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1. INTRODUCTION

The contributions from livestock sector to Kerala’s
economy 1is significant. The livestock sector accounts for
about 10 per cent of the state’s domestic product.  The milk
production in Kerala increased during the last two decades and
the principal factor that contributed to this increase in milk
production has been the improvement in the genetic quality of
the stock through cross breeding. Today more than 60 per
cent ol the «cattle in the state are cross breds with a
significant increase in the productivity of milch animals.  But
the full potential of milk production from the hybrid cattle
cannot be achieved unless sufficient quantity of quality feed
is supplied to them. Our state lacks in the production of
sufficient feeds and fodder. The gap between the availability
and requirement is estimated to be 27 6 lakh tonnes in terms
of dry matter (Status paper., 1989). Moreover the cost of
milk production in the state tends to be high due to scarcity
of quality feeds and fodder which account for nearly 60 to

70 per cent of the total cost.



The primary factor which comes in the way of
popularisation of fodder crops is the nonavailability of good
quality seed of high yielding varieties. The productivity and
availability of sceds are very important because the crops have
been bred substantially for vegetative purpose and as such they
are shy seeders with very low seed productivity. Secondly the
crops are not allowed to come to maturity and they are cut
at the vegetative stage. So the opportunity of producing seed
is limited. However recently progress has been made in
improving the crop husbandry of tropical forages to give
higher seed yield and better seed quality. Loch (1991)
reported that herbage seed production in the tropics has shorter

history and is at an earlier and less sophisticated stage of

development.

Most ef the tropical forage crops werc developed in
the last 30 years and are new to agriculture and retain wild
characteristics that interfere with commercial seed production.
Australia Mas the largest history of forage production in the
tropics and produces the greatest diversity of herbage seeds,
particularly legumes. Other major producing countries include
Brazil, Thailand, India, Kenya and Zimbabwe. A concerted

cffort is nceded to augment the sced production of cultivated



fodder crops, range grasses and pastures. The studies
conducted over the last 25 years under the AICRP on forage
crops indicated the possibility of énhancing the seced
productivity of different crops in their specific agroclimatic
locations which were identified through research works. It
was also understood that the appropriate crop and soil
management aspects including crop fertilization with macro and

micro nutrients help in seed production.

Gamba grass (Andropogon gayanus) is commonly
known as Sadabahar in India. This is a tufted perennial and
it grows 1-2 m high. The inflorescence is a large spathate
panicle. The name ‘sadabahar’ was given by Chatterjee
(1964), who reported a yield of‘700 g’ha with 5.5 per cent
crude protein, ?.2 per cent P.O,, 0.65 per cent CaO and 32.6
per cent crude fibre. The crude protein percentage in the

grass is as high as that of the Napier grass.

Gamba grass is easily established, highly productive,
and drought resistant. It remains green during the driest
months of the year. 'Sadabahar' is broad leaved, palatable and
is avidly ecaten by animals. When the plants are spaced at

(2" x 3") it may grow as high as 10 feet. The species is



adapted to wide range of soil types from light sandy to clay
loams and prefers well drained soils. It is not adapted to
heavy clay soils which is susceptible to water logging during
the wet season. A range of legumes have been grown
successfully with this grass. These include Stylosanthes
hamata Cv. Verano, S. scabra Cv. seca, S. guianensis Cv.
Cook, Endeavour, Graham, Centrosema pubesense, Macroptilium
atropurpureum and Calapogonium mucunoids. Choice of
legume would depend on location and expected use of the
pasture. Establishment of this grass is effected by sowing as
little as 1 kg/ha of clean, seed of high viability. Rates as
high as 40 kg/ha may be required if seeds are uncleaned
(Ford et al. (1981) and Harrison (1981)). Andropogon gavanus
is a short day plant and will not flower if the day length is
more than 12-14 hrs. Tillers formed early in the season make
the greatest contribution to final seed yield and management
for seed production should aim at stimulating early better
production through fertilizer and husbandry. Bogdan (1977)
reported that yiclds of unclcancd sced range from 20-100
kg/ha/yr and that annual seed yields of upto 90 kg/ha/ yr in
India and Brazii. In the Indian trial, the uncleaned seed
contained only 5-10 per cent caryopsis. As this being

cultivated as a good forage grass in our conditions, there is



much nced to popularise 1t among our farmers. The Kcrala
Livestock Development Board, which s the principal agency
for production of Il;ddcl‘ sceds an the state s not able o
cater tu the needs of the state.  Also technicai infounation
tegarding  the production  of seeds under ihe agrochimatic
conditions of the state s lacking.  With this backgiound, (he

presenl siudy was laken up with the following objectives

i ta find out the cffcet of treatments on fodder production

potential ol the giass.

2

to fad vul the cifect of teatments on sced production

potential ol the grass.

v workh out the economics of cullivation.

L
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2. REVIEW OF LITERATURE

An experiment was conducted at the college of
Agriculturc, Vcllayani during the period from July 1993 to
February, 1994 with the object to find out the effect of
nitrogen, phosphorus and potassium on seed production of
Gamba grass (4ndropogon gayanus). The treatment consisted
of combinations of 3 levels of nitrogen, phosphorus and
potassium. In this chapter, the literature available on the
topic is reviewed. Wherever sufficient rescarch data on the
specific crop was not obtained, the available literature on

related crops are cited.

2.1. Effect of treatments on growth characters

2.1.1. Effect of treatments on plant height

Bokde (1968) working with two varicties of fodder
oats (Avcena suativa, Linn) found that nitrogen application
markedly increased plant height. Culm length was increased
in Setaria grass (Setaria sphacelata) Cv. Nandi by nitrogen

application as reported by Boonman (1972) from Kenya. An



increase in plant height upto 120 kg N/ha was seen in Bajra
(Pennisetum typhoides) from trials conducted at Rahuri
(Annual Recport, 1976). Influence of nitrogen in increasing
plant height was noticed in fodder sorghum (Sorghum bicolor
(L) Moench) by Rathore and Vijayakumar (1977). Trials
conducted on dinanath grass (Pennisetum pedicellatum) at
Vellayani with 0,50,100 and 150 kg N/ha recorded a linear
increase in plant height. (Annual Report, 1978). Similar
response was noted by Abraham (1978) in dinanath grass
(Pennisetum pedicellatum). Thomas (1978) found that nitrogen
had highly significant effect on plant height of hybrid napier
grass. Application of 60 and 120 kg N/ha in addition to
inter cropping enhanced plant height significantly in hybrid
napier grass. (Balbatti, 1980). Rai and Sankaranarayanan
(1981) found that plant height increased with nitrogen
application in Giant Anjan grass (Cenchrus ciliaris) and also
noticed maximum plant height with the application of 40 kg
N/ha. Krishnan (1993) reported that plant height was
significantly increased due to nitrogen fertilizer application in
guinea grass (Panicum maximum) and the maximum increase of

about 1.1 times obtained at 100 kg N/ha itself.

Thangamuthu et al. (1974) reported a lack of



response on plant height 1n guinea grass (Panicum maximum)

upto the level of 50 kg N/ha.

In general the plant height increased with nitrogen
application in most of the important fodder grasses as well

as in cereal fodders.

2.1.2. Effect of phosphorus on plant hecight

Rai and Sankaranarayanan (1981) working on giant
anjan (Cenchrus ciliaris), reported that plant height was not
affected due to the addition of phosphorus either as soil

application or as foliar spray.

2.1.3. Effect of potassium on plant height

Thakuria (1993) working on teosinte (luchlucnu
maxicana) reported that application of potash did not give

any significant responsc to growth or height of plants.

2.2.1. Effect of nitrogen on number of tillers

Boonman (1972) working on setaria grass (Scrarig

sphacelata) reported that application of nitrogen increased



titler numbers.  Rathore and Vijayakumar (1977) got increased
number of tillers with increase in nitrogen fertilization in
dinanath grass (Pennisctum pedicellatum) and fodder sorghum
(Sorghum  bicolor). Mears and Humphreys (1974) got
increased density of tillers at 336 kg N/ha in Kikiyu grass
(ennisetum  clandestinum).  Thomas (1978) working on hybrid
napier reported a significant increase in tiller number with
nitrogen doses upto 250 kg/ha. They further reported that
vegetative tiller number was not significantly increased by
higher levels of applied nitrogen (300 kg N/ha). In giant
anjan grass (Cenchrus ciliaris), tiller number increased with‘
tnercasing  levels ol nitrogen, (Rai and Sankaranarayanan,
1981). Taneja et al (1981) also reported that the application
of nitrogen produced more number of tillers per square metre
in barley and oats. In the case of Brachiaria humidicola
nitrogen application significantly increased the total number of
tillers/m* (Mecelis and Oliveira, 1984). Dwivedi and Kanodia
(1980) working on setaria grass (Setaria sphucelata) reported
from IGFRI, Jhansi, that application of nitrogen increased
tiller numbers. Sangakkara (1988) found that increasing
nitrogen rates increased the number of tillers/plant in guinea
grass (Panicum maximum Jacq). Krishnan (1993) reported

that in the case of guinea grass a number of tillers per hill



at 30 days after first fodder cut was significantly influenced
by nitrogen fertilizers applicd at the rate of 100 kg Nr/ha,
the increase being about 1.23 times. The higher dose of 200
kg N/ha eventhough heclped to increase the number of tillers,
the increase was not significant. In switch grass (Panicum
virgatum) application of nitrogen after cutting increased the

total tiller number (Brejda, et al

1994).

Thangamuthu et al. (1974) rcpo.rted that split or
whole application of nitrogen upto 50 kg/ha failed to increase
the tiller number in guinea grass. Studies conducted at
Rahuri (Annual Report, 1976) indicated lack of influence of
nitrogen on tiller production in dinanath grass (I’cn}zixclum
pedicellatum) and fodder sorghum (Sorghum bicolor). Lack of
responsc to nitrogen in guinca grass (Panicum maximum) Cv
Likont was also reported by Perez et al. (1984). The tiller
production showed an increasing trend with application of

nitrogen in majority of the experiments so far conducted.
2.2.2. Effect of phosphorus on number of tillers

Rai and Sankaranarayanan (1981) reported that there
was no significant increase in the number of tillers duc to

application of phosphorus in giant anjan grass (Cenchrus

10



ciliaris). Krishnan (1993) working on guinea grass also
reportcd that phosphorus fertilizers did not influence tiller

production.

2.2.3. Effect of potassium on number of tillers

Krishnan (1993) reported that potassic fertilizers did

not influence tiller production in guinea grass.
2.3.1. Effect of nitrogen on green matter yield

Mukerji and Chatterji (1955), Bose (1965), Tiwari
(1965) and Relwani and Bagga (1968) conducted rescarch
under different agro-climatic conditions and reported that
nitrogen application was very esscntial for higher green
fodder production of dinanath grass (Pennisetum pedicellatum).
Lotero et al. (1967) observed an increase in forage yield of
elephant grass (Pennisetum purpureum) upto 200 kg N/ha.
Kritavanavach (1968) applied nitrogen to napicr and hybrid
napier grasscs ranging from 0 to 780 kg/ha, and recorded
incrcased fresh weight of fodder upto the maximum lcvel
tried. Forage research at Pant Nagar on hybrid napier,
recvealed a significant increase in forage yield with increased

application of nitrogen wupto 150 kg/ha. (Annual Report,



1977).  Narwal et al. (1977) reported a significant increase
in green fodder yield with nitrogen application. Experiments
at Vellayani gave an incrcase in green matter yicld of
dinanath grass with increased nitrogen application (Annual
Report, 1978). Walmsley et al. (1978) got response to
nitrogen  application in elephant grass (Pennisctum
purpureum) upto 340 kg/ha in the third year of application.
Boruah and Mathur (1979) reported that nitrogen application
to fodder maize significantly increased green matter yicld.
Overwhelming effect of nitrogen on promoting lushy growth
and higher green matter production of fodder maize was
observed by Lakshminarasimhan et al. (1979). Dwivedi et al.
(1991b) working on thin  napier grass (Pennisetum
polystachyon) found that herbage production increases with
increasing nitrogen rates. In teosinte (luchlacna maxicana)
tncreasing  levels of nitrogen upto 90 kg/ha significantly
increased the green fodder yields upto 93.7 per cent over

control. (Thakuria, 1993).

Nitrogen application in general, significantly favoured
higher green fodder yield in all the grass crops and cereals

tried.



