods )
Incorporation =~ 11.0 1341 ka1 9.0 20.0 16.9 -3.1

Surface applied 11.0 1341 b7 Bolt 19,4 16.8 -2.6
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Table 25, Balance sheet of soil potassium (kg/ha)

Available K added

K removed Balance

Calculated Available

Net gain(+)

soil K  during by the available so0il K or lossf-)
Treatments (initial) crop crop K balance after of available
. season in soil harvest K
1- 2. 30 L”. 5. (3"@ 60 (24‘5) 70 8 (7"'6)
1982-83 :

A. Seed rates (keg/ha)

100 201.0  25.0 5849 -33.9 16741 208.5 i L
125 . 201.0 25,0 72.2 -b7.2 153.8 207.7 53.9
150 201.0°  25.0 86.1 -61.1 139.9 202.8 62.9

B,FM rates (t/ha) :

5 ' 201.0 25.0 "61.8 ~36.8 164, 2 201.5 37.3
10 201.0  25.0 714 b6 4 54,6 202.2 47,6
15 20100 25.0 8’"‘.0 -59.0 1""2.0 21503 73.}

CeApplication methods
Incorporation 201.0 25,0 68.6 -43.6 157. k4 199.7 b2,3
Surface applied 201.0 25.0 76.2 -51.2 149.8 213.0 63.2

1983-84

A.Seed rates (kg/ha) . .

+1OO 190.0 25.0 35.5 -10.5 179.5 201-2 21-7
125 190.0 25.0 43,8 -18.8 1712 200.5 29.3
150 190.0 25.0 52.3 -27.3 162.7 19644 337

Be FYM rates (t/ha) ,

5 190.0 25.0 3he 1 - 9.1 180.9 192.4 11.5
10 ©190.0  25.0 43,7 -18.7 171.3 197.1 25.8
15 190.0 25.0 53.8 -28.8 161.2 . 208.5 47,3

C.Application methods
Incorporation 190 0 25.0 ko, -15.1 1749 194,6 19.7
Surface gpplied 190.0 25.0 47,7 -22.7 167.3 20441 36.8

198485

A.Seed rates (kg/ha)

100 203.,0 25.0 45,1 -20.1 182.9 214, 2 31.3
125 203,0 25,0 54,7 -29.7 1733 21352 39.9
150 203.0 25,0 83.1 -58.1 14k, 9 204.0 59.1

B. FYM rates (t/ha) :

5 203.0 25.0 L6, 1 -21.1 181.9 © 205.0 23.1
10 203.0 25.0 59.6 -BL".6 168.“‘}‘ 20609 3805
15 , 203,0 25.0 © 77.1 ~52,1 150.9 21945 68.6

Ce Application methods ‘

Incorporation 203.0 2500 55.3 -m-} 172.7 209-2 36'5
Surface applied 203.0 25.0 66.7 ~41,7 161.3 21147 50,4




5. DISCUSSION

The experimental results emanating from the current investigation,
"Studies on the effect of rates and methods of FYM spplication and seed rates

on late sown rainfed wheat (Triticum aestivum L.)" comprising varying seed and

FYM rates and methods of FYM application have been presented in the preceding
chapter, An attempt has been made in this chapter to iﬁferpret the observed
'effecfs in the light of available evidences and to establish a céuse and

effect relationshipe.

5¢1e General - _

Late sown wheat was grown in the year 1962-83, 1983-84 and 1984-85 on
a soil medium in N, P amd K . The experimental fields were well drained and
uniform in soil fertility.

Weather conditions, particularly under rainfed farming blay a great
role in the success of farming. At Palampur, winters are cold with a mean
minimum temperature in January varying from 2.6°C to &.ZOC. Occasional frosts
also occur during late December or early January. Ground temperature sometimes
touches 0°C. The low temperature hampers the normal germination and growth of
the crops sown late in December or early January. Seeds imbibe water for
germinationVWhen sown in the soil but due to the low soil temperature this
proéess is generally slowed down delaying the germination. This delay in
germination or fetarded growth rate of the young seedlings due to low temperature
further enhances the duration of its maturity affecting the grain production
adversely,

The meteorological data presented in Appendix I for the period of
investigation show that the crop season in 1982-83 was more favourable for crop
production than that in 1983-84 and 1984-85., The rainfall during the latter two

Crop seasons was not adeguate and distributed evenly, which may be termed as
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unfavourable for wheat growthe The differences had their impact on yield which

'

is evident from the yield (Table 12)‘shOWing considerably higher grain yield in
1982-83 as compared to the latter two years. The effects of different treatments
during this study are discussed under following heads.

Selele Effect of seed rates

5.1.:;&. Emergence and growth studies

The data presented in Table 5 revealed that the seed fates had not
influenced the days taken for germination in 198485 but in 1982-83 and 1983-8k4
it was seen that aé the seed rate increased the number of days taken to
germination decreased, The effect of higher seed rate in enhancing the
germination may be associated with expecfed increase in soil temperature due to
increased metabolic activities 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 iength (Table 5). Firstly, the number of shoots significantly
increased with the increase in seed rate 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 tillers at harvest, Seed rates brought about significant
Variation in plant population, A lower seed rate (100 kg/ha) displayed less plant
density. Increase.in seed rate increased the plant density. In conformity with
the present'findings Randhawa and Jolly (j974) also reported that seed rate has
a pronounced effect on number of tillers per metre running length. In fact , the
nﬁmbe: of plants as well as tillers increasse with the increasing seed rate
(Bhardwaj et al.,1973). Rathi and Misra (1973), Singh et al.(1975) and Chela
and Brar (1975) observed an increase in initial crop stand with the increasing

seed rate. The higher initial plant population.produced higher number of tillers.
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The ear head bearing tillers were also reported to be more wifh 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, Thﬁs, for a cultivar like sonalika which is
bold seeded and shy tillering and more so particularly under late dry sown
conéitiong a higher seed rate may be desirable, Mahendra and Sharma (1976) 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 decreasg in 1000-grain weight
and number of grains per spike (Table 11).

The data presented in T@ble 6 revealed a decrease in plant height with
én increase in seed rate indicating that under limited moisture supply, thinner |
plant density may tend to produce taller plants, Gfeen matter, dry matter
production (g/mz) and per cent dry matter accumulation at various stages of growth
during all the 3 years of investigation incressed with increase in seed rate
(Tables 7, 8.and 9)e This @ay be linked to higher number of shoots obtained at
higher seed raﬁe (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 ali(1977) and Rajat De and
Giri (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 éqrroboréte 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.

5e1e3e Yield

The data presented in Table 12 and Fig.6 revealed the significant
effect of seed rates on grain as well as on straw yield of wheat during the
2 years andAthat‘obtained on pooling the data. The low yield of grain and straw
in the year 198384 may be attributed to une&eh and unsufficienf rainfall during
the crop season and dry condifions prevailing particularly 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 significant increase as the
seed rates increased from 100 to ﬁBO kg/ha." The increase in’ grain and straw
yield over 100 kg seed rate/ha was to the extent of 35,9 per cent and 49,0 per
cent, reSpeétively. Wheat grain yield has been said to be a function of number
of plants/unit area, number of effective tillers/plant, number of grains/ear
and weight of individual grain (Arnon, 1975)e In the present study the number
of plants per unit area measured in terms of number of éhoots/metre running row
length (Tabie 5) and fertile tillers/lplant measured in term of effective tillers
per metre row length (Table 11) invariably iﬁcréééed Qith increase in seed rate
upto 150 kg/ha. However, %his was not accompanied by a similar increase in
number of grains/ear expressed as grains/spike and weight of individual grain
me asured in terms of 1000-grain weight (Table 11). There appeared to exist a
-ve correlation between filler number and grains/sPike and tiller number and
1000-grain weight with the increase iﬁ seed rates. Such relationship as been
reported by many workers (Gupta et al.1968; Mehtm and Mathur,19?é; and Singh

et al.,1975).
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It may, therefore, be inferred that in the present study the plant
population and the effective tiller nuhbér helped in getting more grain yield
at higher seed rates. Similar type of observations have been made by Bhardwaj
and Whight (1967), Singh et al.(1971), Vez (1972), Bishnoi and Gill (1972),
Bains and Bhardwaj (1972), Sumbali and Sharma (1973), Dhiman and Kalra (1978);

Shukla, and Misra (1979), Rana (1980) and Kalita and Chaudhari (1984),

5e1.lte Nutrient concentration and uptake

Almost\at all the stagés the N content in the plants was more at higher
seed rate during all the 3 years (Table 13). There does not appear to be direcé
relétionship between seed rate and plant nitrogen content which might have
resulted in these types of results but since nitrogen was not a limiting factor
in the préseﬁt study and it was applied uniformiy at the rate of 100 kg/ha,
therefore, higher plant density obtained at higher seed rate might have utilized
the available nitrogen efficienbiy. However, due to the lack of published
feports on this type of behaviour of seed rates, it may still remain a point
of controversy. - -

’ The protein content of grains obtaiﬁed during the course of this
study was invariably low (Table 44), This can be attributed to inér;ased straw
yield which was obtained during all thé 3 years of experimentation resulting in
a very low harvest index, The nitrogen might not have been able to translocate
to the sink i.e. grains, ultimately resulting in low concentration of nitrogen
in grains (Table 13) and therefore, the protein. However, higher seed rate
resulted in higher protein content in grains (Table 14), This may be attributed
to the significant increase in N content in grains.due to an increase in seed
rates, Similar results have also been reported by Singh (1963), Mahapatra and

Leelavathi (1971), 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 positive correlation to seeding practices,

Nitrogen uptake is a function of nitrogen content in plant and the
dry matter proéuction. The higher uptake at higher seed rate can therefore,
be attributed either to the higher nitrogen content (Table 13) or 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 attributed to the same reasons.
Similarly, the higher protein yield at higher seed rate (Table 14) can also be
attributed to highef grain yield and higher protein content obtained at these
seed rates, These results are in conformity with those.obtained by Smika and
Ellis (1971), Agarwal (1974), Mahapatra and Leelavathi (1971) who have also
reported that higher seed raté was conducive to higher nitrogen uptake,

P content in plants was higher at higher seed rates (Table 16). Also
the P content was higher at early stasges of crop growth and decreased subsequenfly
at 18 QAS. By this time it gppears that the nutrient got translocated towards
ear heads Subsequently at harvest when the grains and straw were analysed
separately it was confirmed that the nutrient had éot translocated to the grains
resulting in higher P content in grains and in very low concentration in straw.A
These findings suggest that higher seed rafe not only resuited in higher grain
'yield‘but also resulted in grain of higher quality, Similar type of observations
have been made by Boatwright &Haas(1961) <o oty v |

It was interesting to note that higher seed rate resulted in higher
P uptake and it increased with the sge of the plant and was maximﬁm at.harvest
(Table 17). The removal of P from the soil at a const;nt rate till harvest
corroborates the observations of Asana and Sarin (1968) who while worki‘ng under

rainfed conditions claimed that the uptake of P continuousto increase right upto
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the end. Sharma (1986) also reported that‘the»uptake éaiues by the plants were
considerably low. This shows that in the absence of optimum suﬁply of soil
moisture, the uptake of phosphorus does not take place'at desired level,

Like N and P, K content also increased with the increase in seed rates,
Similarly, the uptake of X also increased with the seed rates and the age of
plant (Tables 18 and 19). ‘Thé nutrient uptake studies. therefore, suggest that
for efficient utilizetion of plant nutrients, there has to be considerable
ihcrease in the seed rates whenever the s§wing is delayeds Under normal sown
conditions perhsps the higher rate of tillering may compensates for lower seed
rate but when Sowing is déiayed the tillering is normally poor and the
differences in tillers/shoot (Table 5) and dry matter (Table B) persists

till the maturity period.