2.3.2. Effect of nitrogem on dry matter yield.

Little et al. (1959) got 40 per cent increase in dry
matter yield of napier grass (Pennisetum purpureum) with 800
Ibs N/acre (907 kg/ha) under irngated conditions. According
to Haggar, (1966) in the case of gamba grass (Andropogon
gayanus) the application of higher quantities of nitrogen, upto
the equivalent of 100 1bs N/acre (113.37 kg/ha) resulted in
a linear inecrease in dry matter production. Faroda (1970)
reported an increase in dry matter yield upto 40 kg N/ha in
black anjan (Cenchrus ciliaris).  On alluvial soils of Costa-
Rica, dry matter production was linearly increased with
increase in the rate of applied nitrogen. An increased dry
matter production by nitrogen application upto 250 kg/ha was
observed in dinanath grass (Pennisetum pedicellatum) (Annual
Report, 1972). Boonman (1972) reported that in setaria grass,
(Setaria sphaceluta), the highest yields of dry matter at sced
harvesting time were recorded at the top nitrogen levels.
Response of dry matter yield to nitrogen rates on rye grass
(Lolium perenne) was almost lincar between 0 and 336 kg/
ha (Reid 1972). Shankaranarayan et al. (1973) also reportcd
significant increase in the dry matter yield and linear

response upto 40 kg N/ha in favourable years. Ganguli ¢t



al (1976) reported that  the dry matter yicld increasced
significantly with incrcase in levels of nitrogen in fodder
oats. in black anjan (Cenchrus ciliars)y the dry matter
yicld increcased with increase in levels of nitrogen and the
differences were significant except between 0 and 30 kg N/
ha (Ravikumar ct al., 1979). Working on specar grass
(Heteropogon contortus) he reported an incrcase in dry matter
yicld with incrcasc in levels  of nitrogen.  He also reported
that the diffecrences were significant except between 60 and
90 kg N/ha. The nitrogen levels of 60 and 90 kg/ha were
statistically on par.  Nitrogen cxerted a signmificant cffect on
the dry matter yiceld of barley and oats and there was a
lincar response to nitrogen upto 120 kg N/ha (Tancja ct al..
1981).  Dwivedi and Kanodia (1986) also reported sigmificant
cffect of nitrogen on dry matter yicld in sctaria  grass,
{(Sctaria  sphacelata, Schumach). The maximum dry matter
yicld was recorded with the application of 120 kg N/ha and
minimum in the control trcatment. Similar trend  was
recported by Rair and Kanodia (1981). Pamo (1991) working
on congo signal (Brachiaria ruziziensis) reported that dry
matter yicld ancreased significantly  with increasing nitrogen
rate upto 80 kg/ha.  Tripatht and Singh (1991) reported that

increasing levels of nitrogen increased the dry fodder viclds



in dinanath grass, but the effect was significant only upto 90
kg N/ha.  Carvalho et al. (1992) reported that forage dry
matter yield increased with nitrogen rates in Brachiaria
species. Increasing levels of nitrogen upto 90 kg/ha
significantly 1increcascd the dry matter yields in teosinte
wherein the increase was 116.6 per cent over control by

application of 90 kg N/ha (Thakuria 1993).

Dry fodder yield also showed the same trend as that
of green fodder yield recording higher rate of production due

to higher levels of N application.
2.3.3. Effect of phosphorus on green matter yield

Grasses generally show great response to nitrogen.
But much studies havé not been carried out on phosphorus
fertilization of grasses. Blunt and Humphreys (1970) reported
increascd fodder yields of sctaria grass (Setaria sphucclata)
when it was fertilised with phosphorus. Javier et al. (1977)
showed that herbage yield of guinea grass Cv Common was
found to increase significantly with 100-150 kg P,O, ha. In
the case of thin napier grass (Pennisetum polystuchyon)
herbage yields increased with increase in phosphorus rates

(Dwivedt ¢t al., 1991b).



In dinanath grass, phosphorus application showed no
definite trend. In the first year, application of 60 kg P,0,/
ha produced significantly higher green fodder production over
control, but the difference between 0 and 30 kg P,O, /ha
and 30 and 60 kg P,O, /ha were not appreciable. However
in the second year, there was significant increase in green

fodder yield with increasing levels of phosphorus (Narwal et

., 1977).

P §

An increasing trend in fodder production due to
phosphorus application was seen in grasses in most of the

cases.
2.3.4. Effect of phosphorus on dry matter yield

Haggar (1966) reported that phosphorus increased dry
matter yields in gamba grass (Andropogon gayvanus). A
significant increase in dry matter yield of maize by
phosphorus application was reported by Bhandari and Virmam
(1972). In black anjan (Cenchrus ciliaris), the dry matter
yield was increased significantly with increase in levels of
P,O, in the first yecar, but in the following ycars, the results

were not significant (Ravikumar et al., 1979). CIAT (1982)

reported that in gamba grass (Andropogon guyanus) application



of 260 ppm phosphorus increased dry matter yield 10 fold
compared with no phosphorus application.  Shoot dry matter
production increased with increasing phosphorus rate in gamba
grass. (Andropogon gayanus) (Paulino and Malavotta, 1989).

Similar results were obtained by Paulino ct al. (1989)

Faroda (1970) did not find significant effect of
phosphorus alone on dry matter yield in black anjan
(Cenchrus ciliaris). He has reported that the application of
phosphorus did not show any significant effect on dry matter
yield of spear grass (Heteropogon contortus).  No significant
difference in dry matter yield during first year due to
different levels of phosphorus was reported by Narwal et al.
(1977) in dinanath grass (Pennisetum pedicellatum). However
in the second year, there was significant increase in dry

fodder yield with increasing levels of phosphorus.

Varying results were reported on the effect of

phosphorus on dry fodder yield of forage grasses.
2.3.5. Effect of potassium on fodder yield

The vyield of fodder maize was increased with

tncreasing  levels  of  exchangeable  potassium  in the  soil.



(Mengel and Braunschwicg, 1972). Patel ¢t al. (19895)

reported that maize hybrid Ganga safed gave highest yiclds
(5.13 t/hay with 120 kg K,O and irrigation at 25 per cent

depletion of available soil moisture.

But Smith (1979) working on switch grass (lanicum
virgatum) reported that the vegetative growth was favourcd by
nitrogen  fertthization,  but not by  potassium, Stmtlarly
Thakuria (1993) working on tcosinte (luchluena maxicana)
also reported that application of potash did not give any

significant responsc to fodder yiclds.

2.3.6. Effect of nitrogen and phosphorus on dry fodder

yield

In sorghum Var. M. P Chari, the maximum vyicld of
green fodder was 1.98 q/kg of nitrogen and 4.33 g/kg of
phosphorus applicd at the most profitable levels of 8591 kg
N/ha and 24.09 kg P,O/ha respectively (Datta and Prakash,

1974).

2.3.7. Fffect of nitrogen, phosphorus and potassium on

fodder yield

Fodder yicld of maize was significantly increascd by



application of nitrogen, phosphorus and potassium, more so
when nitrogen and phosphorus were applied in three splits.
(Kuznetsov, 1970). Satjipanon et al. (1989) reported that in
congosignal grass (Brachiaria ruciziensis) maximum dry matter
yield was obtained at application of 12 + 24 + 12 kg N + P +
K/ha.

Berroteran (1989) working on dry matter production
in gamba grass (Andropogon gayanus) and Digitaria
swa:zilandensis rteported that gamba grass (Andropogon gayanus)

did not respond to fertilizer application.
2.4.1. Effect of treatments on nitrogen content in fodder

Narwal ¢t al. (1977) working on dinanath grass
(Pennisetum  pedicellutum) reported that there was sigmificant
increase in the percentage content of crude protein and
mineral matter with increasing levels of nitrogen and
phosphorus. Rathore and Vijayakumar (1978) reported a
higher nitrogen concentration at 160 kg N/ha in dinanath
grass (Pennmisetum  pedicellatum). Tripathi and Singh (1991)

working on dinanath grass (Z’cnnisctum pedicellatum) reported

that crude protein yield increased with nitrogen levels upto



120 kg N/ha, although the magnitude of increcase was lower
beyond 90 kg N/ha Phosphorus application  sigmificantly
incrcascd crude protein content and yield over 0 and 20 kg
PO, /bha. Application of potassium could not influence the
crude protein yield, but the crude protein content increascd
with increcasing levels of potash upto 40 kg K.,O /ha

(Thakuria, 1993).

Thangamuthu ¢t al. (1974) observed no influcnce of
nitrogen on protein content of guinca grass upto 150 kg/ha
Walmsley ¢t al. (1978) observed that 1n hybrid napier grass.

crude protein content was not affected by the levels of

nitrogen upto 340 kg/ha.

Mounteiro and Werner (1977) working on guinca grass
(Panicum maximum) suggested that application of phosphorus
promoted  protein production.  Chadhokar (1978) reported that
mean nitrogen content increascd substantially with increase 1n
nitrogen apphied in para  grass  (Brachiaria  mulica),
Ravikumar et al. (1979) working on black anjan (Cenchrus
ctlhraris) and spear grass (Heteropogon contorfus) teported that
crude  protcin  content  of  both the grasses increased

constderably with Jevels of nitrogen.  llighest protein content
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was recorded in spear grass (Heteropogon contortus) with

application of 90 kg N/ha.

Bahl et al. (1970) observed that phosphorus
application did not influence the crude protein content 1n
black anjan (Cenchrus ciliaris). Andrew and Robins (1974)
reported that phosphorus application decreased the nitrogen
content of grasses. Walmsley ¢t al. (1978) reported that
crude protein content was not affected by phosphorus
application in elephant grass, (Pcnnisctum  purpurcum).
Ravikumar et al. (1979) working on black anjan (Cenchrus
ciliaris) reported a decrease in the crude protein content with

increase in levels of phosphorus from 0 to 60 kg/ha.
2.4.2. Effect of treatments on phosphorus content in fodder

Bahl et al. (1970) working on black anjan ((¢nchrus
ciliuris) reported appreciable increase in phosphorus content of
hay duec to application of nitrogen, while phosphate

application slightly increased phosphorus content in hay.

Falade (1975) in his trials gave a complete nutrient
solution containing 0-180 mg P/plot to (a) gamba grass

(Andropogon gavanus) (b) Guinea grass (Llanicum maximum)
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(c) green colored Pennisetum purpureum (d) Purple coloured
Pennisetum  purpurcum and (e) Pilzer giant star grass
(Cynodon plectostachyum). In gamba grass (Andropogon

gayunuys) phosphorus content increased with incremental doses

of phosphorus application upto 15 and 60 mg/plot while it

decrecased  with  further increase in  phosphorus rate.
Application of phosphorus increased the phosphorus content of

fodder in dinanath grass (Pcennisetum pedicellatum) (Rathore

and Vijayakumar, 1978).

Krishnan (1968) reported that different levels of
potassium exerted no significant influence in the phosphorus
content of grain and straw in rice. Loganathan and Raj
(1972) reported that nitrogen levels had little effect upon

phosphorus absorption by straw in rice.

Rathore and Vijayakumar (1977) working on dinanath
grass (Pcennisetum pedicelluatum) reported that phosphorus
content declined due to nitrogen application. Ravikumar ¢t
al. (1979) working on spcar grass (Heteropogon contortus)
and black anjan (Cenchrus ciliarisy reported that in black
anjan (Cenchrus ciliaris) the P,O, content decreased with

increase tn levels of nitrogen. They also  reported that the
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application. The interaction effect of nitrogen with
phosphorus and potassium with phosphorus on the content of

nitrogen in grain was significant.
2.4.5. Effect of treatments on uptake of nitrogen

Dwivedi and Kanodia (1986) studied the effect of
nitrogen levels on different varieties of setaria grass (Seraria
sphacelata Schumach) and reported that crude protein yield
incrcased duc to application of nitrogen. There was a lincar

increase in uptake of nitrogen upto 120 kg N/ha.

Misra et al. (1982) reported that in 2-row barley
(Hordeum vulgare) increasing levels of nitrogen significantly
increased the nitrogen uptake in grain, straw and total plant
produce in both the years. Application of phosphorus too
significantly raised the nitrogen uptake in grains but only
upto 25 kg P,O, /ha, while application of 25 and 50 .kg

P,O, /ha significantly raiscd the nitrogen uptakc in straw

Rathore and Vijayakumar (1978) reported that
phosphorus application brought about a progressively higher
uptake of nitrogen, which is probably owing to root

proliferation in dinanath grass (Pennisetum pedicellatum).
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phosphorus content did not show any definite trend with

phosphorus.
2.4.3. Effect of treatments on potassium content of fodder

Sadayappan and Kolandaiswamy (1974) noticed an
increase in the potassium content with increase in the

nitrogen levels upto 100 kg/ha in rice.

Thandapani and Rao (1974) found that phosphorus
had no effect on potassium content in plants and grains of
rice.  In elephant grass (Pennisetum purpureum), addition of
potash did not have any effect on potassium concentration
in the oven dry forage.- Johnkutty (1981) working on ragi
reported that the potassium content of str@w in ragi was
influenced by application of potash significantly. Similar
result was obtained by Subramanian (1969) also. Tiwari and
Vanadana Nigam (1985) investigated the response of important
legumes, oil seeds, cercals and fodder crops to potassic

fertilizers and reported that potassium application markedly

enhanced potassium uptake and concentration.

Andrew and Robins (1974) reported that phosphorus

application decrecased the nitrogen and potash content of
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grasses.

2.4.4. Effect of treatments on nitrogen, phosphorus and

potassium content of fodder

Glogov (1969) found that the content and uptake of
nitrogen, phosphorus and potassium were more at higher rates
of fertilizers. Working on rice, Ajithkumar (1984) reported
that the nitrogen and potassium contents of the plants was
significantly influenced by the nutrient levels. The
phosphorus content of the plant was not significantly

influenced by the levels of NPK.

Ganguli et al. (1976) working on fodder oats (dvena
sativa) reported that application of nitrogen, phosphorus and
zinc sulfate did not significantly influence the contents of the
nutrients in the forage. Joshi and Tandon (1984) studied the
effect of NPK fertiliiation on the content of these eclements
in grain and straw in ragi (Llewusine corocana) and reported
that the application of neither nitrogen nor phosphorus nor
potash had effected the percentage contents of any of the
three elements in grain or straw consistently. But therc were
indications of some effect on potassium content in grain by

nitrogen application and potassium  in straw by potash
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Uptake of nitrogen by the shoot increased by higher
potassium supply in rice (Mengel et al., 1976). Agarwal
(1978) also revealed that the increase in uptake of nitrogen

was highest  with application of potassium.

Reddy et al. (1978) reported that nitrogen uptake
increased with increase in rates of nitrogen + phosphorus +
potassium from 100 + S50 + 50 to 200 + 100 + 100 kg /
ha, in rice. Working on winter maize, Singh et al. (1991)
reportcd  that highcf rates of nitrogen, phosphorus and
potassium increased total nitrogen uptake in maize (being
maximum under 150 per cent NPK) due to greater uptake by

plants under higher nitrogen application and also better

growth.

Working on 2 - row barley (Hordeum vulgare) Misra
et al. (1982) reported that potassium application failed to

show any notable impact on nitrogen uptake in straw upto a

fevel of 100 kg K,O /ha.
2.4.6. Effect of treatments on uptake of phosphorus

Working on 2 - row barley (Hordeum vulgare),

Misra et al. (1982) reported that nitrogen application
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significantly increased the phosphorus uptake in grain, straw

and total plant produce.

Rathore and Vijayakumar (1978) working on teosinte
(Euchleana maxicana) reported that the uptake of phosphorus
increased with an increase in the level of phosphorus and
prominently so with the higher dose. Studies on the uptake
of phosphorus by rice under graded lcvels of phosphorus
rcvealed that there was a significant increase in phosphorus
absorption with increcasing rates of fertilizer at all stages of
growth. (Suseelan et al., 1978). Misra et al. (1982) also
reportcd an incrcased uptake of phosphorus due to phosphorus

application in 2 - row barley.

Mohanty and Patnaik, (1974) reported an incrcascd
uptake of phosphorus duc to potassium application in rice.
Loganathan and Raj (1972) working on rice noticed that the

uptake of phosphorus in the variety Co-32 was enhanced by

the application of potassium at 40 and 80 kg ‘ha.

Singh ct al. (1991) reported that under higher dosc

of NPK, the uptake of phosphorus was more in winter maize.

Alexander et al. (1974b) revcaled that various rates
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of phosphorus had no significant effect on the uptake of
phosphorus in rice. In 2 - row barley (Hordeum vulgure)
potassium  application failed to show any significant
contribution in phosphorus uptake in grain and straw in any

of the seasons (Misra et al., 1982).

2.4.7. Effect of treatments on uptake of potassium

Applied nmitrogen was found to increase potassium
uptake in rice in experiments conducted by Esakkimuthu et
al. (1975). A consistent rise in the uptake of potassium in
dinanath grass (Pennisetum pedicellatum), due to nitrogen
application was noticed by Rathore and Vijayakumar (1978).
Singh and Modgal (1978) observed that uptake of potassium
was enhanced by application of nitrogen upto 120 kg /ha in

rice.

Ramaswami and Raj (1974) observed that nitrogen
and phosphorus increased potassium uptake in rice. Misra ¢t
al. (1982) rceported that there was a significant increase in
potassium uptakc due to nitrogen application from 0 to 50 kg
N/ha in 2 - row barley. Like nitrogen, application of

phosphorus too raised the potassium uptake in barley.



Singh et al. (1976) noticed the highest rate of
uptake and translocation of potassium by the application of
160 kg K/ha in rice. From their trials Singh and Jaiprakash

(1979) revealed that potassium application increased potassium

uptake in rice.

Loganathan and Raj\ (1972) noticed that the uptake
of potassium was little affected by the different combinations
of phosphorus and nitrogen in rice. In 2 - row barley,
there was no significant increase in potassium uptake due to
potash supply in first year, while the results of second year

did not indicate any definite trend (Misra et al., 1982).

2.4.8. Effect of treatments on nitrogen, phosphorus and

potassium uptake

Glogov (1969) reported that in grasses, the uptake of
nitrogen, phosphorus and potassium was more at the higher
dose of fertilizers. Ajithkumar (1984) working on rice
variety Mashuri reported that the uptake of nitrogen and
phosphorus increased significantly with increase in nutrient
levels. Highest level of NPK (70:45:45) gave the highest
nitrogen, phosphorus and potassium uptake values though there

was no significant difference in the uptake of potassium.
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Sarkar et al. (1989) also reported that organic manure applied
in conjunction with optimal NPK dose resultcd in higher NPK
uptake in grain and fodder crops. In fodder sorghum,
nitrogen, phosphorus and potassium uptake was higher at 100
per cent recommended dose (60 kg N + 13 kg P/ha)‘ of

inorganic fertilizer (Gangwar and Niranjan, 1991).
2.4.9. Effect of treatments on crude fibre

Tiwana and Puri (1976) reported a decrease in fibre
content of fodder oats with each increment of nitrogen from
0 to 120 kg/ha. This confirms the result obtained by
Tiwana et al. (1975) in hybrid napier. Thomas (1978)
reported that in hybrid napier, crude fibre content was
significantly reduced with increased nitrogen application upto
250 kg/ha. Similar réduction in crude fibre content with
enhanced nitrogen application was also reported by Abraham

(1978) in dinanath grass (Pennisetum pedicellatum).

Nooruddin and Roy (1977) studied the chemical
composition, digestability and nutritive value of gamba grass
(dndropogon gavanus) at flowering stage and reported that the
crude fibre content was 2538 per cent. Caceres ¢t al.

(1986) in their trial applicd 60 kg N/ha to guinea grass

30



(Panicum maximum Cv. comun, Panicum maximum Cv. Likoni
and gamba grass (Andropogon gayanus) and reported that
crude fibre ranged from 37.1 to 38.0 percentage (DM basis),
in the cut forage and from 38.1 to 40.5 per cent on the 4"
day in gamba grass (Andropogon gayunus) and guinca grass

(Panicum maximum Cv. comun) respectively.

2.5. Effect of trcatments on days to S0 per cent flowering

Studies conducted by Sharma (1973) revealed that
increcasing the rates of applied nitrogen decreased the days to

stlking.

Nair ¢t al. (1966) working on maize rcported that
carlincss to cobbing was not significantly influenced by the
various nitrogen trcatments.  Similarly George ct al. (1990)
reported that mcan anthesis date was not affected by nitrogen

fertilization 1n switch grass (Panicum virgatum).
g

2.6. Effect of treatments on number of panicles / plant

2.6.1. Effect of nitrogen on number of panicles / plant

or number of fertile tillers / plant

In gamba grass (Andropogon guayanus) the application



of 60 1Ibs N/acre (68 kg/ha) approximately doubled the
number of inflorescences per umit arca, while the cquivalent
of 100 fbs N/acre (113 kg/ha) almost trebled inflorescence
numbers.  There was no furihcr response to nitrogen beyond
100 Ibs N/acre (113 kg/ha) (Haggar, 1966). Boonman (i972)
reported that in setaria grass (Setaria sphucelata), nitrogen
increased the head numbers and percentage of heading tillers.
Bahmisch and llumphreys (1977) rcported that urca application
increased tillering and tiller fertility in massey sctaria grass
(Seturia anceps). In a field study, Bilbao et ail. (1979)
applicd differcnt levels of nitrogen at 0, 10 and 20 days
after cutting of black anjan (Cenchrus ciliaris L. Cv.
Biolocla) and reported that panicle production /ha increased
with nitrogen rates. Mecelis and Oliveira (1984) working on
Brachiaria  humidicola reported that nitrogen application
significantly increased the number of fertile tillers / m?2.
Park ¢t al.  (1985) working on tall fescue (Festuca
arundinaceae) reported that the number of panicles per m?

increased with increased mitrogen levels.

Sangakkara (1988) reported that increasing nitrogen

rates increased the percentage of effective tillers in guinea
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grass (Panicum maximum Jacq). An increase in the number
of seed heads / m? with nitrogen application was reported by
Dwivedi et al. (i991a) in Guinea grass, (Panicum maximum).
Krishnan (1993) also working on the sarﬁe grass reported that
nitrogen fertilizer application significantly increased number of

panicles per hill during the first and second- seed harvest.

Brejda ct al. (1994) rcported that in switch grass
(Panicum rirgatum), application of nitrogen after cutting
b4 pp

increased reproductive tiller density.

Hampton et al. (1983) reported that increasing
nitrogen levels did not significantly affect fertile tiller
number at final harvest in 1979 and 1980, but in 1981
fertile tiller number in rye grass (Lolium perenne) at 160 kg

nitrogen /ha was significantly greater than those of the

control.

But Hebblethwaite (1977) working on S.23 ryc grass
reported  that increasing the nitrogen from 80-160 kg/ha

signtficantly decreased number of fertile tillers.

Nordestgaard (1988) working on Westerworld rye

grass, (lLolium multiflorum), reported that increasing nitrogen
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rate from 50-150 kg/ha had no effect on number of fertile

titlers.

It can be scen that in general, nitrogen application

increases the number of panicles in grasses.
2.6.2. Effect of phosphorus on number of panicles / plant

in gainba grass (Andropogon gayuanus), phosphate had
a variable cffect of inflorescence numbers at the highest
levels of mitrogen application (N, ). The 300 lbs PO, per
acre (339 kg/ha) treatment resulted in more inflorescences

than the higher phosphate application (Haggar, 1966).

Alexander et al. (1974a) could not obtain any
influence of phosphorus on the number of fertile tillers in
rice. Sadanandan and Sasidhar (1975) noticed that increasing
rate of phosphorus holds no significant effect on number of
productive tillers in nice.  Similarly Krnishnan (1993) noticed
no significant effect of phosphorus on the number of

productive tillers 1n guinea grass (Panicum maximum).
2.6.). Effect of potassium on number of panicles / plant

Padmaja (1976) observed that the number of
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productive tillers in rice and consequently panicle production

was increased by application of potassium.

Uexkull (1982) found that the number of panicles

per hill in rice was decreased by potassium application.

Rao et al. (1974) observed that the number of
productive tillers was not significantly influenced by the
application of potash even up to 80 kg/ha in rice. In the
case of guinea grass (Panicum maximum), Krishnan (1993)
reported that potassium did not have any influence on number

of panicles per hill
2.7. Effect of treatments on number of seeds / panicle
2.7.1. Effect of nitrogen on number of seeds / panicle

According to Subbiah et al. (1975) grain number per
panicle in rnice increased with increasing the nitrogen dosces
from 0 to 100 kg per hectare. Dixit and Singh (1979)
observed a significant increase in the number of grains per
paniclec with 80 kg nitrogen /ha as comparcd to absolute

control.
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Sangakkara (1988), working on the relationship
between mitrogen fertilizer, defoliation frequency and sced
productivity of guinca grass (Panicum maximum Jacq) reported
that the dcfolration and nitrogen treatment had no significant

cffect on number of sceds per raceme.

Therc was a tendency for applied nitrogen to
decrease the number of sceds / spike in perennial ryec grass

(Lolium perenne) (Hebblethwaite and Mc Laren, 1979).
2.7.2. Effect of phosphorus on number of seeds/panicle

Majumdar (1971) rcvealed that number of grains per
paniclc was significantly increased by application of 59.7 kg
phosphorus per hectare in rice. Krishnan (1993) working on

guinca grass also observed a similar trend.