5e2e Bffect of FIM

5.2¢1. Emergence and growth studies

The s0il temperature‘recorded in 1982-.83 and 1984-85 revealed that
the increase in FYM rates from 5 to 15 t/ha resulted in an increase in soil
temperature from 0.8°C to 1,300 in 1982283 and from 0.9°C to 2.0°C in 1984-85.
Also, the surface appiication ehhanced the s8oil temperature from 1.9°C to 2.2°%
in 1982-8% and from 2.0°C to 2.4°C in 1984-85 (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
sowinge. Also, the higher FYM rates and the surface application resulted in
higher soil moisture content whenever %he~obserVations were recorded (Table 21);
The enhénced soil 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 rate it took lesser number of days to complete the germination,

Mso, 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
increasse the cation exchange capacity of soil, forming chelates with metal
micro nutrients elements consequently the leaching losses are considerably
reduced (Khanna and Stevenson, 1962). DBesides these beneficial‘effects, FYM
also helps in improving the soil structure which, in turn, increase the
infiltration and fetention of water, improves soil aeration agd root penetration
and increases the microbial population (Baver, 1972§ Biswas et g;.,1969 and
Prasad et al.,1982). '

The increase in FYM rates was found to result in lesser number of
days taken to 50 per cent and 100 per cent heading and to haturity (Table 10).
Contrary to this the surface application of FYM was found a result in
comparatively more number-of days to 50 to 100 per cent heeding as well as éo
matufity. This might be the effect of FYM mulch, that retained more moisture

in the soil for longer period,

5e2e2e Yield

The beneficial effect of higher FYM rates and surface application on
growth, development and yield contributing characters was duly reflected in
final grain and straw yield, where during each year as well as in pooled analysis
it was seen that higher FYM rates and surface application resulted in higher
grain and straw yield (Table 12). While discussing the effect of seed rates
it was stated that yield was mainly a_function of plant population and number
of effective tillers per unit area but pere it can be seen that higher number
of tillers, sPik; length, spikelets per épike, grains per spike as well as
1000-grain weight (Table 51) contributed towards the final yield. Though 1000~
grain weight is the character which is affected least by enviponmeﬁtal chénges
but the favourable soil moisture conditions prevailing during the crop growth

period at higher FYM rates and FYM applied on the soil surface seems to be
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have resulted in bolder grains; Higher grain yiéld,of wheat at higher FYM -
rates has been reported by many workers (Sharma, 1983 and‘Ganai, 19832), Gupta
(1985) also concluded that FM application @ 8 t/ha in late sown wheat caused
a significant increase in the yield of wheat over control. Similarly, the
surface application of FYM hes also been reported by Patil and Bhardwaj (1976,
Dayanand et al.(1977) and Ram and Bhardwaj (1982) to result in higher grain and
Straw yield of wheat érop. .

Aimost all the yield contributing characters namely number of effective
tillers per metre running row length, spike length, spikelets per spike, grains
per spike and 1000-grsin weight incressed with the increase in FYM rates, The
surface application of FYM also had a similar effect when compared with
incorporatidh. The presence of FYM in the so0il at higher rates or when it was
épplied on the soil swurface provided so favourable conditions for the growth
and development of the plants that a negative relationsh;p that existed between
~tiller number and spikelets per spike and.grains per Spike’and 1000-grain weight
at higher seed rates seemed to have been offset (Tablé 11). These findings are
in agreement with the results of Stickler(1962), Sandhu et al.(1975),Mahendra
and Sharma (1976) and Borse and Mahajan (198). Some of the favourable conditions
at higher FYM rates as well asvﬁy surface gpplication have been observed in the
present study also when almost at all the stages a higher soil moisfure contenh
was observed at higher FYM rates and whén FYM was applied on the surface {Table 21).
Also, bulk density, available soil N, P and K and organic carbon was higher at -
higher rates and when FYM was applied on the soil surfacé (Table 22). Some
beneficial effects of.FYM on these yield contributing characters have also been
reported by Attia (1970), Sachan (1976), Rajat De and Giri (19?8) and Ram and

Bhardwaj (1983),
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As stated earlier the straw yield of wheat increasedvsignificantly
with the apggiCation of FM (Table 12). The straw yield of crop is the resultant
product of number of shoots per unit area and plant height. It is apparent from
Fige3 and 4 that these parameters of wheat were considerably higher at higher
rate of FYM as well as when FYM was applied on the soil surface,

Application of FYM in general did not bring about significant changes
in harvest index of wheat (Table 12). However, in 1984-85 the harvest index of
wheat was significantly higher due to surface application of lower rate of FYM.
Harvest indéx is used to assess the efficiency of a crop to produce grains or
more especially it indicates the relationship between the source and sink. Any
factor that has preferential effect on any one of them or when any environmental
or nutritional factors are limited either during development, anthesis or grain
filling period of crop growth would bring about changes in source~and sink
relationship and ultimately on the harvest index,

In case of pooled aﬁalysis also the FYM application could ﬁot bring
the change in harvest index, The‘photOSynthetic activity of the ear,_which is
situated at the top of the stalk makes a considerable contribution . -
to grain formation(Rawson 6%,a1J976). Particularly all the dry matter of grain
is produced by part of the shoot above the flag leaf node, Of this dfy mat ter,
the ear contributes about 50 per cent in wheat (Asana and Mani, 1949). But low
rainfall in 1983-84 yhich caused a considerable decrease in the yield of total
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 plants. Similarly, the surface application of FYM also resulted
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in an increase in the per cent content of these nutrient elements in plants

a t

(Tables 13, 16 and 18). This may be explained partly due to enrichment of the
soil at higher FYM rates and partly due to better temperature, moisture and
physical conditions of the soil resulting in better root and shoot development.
Higher uptake of these nutrient elements almost at each groﬁtﬁ stagge at higher
FYM rates and surface application of FWM(Tables 15, 17 and 19) was the direct
effect of their higher concentration (Tables 13, 16 and 18) and better shoot
'growth measured in terms of shoot number and plant height (Tables 5 and 6)
resulting in higher dry matter accumulatién (Table 8). Similar to the present
findings Olsen et 21.(1970), Mamn et a1.(1973) and Boon and Venter (1976) also
reported siénificant_increase in N content of leaves, ear énd stem of wheat with
the application of organic matter. Datta and Guivslw(1963), Whitehead (1963),
Ve “"", Olsen et al.(1970) and Houque and Sotakora (1978) algo repor ted
higher uptake of N, P and K with the application of FIM,

The protein yield which is a product of N content in grains and the
grain yield waé duly reflected in thé protein yield where it was seen that more
crud; protein yield was obtained at high FYM rates and. when FYM was applied on
the surface. In 1982-83, the inérease was even significant (Table W)e In |
conformity with the pfesent findings Dayanandgj?%%972)Ram>Sewa(1975) and Patil
and Bﬁardwaj (1976) also }eported an incresse in protein yield with the
application of FYM, |

The mechanism believed in increasing the phOSphofus uptake was also
explained by Drake and Steckel (1955) who suggested that higher bhOSphorus upt ake
in the presence of FYM may be due to the reduction of Ca activity in soil
solution via the bonding of Ca by the plant root exchange sites, thereby

resulting in increased phosphorus uptake and reduction of Fe and Al activity
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in soil solution via the complexing of these cations by root exuded organic
anions, Such a role of FYM is .also understandable from its property of
mobilizing both native and gpplied phosphorus thus reflecting its effect on

the uptake of phosphorus and other nutrients,

5.2.4. Physico-chemical properties of soil and nutrient availability

The acidifying effect of FYM at higher rates was reflected in lower
pH (Table 22). Also, the surface appli;ation lowered the pH but the effect was
not as conspicuous as ‘that of incfeased rate of FYM, There are reports where
soil pH has been found to be affected in different ways depending upon the type
of soil and the smount of FWM spplied. Kanwar and Prihar (196Zb)and Singh et al.

(1980) reported a déérease in soil.pH in the presence of FM which may be

explained in view of the fact that during the decomposition of FIM in the soil
several organic acids are released which might cause depression of soil pH. 

Results on bulk density (Table 22) revealed that it was Significantly
lowered with the increase in FYM'rates and also when it was applied’on the soil
surface, Similarly, the organic carbon content after the harvest was also
higher whenever FYM was applied at higher rates as weil'as when FYM was agplied.
on the soil surface., It was not infrequent that soil bﬁik density has been used
to judge the porosity‘or soil aggregation, A well aggregated soii has lower
bulk density compared with a dispersed and poorly structured soile. Bhardwaj and
Patil (1982) ?oihted out that a.close relationship existed between the soil
organic matter content, microbial population and s0il aggregation. The orgahic
‘carbon content and microbial population of soil were increased due to the
application of FYM, The éoil organic matter being acted upon by the micro-
organisms might have resulted in considerable increase in polysaccherides and
microbial gum synthesis in the soil. These microbial decomposition products

being resistant to further decomposition have been reported to act as soil
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particle binding agents (Dhoot et al.,1974). This might help in soil sggregation o
resulting ih a low bulk density of soil, Similar'type of observations have been

made by a number of workers elsewhere also (Biswas et gl.,1971; =7 .

1)

a0
1

. Prasad and Singh,1980; Bhatia and Shukla, 1982 and Gupta et al.,1983).

It was also apparent from the present study that the available
nitrogen,phosphorus and potassium after the harvest of the crop invariably
increased with the increased rates gf FYM and with the surface application of
FYM (Table 22), Since the FYM which was applied in 1982-83 had 0.59, 0.18 and
0.60 per cent, in 1983-84 0.50, 0.16 and Q.47 per cent and in 1984-85, 0.53,
0.19 and 0.56 per cent N, P205 and sz, respectively, its addition is likely
to improve the content of these nutrients in the soil. Also, it has been
estimated that from the applied FYM less than 30 per cent of nitfogen, Qbove
€0~70 per cent phosphorus and above 75 per cent of potassium generally become
available to the immediaﬁe crop and rest of the plant nutrients become.available
to the subsequent crop (Gaur et 2;.,1984). The increase in the‘available N
content due to favourable effect of FYM on physicc-biological propertiés of
501l has been demonstrated which might have improved the microbiagl population
as well as their activity which were responsible for mineralization of organic
N compounds (Kanwar and Prihar, 1962; Mandal and Jain,1965; Gill and Meelu,

1980 and Kapur et al.,1981)
The accumulétion of phosphorus.due to FYM application can partly be
explained on the basig.of £he fact that organic acids produced during its
decomposition may be involved in‘the replacement of phoséhorus from the
sesquioxides in soil (Sinha ,1970 and Bhardwaj and Patil, 1982). Bhardwaj et al.
(1982) h%ve attriﬁuted increased Supﬁly of K from the FIM itself .due to |
mineralization and release of K from K bearing minerals from fhe solvent éction,

of organic acids produced during decomposition of FYM.
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In the iight of facts explained above it was not uncommon to obtain
higher qgantities of available N, P and K at higher rates of FYM and also when
it was applied on the soil surface. The significant effect.may not be reflected
alwaysSe