Sadanandan and Sasidhar (1976) could not find any
cffcet of phosphorus on number of grains/panicle in rice. In

ricc, the number of filled grains/panicle was unaffected by

—— —_—

the rate of phosphorus application (Suseclan ¢t al., 1978).
2.7.3. Effect of potassium on number of seeds/panicle

Bavappa and Rao (1956) reported that in rice, the
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number of grains per panicle was increased with potassium
application. Kalyanikutty and Morachan (1974) reported that
the number of grains per panicle was not affected by the
rates of application of potassium.  Ajithkumar (1984) could
not find significant difference between the different levels of

fertilizers 1n this respect in rice.
2.8. Effect of treatments on filled grains

Studying the effcct of levels of nitrogen on yield
componcnts, Ramanujam and Rao (1971) found that the
percentage of filled grains was not altered beyond 60 kg N/
ha. Sobhana (1983) reported that in rice, treatments
receiving higher nitrogen produced more unfilled grains,

thercby resulting in a higher sterility percentage.

Sasanki and Wada (1975) reported that low levels of
phosphorus increased the percentage of sterile grains and can
be altered by the level of applied phosphorus. Sadanandan
and Sasidhar (1976) also working on rice found no significant
cffcct on the number of filled grains / panicle with increased
ratcs of applied phosphorus.  Uexkull (1976) propounded that

phosphorus incrcases the percentage of filled grains.
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According to Rao ¢t al. (1974), application of potash
even up to 80 kg K,O /ha did not influence the number of

filled grains and chaff per pamcle.
2.9. Effect of treatments on seed yield
2.9.1. Effect of nitrogen on sced yield

Prehiminary investigation by Foster (1956)
demonstrated that nitrogen was the most rmportant nutrient for
increasing seed yields of Rhode's grass, (Chloris gayunays).
He found that seed yield could be increased  significantly
from 246 Ib/acre (278 kg/ha) were no nitrogen was usced to
306 Ibs/acre (345.8 kg/ha) where 100 Ib/acre of sulfate of

ammonia was apphed.

In gamba grass (Andropogon gayanus), sced yiclds
per acre were increased considerably by the high levels of
nitrogen. The 200 Ibs N/acre (226 kg/ha) treatment ticbled
seed yields compared with the control (Haggar, 1966). In
setarta grass (Setaria sphacelata) Cv. Nandi 1, in the absence
oif wmitogen, yield of pure germinating seeds dropped to an
average of less than 2.5 kg, A sceven fold increase resulted

from an additional 100 kg nitrogen. (Boonman, 1972)
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Chadhokar and Humphreys (1973) studied the
influence of time and level of wurea application on sced
production of paspalum and opined that response of nitrogen
was much less in the year of establishment and higher in the
succeeding years. In grasses like anguton grass (Dicanthium
aristatum), gamba grass (Andropogon gayunus), sctaria grass
(Setaria  sphacelata), and thin napier grass (Pennisetum
polystuchyon), application of nitrogen significantly increased
seed yields. Above 200 kg, N/ha responses diminished
rapidly (Javier et al., 1975). In another study by Cameron
and Humphreys (1976) seed yield of Paspalum plicatum
averaged 60, 30! and 361 kg'ha when fertilized with 0,100
and 400 kg nitrogen per hectare respectively. In seed crops
of perennial rve grass, nitrogen application in excess of 120
kg/ha docs not usually increase seed yield significantly over
that of recommended rates. (Hebblethwaite and Ivins, 1977;
Nordestgaard, 1980), because of increased lodging, production
of  sccondary  vegetative  tillers  and  lower  sced  sel
(Hcebblethwaite and Ivins, 1977). In field trials it was
reveated that application of 30, 60, 120 or 150 kg nitrogen’
ha as Urca increased the seed yicld of guinea grass (lunicum

maximum) (Meja et al, 1978).
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Park and Lee (1979) studied the effect of nitrogen
fertilizer levels on seed production of DNacrylis glomerata and
reported that av;erage yields of seed for 1977-78 werc 309
kg/ha with 60 kg N/ha. Trials conducted with teosinte
(Euchlaena maxicana) revealed that nitrogen increased. sced
yield significantly in both the years of the trial (1973 and
1974). The increase in seed yield duc to per kg nitrogen
application was 7.6 kg and 9.2 kg with application of 60
and 120 kg N/ha respectively. (Mukerjee et al., 1981). In
another trial Rai and Sankaranarayanan (1981) found that in
pusa giant anjan (Cenchrus ciliaris), seed yields increased
significantly with application of nitrogen. There was
significant incrcase of sced yield by 19.6 kg/ha with an
increase in nitrogen from 20 to 40 kg/ha.  Shingareva (1981)
working on perennial rye grass (lLolium perenne) reported that
application of 90 kg nitrogen/ha gave high seed yiclds in the
first year and a good yield in the second year. Report from
CIAT (1982) showed that in gamba grass (dndropogon
rayanus) application of 100 kg N/ha as wurca incrcascd pure
seed yicld by an average of 40 per cent compared with plots
given no nitrogen. Mecclis and Oliveira (1984) working on
Brachiariu  humidicola reported that nitrogen application

significantly increased seed production. Monteiro ¢t al
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(1984) working on guinca grass (lanicum maximum) reported
that thc yield of pure viable sced was highest at 44 kg N/
ha. Working on sctaria grass (Sctaria sphacelata) lunquira
et al. (1985) rcported that nitrogen application increcased clcan
sced yield from 171 kg without nitrogen to a mecan of 277.3

kg/ha  with 250 kg/ha. Difference  between  nitrogen  rates

were not significant,

In another study 1n Westerworld ryc grass (Jolium
multiflorum), Nordestgaard (1988) rcported that increcasing
nitrogen rates from 50-100 kg/ha increased average seed vield
from 1.42 to 1.49 t/ha; but further incrcase to 150 kg
nitrogen reduced average sced yield to 1.45 t/ha. Trials on
guinca grass by Sangakkara (1988) rcvealed that two
defoliation in combination with 150 to 200 kg nitrogen/ha
produccd approximately two fold increcase in sced yiclds.

Carmo ct al. (1988) rcported that in signal grass
(Braclhiaria decumbens), increasing nitrogen levels increased
yicld of crude sced from 96 to 229 kg/ha in March, but had
no cffect on yield in April, when yiclds were 57-94 kg’/ha.
Dwivedi ct al. (1991a) working on guinca grass found that

secd yicld was 63.6 to 89.7 kg when given nitrogen fertilizer

ki



and the increased sced production was due to increase In
number of seeds/m’. Working on thin napier grass
(Pennisetum polystachyon) he also reported that mean sced
yield increased with increasing rates of nitrogen up to 60 kg/
ha (Dwivedi et al., 1991b). Brejda et al. (1994) working on
switch grass (Panicum virgatum) rcported that nitrogen

application increased seed yield.

Varchenko (1980) reported that application of
nitrogen to brome grass (Bromus inermis) in Siberia had no
cffect on sced yield in the first utilisation year. Febles ¢t
al. (1982) reported that seed yield of guineca grass was not
significantly increased by application of 50 or 100 kg.
nitrogen per hectare when compared with the untreated
control. He also reported that the highest pure seed yield
of 150 kg were given with application of 100 kg N/ha every
20 days after cutting. In the second ycar, seed production

was highest with application of 200 kg N/ha.
2.9.2. Effect of phosphorus on seed yield

In  buffel grass (Cenchrus ciliaris) seed vields
tncreased from 825 to 257.8 kg ha with 0 kg and 120 kg

P,O,/ha. (Ayerza, 1980). Mukerjee et al. (1981) working on
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sced production of tecosinte (luchlaena maxicana) reported that
phosphorus increased thc seced yield significantly in 1973
though the 1increasing trend on sced yicld was recorded in
1974, Satpipanon ¢t al. (1989) obtaincd maximum sced yicld
53 kg/ha with application of 16 + 20 + P*max (24 kg P)/
ha in ruzi grass (Brachiaria ruziziensis). In thin napier
(Pennisetum polystachyon) seed yield increased by application
of 30 kg P,0, /ha from 177 kg/ha (no phosphorus) to 199

kg/ha (Dwivedi et al., 1991b).

According to Foster (1956) in Rhodes grass (Chloris
guayuna) application of 100 Ib/acre of superphosphate did not
stgnificantly increcase sced yield. Javier ¢t al. (19795)
recvealed that responses to phosphorus were infrequent in
grasses like Anguton grass (Dicanthium aristatum), gamba
grass (Andropogon gayanus), sctaria grass (Sefaria sphacelatua)
and thin napier (’¢nnisctum polystachyon). 1In perennial rye
grass (Lolium perennc) and meadow fescue ([Festuca pratensis),
trials conducted to assess the effect of 0 or 40 kg
phosphorus on sced production showed that sced yield varied

little between ‘P’ treatments (Nordestgaard, 1990).

in gamba grass (Andropogon guyanus), the influence
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of phosphate on seed yields did not reach significance, but
the results suggested that high level of phosphate depressed
sced yiclds when more than the ecquivalent of 50 Ib N/acre
were applied " (Haggar, 1966). Rai and Shankaranarayanan
(1981) working on pusa giant anjan (Cenchrus ciliaris),
reported that the seed yield was not affected by the
application of phosphorus. Pooled data clearly showed that
the seed yield obtained with the application of 20 kg P,O,

/ha as soil application was lower than that under control.

2.9.3. Effect of potassium on seed yield

Singh et al. (1976) observed that application of 120
kg potassium per hectare. gave the highest yield of grain in
rice. Ramakrishnan and Vadivelu (1981) working on rice
applied 3 levels of K,0 at 50, 70 and 100 kg/ha reported
that irrespective of the cultivars and their duration, rice
responded to application of potash. The growth of the crop
improved and the yield of quality seeds increased from 4 to

10 per cent with increasing levels of applied potash.

Shukla (1969) could not get any significant effect of
potasstum on the grain yicld of rice. Trials by Nordestgaard

(1990) with perennial rye grass (lLolium perenne) to  assess
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the cffect of 0 or 100 kg potassium on sccd production
showed that seed yields varied little between  potassium
trcatments. Krishnan (1993) working on guinca grass
(Panicum maximum) rcported that potassium did not show any

influence on sced yicld.

2.9.4. Effect of nitrogen and phosphorus on seed yield

Chakravarty ¢t al. (1966) working on buffcl grass
(Cenchrus ciliaris) rteported that application of 22.4 kg each
of nitrogen and phosphorus favoured sced production.  Narwal
and Tomer (1973) reported that dinanath grass (Pennisetum
pedicellatum) when fertilized with 60 kg cach of nitrogen and
phosphorus rccorded incrcased sced yicld of about 600 kg/ha
over  control, Mukerjee ¢t al. (1981) working on sced
production of teosinte, (/nchleanad muaxicana) found that
maximum sccd yicld (18.82 g/ha) was obtained in the
trcatment N, P .~ Yadav and Mahendra Singh (1986) working
on buffcl grass reported higher sced yicld with 40 kg

nitrogen and 50 kg P,O, /ha under arid conditions.

2.9.5. Effect of nitrogen, phosphorus and potassium on sced

yicld

According to Skoblin and Pcrepravo (1979) 1in
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cocksfoot (Chloris barbata), the highest average seed yiclds
(0.74 t/ha) were obtained by harvesting crops at the wax
stage from plots given 180 kg N + 90 kg P,O, + 180 kg
K,O /ha.

Application of NPK fertilizer to congosignal grass
showed that the different levels. of NPK fertilizer had no
significant difference on sced yield, the NPK being 0:0:0,
40:40:40, 60:60:60, 80:80:80. Fertilizer does of 40:40:40
gave maximum seed yield of 310 kg/ha (Research Report,

1987-90).

Nair and George (1973) reported that the levels of
nitrogen had no significant effect in increasing the grain
yield. Nitrogen supply over 80 kg/ha could not increase

yield significantly in rice (Pillai and George, 1973).

Shukla (1969) noticed that paddy yield was
unaffected by phosphorus application. Nair and Pisharody
(1970) also reported that paddy yields were not increascd
with 224 to 56 kg phosphorus applicd alone or with various

ratcs of nitrogen or potassium.
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Shukla (1969) and Pandcy and Das (1973) could not

get any significant effect of potassium on the grain yield of

rice.
2.10. Effect of treatments on seed quality

2.10.1. Effect of nitrogen on seed quality

Mecelis  and  Oliveira (1984) reported that in
Brachiaria  humidicola, nitrogen application significantly
increased seed germination. In a trial Monteiro ¢t al. (1984)
applicd diffcrent levels of nitrogen to guinea grass (Panicum
maximum) and reported that nitrogen rate affected sced purity.
The effect of nitrogen fertilizer and date of harvest on sced
production and quality in signal grass (Brachiaria decumbens)
were studied by Carmo et al. (1988) and reported that with
incrcasing nitrogen, germination decreased from 51 to 32 per
cent in March and increased from 42-71 per cent in April
Physical purity of crude secd was 20 per cent in March and
increcased from 30 to 40 per cent with increasing nitrogen
fevels in April. 100 sced weight was 0.33 g. in March
which tncreased to 0.42 g. with increasing nitrogen levels in

April.
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Dwivedi et al. (199la) reported that 1000 sced
welght in guinca grass ranged from 1.77 g in pure stands
to 2.13 g when intercropped with Stviosanthes hamata  or
given 40 kg nitrogen /ha. Percentage germination  was  not

affected by the treatments.