‘The total N includes both organic and inorganic forms of N in soil.
Some of NH4+ iongare absorbed on the clay complex which reflects its effect in
the férm of residual value (Black,1965). It may become slowly available after
its mineralization. The data ianablé 22 revealeéd that FYM at higher rates as
well as when it was applied on the s0il surface significantly increased the
- total N status of soil during‘all the 3 years of éxperimentation. ihe higher
rates of FYM resulting ih higher nutrient status (aveilable as well as total)
may be guestionable, But it is just poésible that the low. temperatures (soil
as well as atmospheric) that vprevailed during the winter months might have not
encouraged the losses due to denitrification from the soil surface, The influence
of organic ﬁanures in increasing the total N content of the soil has been
observed in several long term field experiments (Sen and Bande,’1962; Kanwar
and Prihar, 1962, Chaudhary and Vocckllani, 1965; and Kapur et al.,1981). Gill
and Meelu (1980) indicated that continuous use of organic manures increased the

total N when compared with organic fertilizers,

502.5. Effect of interactions _

The grain yield of wheat in 1982-83 and 1983-84 was significantly
influenced by the interaction between seed rates and FIM rates (S x F), It has
been seen that the highest grain yield was obtained when the combined use of

150 kg seed rate alongwith application of FYM at the rate 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 all the 3 crop seasons (Table 7.1a) and dry matter accumulation at 14 WAS
in 1982-83 and 1983-84 (Table 8.1b). The superiority of this treatment
combination was aiso consistent in respect of other yieid contributing characteré
sucﬁ as number of effective tillers during all the 3 years (Table 11.41a) end |
in the pooled data for 3 years regérding other characters viz,, Spikelets per
spike (Table 11.1c), number of grains per spike (Table 11.1d),1000-grain weight
(Table 11.1f). | |

Iﬁ 1982-83, higher moisture content was observed at different growth
stages due to S.F, resulted in the higher grain yield (Table 22é). The higher
grain yield could be expected due to better soil moisture conditions But in
198%-84 it was a drought year, therefore, the yields were very low, but higher
rate of FYM gpplication conserved the more moisture in the soil as compared to
control (% t/ha). |
| A1l these yield contributory characters might have interacted in a
manner that the effect was mgnifesfed to a significant level in the gréin yield
of wheat. More or less similar type of observations have been made by Mahrotra
" and Agnihotri (1970), Sharma et al.(1971), Agarwal et al.(1971) and Singh et al.
(1971). They observed that the yield increased linearly with the increase in
seeding rates and in nitrogen rates under late sown conditions of wheat, though
the nitrogen application was not a treatment in the present study but mqfe
nitrogen can be expected to be available at higher levels of FM whieh in
addition to its effect on‘Soil physical properties can rgsult in higher yields,

The protein content of the grains wés influenced significantly by
seed rates x FYM rates in 1982-83 and 1983-84 as well as in pooled analysis
(Table 14a), It was seen that increase in rates of seed and FIM resulted in an

increase in pfotein content, It hgs been seen that S x F interaction at & WAS
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in 1982-8% (Table 13a), at 10 WAS during all the 3 years (Table 13b) and dt

18 WAS in 1982-8% énd‘1983—8h (Table 1%c) influenced the N content in plants
significantly. This can be corroborated that higher the quantity of FYM, mére
will be the amount of N suppligd to the soil. At the same time because of

its slow reaction, the nitrogen supplied through FYM may remain available to
the plants for a longer duration during the entire plant growth. Hence the

protein content was more at higher rates of seed and FYM,

5.3. Balance of nutrients

The balance sheet of nitrogen (Table 23) showed a deficit balance in
all 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 al. (1984). One of the possible reasons for the negative balance
CQn be very less proportion of the addedvnitrogen removed by the ;rop plants
under rainfed conditions, Secondly, microbial activities 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 soil P (Table 12) also had a negative balance under all the
treatments during the 3 years of experimentation. Only in 1982-83, FYM applied
at the rate of 15 t/ha had a positive balance., This can be attributed directly
to only a minute fraction taken‘by the crop plants. So»far as the available
soil P status before the sowing of the crop and after the harvest of the crop
is concerned there was not much difference at least in 1983~84 and 1984-85,
This clearly indicatea thdt most of the applied P got fixed and resulted in

a negative balance,
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. Contrary to nitrogen and phosphorus there was a positive balance
of available potassium (Table 25) under all the treatménts during all the 3
years of experimentation, In 1982-8% and 198485 which were not as severe in
respect of drought occurrence in comparison to 1983-84, K removed by the crop
plant was iﬁ excess of‘the added amounts of K, This cen be attributed to the
removal of K from the soil reserves, Similar type of observations have also
been made by Yaduvanshi et al. (1984), These observations also indicate that

there is good reserve of potassium in the soil,



6. SUMMARY

The current investigation entitled "Studies on the effect of rates
and methods of FYM application and seed rates on late sown rainfed wheat

(Triticum sestivum L.)" was undertsken with the following objectives:

1.'$o assess the optimum seed and farm yard manure rates for late sown rainfed
wheat under mid-hill conditions of Himschal Pradesh,

2. to find out suitable method of FYM application for higher yields,

3.bto study the effect of FYM application on the physico-chemical properties
of soil,

L4, to assess the nutrient status in respect of N, P and K under different FYM
treatments, and |

5e to observe the interaction effect smong seed rates, FYM levels and methods
of FYM application, if any.

In order to meet the objectives of the said in&estigation\a field
experiment was initiated at the Research Farm of Department'of Agronomy and
Agrometeorology, Himachal Pradesh Krishi Vishva Vid&alaya, Palampur, District
Kangra, situated at 3206‘N latitude and 7603‘ E longitude about 1290 metres above
MeSe.le with sub-temperate type of climate, during the Rébi season in the'year
1982-83, 1983-84 and 1984-85, The experiment consisting of eighteen treatment
combinations of three seed rates (100, 125 and 150 kg/ha), three farm yard
manure rates (5, 10.and 15 t/ha) and two methods of FYM application (incorporation
of FYM in soil and surface application) was laid out in 32x2 féctorial partially
confounded design, replicated four times. Wheat .(8-308) was taken as a test
CIrope .The soil on which the experiment was conducted had a claylloam texture
with 418, 15 and 201 kg of available N, P and K, respectively in 1982-83, 378,
12 and 190 kg of available N, P and K in 1982-84 and 371, 11 and 203 kg of

available N, P and K in 1984-85, The soil pH during all the 3 years was 5.5.
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The entire amount of P (superphosphate 16% P205) and K (muriate of
pptash 60% KEO) and 2/3% of N (urea 46% N) were banded 3-5 cm below the seed
at the time of sowing of crope. The remaining N was supplied after 2 months.
A1l the plots received a uniform dose. of 100 kg N, 30 kg each of PO, and K0

25 2
per hectare, The main findings that emerged from the present investigation are

summarised as under:

6.1, Germination and growth

a)e Days taken to germination

In 1982-83% and 198384 higher seed rate hastened the germination. In
1984~85, however, the influence was not significant,
FYM application at the rate of 15 t/ha also hastened the germination

by 2 to 3 days compared to 5 or 10 t/ha. Surface application of FYM resulted

in an early germination,

b)Growth characters

(1) Number of shoots: The number of shoots per metre running row length

increased with the inérease in seed rate.and with the age of plant. The shoot
number increased upto 10 WAS, At 10 WAS during all the‘3 years of eXperi@entation,
150 kg seed rate/ha recorded the highest number of shoots and the increase in
shoot number was 21.5, 9.0 and 6.0 per cent over 100 kg/ha in 1982-83, 1983-84

and 198485, reSpectively.' In case of FYM rates, 15 t/ha FYM recorded the

highest number of shoots at 10 WAS in all the 3 crop seasons., The surface

application of FYM proved to be superior to‘incorporation of FYM in the soil. -

(2) Plant height: Plant height decreased by each increase in seed rate upto
150 kg/ha. However, at each seed rate with the increase in age, the height
increased progressively upto harvest. On the contrary increase in FYM rates

increased the plant height significantly by each increase in FYM rates during
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a1l the 3 years of study., At harvest, in 1982-83, each seed rate differed
significantly and maximum plant height was obsefved 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 p;r cent,respectively.
Surface apnlication of FYM'increased the plant height significantiy and resulted
in 4.6, 4,2 and 5.6 per cent increase ovér the incorporation method in first,
second and third year, respectively.

(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 rate increased the green and dry matter production and each seed rate
differed significantly. In 1984-35, the increase was foﬁnd only upto 125 kg
seed rate/ha, FYM rates coptributed to incresse the green and dry matter
ﬁroduction which was significantly higher at 18 WAS and both these paremeters
decreased at harvest. At 18 WAS, in 1982-83 and 1983-84, inérease in FYM rates
increased the green and dry matter production, However,ih 1984-85, both these
parameters did not differ significantly. Surface application of FYM recorded
higher green and dry matter production at 18 WAS in all the 3 yéars, which
differed sigﬁificantly from incorporation method. |

(4) Per cent dry matter production: Per cent dry matter increased with the

age upto harvest stage., There was a steep rise in the per cent dry matter
production after 10 WAS to harvest stage during all the 3 crop seasons. 150 kg/ha
seed rate recorded highest per cent dry matter and each seed rate differed
significantly with one another. 15 t/ha FYM resulted in significantly higher
per cent dry matter prodﬁétion as compared to 5 t/ha. However, at 6 WAS in

1983-84 and 1984-85 the differences were not significant, Surface method of
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FYM agpplication significantly accumulated higher per cent dry matter and
differed significantly from the incorporation method.

6.2, Development stages of wheat

i) 50 per cent heading: Increase in seed rates resulted in an increase in

number of days taken to 50 per cent heading. In 1982-83, each increase in seed
rate resulted iﬁ corresponding significant increase in the days taken to 50 per
cent he;ding. In 1983-84 the significent difference was found only between 150
and‘joo kg seed rate/ha., In 1984-85, however, the differences were not found
to be significant.

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 ¥YM rate differed significantly.
Incorporation of FYM in soil also helped in inducing early 50 per cent heading

in 1982-83 and 1984-85 but in 198%-84 the differences were not significant.

(ii) 100 per cent heading: Seed rates influenced the 100 per cent heading in

1982-83 and 1984-85. 150 kg/ha seed rate delayed 100 per cent heading by 1 to

2 days. In 1983-84 the difference was not significantf 15 t/ha FM hasténed
the completion of heading by 2 to 3 days as compared to 5 or 10 t/ha in 1983-84
and 1984-85., 1In 1982-83% the FYM rates did not differ significantly. In 1982-83,
the methods of application of FYM did not influence the days taken for 100 per
centvheading. However, during rest of the two years surface applicafion of FYM
took 2 days more to complete the heading. _

(1ii) Maturity: 150 kg/ha seed ratg‘took about 2 £o 3 days more to complete

maturity. In 1982-83, each seed rate differed sighificantly but in 1983-84 and

1984-85, 150 kg/ha seed rate recorded higher number of days to complete maturity
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and differed significantly from 100 or 125 kg/ha; The latéer two seed fates,
however, did not differ significantly. |

Contrary to this, application of FYM @ 15 t/ha took 3 to 4 days lesser
to complete maturity., In 1932-83 and 1983;84 each FYM rate diffe}ed significantly
Howevér, in 198485, 15 t/ha FM tookllessér numbér of days to complete maturity
and differed significantly when compared to 5 or 10 t/ha. Surface application of
FWM took 2 to 3 days more to complete the maturity and differed significantly

to incorporation of FYM into the soil.