Sangakkara (1988) working on the rclationship
between nitrogen  fertithizer, defohation frequency  and  sced
productivity of guinca grass (Panicum maximum Jacq) rcported
that the dcfoliation and nitrogen treatments had no sigmificant

effect on 1000 sced weight

In another trial, nitrogen fertilizer application for
seed yield and guaflity nl" setaria prass (Scraroe sphacelaia var
sericcac Cv. Kazungula). was studicd by Cruz ct al (1989)
and reported that sced germination in all trials was unaffected

by nitrogen rates.

2.10.2. Effect of nitrogen and phosphorus on sced quality

Dwivedt ¢t al. (1991 b)  studied the cffect  of

nitrogen and phosphorus levels en sced yield of thin napier
grass  (Cennisctum  polystachyon) and  reported  that  seced

germination and 1000 sced weight were increased by nitrogen
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application, but not significantly affected by phosphorus

2.10.3. Effect of nitrogen, phosphorus and potassium on

seed quality

Skoblin and Perepravo (1979) studied the effect of
harvest dates and fertilizer rates on the yield and quality of
cocksfoot seed and reported that higher fertilizer rates gave
higher yields, but did not affect the sowing quality of the

seed.

In a field trial 1n Thailand, ruzi grass (Brachiaria
ruziziensis) pasture was given 0-48 kg nitrogen /ha, 0-25 kg
phosphorus /ha and 0-15 kg potassium /ha and it was found
that fertilizer application had no effect on seed quality
parameters like germination, purity and viability (Satjipanon et

al., 1989).
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3. MATERIALS AND METHODS

The present study was undertaken to find out the
effect of wvarying levels of nitrogen, phosphorus and potassium
on the sced production potential of gamba grass, (Andropogon

guayanus. Kunth) a tall tussock grass, which 1is a recent

introduction to our state.

3.1 Materials

J.1.1. Experimental site

The experiment was conducted at the instructional
farm attached to the College of Agriculture, Vellayani located
at 8.5° N latitude and 76.9” longitude at an altitude of 29m

above mean sca level

3.1.2. Soil

The sotl of the experimental site was red sandyv clay
foam (oxisol, Vellavant series). The mmportant physical and

chemical propertics of the soil are summarised n table 3.1
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Table 3:1 Physical and Chemical properties of soil

A. Mechanical composition.

Constituent | Content in soil (%) Method used
Coarsc sand 14.70 Intcrnational Pipette
Fine sand 33.30 method(Piper, 1950)
Silt 26.50

Clay 25.50

B. Chemical Composition before thc experiment.

Constituent Content in Soil Rating Mcthod used

Availablc N 313.60 Mcdium  Alkaline

(kg/ha) Permagnatc mcthod.
(Subbiah and Asija,
1956)

Available P,O, 59.5 High Chlorostannous

(kg/ha) rcduccd
Molybdophosphoric

bluc colour method.

(Jackson, 1958)

Available K, O 68.14 Low Flamc Photometric

(kg/ha) mecthod. (Jackson,
1958)

ptl (1:2.5 soil 4.8 Acidic  pH meter. (Jackson,

watcr ratio) 1958)



3.1.3. Season and climate

The experiment was started in the month of July
1993 and continucd upto January 1994, The meteorological
parameters recorded are rainfall, maximum and minimum
temperature and relative humidity. The average weekly values
from sowing to harvest were worked out and are pfesented

in appendix 1 and graphically represented in fig. 3.1.
3.1.4. Cropping History of the field.

The experimental area was cultivated with a bulk

crop of guinea grass during the previous year.

3.1.5. Seed material

Sceds of gamba grass obtained from the Kerala
Livestock Development Board, Regional Unit Dhoni were

tested for viability and was found satisfactory.

3.1.6. Fertilizers

Urea, mussoorie rock phosphate and muriate of

potash, analysing 46 per cent N, 28 per cent P,O, and 60
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Fig. 3.1. Weather parameters for the crop period (1993 - 94)
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per cent K, O respectively were used for the

The

3.2.

3.2.1.
A
B.

C. 3
Kl
KZ
K

+

Methods

Treatments

treatments included,

3 levels of Nitrogen
N, - 75 kg N/ha.

N, - 150 kg N/ha.

N, - 225 kg N/ha.

3 levels of Phosphorus

P - 50 kg P,0/ha.

~
t

) 75 kg P,O/ha

-
)

, - 100 kg P,O/ha

fevels of Potassium

50 kg K,O/ha.
75 kg K,O/ha

100 kg K,O/ha.

experiment.
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D.

Trcatment

1.

10.

11

12.

13.

NIPlKI

N P K

combinations

75 kg
75 kg
75 kg
75 kg
75 kg
75 kg

75 kg

- 150
- 150
- 150

- 150

50

50

50

75

75

75

kg

P,0,

P.O

275

100 kg PO,

100 kg PO,

100 kg PO,

50

50

50

75

75

75

100 kg PO,

100 kg P,0

100

50

kg P,0,

kg P.O

275

kg PO

275

kg PO
hg PO,

kg P,0,

kg PO

2

kg PO,

5

50 kg K,O/ha.
75 kg K,O/ha.
100 kg K,O/ha.
50 kg K,O/ha
75 kg K,O/ha
100 kg K,O/ha
50 kg K,O/ha.
75 kg K,O/ha.
100 kg K,Oha
50 kg K,O/ha.
75 kg K,O'’ha.
100 kg K,O/ha.
50 kg K,O/ha.
75 kg K,0'ha
100 kg K,O/ha
50 kg K,O/ha.
75 kg K,O/ha.
100 kg K,O/ha.

50 kg K,O/ba



200 NPK, - 225 kg N : 50 kg PO, : 75 kg K,O/ha.

21. N,PK, - 225 kg N . 50 kg P,0, : 100 kg K,O/ha.
22. N,PK, - 225 kg N : 75 kg P,O, : 50 kg K,O/ha.
23, NPK, - 225 kg N 75 kg PO, - 75 kg K,O/ha

24, NP K, - 225 kg N : 75 kg PO

25

100 kg K,O/ha.
25. N,PK, - 225 kg N : 100 kg P,0, : 50 kg K,O/ha.
26. N,P,K, - 225 kg N : 100 kg PO, : 75 kg K,O/ha.

27. N,P,K, - 225 kg N @ 100 kg P,0, : 100 kg K,O/ha.

J.2.2. Layout and Design

The experiment was laid out as a partially
confounded factorial randomiscd block design with 2
replications, confounding NPK in replication 1 and NP’K’ in
replication 2.

The layout plan s given in fig. 3.2

Rephcations - 2

Treatment combinations - 27

Total number of plots - 54

Gross Plot size - 5 x 3 m

Nect Plot size - 3 x 1.8 m



Fig. 3.2 Layout
The Experiment
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Net area of a plot - 54 m?

Spacing - 50 x 30 cm

Two rows of plants all around were left as border

TOWS.
3.2.3. Details of cultivation
3.2.3.1. Nursery preparation

The area selected for the nursery was dug well and
levelled. The seeds were sown in beds of size 2 m?® and

4 such beds were raised.  Sowing was done on 24.6.1993

3.2.3.2. Main field preparation

With the onset of monsoon, the experimental area
was cleared., dug twice, stubbles removed, clods broken and
the field laid out into blocks and plots. The plots were

again thoroughly dug and levclled.
3.2.3.3. Fertilizer application

The entire doze of phosphorus and potassium and

onc torth of nitrogen as per treatment were applicd to the
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experimental plots as basal. Remaining three fourth of

nitrogen was applied in 2 cqual split dosecs.

3.2.3.4. Transplanting

One month old hecalthy scedling from the nursery
were uscd for planting in the main ficld.  The nursery was
given one irrigation so as to cnablc wuprooting of the
scedlings  without any damage to the root system. The
secedhimgs  were transplanted along  with a ball of carth to
avoid transplanting shock.  Sccdlings were planted in rows 50
cm  apart and the plant to plant spacing was 30 c¢m.
Transplanting was donc on 27, 28 and 29™ July, 1993 Gap
filling  was donc 20 days after transplanting and uniform

plant population was maintained.

3.2.3.5. Weceding and intercultivation

Wceding was first carried out 20 days after planting
on 1881993 and two months later a uniform cut was given
on 5.10.1993. Half of thc remaining three fourth of nitrogen
was apphied after weeding. A hght digging was also done
Onc month afterwards on 8.11.1993 the remaining dose of

nitrogen  was  given,



J.2.3.0. Sced harvest

The sceds were collected at wecekly intervals, when
the colour of the sced turned white from green.  The first
sced harvest was done 28 days aftcr the first flower
appcarcd and continued for a period of 35 days at wececekly

intervals. The details of seced harvest arce furnished below

I Sced Iarvest - 15.12.93
2" Sced Harvest - 22.12.93
3" Sced Harvest - 29.12.93
4™ Sced Harvest - 05.12.93
5™ Sced Harvest - 12.01.94

6" Sced lHarvest 19.01.94

The sced harvests were done in the morning hours
by collecting the mature sceds plotwise. The shattered sceds

from the ground were also collected carcfully plotwise without

any contamination. The sceds were then dricd and stoired

3.2.4. Observations rcecorded

Growth characters

For assessing the periodical growth, 4 plants were



randomly

sclected from cach plot and the following growth

characters were recorded.

(a)

(b)

(c)

(d)

Height

Height of the plant was measured in centimetres

from the base of the plant to the tip of the tallest
lcal’ in all obscrvation hills and the means worked

out.

Number of tillers

The number of tillers from each clump was counted

and the means worked out

Number of leaves

The number of leaves in each clump was counted

and mcan number of leaves was worked out

Green matter yield

Harvest of green fodder was done on 5.10.1993 and
19 11994, After ecach harvest of green fodder. the

vicld from cach net plot was recorded and converted
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(e)

to per hectare yield in tonnes.
Dry matter yield

At the final harvest of green fodder, the sample
plants were cut into small pieces, weighed and first
dried in shade and then dried to constant weight in
an air oven. Dry matter content for ecach trcatment
was computed and the dry matter yields calculated

from the respective green matter yields.

(f) Days to SO per cent flowering

(g)

The number of days taken for more than half of the
population in each plot for flowering was counted as
the days to 50 per cent flowering. The day of
transplanting was counted as the first day of the

crop period.
Number of sceds per panicle

From the four sample plants | panicle cach was
sclected and the number of sceds present in cach

panicle was counted.
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(h) Sced weight per plot
The sceds scparated from the harvested crop and the
shed sceds were thoroughly cleaned, mixed, dricd and

final wecights recorded.
(1) Thousand sccd weight

Onec thousand sceds were drawn from the sced
samplc and wcighed in an clectronic balance and

weight was rccorded as per ISTA (1985)
() Germination test

The pure sceds (sceds with kernels) preseat in S00
sceds taken from the sced sample were tested for
germination.  Whatman No.40 filter paper was used
as substratum. Diiily watcring was done and
continued upto 21 days. Germinated sceds  were
countcd and removed cach time and continued upto
three  weceks, Germaination was  expressed  as

percentage of total scceds (ISTA, 1985).
(k) Topographical Tectrazolium Test (TTC)
(Biochemical test for Viability)

The object of topographical tetrazolium test was 1o
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make a quick cstimate of viability of secd samples
in general and thosc showing dormancy 1in particular
and 2, 3, 5 triphenyl tetrazolium chloride

(colourless solution) was used as an indicator (ISTA,

1985).

The sceds with kernels were separated  trom S00
sceds counted from cach sample. The outer chaft
was removed and the kernels were soaked n water
for 15 hours. Presoaked seeds were pierced through
the embryo and added 0.1 per cent tetrazolium
chloride solution and was Kkept undisturbed for 8
hours. Bach sced was cexamined and cvaluated as
viable or nonviable on the basis of staining patterns.
Red colored living sceds were distinguished from
colourless dead ones. Red coloured seceds were

reccorded and reported in percentage as viable
Determination of morsture  percentage

High constant temperature oven method was used for
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(m)

determination of seed moisture content (ISTA, 1985).
Seed samples weighing 1.5 - 25 g were taken for
test in a petri dish with lid  Empty petri dish with
lid was weighed.  After filling with seed, they were
again weighed and placed in an oven, maintained at
a temperature of 130-133°C.  The seed samples were
dried for a period of one hour and then cooled in

a desiccator and subsequently weighed.