6.3, Yield and yield attributes

(i) Yield attributes |

Among the yield contributoryg characters in 1982-83 and 1984-85, the
number of effective tillers increased by increesing the seed rate to 125 kg/ha.
vIn 1983-84, the effective tillers increased by incrgasing the seed rate upto
150 kg/ha and each seed rate differed significantly., In 198é—85, 15 t/ha FIM
significantly increased the effective number of tillers but 5 and 10 t/ha levelé
remained at par with each other. In 1983-84 the increase in effective number
of tillers was observed only upto 10 t/ha. In 1984~85‘however, the FYM rates
did not differ significantly, Surfape application of FYM significantly increased
the effective number of tillers and proved to be superior to incorporation of
FYM in the soil in all the 3 years of experimentation.

The other yield contributory characters such as spike length,Spikelets/‘
spike, grains/spike énd 1000-grain weight when pooled for 3 years, significantly
decreased by increasing the seed rate to 150 kg/ha..On the contrary, increase in
FM rate to 15 t/ha incre;sed the spike length, spikelets/spike, grains/spike
and the 1000-grain weighte In case of surface applicétion of FYM all these ~
yield &ontributory characters significahtly increased as compared to

incorporation of FIM in the soil.
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(ii)¥ield
In case of pooled analysis it was observed that each increase in seed

rate increased the grain and straw yield and each seed rate differed significantly.
150 kg/ha seed rate increased the grain and straw yield by 25.9 and 49.0 per cent,
respectively over 100 kg/ha. When seed rate was increased from 125 to 150 kg/ha
the increase in grain and straw &ield was 18,3 and 24,8 per cent, respectively.

15 t/ha FYM increased the grain and straw yield respectively by 3&.8 and 33.7

per cent over 5 t/ha and this increase was significant, Increase in FYM rate

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 wes Significant. Surface application of

F® also recorded significantly higher grain and straw yield,

(iii) Harvest index
In the pooled analysis of 3 years it was seen that 100. and 125 kg seed
rate remained at par and recorded significantly higher harvest index as compared

to 150 kg seed rate/ha., FYM rates a5 well as method of application did not

influence the harvest index significantly.

6.4 Effect on nutrient concentration and up take

(i) Nitrogen content (%)

In general, the nitrogen content in plants was“higher at 6 WAS and fell
progressively as the crop advanced towards maturity in all the 3 years of study,
150 kg/ha seed rate resulted in highér N cantént in plants and differed
significantly from 100 kg seed rate/ha at all the Stages.

Incfease in FYM rates ;ncreased the N content and 15 t/ha differed
. significantly frém 5 t/ha.' Higher N content was observed in case of surface

application of FYM and differed significantly from the incorporation of FIM

in the soil.
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(ii) Protein content

Seed rates influenced the protein content in grain significantly
during all the 3 yearé a5 well as in the pooled analysis, It was seen in
the pooled analysis that each increase in seed rate from 100 to 150 kg/ha
resulted in significant increase in protein content, In respect of FYM rates
in 1982-83, 1983-84 and pooled énalyses the highest protein content was at
15 t/ﬁa and each FYM rate differed significantly. .In 1984-85 also, the highest
protein content was registered at 15 t/ha of FYM and differed significantly
from 5 and 10 t/ha,_but'the latter two FYM rates remained at par with each
others Surface appiication of FYM recorded the highest protein coﬁtent and
proved significantly superior to incorporation of FYM in thé so0il in a1l the
3 years as well as'in'pooled analysis,

(iii) Protein production (kg/ha)

In 1982-83, seed rateS'didrnot differ significantly. In 1983-84, the
protein production increased upto 125 kg seed rate/ha and differed from 100 kg/ha.
In 1984-85, the highest protein yield wes recorded at 150 kg seed rate/ha and
each seed rate differed significantly from one another, In 1982-83, FYM rates
did not influence the protein production.” In 1983-84 and 1984-85, the highest
protein production was registered at 15 t/ha and each FYM rate differed
significantly., In 1982-83, the methods of application of FiM did not influence
the protein production. In 1983-84 and 1984-85, the surkace application of FYM
recorded the highest protein production,

(iv) P content (%)

P content in plant decreased with the advancement in growth stages.
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 significantly

from 100 kg seed rate/ha.
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In respect of FYM rates, 15 t/ha resulted in higher P content and
differed significantly from 5 t/ha. Surface application of FIM salso recorded

higher P content and differed significantly from its incorporation in the soil.

(v) K content (%)

K content increased with increase iﬁ seed rate and 150 kg/ha differed
significantly from 100 kg/ha. 15 t/ha FYM recorded the highest K content and
each FYM rate differed significantly, except at 6 and 10 WAS in 1983-84 and at
18 WAS in 1984-85'FYM_r;tes did not differ’significantly. Surface method of
FYM application always resulted in higher K content but the differences were not
significant at 6 and 10 WAS in 1983-84 and at 18 WAS in {982;83'and‘1984-85.
(vi) N_uptake ‘

150 kg seed rate recorded more N uptake and each seed rate differed
significantly from one another, 15 t/ha FYM recorded the highest N uptake and
each FYM rate differed significantly, Surface application of FIM recorded
higher N‘upfake which proved to be superior to incorporation of FYM into the soil.
(viid_P uptake |

P uptake increased with the sge of the plant and it was meximum at
harvest, 150 kg seed rate recorded highest P uptake and each seed rate differed
significantly at all the stages of crop growth during all the three years of.
study, In all the 3 crop seasons, the P uptake was higﬁest at 15 t/ha FYM and
each FYM rate differed significantly. Surface application of FYM recorded higher
uptake of P and differed significantly from incorporatioﬁ éf FYM in the soil.
(viii) K uptake

Like P uptake, tﬁe uptake of K also increased with the age of.the
plant upto hagvest in all the 3 years of experimentation. The uptake of K was

highest aﬁ 150 kg seed rate and each seed rate differed significantly from one

another.
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The uptake of K was also higher at 15 t/ha FYM and each FYM rate
differed significantly. Surface application of FYM also recorded the highest

K uptake and proved significantly superior to incorporation of FYM into the soil.

6.5 Soil studies

(i) Temperature .

The incregsé in seed rates, in general, registefed Yo a décline in the
s0il temperature. The highest temperature was recorded at 100 kg seed rate/ha
and the lowést at 150 kg/ha. The decline in soil fémperature ranged from 1.3°C
to 0.8°C in-1982-83 and from 1.3°C-to 1¢1°C in 1984-85, Increase in FYM‘rates
registered an increase in soil temperature and the increase ranged from 0.8%
to 1.3°C in 1982-83% and from‘O.QOC to 2.0°C in 196485, Surface application of
T tended to enhance the temperafure of surface soil. The increase ranged from
1.9°C to 2.2%C in 1982-8% and from 2.0°C to 2.4°C in 1984-85 compared to that

when FYM was incorporated in the soil.

(ii) So0il moisture content

During'all the 3 crop seasons the moisture content in soil decreased
significantly with the;inégease in seed rates, lixcept at II 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 tﬁe s0il moisture content at
all the observations in all the 3 years. 15 t/ha FYM recorded the highest
moisture content. Surface application of FYM retained more moisture in the soil.
at different observations in all the 2 years and it was significantly superior
to incorporation of FYM in the soils

6.6+ Interaction effect

From seed rates x FIM rates (S x F) interaction that influenced the
grain yield of wheat in 1982-83 and 1983-84 (Table 12,1a) it was seen that use

of 150 kg seed rate/ha alongwith 10 or 15 t/ha FXM resulted in comparable yields,
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Similar type of effects were also noticed in respect of other yield contributing
characters such as, number.of effective tillers/metre running row length in all
the three years of study, .In case of other yield contributory characters such
as number of spikelets/spike (Table 11.1c),number of graips/Spike(Table 11.1d),
1000-grain weight(lable 11,1f) from the same interactio; effect in the pooled
analysis, it was observed that increase in seed ?ates at differeﬁt levels of
FYM decreased the spikelets/spike, number of grains/spike and 1000-grain
weighte However, a£ fixed seed rate increase in FYM rates resulted in a
significant increase in all the 3 yield contributing characters.

The nitrogen content and N uptake was also influenced by 3 ; F
interaction at 6 WAS in 198'2-83 and 1983-84 (Table 13a). The highest N content
and N uptake was observed at 53F3 during both the years,

The same interaction (i.e. S x F) also influenced the protein content
in 1982—83 and 1983—84 aé well as in pooled analysis (Table 14a)e It was seen
that increase in the rate of ;eed and FYM resulted in an increased in the

protein contents.

6.7 Nutrient balance

The available soil N and P showed a deficit balance, whereas a
positive balance of K was observed under all the treatments in all the three
years of experimentation,

CONCLUSIONS

The following conclusions could be drawn from thé results of this
investigation wﬁich could. be beneficial in attaining success with late sown
wﬁeat under rainfed conditions,

1o Use of higher seed rate @ 150 kg/ha which significantly increased the grain
and straw yield to the tune of 36 and 49 per cent over 100 kg seed rate/hs,

respectively and by 18 and 25 per cent over 125 kg/ha may be advocated,
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Application okoYM @ 15 t/ha which increased the grain and straw yield to
the exten£ of 232 and 4 pef cent over 5 t/ha, respectively and by 1j and
9 per cent over 10 t/ha, respectively may be advocated.

Surface application of FIM significantly increased the grain and straw
yield to the extent of 12 and 10 per cent over the incorporation of FYM
into the soil, FYM should therefore, be applied on the soil surface for
late sown rainfed wheat.

Increase in FYM application rates resulted in an incresse in organic
carbon, available N, P and K and total N and_in,decrease in soil pH and
bulk density. OSurface method of FYM application decreased the soil pH,
bulk density but increased available N, P and K and total N in soil.
Seed rates x FYM rates interaction revealed that 125 kg seed rate/ha
accompanied by 10 t/ha FM resultea in statistiéally similar grain yield
as is obtained at 150 kg seed‘raté/ha accompanied by 10 or 15 t/ha FiM,
150 kg seed rate accompanied by 15 t/ha FIM, however, also resulted in
higher protein content in grains., For higher grain yield with better
grain quality as well as' better physical conditions of soil obtained at
higher FYM rate it may, therefore, be recommended that under late sown
rainfed conditions for the cultivation of wheat farmers should use 150

kg/ha seed rate accompanied by 15 t/ha FYM,
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APPENDIX IX

Anglysis of variance for days for germination’and number of shoots/m row length
at various stages of growth '

°S

A

Source of dof i Megn sum of squares
variation - ***  Days for Weeks after sowing (WAS) .
germination 6 8 10 12 Harvest
_ 1982-83

Rep. 3 2,08 8s20 23,08 56483 20633 3438

B R 8 0.19 111,72 27,76  111.44 93,41 122441
S 2 6.05* 3729.50% 1373.37* 3198,15* 2219.79* 2858,85*
Foo 2 3,01 48,29  336.50% 2051.25% 618,004 239.05%

M 1 86.68*  690.68*  217.01* 1386.80*  997.55* 141.68
SF 4/ 0.16 50,95  617.42* 500.22* = 79.75* 150.25*
SM 2 2.05 579.55% 9.35 37.60 - 237.60* 169.01%
FM 2 0.26 753.10* 42,06  259.75*  54k,89* 757,56*
SFM 4/ 0.38 201.05*  59.81 693,34  182.35* 263,92°
Error 43 147 32,90 32455 37.97 25,88 140,67