Moisture  content  of sceds was  expressed in

percentage by means of the following formula,

(M, - M) x 100
M -M,
where.
M - is the weight of petri dish with lid in grammes

M, - is the weight of petri dish with lid and seed
before drying in grammes

M, - is the weight of petri dish with lid and seed
after drying in grammes.

Seed purity

Two grammes sceds were weighed from each seed

sample.  Seeds were placed on a working board and

separated into 4 components viz., pure seed, other crop

seed, weed seeds and inert matter. After the
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separation was completed rechecking was donc.  Then
cach of the components were weighed accuratelv and
exprcssed as percentage.
3.2.5. Chemical analysis
(a) Plant analysis
Samples taken for chemical analysis were oven dried at
80 t 5°C and ground into a finc powder. The nitrogen
phosphorus and potassium contents of the plant samplcs‘werc

analysed.

(1) Nitrogen content
The total nitrogen content of the samples were determined
by Modified Micro Kjeldahl method (Jackson, 1967).

(i1)  Phosphorus content
The phosphorus content was determined by Vanado
Molybdo - Phosphoric yellow colour method (Jackson, 1967)
using Klett Summerson Photoelectric Colorimeter.

(111) Potassium content
Potassium content in plant samples were determined using
"LELT flame  photomecter.

(iv) N,P.K uptake
The  total uptake of nitrogen. phosphorus and potassium at
harvest was calculated based on the content of these
nutrtents  in the plant samples and the dry weights

cxpressed in kg/ha.
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(v) Crude fibre
Crude fibre content of the different samples were
determined by the method as suggested by Wright (1939).
b) Soil analysis
The total nitrogen, phosphorus and potassium content of
a composite soil sample collected prior to the experiment and
soil samples collected from individual plots after the experiment
werce analysced. Total nitrogen was determined by Modificd
Micro Kjeldahl method (Jackson, 1967) and available phosphorus
by Bray’s method (Jackson, 1967). Available potassium was
dctermined by Ammonium Acctate Mcthod (Jackson, 1967).
¢) Economics of cultivation
The economics of cultivation was worked out based on

various tnput costs.

Net 1income (Rs./ha) = Gross income - cost of
cultivation.

Benefit - cost ratio = Gross tncome / Cost  of
cultivation.
d) Statistical analysis

The cxperimental data were analysed statistically by
applying the technique of analysis of variance for partially
confounded 3' factorial experiment and significance was tested

by “F' test (Cochran and Cox, 1965)
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4. RESULTS

With the object to find out the effect of nitrogen,
phosphorus and potassium on seed production of gamba grass
(Andropogon gayanus). an experiment was conducted in the
College of Agriculture, Vellayani during the period from July
1993 to January 1994. The treatments consisted of the
combinations of 3 levels of nitrogen, 3 levels of phosphorus
and 3 levels potassium. The data obtained from the
experiment were statistically analysed and the results are

presented 1n this chapter.

4.1. Effcct of treatment on morphological characters

4.1.1.  Height of plants at first cut

The mean height of plants rccorded at the first
harvest are presented in table 4.1.(a) It can be scen from the

table that application of nitrogen stignificantly increased the

AP

height ol plants at the first harvest.  The highest level of

nitrogen recorded maximum height. Herght  differences were

not dctected at the lowest levels of nitrogen.



The effect of phosphorus and potassium levels on
plant height was not significant.  The interaction effect NP,

NK and PK were also not significant.

4.1.2. Number of tillers at first cut

The mean data on the number of tillers at first cut
are presented in table 4.1 (b) The c¢ffect of nitrogen on
number of titlers was significant.  From  table 4.1.(b) it is
evident that the total number of tillers recorded under the
highest level of nitrogen(N,) was the maximum. Plants
treated with N, were found to produce more number of
tillers  than treated with N .

The cffcct of phosphorus and potassium levels on
number of tillers was not significant. The ditferent

interaction effects were also not significant.

4.1.3. .\'u_mber of leaves at first cut

The mean data on number of lcaves are presented in
table 4.1 (¢). it may be scen from the table that the effect
of nitrogen on number of lecaves was significant. The

maximum number of leaves was recorded at the highest level
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of nitrogen(N,). The levels N, and N, were only

significantly different.

There was no significant influence due to application

of phosphorus and potassium. The interaction effects were

also not significant.

4.1.4. Height of plants at second cut

The mean data on hcight of plants at second cut
arc presented in table 4.1.(d). It can be seen from the table
that the effect of nitrogen on height of plants was not

significant at second harvest.

Though not significant, an increasing trend in plant
height with incrcase in the level of nitrogen was noted.
Effect of phosphorus and potassium also did not show any

significant influecnce . The interaction cffects were also not

significant.

4.1.5. Number of tillers at second cut

The mcan data on number of tillers at second cut

i1s presented in table 4.1 (¢). Maximum numbcer of utllers
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were recorded under the treatment which received the highest
level of nitrogen. N, level of treatment was significant over
the other two levels of nitrogen. But N, and N, werc on

par, while N, was superior over N, level.

2

The cffect of phosphorus and potassium lcevels on

tiller production was not significant.

NP interaction, was significant. When nitrogen 1is
combined with P, a significant increase in number of tillers
at second cut was observed at N,P.  While no significant
difference was observed when nitrogen is combined with P,
Nitrogen in  combination with P, did not produce any
variation in the number of tillers at N, and N, but at these

treatment combinations, the number of tillers was significantly

high in comparison to NP
NK and PK intcractions were not significant.
4.1.6. Number of lcaves at sccond cut

The mcean data on number of lcaves at sccond cut
1s given in table 4.1.(F). It can be scen from the tabic that

the  number  of lcaves at  sccond cut was significantly
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Table 4.1. Effect of N.P K and their interactions on

%0

Levels (a) (b) (c) (d) (e) (f)
(NP K) Plant Number Number Plant Number Number
height  of tillers of height  of tillers of leaves

at first at first leaves at at at
cut cut at first second second second

cut cut cut cut
N, 72.82 20.46 89.40 220.62 36.86  109.41
N, 77.54 2485 103.83 226.56 39.30 118.87
N, 87.47 28.71  118.55  233.17 4486  131.04

F(2,22) 7.82°  7.06 440" 128" 10.95° 2042
P, 80.31 25.04 104.44 227.54 41.49  126.61
P, 78.29 23.85 102.51 229.52 39.33  118.26
P, 79.24 25.11  104.83  223.28 40.25 119.96
F(2.22) 0147 021" 319 033" 0764 193
K, 7499 2576 104.99 22350 4258 130.76
K, 82.31 23.96  102.53  229.40 38.87 114.19
K, 80.54  24.32 104.28 227.44 39.57  119.87
F(2,22) 2.04" 0387 332 0204 253" 704"

CD 7.84 455  20.37 16.25 3.63 9.3
SE, 3.78 2.19 9.82 7.84 1.75 4.48

(Continued ...))



Table 4.1. (Continued ...}

NE.
NP,
N
NP,
N.P,
N.2p3
NP
NP,
N,P,

‘F
NK.
N K,
MK,
NK,
MK,
NK,
NK,
MK,
NK,

F
P K.
P,
PK,
P,;K',
pZKZ
P.K,
pEK!
PK.
P K
F

co

3

7117
72.96
74 3%
7587
77.78
78.96
93 87
84.12
84.42
0.781"
71.28
73.96
73%.21
70.12
77 42
85.07
83.54
9554
83.33
1.465
76.58
79.21
85.12
74 21
85.54
75.20
7417
82 17
81.37
0.80
13.58

&

ns - not significan’

Ex]

19.5%
2229
19.50
2154
24 42
28 .58
34 D2
24 .83
27.25
2.5
19.71
19.08
22.58
26.75
25.58
2221
30.83
27.12
28.17
0.68"
25.04
24.87
25.25
24 96
23.00
23.58
27.29
23.92
24.12
0.12"
7.89

significant at 5% level

86.79
96 .17
85.25
9317
105.45
112.87
133 75
105.92
116.37
'REN
85.58
83.42
95.21
106.33
108.42
96.75
123.04
115.75
116.87
042"
98.58
104.67
110.08
108 83
100.87
97.83
107 .54
102.04
104.92
0.23
35.29

225 7%
219.28
216.83
221.92
236.93
220.82
234 95
232.35
232.20
0.40
216.12
218.33
227 40
220.89
232,35
224 43
233.48
235.52
230.49
034
230.31
225.07
227.23
22102
244.23
223.32
219.17
218.91
231.77
107
28.15

3575
39.67
35.17
38.00
37.62
42.29
50 71
40.71
43.16
3.95
37.62
35.71
37.25
4129
39.00
37 62
48 83
41.91
4383
0.60"
42.58
40.71
4117
4117
38.58
38.25
44.00
37.32
39.29
0.39
6.29

Fi

10540
118.71
104.54
116.12
112.08
125.83
158 71
124.00
129 50

X
112.58
104.42
111,28
126.08
11487
113.08
153.62
123.29
135.29

1.48
129.92
118.87
131.04
130 25
113.25
111 29
132.12
110.48
11729

105

16.11
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incrcasced by application of nitrogen. All the 3 levels of
nitrogen (N, N, and N} wecre significantly diffcrent from
each other.Higher the dose of nitrogen, the higher was the
number of leaves. Phosphorus did not have a significant
effect on number of leaves. But levels of potassium
significantly reduced the number of leaves. At the initial
dose  number  of lecaves was  high. But there was  a

significant rcduction at K, and K, levels.

NP interaction effect was found to be significant
Number of leaves was significantly high at NP, in
comparison to NP, and N,P which were on par. A similar
trend was observed when nitrogen is combined with P,
When nitrogen is combined with P, a differential response
was observed. A significant increase in number of leaves

was observed at N,P, and N,P, which were on par.

NK and PK interactions were not significant.
4.2. Effect of treatment on fodder characters
4.2.1. Grecn fodder yield at first cut

Mcan data on fodder yicld at first cut 1s given n
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table 4.2 (a). it can be seen from the table that fodder

yield significantly increased by nitrogen levels. Maximum

fodder yield was recorded at the highest level of nitrogen.

Phosphorus and potassium did not have any

significant influence on fresh fodder yield.

Among the interaction effects, NP interaction effect
was found to be significant. When nitrogen 1s combined
with P, an increasing trend in fresh weight was observed at
various levels of nitr‘ogen. But when nitrogen is combined
with P, no signficant diffemnce in fresh weight was observed
at all levels of nitrogen. However a significant incrcase in
fresh weight of fodder was observed at N,P, and NP, in

comparison with NP
4.2.2. Green fodder yield at second cut

The data on green fodder yield at sccond cut s
given in table 4.2.(b) and s graphically rcpresented in fig
4.1 Fresh fodder yield at second cut was significantly
increased by nitrogen levels.  From the table it can be scen
that fresh weight was not different at the initial doses, but

at the higher dose significant difference was scen.



Fh

Phosphorus and potassium did not have any

stgnificant influcnce on fodder yicld.

NP intcractioh was found to be significant The
same trend as in the first cut was found in the case of NP
interaction.  When nitrogen is combined with lower doses of
phosphorus, an incrcasing trend was obscrved at various levels
of nitrogen.

When combined with P, no significant difference
in fresh weight was  obscrved. While when nitrogen s
combincd with P, there was a significant difference in fresh
weight Fresh weight was significantly high at NP when

compared to NP,

NK and PK interactions were not significant.

4.2.3. Dry fodder yicld

Data on dry fodder yicld 1s given in table 4.2.(¢)
and 1s graphically represented in fig. 4.2, From the tablce
it can be scen that dry fodder yicld was significantly
increascd by nitrogen application.  The maximum dry fodder

yicld was recorded under the highest level of nitrogen Only
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Table 4.2. Effect of N.P.K and their interactions on

*5

Levels (a) (b) (c)
(NP K) Fresh weight of Fresh weight of Dry weight of
fodder at first fodder at fodder at
cut (t/ha) second cut (t/ha) second cut (t/ha)

N, 6.63 17.28 6.91
N, 10.03 19.16 7.40
N, 12.27" 2572 . 9.66 .

F(2.22) 19.67 10.62 8 84
P, 9.96 21.27 8.23
P, 9.31 20.05 7.74
P, 9.67 20.83 8.01

F(2,22) 0.26™ 020" 0.25
K, 10.18 23.43 9.04
K, 9.40 19.24 7.38
K, 9.36 19.49 7.54

F(2.22) 052 2.99 3.47
CD 1.88 3.99 1.45
SE, 0.90 1.92 0.69

(Continued ...))



Table 4 2. (Continued ...))
N.P,
NP,
NP,
NP,
NP,
NP,
NP,
N,P,
N,P,

F
N.K,
N.K,
N.K,
N2K1
N2K2
NK,
N3K1
N3K2
N3K3

F
P‘IK‘)
P.K,
P1K3
p2K1
P2K2
p2K3
P3K1
P3K2
P3K3

F

CD
ns - not significant

** - significant at 5% level

5.86
7.56
6.48
9.10
9.72
11.26
14.93
10.64
11.26
2.85
6.78
6.17
6.94
10.95
10.33
8.79
12.80
11.69
12.34
0.43™
10.03
9.83
10.03
10.18
8.79
8.95
10.33
9.56
9.09
013"
3.25

15.89
20.52
15.43
16.82
18.75
21.91
31.09
20.91
25.15

3.97
18.83
16.51
16.51
22.14
19.13
16.20
29.32
22.07
25.77

0.65

21.3
21.60
20.91
23.07
19.44
17.67
25.92
16.67
19.90

1.19

6.90

ns

ns

#6

6.35
8.14
6.24
6.58
7.23
8.39
11.75
7.83
9.40
3.88
7.48
6.53
6.71
8.54
7.35
6.31
11.12
8.28
9.60
0.68
8.34
8.30
8.04
8.86
7.45
6.90
9.94
6.41
7.68
1.17
2.51

e

ns

ns



Fig. 4.2 Dry weight of fodder at second cut as influenced
by different levels of N, P and K (t / ha)
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N, was significantly different from N .

Phosphorus did not have any significant influcnce on
dry fodder yield. But potassium had a significant influence
on dry fodder yield.  There was redlgction in fodder vyield
with increase in levels of potassium. K, was superior to K,

and K, which were on par.

Among the interaction cffects NP intcraction alone
was found significant. When nitrogen is combined with
lowest level of phosphorus, the same response of application
of nitrogen was observed.  When nitrogen is combined with
P,, no significant difference was seen. But N P, recorded a

significantly high dry weight in comparison with NP
4.3. Effect of treatments on nutrient content

The data on content of nutrients in fodder is given
in tables 4.3.(a)(b) and (c). From tablc 4.3.(a), it can be
scen that nitrogen content in the fodder was not significantly
influenced by the levels of nitrogen, phosphorus and
potassium applied. The interaction cffects were also  not

stgnilicant.



Table 4.3. Effect of N.P K and their interactions on

%8

Levels (a) (b) (c) ()
(N.P.K) Nitrogen Phosphorus Potassium Crude fibre
content in content in content in content in
fodder (%) fodder (%) fodder (%) fodder (%)
N, 0.582 0.181 2.174 41.00
N, 0.629 0.185 1.752 35.69
N, 0.667 0.190 1.880 33.11
F(2.22) 2169 0948 8570 151 40
P 0.632 0.121 1.860 38 44
P, 0.608 0.178 1.919 36.44
Py 0.638 0.256 2.038 34.92
F(2,22) 0.300° 206.670 1.523" 29 29"
K, 0.629 0.181 1.625 37.64
K, 0.621 0.187 2.004 36.44
K, 0.628 0.186 2.188 35.72
F(2.22) 0002 0.448 15.270" 877
cD 0.842 0.0013 0.215 0.958
SE, 0.41 0.0006 0.104 0.462

(Continued ....)



Table 4.3. (Continued ....)

NP, 0.531
NP, 0.625
NP, 0.590
NP, 0.615
NP, 0.596°
NP, 0677
N,P, 0.748
N,P, 0.603
N,P, 0.648m
F 1.760
NK, 0.555
N.K, 0.568
N.K, 0.623
N.K, 0.652
N,K, 0.700
NK, 0.537
N.K, 0.682
NK, 0.595
NLK, o.723ns
F 2.540
P.K, 0.637
PK, 0.630
P K, 0.628
t 3 .
P.K, 0.628
P.K, 0.577
P.K, 0.620
P.K, 0.623
P.K, 0.657
P.K, 0.635’“
F 0.146
CD 0.205

ns - not significant

ok

- significant at 5% leve!

0.107
0.176
0.259
0.124
0.179
0.252
0.132
0.180
0.257
0.865
0.178
0.184
0.181
0.176
0.182
0.198
0.192
0.197
0.182
1.344
0.110
0.130
0.125
0.169
0.185
0.182
0.267
0.249
0.253
1.709
2.390

1.890
2.337
2.297
1.768
620
878
923
808
1940
841"
833
2.338
2.351
1.545
1.838
1.875
1.498
1.835
2.338
1.602
1.475
2.083
2.023
1.685
1.957
2.115
1.717
1.972
2.427
1.302
0.372

B T YOS N W P S
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43.17
41.83
38.00
37.75
34 67
34.67
34.42
32.83
32.08
3.73
41.83
41.00
40.17
37 32
34.92
34 83
33.75
33.42
32.17
0.93
39.92
37.50
37.92
37.17
37.75
34 42
35.83
34.08
34 .83
4.36
166
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It may be seen from tablec 4.3.(b) that phosphorus
content in the fodder was not significantly influenced by
nitrogen and potassium lcvcels. But therec was a progressive
incrcasc in  phosphorus content with incremental levels of
nitrogen. However  levels  of  phosphorus  significantly
incrcasced the content of phosphorus in the fodder.  All the
3 levels of phosphorus were significantly different from cach

other.

From table 4.3.(@), it can bc sccn that the potassium
content of fodder was influcnced by nitrogen and potassium,
Nitrogen levels significantly reduced the potassium in  the
fodder. The levels N, and N, wecrc on par and N, was
significantly diffcrent from N, and N, The  highest
potassium content was rccorded at the lowest level of
nitfogcn (N,). Thec levels of potassium significantly increasced
the potassium content. K, and K, wcrc on par and K, was

inferior o K, and K.

The various intcraction cffects did not have any

significant influence on content of nutricnts in the fodder.
4.4. Effect of treatments on uptake of nutrients

The data on the uptake of nutricnts is given in



tables 4.4 (a), (b) and (c). From table 4.4 (a), it can be
seen that uptake of nitrogen was significantly increased by
nitrogen application. No significant difference was detected
at N, and N, levels. Phosphorus and potassium did not have
any significant influence on the uptake on nitrogen Among

the interaction effects, NP interaction was found to be

significant.

From table 4 4. (b), it can be seen that uptake of
phosphorus was significantly influenced by the levels of
nitrogen, phosphorus and potassium. Nitrogen and phosphorus
caused an increase in the wuptake of phosphorus, while

potassium, significantly reduced the phosphorus uptake.

The highest level of nitrogen alone recored a
significant differnce.  The different levels of phosphorus were
significantly different from each other. Maximum uptake of

phosphorus was recorded by the highest level of phosphorus.

Levels of potassium significatly reduced the uptake
of phosphorus. The highest uptake was recorded by the

lowest level of potassium viz. K, K, and K, were on par

and noticeably inferior to K.

%!



Among the various interaction effects PK interaction

was significant.

From table 4.4.(c), it can be scen that the uptake
of potassium was significantly influenced by nitrogen levels.
Highest uptake of potassium was recorded at the highest level

of nitrogen.

l.evels of phosphorus and potassium did not have

any significant influence on the uptake of potassium,

Among the intecraction effects, NP interaction was
found significant. When nitrogen is combined with P a

highest potassium uptake was seen at N, levels. But when

3

nitrogen 1s combined with P, a significant reduction at N,
and N, was obscrved. When nitrogen was combined with P,

no significant difference in potassium uptake was seen.

4.5. Effect of treatments on crude fibre content of fodder

Data on crude fibre content of fodder 1s given in
table 4 3 (d). It can be scen from the table that nitrogen
caused a significant reduction in crude fibre content. The

highest crude fibre content of 41 per cent was recorded with

32



N, level. All the 3 levels of nitrogen (N,, N, and N)) were

stgnificantly different from cach other.

Phosphorus also significantly reduced the crude fibre
content. The lowest crude fibre content (34.92 per cent) was
recorded with the highest level of phosphorus. All the 3

levels of phosphorus were significantly different from each

other.

Potassium caused significant reduction in the crude
fibre content. All the 3 levels of potassium ware found to

be significantly different from each other.

NP and PK interactions were significant. When
nitrogen is combined with phosphorus, trend in response was
similar at all the dose combinations, but the rate of change
was diffcrent.  When potassium is combined with phosphorus,
no significant difference was observed at K, and K, levels.
When potassium is combined with P, no significant difference
was detected at K, and K, levels but with P _ significant

difference was scen.

NK interaction was not significant.

23



Table 4.4. Effect of N.P K and their interactions on

B i

Levels {a) (b) {C)
(N,P.K) Nitrogen uptake Phosphorus Potassium
by plants uptake by uptake by
(Kg/ha) plants (Kg/ha) plants (Kg/ha)
N, 41.22 12.450 1656.512
N, 48.51 14.140 125.829
N, 65.50" 17.900 180.062
F(2.22) 8.45 8.310° 5690
P, 53.81 10.226 155,832
P, 47 93 13.724 143.337
P, 53.49 20.536 162.235
F(2,22) 0.59" 29.310 0.712
K, 58.87 16.969 145.330
K, 46.61 13.536 144 000
K, 49.76 13.981 172.075
F(2.22) 220 3715 1.936"
CD 12.57 - 2.84 33.33
SE 6.06 1.37 16.09

(Continued .. .)



Table 4.4. (Continued ....)
N1p1
N.P,
NP,
NP,
NP,
N2P3
N3P1
NP,
N3P3

F.'
N K,
N.K,
N.K,
NLK,
NK,
N2K3
N3K1
N.K,
N.K

373

F
P.K,
PK,
P.K,
P,K,
P.K,
P.K,
P:K,
P.K,
P.K;

F

CcD

ns - not significant
** - significant at 5% level

- 34.47

50.81
38 38

© 41.50

44.80
59.24
85.47
43.19
62.85
437"
41.17
38.87

43.63

59.08
52.05
34.40
76.35
48.91
71.25
2.35
55.39
51.87
5417
5519
44 20
44 41
66.02
43.76
50.69
0.46"

21.77

6.791
14.240
16.308

8.227
12.993
21.195
15.660
13.936
24.106

2706

13.151
11.987
12.203
16.941
13.265
12.210
20.815
15.357
17.532
0.648
9.683
10.653
10.341
14.848
13.833
12.490
26.375
16.122
19.113
3.375*
4.919

5

ns

85

121.418
185.533
159.586
115.990
114.653
146.845
230.088
129.826
180.273
4640
136 475
159.423
170.640
129.805
129.371
118.312
169.710
143.205
227.273
1.852
131.565
163.985
171.946
145.565
134.102
150.347
158.860
133.913
193.932
0.879"
57.828



4.6. Effect of treatments on number of days to 50 per

cent flowering

The mean data on days to 50 per cent flowering is
presented in table 4.5.(a). From the tablc it can be scen
that nitrogen and phosphorus did not have any significant
effect on days to 50 per cent flowcring. But potassium
significantly influenced the number of days to 50 per cent
flowering. The maximum number of days to 50 per cent
flowering was taken by the K, trecatment. While at K, and
K, number of days for 50 per cent flowering was more or

less similar. The interaction effects were also not

significant.

4.7. Effect of treatments on number of panicles/plant

Mean data on thc number of panicles per plant s
given in table 4.5.(b). From the table it may be seen that
there 1s a sigmificant increase in the number of panicles per
plant due to nitrogen application. The maximum number of
panicles was recorded under thc highest level of nitrogen(N,).
The N

, level was superior to N, level and N, level was

supcrior to N fevel.
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Phosphorus and potassium did not have any
signitficant cffect. NP interaction was significant. When
nitrogen is combined with P, panicle number was high at
NP When nitrogen is combined with P, also samc trend
was seen. With P, a significant increase at N, and N, was

detected which were on par.

NK and PK interactions werc not significant.

4.8. Effect of trcatments on number of seeds per panicle

Mcan data on number of sceds per panicle 1s given
in the table 4.5.(c). It can be seen from the table that the
nitrogen levels reduced the number of seeds significantly.
The minimum number of seeds per panicle was recorded by
the highest level of nitrogen(N,). At the lower levels N,

and N, significant difference was detected. The highest

number of sceds per panicle, (112.34) was recorded at the

lowest level of nitrogen(N ).

Phosphorus and potassium did not have any
significant effect. The interaction effects were also not

significant.