1983-8k |

" Rep. 3 1,01 5459 32476 34.90 11,02 16.61
BR 8 0.26 63.79 120.75 bo.68 63.57 bh,72
) 2 9.18# 2Lk, 68% 229,84  353,35% 1680.18%  373.72*
F 2 b 76 149.68% 754,68 852,76  85.43* 228,39*
M 1 74.01%  512.00%% 410.89% 455.02¢  420.50% 512.00%
SF g 0,34 121.84* 694,87 11§.47‘ 265.12* 152.76*

SM 2 3. 18+ 216,58 15,26  105.01 161544  21.50
FM 2 0.26 96.29*  3%6.51* 315.09* 28,04  45.50*
ST u’ 0.23 65.80*  Wr,7h 98,91 39.68 40,33

Error 43 0.83 21,66 22,72  45.31 19.22  13.76

’ . 1984-85

Repe - 3 1405 7e 20 26,60 750 90.53 9.16
B R 8 1.08 37,79 92.69 17,43 93.l0  101.37
2 0.87 1415,05*  356,54%  185,06% 206,01  113.3%9*

F 2 4, 62% 820.89* 880.29* Luh.7P6* 726,97 126,93*
M 1 80.22¢ 786.72¢  231.13% 76 .06 17112  506.68*
SF 4’ 011 59.17*  201.25* 170.10* 134.80* 92.05*
SM 2 0.14 379.06*  439,12*  776.05% . 63.29 91455*
M 2 0.18 129. 39* 35.79 166.09*  209.29 926,01*
SFM i 0.93 23,97  108.79%  78B,66% 620,43 160.81%
Error 43 0.92 13.%0 27.27 20431 73.63 26.70

# Days for germination from sowing till constant shoots.



APPENDIX III

Analysis of varience for treatment effects on plant height at various stages of )
crop growth '

Mes=n sum of squares

Source def. ‘ Weeks after sowing (WAS)
6 9 12 15 18 Harvest
‘Repe 3 1.57 0.29 21.00 1982?§?ZO 1447 7.85
B R 8 0.57 055 12.60 10,94 18.94 19.25
S 2 0.63 124 19% 35,10 28.32¢  124,23* 4,95
F 2 0.57 21.bo* 326,20 170,93* 240.5%  138.75*
M 1 1433% 2.00* Ly, 200 74,08+ 9L, 9ls 185,22+
SF y"  ouk 3,300 9.53 7.02 16,777 20,07
SM 2 1.29* - 0.18 213 23,88 5.96 21.03
™ 2 0437 0.77 26.37 9.40° 21,47 28,86+
SFM ¥ 0.92¢  1.04 6.90 12,06 7.89 k91
Error 43 0.20  0.L5 9,47 5¢73. 7,73 . 8.hq
| | 198384 | |
Repe 3 0s77  2.85 14,27 1ot 37.97 732
BR 8 0.21 3.88 28,57 8.38 7420 3.22
S 2 1.00*  13.98*  111.50%  104.95%  45.57%  Lq.4pe
F 2 0.2 7.59* bl 478.kar 98,57¢ 43,02
M 1 3, 48* 0.16 k4 08¢ 174,04 38 bo* 83.87*
SF 4 0,28 10.86%  U41.44* - 33,200 26.01* 1452
SM 2 0.k 7.63 22.75* 61,48 12,197 16.00
M 2 0,81 1.92 9.58 11416 2174 0.20
SFM B 0,15 5,228 4,00 9.20 . W72 11.20
Error 43 0,23 1.00 5,76 406 741 10.89
198485 -

Rep. 3 3,30 71.65 . 43,78 67.85  18.27 1252
ER 8 3455 34,59 5459 15.23 1170 18.29
s 2 319 8h.72 22,24 S53.als 12,09 b1.676
F 2 37.23  95.38  182.55*  15h.09*  109.9%  96.65*
M 1 0.8  0.92 50.29°  39.67  121.89%  173.17*
SF B .27 17.65 77,76 33.97  50.00*  60.06¢
SM 2 1.80 - 36.69 8¢ 11 484 - 5,68 38.63*
M 2 1.y 9.45 26.62 13,29 2.43 70,59
SFM Yoa013 2640 31.75 6,26  13.99  3h.2t*
Error 4z

1.85 29,46 39,85 13427 11.00 10.08




APPENDIX v

Analysis of varisnce for treatment effects on green matter productlon (g/m) at

varlous stages of crop growth

def.

Mean sum of squares

Source Weeks after soying
6 10 14 18 Hatvest
498283
Rep. 3 bo13 L2, 48  118525.,00 1988, 33 6271433
B R 8 1.98 42,16 119190, 00  1406.50 1763,87
s 2 165,84 2441,08%  190433.50  31380.00*  48717.00%
F 2 21449 616.39*  1533810,00* 10378,00* 7266.00*
M 1 34.91*  1339.17* 57561.00  20371.00* 35514,00%
SF 4’ 11e54* 7410 118357.50 950400 - 462,50
SM 2 0.39 0. 46 138603.00 - 1664,50 1543,00
M 2 13.35% 122,64  100349.50  7420.51% 1825.00
S 4 5.40* 57,40 106489.81  2479.71*  4226.28
Error 43 1,62 22,69 124983.,81 665,74 1978.88
1983814
Repa 3 0495 28.23 887.33  380.66 1759.00
B R 8 2.60 16,27 902.25 618.25 408,50
S 27 223.38%  1899.91* 80899.50* 27784,00%  33743.00%
7 2 100,43 764.97% 26948.00*  3157.00¢  13907.00%
M 1 125.98%  1348,53% 14235,00%  12520,00*  17125.00*
SF L’ 5.62% 63,35 1320.00 112450 186,25
SM 2 8.98# 4L 69 1732.50 5930,00* 3767.50*
FM 2 1.b2 80.62¢ 1284.00  3138.00*  4651.00¢
SFM 4/ 6.2l 96.,96# 1461451 446,75 1761.91%
Error 43 1.69 11,28 630492 427,51 265,37
198485
Rep. 3 3.39 14,23 8563.33  1272.00 512.00
B R 8 2,01 19.%0 808.12 910.25  1713.25
S 2 234,94  2633,63% 51691,00* 256 44,00* Loak7, 50+
F 2 78,99 655,18+ 12287.00%  1381.50  18603.00%
M 1 9k, 75*  833.32% 15845,00*  7724,00*  20335.00*
SF 4’ 6,32 92.37* 1712,50  177.50° 674,00
SM 2 5.78* 64,52% 1869.50 4071400* 2696.50
™ 2 041 18,2k 7583.50*  3588.00 6059.00*
SFTM g 7. 20 23,57* 2145, 14 933,04 420,84
Error 43 1425 8.23 2189.21  12%0.57

871.17




APPENDIX V

Analysis of variaﬁce for dry'matter accumulation (g/mz) at various stages of growth.

Mean sum of squares

Source def. Weeks after sowing (WAS)
6 10 14 18 Harvest
1982-85
Rep. 3 0.24 2.43 8.80 197.33 122290.35
BR - 8 Oe2h 2,25 Sk 26 192,37 1225.62
S 2 9.74» 154,584 51.30%*  12071.00* 25976.50*
F 2 1.81* 60,69* 955, 10* 6695.00* 5743,50*
M 1 5¢10% 120, 30% 4353,60% 16 296,00 2986 4,00+
SF 4 0419 0.56 98, 25+ 589, 50* 265425
SM 2 0.39 0.19 50450 63,50 144,50
FM 2 0.58% 9. 34s 376, 30* 2777.00% 272.00
SFM 4" 0.13 6.78% k1,27 400, 11# 2874.92
Error b3 0.87 140 30.15 113.64 1201.00
| 1983-84
Rep. 3 0.53 0.93 66,83 256,00 2319.63
B R 8 0. 31 16 45 88,90 7712 200,55
S 2 11.3%* 125.08% 10373, 85 6447,00% 13423, 30*
F 2 2.78* ¢ bo,7he 5610, 35* 751.00% 5208, 10*
M 1 7.67# 96.37* 371760  5298,00% 770480
SF 4 0.3 2.54s 240, 50% 23425 43,75
SM 2 0e31* 2. 43 90.35 1205.00% 391495
FM 2 0.13 5.18# 459,95% 1082.00% 3273.00*
SFM 4o 0.1k 6.7k 262.00% 32,00 689.52
Error Lz 0.78 - 0.66 69.95 65,04 L86.75
| 198485 |
Repe 3 .63 0.93 1330.23 485,66 264,66
B R 8 0.30 2.35 232.00 302,62 913,50
s 2 15.08*  ,209.51*  11278.05% 7541, 50% 33130.00%
F 2 3.03% 59.27% Lo72,20% 794,50 13557.50*
M 1 3. 25* 79.27* 5461, 20% 3789.00* 14829.00*
SF ' 0,19 8.6k 268,50 194450 361,25
SM 2 0.29 3.50% 152.95 809.50 1845, 50*
M 2 0. 2.7k 1068,95% 930,00 4122.00%
SFM 4 0,20 2.32% 613, 21 296.09 266.82
Error 4z 0415 0.79 390.75 341,01 462, 3k




APPENDIX VI

Analysis of VAriance for per cent dry matter production at various stages of growth.
(Transformed data)

Mean sum of sguares

Source d.fe : . Weeks aftier sowing(WAS)
6 10 14 16 Harvest
1982-83
Rep. 3 0.11 0.50 0.15 0.88 0.82
B R 8 0.49 011 0.68 0.80 0. 41
S 2 0.55* 0.25*% 0. 45% 1o Ui# 1.79*
2 0.33* 0.35% 0.5%% " 1.88¢ 3,85+
M 1 0.19* 0.67% 2.9Ls 12.31% 10, k2*
SF y’ 0.16 0.13* 0.35 0.11 0.36
SM 2 0.37 0.67 0.22* 1.51* 0.91
FM 2 0.24* 0.35 0.50 0,40 0.55
ST L’ 0.48 0.16* 0.22 0.73 0.95
Error b3 0. 46 0.39 0.93 0.31 0.31
198334
Rep. 3 0.32 0.1 0.73 0.59 © 1.00
BR 8 0.22 0.19 0.35 0. 48 0.19
S 2 0,59* 0.31* 0.18 0.35* 6.59*
2 0.13 0. 13 10 39* . 0.50% 1.86%
M 1 0, 25 0.48% 3,4 e 2.k0%
SF ¥/ 0.1 0.23 0.49 0.22 0. L4
SM 2 0.97 0.33 0.11 0.23* 0.25
M 2 0.66 0.27 0.55 0,28¢ 0.20 -
SFM y/ 0.10 0,40 0.16 0.70 0.57
Error 43 0.95 0.18 0.35 0435 0.22
1984-85 ‘
Rep. 3 0e10 0.86 1.%9 0¢50 0.26
BR 8 0.38 0.42 1.39 0.95 0.10
S 2 0,13* 0.22* 1014 0.63* 7.92*
F 2 0.15 | 0.18* 6,38+ 0e33* Lo 320
M 1 0.30 0.28* 0.11 2.66% L9ze
SF ! 0.13  0.82 0.85 0.26% 0.91*
SM 2 0.57 0.15 1046 0.30* 1,610
FM 2 0.20 0.1 0,15 0.10  0.78
SFM I 0.85 0. 46 .69 - 0.84 0.52¢
Error L3 0.21 0.32 1.66 0.67 0.79




APPENDIX VII

Analyses of variance for 50, 100 per cent heading

. and days to maturity.

d.f.

Mean sum of sguares

k17

‘Source Days to 50% Days to 100% Days to maturity
heading heading
Rep. 3 5.50 1982:83 5 o 31.96
B R 8 4,66 6.09 75.01
S 2 108,80+ 26.93* 46,95+
F 2 11.86 8439 106,55
M 1 21.33* 7.35 186.90*
SF y 3,62 3.85 32, 12%
SM 2 0.50 4,18 194,75%
FM 2 L5k 2.05 146, 75%
SFM Iy 5.70 4,75 76,20
Error 43 3.92 5.27 3e12
198384
Rep. 3 6.60 24,16 3,33
B R 8 27.02 40.25 ' 19.68
S 2 41,620 19.01 8.65%
F 2 88,87+ Lo.o5* 77+ 55%
M 1 0.68 48, z5% 15.?0'
SF y/ 8.05 Phl5e 18, 87+
SM 2 1793 100,93%* 220, 70*
™ 2 41,93+ 99. 39* 60. 4o*
ST y/ 49,07+ 9551+ 68. 4z
Error 43 788 6.09 2.00
1-2814-82

Rep. 3 1,51 6.66 9.16
B R 8 | 4,69 2.83 1.12
S 2 8.59 Lo.oks 19 35%
F 2 70, 26* 17.544 48,60
M 1 16.05* 93.38* 110.00*
SF y’ 8.47 1.70 L.92
SM 2 2.10 0.18 0e20 .
™ 2 k.35 1.27 035
SFM u’ 5.83 1.88 1.78
Error 43 . 3,80 4,60
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APPENDIX IX

MAgalyses of variance for grain yield, straw yield and harvest index.

Megn sum of sguares

Source ' d.f.

1982-83 198384 198485 Pooled

Grain yield ,

Rep. 3 69.15 11,26 172474 41,56
B R 8 49, b - 7.83 1049 11012

2 127.21% 27.5k* 527, 48+ - 161.63*

2 157.09* 87. 144 153.04# 127, h2*

1 36.22. 25.35* 182, 59* 60.79% .
SF u’ 36, 30* 18.84» 3.75 b 17
SM 2 1.47 0.72 0.84 - 0.50
1301 2 0.89 - 2.05 0.46 0,35
SFM y’ 10.%6 0.85 3,45 1.66
Error Lz 13%.82 4,68 8.75 2.49

Straw yield
Rep. 3 20k, 34 %45 328,50 123,03
BR 8 114, 27 8. 49 26.06 23.0Lk
S 2 - 1251.76* 265, 3179.6%% 1285.60%
F 2 629.54* 390.13* 1094, 86% 666,04# -
M 1 196.52% 85.82% Lht.09*  218.00%
SF v 98,27 3.95 43.99 - 2.82
SM 2 13.90 7.59 0.81 193
31 2 16453 0.87 15.04 5.52
SFM 4’ 106,13 3.10 . 18.34 22,82
Error 43 45,68 17.89 37.81 0.17
Harvest Index

Rep. 3 0.73 0.35 0.39 0.8
B R 8 0. 11 0.27 0.45 0.57
S 2. 0.19* 0.13* 0.23 0. 47+
F 2 0.94 0. 11 0.21 0,48
M 1 0.13 0.55 0.26 0.42
SF y’ 6. 25 0.85+ 0.11 0.55
SM 2 0.21 0.33 0.10 0.83
™ 2 0.4 0.98 0.97 0.3
SFM ! 0.33 - 0.45 0.78 0.12
Error 43 0.46 - 0.28 ' 0.13 v 0.38




APPENDIX X

fnalyses of variance for nitrogen content (%) in plantse.

Meagn sum of squares

Source defe . Weeks after sowing (WAS)
6 10 Ak 3 18 N(%)straw N(%)grain
Rep. 3 0.47 0.16 0.1%9—2;_26.34 0455 0.8
BR 8 0.19 0.39 0.17 0.85 0.21 0.21
S 2 0.32* 0.77*% 0.13* 0.69* 0.23 0.98#
F 2 04 34* 0.16 0.11* 0.11% 0.21* 0.15*
M 1 0.70% 0.75% 0.10* 0.97* 0.89* 0.1k»
SF ' 0.86% 0.12*  0.34 0.50% 0.64 0.3%
3M 2 0.85 041 0.10 0.53 0.11* 0.27
™ 2 0.11 0.19 0.29 0,22% 0456 0.78
SFM 47 0419 0.43 0,51  0.62 ' 0.65 0. 12
Error L3 0.23 0.38 0.17 ,  0.13 0.33 0.5
198384
Rep. 3 0.64 0.70 0.30 0.11 0.32 0.20
ER 8 0.26 0.11  0O.1k4 0.7k 0.80 - 0.48
S 2 0.56*  0.77%  0.37% 0.7 0.79%  0.L6s
F 2 0.50* 0.22* 0.22*  0,22* 0.28% .0, 55*
M 1 0.87* - 0,16* 0. 20* 0. 14# T0.142 0.34*
SF C4' 055 0.2 0,920 0.28+ 0,33 0.13
SM 2 0.55 | 0.55 0.64 0414 0.18 0.52
M 2 0.4 . 0,43 0.73 0.11 - 0.15 0.81
S ' 0u10 0.1 0.29*  0.26 0.18 0.68
Error 43 0.18 0.76 0.64 0.10 0.93 0.46
: ' 1984-85

Rep. 3 0.3  0.20 0.53 0.52 0.45 0.18
B R 8 0.17 0.17 0. 37 0.45 0.58 0.22
S 2 0.31* 0.49* 2.60% 1.6 0.48 0.21*
F 2 0.4o* 0.28% 0.82% 0.75* ° 0.17*  0.u5*
M 1 0.17# 0.25 0.63* 0.36* 0437 - 0.15%
SF ' 0.29 0 0.8+ 0.73 0.89 0.72 0.81
SM 2 0.34 0.50 0.25 0.50 0.93 0.37
M 2 0.21 0.61 0.17 0.15 0.33 0.40
SFM 1 0,16 0.18 0.12 0.34 0. 141 0.31
Error L3 0.28 0.19 0. 47 0.39 0.23 0. 31




APPENDIX XI

Analyses of variance for protein content(%) in grain.

.

Meagn sum of sgquares_

Source d.f. 1982-83 198284  1984-85  Pooled
Rep. 3 0431 7.89 0.71 122
B R 8 0.83 0.18 0.89 0.71

2 3.82% 1.83* 8.52» 4,01
F 2 5.87% 2.17% . 1.81% 2.97*
M 1 5.84# 10 344 6.17* L,08*
SF 4 0.12*  0.50% 0.32 0.11*
SM 2 0.10 0.20 0o 1l 0.57
™ 2 0430 031 0.18 0.29
ST ¥ 048 0.27 0.12 0.22
Error L3 0.59 0.18 0.12 0.h1 -

APPENDIX XII

Analyses of variance for grain protein yield kg/ha.
Source dof Mean sum of sguares

T 1982-83 1983-84 1984-85
Rep. 3 68,0831 229,60 22309.80
B R 8 53.38 757.61 11k, 22
S 2 211.13 4594, 35% 83719.70*
F 2 294,62 12203.85* 2L537.05* -
M 1 134,85 LLhs, 80* 34910.90*
SF y/ 37.12 2871.10* 739455
SM 2 L, L6 54.50 274,15
FM 2 2.83 . 73,75 4,95
SFM I 8.99 40,99 430,05
Error 43 13,53 542,17 965.23




APPENDIX XIII

, (kg/ha)
Analysis of variance for N uptakéd/pn plants,

Mean sum of sguares

Sources dof. Weeks after sowing ~
- 6 10 14 . 18 At harvest
Rep. 3 0.22 0.10 12%§?E§ 5.13 411,00
B R 8 - 0.19 0.1 2.56 2. 30 353.27
S 2 0.69% . 5.39* = 66,73* 395.21% 2053.97*
F > 0.17% 1.26% 33,63 551.15¢  2001.04*
M 1 0. L6 L69%  2UL8.3le  Glo, LEe 767.02*
SF 3/ 0,11  0.10% 346 299  190.63
SM- 2 0.17 0.43 1036 35 105, 46
. FM 2 0.43*  0,22* 1.72 146,48+ 55,92
SFM #’[ 0.96 0.15* 8,59+ .23 128477
Error L4z 0.64 0,37 - 2.79 4,90 81, 84
1983-84
Rep. 3 0.1b 0.k2 20.92 19.01 63,41
B R 8 0.11 0. 10 10468 '10.49 2743
S 2 1012% 5.25* 155, 70* 2%6.51% 498,17+
F 2 0.53+ 3.520 80.08%  419.97%  1063.17%
M 1 0.73* 5.89%  266.26* 394,05 368,56
SF ! 0. 18 0.40 9.39 49,19 79.32*
SM 2 0.16 0.72 1433 13.84 14,66
FM 2 - 0.11 0.84* 0.56 26.00 3,66
SFM 7 o3 0.9 .79 hush 3.17
Error . Lz 0.67 - 0.61 4,61 16.00 22,08
29885
Rep. 3 0.51 0.19  589.51  914.68 1174, 84
B R 8 0.19 0.28  62.50 67.58 73,97
S 2 1.72% 5.91* 3699.55* 5117.85%  647h4, 11*
F 2 0.61*  1.98* 1307.56*  1831.88*  2319,35*
M 1 0. Llss 2.48* 1371,82¢  1521,200 1970, L6*
SF L’ 0,27 0.79* 103.148 . 144,75+ 143,68
SM 2 0.65% 0.36 5.79 . 10.81 1h, 7l
FM 2 O.clt 0.96% -~ 22,62 14,22 8.93
SFM ! 0.21 0.52 14, 30 24,00 b L
Error 43

0.6 0.22 43 83 k9,95 6520




APPENDIX XIV

Analysis of variance for P content {(%)in plants

Mean sum of squares

Source » dof. Weeks after sowing(WAS)
6 10 14 18 Straw_ Grain
1982-83
Rep. 3 0.37 0.57 0. 10 0.20 0420 0.70
BR 8 0.53 0.11 0.12 0.23 0.47 0.11
S 2 O.khse Ol 1e 0.21*  0.18* 011" 0.63
2 0.38¢  0,32¢ 0.22% 0.25% 0.3 0.12*
M 1 0.22* 0.15*% 0.15* 0.9k 0.86 0. 14
SF 4/ 0,37 0.27* 0.25 0.10 0.28 0. 2k
SM 2 0.10 0.78 0.27 0.15 0.70 0.13
FM 2 0.31% 0.29 0.5 0,67 0.38 0.53
SFM ' 0.1 0uth - 0,20 0. 14 0.73 0.45
Error L3 0.60 0.73. 0.12 0.10 0.16 0.21
198384
Rep. 3 0.28 0.55 0.95 0.10 0.26 0.5k
BR 8 0.18 0.27 0.60 0.1 0.68 0.29
2 0.90* 0.22¢ 0.30* 0.20* 0.50 0.83+
2 0, 30% 0. 48 0.21% 0.29* 0.732* 0.28
M 1 0.21* 0.20% 0,98+ 0.1l 0.28% 0.53
SF 8 0.7 0.22 0.11% 0.26 0.12% 0.37
SM 2 0.54 0.55 0.12 0.27 0.50 0.42
™ 2 0.75 0.55 0.96 0.65 0.67 - 0.96
SFM 4/ 0,12 0. 0.l 0.15 0.1k 0.31
Error L3 0.2k 0.13 0.94 0.11 0.76 0.21
198485
Repe 3 0.17 0.10 C.13 0.97 0.19 0.49
BR 8 0.13 0. 3¢ 0.20 0.92 0.37 0.27
2 0.50% 0.33* 0.31* 0.27* 0.10 0.62*
F 2 Ol 3# 0. k46" 0.70% 0.98 0. 14 0.37*
M 1 0.1 0.1k 0.3 0.16*  0.30 0.20
SF u’ 0. 32% 0. 50* 0476% 0. k4o* 0.57% 0.3
SM 2 0.38 0.12 0.18 0.11 0.63 1 0.12
FM 2 0413 0.13 0.28 0.18 0.38 0.22
SFHM 8 o.46 0.17 0.36% 0.63 0.22 0416
Error Lz 0.96 0.12 0.20 0.62

0.10 0.10




APPENDIX XV
Analysis of variance for P uptake (kg/ha) 'in plants.

Mean sum of sguares

Sources def. : Weeks after sowing
6 10 14 10 At harvest
: 1982-83

- Rep. ‘ 3 0.69 0.12 0.18 0.78 1481
B R 8 0. 14 0.1% 0.1 0,64 .75
S 2 0,36 0.98¢ 5e Sl* 9.84» 11.83%
F 2 0.31* 0. 54» Loz 12,28 = 14,82~
M 1 0. 4o* 0.59* h.38*  G.06*  5.02*
SF lf/ 0.26 0.10 0.28 0.27 1.05
SM 2 0.49 0.27 0.37 0.52 0.21
FM 2 Oll1* 0.15 0.52 0.28 0.36
SFM 4’ 9.92 0.19* 0.26 0451 0.66
Error 43 0. 39 0.60 0.17 0.24 0.63

1983-84
Rep. 3 0.77 _ 0.20 0.60  0.15 0. 54
BR 8 0.35 0,17 0.38 0.12  0.80
5 2 O.k1e 0,53  5.8% 593  9.33e
F 2 0.28*  0.48  3,29¢  5.61%  9.80°
M 1 0. 50% 0. 48 1.86% L4, 55% 5.94s
SF y’ 0.11 0.1 0.48%  0.k42 0.%
SM 2 0.29 0.26 0.60 0.26 0.43
™ 2 0,28+ 0.19* 0.27% 0.57 0.38
STM g 0.64 ~ 0.61  0.81  0.27  0.61%
Error L3 0.61 0.58 0.4 016 0.23
1984-85

Repe 3 0. 49 0.10 ~ 0.48 0.18 0.22
B R 8 0.59 011 0.19 0.16 0.19
s 2 0.56% 0.89 8.30%  10.02*  10.69*
F 2 OJk3e 0.37 2. b1% 2.76% 2.92%
M "1 0.27+ 0.22 7.50%  6.32* . 6.84#
SF h-/ 0.11 0.98 0.79% 0.83% 0.83*
SM 2 0.35 0.11 0.33 0.10 0.95
FM 2 0.86 0.14 0. 4g* 0626 0.19
SFM y’ 0.99 0.14 0.21  0.20 0.19
Error 43 0.64 0.12 0.15 0.29 0. 31
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APPENDIX XVI

.Analysis of variance for K content per cent in plauts.

Mean sum of squares

Sources dl.f. . = ﬁekﬁ gte;:1 sowing T T
| 1982-83 -
Rep. 3 0.15 0.19 0.89 0.64 0.70 0.82
B'R 8 0.16 0.30 0.43 0.58 0.53 0.54
5 2 0.11% 0. 52* 1.03% 0.98* 0.1 0.20
F 2 2.70% b, 43 1.5 0.63* 0.16* 0.12%
Mo 1 0.7 0.43% 0,290 0.73 0.31 0.73*
SF 470,25 0.13 0.28 0.%0 0.19 0.38
SM 2 0472 0.13 0.51 0.4 © 0,52 0.55
FM 2 0.l41 0.21 0.31 0.55 0.79. 0.22
SFM 4 0,43, 0,38 0. 40 0.23 0.17 0.76
Error 43  0.33 0.58 O b2 0.40 0.37 0.68
1983-8l4 ‘
Rep. 3 0e13 0,32 0.6  0.20 0.18 0.23
B R . 8 0.51 013 0.65 0. b7 0.45 0.34
S 2 0.1k 0.21 - 0,70% 0.51* 0.73* 0415
F 2 4,66 4,26 0.78+ 1.06% 0.19¢ 0. 47e
M 1 0.3 0.64 0. 70* 0. 30% 0437% 0.61%
SF 5’ 0,22 0.5 0.76 0.7 0.32 0.26
SM 2 . 0.hs5 0.28 0.c8 0.91 0.17 0.12
™ 2 0.11 0.15 0.13 0.29 0. 41 0. 41
SFM R A 0.85 0.63 0.21  0.83 0.1
Error 4z 0.7 0.40 0.62 0.48 0.18 0.77
- 1984-85
Rep. 3 0. 11 0.10 0425 0.35 0.& 0.23
B R 8 0.11 0.21 0.% 0.67 0.1/ 0.13
S 2 0.62% 0.45 3,87+ 3,05#% 0.23 0.84
F 2 2.bl» 3.93* L 2.51* 2,07% 0. 32% 0.11*
M 1 0.30* 0.91* 0,82+ 0.48* 0.67 0.22
SF 57 0,95 0.32 0.77 0.3 0.72¢*  0.76
SM 2 0.1k 0.87 015 0.93 0.26 0. 51
FM 2 0.18 0411 0.325 0.17 0.21 0.10 .
SFM 5/ 0.62 0.25 0. 41 0.30 0.60 0.11
Error 43 0.62 0.50 0.94 0.99 0.68

26




APPENDIX

XVII

Malysis of variance for K uptake (kg/ha) in plants.

Mean sum of squares 6
Sources d.fe Weeks after sowing
6 10 14 18 At harvest
1982-83
Rep. 3 0.28 0.89 118.32 214,96  212.%6
B R 8 0.52 0.2k 39.75  176.34  145.75
S 2 0.80* 18.21*  1842.58% 4669.86% 4hihp, 3qs
F 2 1,53 b2,60*  2170.30* 2633.11* 2997.14*
M 1 1.06* 18.46%  516,01* 1057.29* 1023.93*
SF u’ 0.16 0.29 50.05 Sy l2 76.20
S 2 0.77 0.11 9.18 200,63  145.20
Fi 2 0.87* 1.08 13,60 59.56 45,48
SFM 4’ 0,20 0.30 78.19 53.78 52,22
Error 43 0,11 0.38 62.15  118.09  110.56
| ' 1983-84
Rep. .3 0.26 0.21 96.99 0426 42,03
B R 8 0.17 0.13 29;64 88.21 73.08
2 0.95* 8.43*  1087,49¢ 1347.,67¢ 1687.01*
F 2 1.85% 29,84 987,49%  194B,26% 2315.41%
M 1 1,18+ 15.82¢  863.68% 945.18* 1035,81*
SF y’ 0.23 0.38¢  27.39 8.06  13.19
SM 2 . 0.57 0.26 32,04 78,31 58.90
13N 2 0.35 0.76% 21.08 42,58  21.7%
SFM v/ . 0.33 0.43s 1h.1b 46,79 T 33.90
Error L3 0. 11 0.4 - Lk 67 70475 72.84
1984-85 '

Rep. 3 0.11 0477 30462  1003.15  1111.46
B R 8 0. 39 0.32 44,03 94,73 96,62
S 2 2.10% 12.39* 6003.06* 9130.99* 9410.21*
F 2 N Y 37.20% 3784, Lo S674,38% 5802, Lo*
M 1 0.69% 19.45%  1612.73* 2198.95¢ 2329.72*
SF y’ 0.3 0.33 11126 36,66 57. 34
SM 2 0.10 0.20 2k, 72 14, bo 3.84
. FM 2 0,74 0.53 147.05 179.40 178.63
S y! 0.31 011 7742 63,52 7k, 1k
Error 43 0.32 0.33 - 84,62 146,20 148, 37




APPENDIX XVIII

Analysis of variance for soil moisture content (%) in 0-15cm soil depth.

Megn sum of sguares

Sources d.f. T 11 111 v v At harvest
: 1982-83 , :
Rep. 3 2.33 L,56 10,88 6.69 4,86 9.75
B R 8 1.99 8.88 2.2k 2.88 1,77 1.09
S 2 46.84% 31,98 14,69%  7.02*  2.53 8.67%
F 2 17.72*  58.51* 26,78*  12.19* 17.08*  50.05*
M 1 23,62 60. 84> 38.66* 58.31* 51.8% 37.87*
SF 4’ b3 67.61* 3.02 2,217 0.66 6, 4o
SM 2 0.21 k.07 0417 9.9%* 0.76 0.53
FM 2 1.05 0.79 0.12  0.58 2.07 2.03
SFM y' 3,25 ERY 1.54 .29  0.25 1,46
Error 43 2.25 2.43 2.30 2.15 2.16 1.90
' 1983-84
Rep. 3 843 25.82 751 11.03  15.84 9.20
B R 8 4,79 3,32 3.77 1.88 0.8  4.93
S 2 S.hbs 26,98% 76.80*  32,12* 15.03* = 5.05
F 2 72.79* 26439* h2,29*  17.59* . 0.14 7.59*
M 1 58.71* 53. 28+ 73.60*  49.66*  73.20%  60.90%
SF 4/ 48350 74 1k U373 0 1,99 6,87 17.89%
M 2 0.68  0.37 0.37  0.60 3.31*  0.53
M 2 3.13 0.18 0.28 1,03 1.98 3. 20
SFM y/! 0.75 1.81 1031 0.98 °  1.23 0.68
Error b3 1.6k 2,76 bbb ho12 0468 1,64
. 198485 |
. Rep. 3 3¢39 7.89 0.89 9.6 18.77 17 3k
‘B R 8 0.52 1.78 24 3k 9.88 1629 2¢29
S 2 - 22, 47* 2.45 22,72 1.75 10.68* 16, 2U*
F 2 9.60 1k, 12% ok, h6r 25,68  15,08% 10,28+
M 1 60.04* ?0.56% " 46,22  55.55*  29.05* 18, 74
SF Iy 22.90* 5. 47 - 1h,72% 117,68 2.99* 6.22%
SM 2 1.16 101l 0.57  0.3%  0.16 0.88
™ 2 2435 0.12 0.26 0.53 0.1k Ol
SFY y’ 3.80 2,33 0.60 .  1.45  0.11 0.96
Error 43 3,85 2.9% 2.4 L, 32 0.99 1492




~ APPENDIX XIX

Malysis of variance for physico-chemical properties of soil,

4

Mean sum of sguares

Bulk

Sources d.f, Available Available Available Total N  Organic
density N P K carbon
' ’ 1982-83
Rep. 3 0.53 198.00  11.50 93.66  13774.00  0.39
B R 8 0.1 684,00 31,22  483.30  13623.37  0.10
S 2 0.19 15.00  67.59* 234,50 172075.00* 0.48
F 2 0.55* 5924,50* 168.43* 1461,.35%  L46814.,50%  0.20*
M 1 0.82* 2255.00 L6,72 3186.,60* 239056.00* 0.10
SF v 0.lo 618.00  11.08  1007.25  U41615.00* 0.9k
SM 2 - 0.84 58,00 5.09 62.90 5477.00  0.10*
M 2 0.20 356400 76.01* 1619.50% 1976.00 ' 0,.36*
SFM 4 0.%0 910.45  13.66  650.89  6216.95  0.71
Error 43 0.26 1339.21 11.63 439,62 3296.7%  0.59
' 1983-84
Rep. 3 0.12 " 1689.66  12.19  363.10  88496,66  0.52
B R 8 0ol 1193.50 . 5.84 143,36 1438,25  0.37
s 2 0.11 43kh.50 45,54 162.40  70015,00%  0.76
F 2 0. bz hilq,50  149.62¢ 1657.10  168865,00* O, Lk
M 1 0.26% 466,00  74.01* 1624.50  115015.00%  0.12*
SF v’ 0.56. 504,00  19.69% 77.25  10117.50* 0.1k
SM 2 0.16 160.50  35.09*  39.50  34028,00* 0.18
i 2 0.k 201.50  15.26 586,15  2912.50  0.20
SFM ' 0038 1555.23  3.13  625.21 445,17 0.69
. Error 43 0.37 2187.86 - 6,72 1033.63 2867.10 ° 0.73
| | 198485 .
Repe 3 0.20 1332,00 42,40  238.03  40529,00 Q.28
B R 8 0.22 365.50 48,55  1613.35 2540.62  0.16
S 2 0.20 817.00 6.75 763.80 87993.,00* 0.53
F 2 0.49* 3686.00 3.97 1481.80 142032,50* 0.60*
M 1 0.39*  7442,00% 0.22 105.00  243084,00*  0.40*
SF 4/ 0.28 701.00  49.28 81.25 1297.50  0.15
SM 2 0.34 . 212,00 214.01*  341.35 29801.50*  0.97
™ 2 0.2k 547.00  100.93  109.10 5529.00  0.32
SFM 4" 0.55*  1099.73  35.60  985.15 124043 0.45
Error Lz 0.21 1654.67  63.63  989.50 3361.26

0.22




Effect of S x F interaction on gfb@th characters.

N 5 SF.  5F. SF SF SF. SF s S SEms CD%%
Characters 1F1 12 1:%. ~21 22 23 31 3F2 3F3 ‘ nx 7

Plant height(cm)
12WAS 198%-84 k0.8  36.7 37.0 37.1 39.8 38.0 33.0 33.1 38.8 0.9 2.8

15WAS 1983-84 46,9 50.9 S2.4 46.9' 48,7 L48.0 41.0 L45.6 50.8 0.8 2.3

Horvest 198M.85 58.3  56.7  61.2 52,0 60.5 57.7 53.9  53.7 574 1.2 3.7

Drv matter accumulation (g/mz)

6 WAS 1983-84 2.9 %5 39 b2 4,3 L9 43 5,14 5.0 0.1 0.3
10WAS 1982-83  487.3 496,2 511.5 510.1 526.3 5%0.4 518.8 53%8.5 568.,2 4.3 12.3

Per cent dry matter.accumulation(g/mz)

107 WAS .1982-83 4,919 5.04 5,06 5.08 5.0k 5.08 5,04 5.03 5.11 0.02 0.07

’ 18WAS 1984-85  L3,9 44,5 R4 4 L4 5 Wi 5 Lh5 b4k 446 4.8 0.1 0.3
Harvest 198485 56,8 57,4 58.0 58.1 58,0 58.4 57.9 59,0 58,9 0.1 0.3

Days to 1009% 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 grains/spike | |

1982-83 32,1 3he7 334 316 29.8 0319 0 29.7 299 32.7 0.7 2.0
Humber of grains/spike | v
1982-84 25.9 251 26.9 22,0 27.0 26,7 249 23,5 23.9 0.7 2.0
198485 29.5 31,0  31.1  27.4  29.0 32,7 29.7 27.7 30.9 0.5 .k
1000-grain weight(g) : l_ | |

1982-83 39.3 29.1 41.3  39.5 38.8 29.8 37.5 L40.1 40.0 0.4 1.2
198L.-85 b6.2  47.0 W65 hhL Bh5 50,0 45,3 47 b4 bk 1,0 3.0

Harvest index

198 3-8k 0.32  0.33 0.3 0.33 031 0.32 0433 0.29 0.29 0.01 0.0k




APPENDIX XXI

Effect of S x F interaction on nutrient content and uptake in plants and available

nutrient in soil after harvest

Characters SFy SgFy S4Fg 8K, SF, SFy S, 8, S5 Shne COF
N content in plants

Straw 1983-54 0.53 0.59 0.60 0.54% 0,52 0.58 0,53 0,58 0.62 0.01 0.03
Grain 1983-8%  1.52  1.55 1.61 1.57 1.56  1.59  1.56 1.63 1.7  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 0.1 11.0 0.2 0.5
N uptake in plant (kg/ha) - |

6WAS 1983-84 0.65 0.84 o.94 0.95 0.98 1.22 1.64 1.26“ 1.41 0.03 0.09 -

Harvest 198384 23,0 27.4 24,1 26.8 35.3 35,8

P content in plants

26,5  39.4 46,7 1.9 5.4

18WAS 1984-85 0.067 0.08% 0.097 0.093 0,095 0.099 0.103 0.101 6.103 0.004 0,022

P uptake in plant (keg/ha)

18WAS 19084-85 2.8 3,7 4,3 k.3 4k L7
Harvest 1984-85 2.9 2,8 bty Loht L5 4,8

S0il moisture content during 2nd observation

1982-83 25,1 25.0 2.6 23.9 231 23.2

Available soil P

198384 18,9  21.4 25,5 19.9 20.6  20.7

Soil organic carbon content

1882-83 0.56 0.62 0.85 0.53 0.66 0,77

4.8
k.9

21.2

4.8

k.9

5.0

0.2

0.2

0.6

1.0

.03

0.6

1.9

3.0




APPENDIX XXII

Effect of S x M interaction on growth, yield characters, nutrient content and uptake
in plants and soil organic carbon content after harvest.

: ) CD%%
Characters S M, S M, S M, S M, s3M1 S;M, SEm: CD3%
Days taken to complete germination »
1983-84 26.5 25.0 26.3 24,5 26,0 2341 0e2 0.7
Number of shodts ' .
8 waz 198485 774 77.2 80.5  77.9 78.0  91.3 1.5 4.3
10WAS 1984-85 92.9 90. k4 98.2  91.9 89.6  104.6 1.3 3,7
‘Plant height (cm) S ‘
6 WAS 1982-83 8.2 8.8 8.6 8.3 8.0 8.4 0.1 0.h
9 WAS 1983-8h 13.0 12.3 1.8 13.0 1.5 10.9 0.3 0.8
12WAS 1983-8h Co3.2 39.8 35,8 39,6 35,0 2,3 0.6 1.9
Harvest 1084-85 55.8 61.3 54,9 58,4 55.7  56.2 0.9 2.6
Dry matter accumulation (g/m2)
€ wuns 19838k 3.0 3.9 b2 b7 4,5 5.0 . 0.08 0.23
1BWAS  1983-84 354, 4 387.3 388,3  L01.6 399.4 Lok, 8 2.3 6.6
Harvest 1933-84 338,3 337.1 Lk, 7 435,14 | 420.6 437.5 6.2 17.6
Per cent dry matter accumulation ‘ ‘
14 WAS 37.3 37.5 37.3  37.9 37.4 37,9 0.08 0.2
Harvest 56.9 57.9 57.8  56.6 58.5  58.5 0.08 0.02
100 ver éent he ading
198334 105.9 111.4 109.0 111.1 111.7  109.0 0.7 2.0
t0.0f grains per spike
193 384 2345 28.0 25.6 25.3 23.2 25.0 0.5 1.4
108485 29.2 22,2 29.0  30.3 28.9  29.7 0.3 1.0
N content in plants )
1982-83 | 0.53 0.52 0.55  0.52 0.52  0.57  0.01 0.0k
Protein vield (kg/ha) .
1983-84 100.7  115.4 117.6  131.0 126.0  14#5.1 6.7 19.0
N uptake (kz/ha) _ : . :
6 WAS- 1984-85 0.9 1.2 1.3 1o b 1.5 1.7 0.03 0.1

Soil organic carbon content

1682-83 0.68 0.68 0.71  0.59  0.58  0.72  0.02 0.06




. APPLNLDIX XXII1

bffect of F x M interaction on growth and yield characters.

M ; D%
Characters F1M1 E'IMZ F2M1 F2M2 F3M1 F3 2 Skim o>%
Number of shoots m™ | row length
12 WAS 1982-33 ok, 6 91,6 94,8 1045 9.3  111.0 1.4 Loa
8 WAS 1983-84 61.0°  62.5 69.0 68,2 66.1 79.7 163 3.9 |

“Green matter accumulation (g/m2) .

6 WAS 1982-83 25k 25.1 25.5 27.3 25.9  28.4 0.3 1.0
14WAS  1984-85 793.8  762.8  789.6 83,8 806.1 860.9 13.5 8.3
Dry matter accumulation (g/m<)

6 WAS, 1982-83 5.0 5.2 5¢1 5.6 . 5.3 6.1 0,08 0.2
Per cent dry matter accumulation
6 WAS 1982-83% 4 47 4,62 4,54 L, 57 L, 55 4,68 0.02 0.05

18WAS 1983~k 2.2 hah o h2.3 k3.0 k2.3 k2.9 0.05 0.15
Harvest 1984.85 57.5 57.6 57.7 58.5 58.1 58.8 0,08 0.2
Days to heading
50% heading 1983-84 100.0 99.8 99.9 97.7 ok,7 97.6 0.8 2.2
100% heading 1983-8L4 109.5 112.4  107.2 112.2 1099 106.9 0.7 2.0
Number of grains/spike
1983-84 . 236 25.0 247 25.8  2h0  27.5 0.5 1.5
1000~grain weight(g)

1982-83 | 38.8  38.9 B4 0.3 .6 4.0 0.3 0.9
195485 Wy 46,0 45,3 47,0 U8.6 4.0 0.7 2.1




APPENDIX XXIV

Effect of F x M interaction on nutrient content, uptake in plants and available soil

F,K and organic carbon content after harvest.

Characters FM,  FM, P, M, F M, FM, SBmy CDS%
I content in planfs

10 WAS 1983-84 1.43 1.43 1.49 1.67 1.55 1.66 0.02 0.07
18 WAS 1982-83 0.55 0.59 0.59 0.63 0. 64 0.78 0.61 1 0.03
N-uptake in p_laﬁt(kg/ha) |

6 WAS 1982-83 1.16 1,25 .22 " 1.7%b 1.2k . 1,50  0.02 0.06
13 WAS 1082-8 28.0 30.3 3040 34,0 37.2 bh, 3 0.6 1.8
P content in niant(%

6 WAS 1983-83% 0.147 0.150  0.151 0.167 0,967 0,180 .0.002 0.006
P uptake iﬁ plant (kﬁ/ha) \

10 WAS 1983-84 0.19  0.22 0.22  0.29 0,26 0.33  0.007 0.02
K uptake in plant (kg/ha) |

6 Was 1982-83 1.00 111 1.15 1.5 1.3 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
S30il available nutrient aftervharvest

P 1982-83 | 2.5  18.0 0.2 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 coneent (%)

1982-83 0.53 0.59 0.66 0.70 0.78 0.70 0.02 0.06
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