3%



4.9. Effect o! treatments on number of kernels/500 sceds

The mean data on number of kernels/500 sceds s
given in table 4.5.(d). The table shows that nitrogen did
not have any significant influcnce on the number of kernels.
But there was a progressive increase in the number of

kernels with incremental levels of nitrogen.

Phosphorus significantly influenced the number of
kernels.  All the three levels were significantly different from
cach other.  Thus the highest level of phosphorus recorded

the maximum number of kernels.

Potassium showed no significant influence on the
number of Kkernels. But there was a progressive incrcase in
the number of kernels with potassium levels and the highest
level of potassium recerded the maximum number of kernels.
The different levels of potassium (K. K,, K,) were on par.

The interaction cffects were not significant

4.10. Effect of treatments on seed yicld

Mcan data on sced vyicld s given in table 45 (¢

2¢
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Table 4.5. Effect of N.P K and their interactions on

lLevels (a) (h) (c) (d) (e)
(NP K) Number of Number of Number Number of Seed
days to 50 panicles of seeds/ kernels/ yield
percent /plant panicle 500 seeds (Kg/ha)
flowering
N, 118.83 924  112.34 19.5 211.44
N, 119.33 10.97 97.68 19.89  218.96
N, 118.94 12.71 92.16 20.28 240.27
F(2.22) 0863 2577  27.23" 046" 2.03"
P, 118.61 11.11 99.59 17 222.63
P, 119.33 1070  101.53 20.33 219.92
P, 119.17 11.11 101.06 22.33 228.11
F(2.22) 179" 0482°  0259° 2189 0158
K, 118.27 11.51 101.3 19.44 236.19
K, 119.78 10.72  100.41 19.78 217.59
K, 118.61 10.69  100.48 20.44 216.88
F(2.22) 5159 182" 0.06™ 078" 109
CD 0.83 1.00 5.86 1.69 30.75
SE 0.401 10.482 2.825 0.814 14 82

(Continued ....)



Table 4.5. (Continued ...}

NP, 118.67
NP, 119.17
NP, 118.67
NP, 118 .67
NP 119.83
NP, 119.50
NP, 118.50
N,P, 119.00
NP, 119.33

F 0.388 ™
N.K, 118.83
N 119.67
NK, 118.00
NE. 119.00
NLK, 120.17
N.K, 118.83
NLK, 118.33
NI, 119.50
NLK, 119.00

= 0.658
PK. 118.33
PK, 119.50
PK. 118.00
PK, 119.17
P, 120.00
PK, 118.83
PK. 118.67
PK, 119.83
PK, 119.00

F 0.194
co 1.44

ns - not significant
** - significant at 5% leve!

8.92
9.81
9.00
10 17
10.54
12.21
14.25
11.75
12.12
e
4.39
9.23
9.21
9.29
11.50
11.42
10.00
13.70
11.54
1279
192"
11.46
11.00
10.87
11.02
10 42
10.67
12.04
10.75
10.54
0.298™
1.73

106.58
117.68
11277
96.38
97.10
99 .57
95.80
89.82
90.87

1.730"

112.83
110.46
113.60
96 .61
102.43
94.00
94 45
88.20
93.88

138"

102.33
97.31
99.12

100.23

102.53

101.83

101.33

101.38

100.48

0.31"
10.15

17.17
19 67
21.67
16.50
21.00
2217
17.33
20.33
23.17
0.386
18.83
19.83
19.83
20.17
19.33
20.17
19.33
20.17
21.33
0.40
16.00
17.50
17 50
20.33
19.17
21.50
22.00
22.67
22.33
0.726 "
2.92

nsg

90

190.31
236.45
207.55
198.76
207 77
250.35
278.80
215.55
226.44
3.63
212.55
205.88
215.88
229 .11
238.23
189 54
266.91
208.66
245.22
182
236.76
214.00
217.11
224.45
216.33
219.00
247 35
222.44
214.5¢
0.153 "

53.26



Fig. 4.3. Seed yield as influenced by different levels of N. P and K (kg / ha)
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From the table i1t can be scen that there is a progressive
increase in sced yield with incremental levels of  nitrogen.
The maximum sced yield was recorded under the highest level

of nitrogen.  But the influence was not significant.

Phosphorus and potassium also did not significantly

influence sced yicld.

Among the interaction cffccts NP interaction alonc

was signtficant.
4.11. Effect of trcatments on sced germination

4.11.1. As percentage of kernels

The data on sced germination as percentage of
kernels 1s given in table 4.6.(a). From thc table it can bc
scen  that  nitrogen, phosphorus and potassium did not

significantly influcnce the sced germination.

NK intcraction was found to be significant, whilc

NP and PK intcraction werc not significant.

4.11.2. As percentage of sceds

The data on sced germination as percentage of sceds



q2

i1s given in table 4.6.(b). It can be seen from the table that
sced germination was not significantly influenced by nitrogen,
but phosphorus showed significant influence. The level P

2

was significantly superior to P, and P, was superior to P,
There was an increase in germination percentage at
the highest levels of potassium, but did not have a

significant influcnce.

The intcraction cffects were not significant.

4.12. Effect of treatment on seed viability

4.12.1 As percentage of kernels

The data on seed viability as percentage of Kkernels
is given in table 4.6.(c). From the table it can be scen
that seed wviability was not significantly influenced by the

fevels of nitrogen or phosphorus or potassium.

Among the different  levels  of  nitrogen,  highest
percentage viability was recorded under N, level.  Among the

phosphorus lcvels, P, recorded the highest wviabihity. But



among the potassium lcvels, thc  highest viability percentage
was obtaincd under the K, level All the 3 levels of

potassium wcre on  par.

The intcraction cffccts were not significant.

4.12.2. As percentage of sceds

The mcan data on secd viability as pereentage of
sccds is given in tablc 4.6.(d). [t can bc scen from  the
tablc that application of nitrogen did not significantly
influcnce sced viability, cven though there was a progressive
increcasc in viability with incremental levels of nitrogen The
different lIcvels of phosphorus significantly influcnced sced

viability.  The higher two levels were supcrior to the lowest

v

level.

With increasc in potassium lcvels, therc was an
incrcasc in sccd wviability but did not show any sigmificant

influence.
The interaction cffccts were not significant.
4.13. Effect of trcatments on sced meoisturce

Mcan data on sced moisture is  given in  tablc



Table 4.6. Effect of N.P. K and their interactions on

Levels (a) (b) (c) (d)
(N,P.K) Seed Seed Seed Seed
germination germination  viability as viability as
as percentage as percentage percentage percentage
of kernels of seeds of kernels of seeds
N, 8.88 1.75 85.09 3.32
N, 9.02 1.79 87.63 3.45
N, 8 87 178 87 44 3 55
F(2,22) 2.09" 052 " 147 099"
P, 9.00 1.65 86.96 2.93
P, 8.95 1.80 88.16 3.61
P, 8.81 1.86 85.04 3.79
F(2.22) 3.09" 13.95 ™ 183" 14.78"
K 8.95 " 1.76 86.93 3.35
K, 8.83 1.75 86.00 3.41
K, 8.98 1.81 87.23 3.57
F(2.22) 190 142 " 0.305" 0.868
cD 0.168 8.33 3.42 0.344
SE, 0.081 4.015 1.65 0.166

(Continued

)

P4



Table 4.6. (Continued ....)

NP,
NP,
NP,

. N2P1
NP,
NP,
NP,
NP,
N,P

F
NK,
N K,
N K,
NK,
NK,
NK,
NK,
N,K
N,K,

F
P K,
P.K,
P.K,
P2K1
P.K,
P2K3
p3K1
P3K2

. PK,

3

2

CD

ns - not significant

8.88 -
8.97
8.78
9.18
8.95
8 92
8.95
8.94
8.73
0748
8.94
8.79
8.90
9.20
8.75
9.10
8.70
8.97
8.96
3.427
9.18
8.83
9.00
9.00
8.80
9.06
8.67
8.88
8.90
2.318"
0.291

** - significant at 5% level

ns

ns

83.54
86.38
85.35
87.82
89.51
85.56
89.52
88.60
84.20
0811
84.82
85.24
85.20
91.17
84.12
87.60
84.79
88.63
88.89
2.022
89.66
89.39
85.22
87.20
87.33
89.96
83.93
85.27
85.90
0.946"
5.92

2.86
3.40
3.70
2.83
3.77
3.77
3.10
3.67
3.90
0.317"
3.20
3.40
3.37
3.57
3.27
3.53
3.30
3.57
3.80
079"
2.80
3.00
3.00
3.60
3.37
3.87
3.67
3.87
3.83
062"
0.59

gs



4.7 .(a). From the table 1t can be seen that seed moisture
was not significantly influenced by nitrogen, phosphorus and

potassium.

Interaction effects were also not significant.

4.14. Effect of treatment on seed purity

The mean data on sced purity i1s given in table
4.7(b). There was an increasc in sced purity with increasc
in nitrogen levels. From the table it can be seen that
nitrogen levels could not significantly influence the sced
purity.  Phosphorus levels also did not significantly influcnce
seced purity. But, with increase in potassium levels, there

was a decrease in seed purity.

The interactions effects were not significant.

4.15. Effect of treatments on 1000 seed weight

Mcan data on 1000 sced weight is given in table
4.7 (¢). From the table it can be scen that 1000 sced

werght  was not  sigmificantly  influenced by  nitrogen,
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Table 4.7. Effect of N.P K and their interactions on

Levels (a) (b) (c)
(N,P.K) Seed Seed purity(%) 1000 seed
moisture(%) weight(g)
N, 11.93 71.61 2.9
N, 11.90 72.11 2.94
N, 11.87 72.44 2.91
F(2,22) 0.147" 0.856™ 0.330
P, 11.86 71.83 2.94
P, 12.00 72.44 2.89
P, 11.85 71.89 2.92
F(2.22) 0.0085™ 0.557" 0 159"
K, 12.12 72.55 2.93
K, 11.52 71.94 2.90
K, 12.06 71.67 2.92
F(2,22) 1.427 1.003™ 0.006™
SE 0.393 0.0038 0.08

(Continued ...))



Table 4.7. (Continued....)
N1P1
N.P,
NP,
N2P1
NZPZ
N2P3
N3P1
N3P2
N3P3

E
NK,
N K,
NK,
NoK,
N,K,
NLK,
N,K,
NLK,
N.K,

F
P K,
P.K,
P.K,
P2K1
P2K2
P2K3
P3K1
P.K,
PK,

F
CD

ns - not significant
** - gsignificant at 5% level

12.08
11.89

1183
112.20

12.09

11.42

11.28
12.00
12.31
0.984™
12.01
11.90
11.89
12.00
11.29

.12.45

12.38
11.37
11.85
0.577
12.46
11.46
11.66
12.14
12.36
12.21
11.77
11.47
12.32
0.565
1.41

71.00
72.83
71.00
71.67
72.33
72.33
72.83
72.17
72.33
0.845"
72.50
71.17
71.17
72.17
72.50
71.37
73.00
72.17
72.17
0.308"
72.83
71.83
70.83
72.17
72.67
72.50
72.67
71.33
71.67
0.750
2.30

2.93
2.85
2.92
2.93
2.93
2.97
2.95
2.90
2.88

0.104"
2.92
2.92
2.87
3.00
2.90
2.93
2.88
2.90
2.95

0.210
3.01
2.88
2.92
2.88
2.93
2.87
2.90
2.90
2.97
0.36"
0.28
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phosphorus and potassium.

Interaction effects were not significant.

4.16. Effect of treatment on soil nutrient status

Data on soil nutrient status is given in tables

4.8 (a), (b) and (c).

It can be seen from table 4.8 (a) that the different
levels of nitrogen notably increased the nitrogen status.  All
the 3 levels of nitrogen, N, N, and N, were significantly

different from each other.

Phosphorus showed pronounced influence on mitrogen
content of the soil. Here also different phosphorus levels
were  different from each other and P, was found to be

superior to P, and P,

Potassium had a significant influence on nitrogen

status of the sorl. K, was found to be superior to K, and
K, Among the interaction effects, NP and NK interactions
were signilicant. At the imitial two doses of nitrogen, the

response of phosphorus showed similar trend, while at highest



{00

dosc, no signiticant difference in soil nitrogen  status  was
noticed at the initial two doses of phosphorus, but significant
responsc was noted at P,

From table 4.8(b) 1t can be secn that soil
phosphorus content  was not sigmificantly  influenced by
nitrogen  and  potasstum, but  phosphorus had a  significant
cffect. All the three levels of phosphorus were different

from cach other.

Nonec of the interaction cffects significantly affected

sotl phosphorus content.

From table 4.8.(c), it can seccen that soil potassium
content was influenced by nitrogen and potassium and not by
phosphorus.  Among the different nitrogen levels, N and N,

'

were on par, while N, was significantly superior to N, and

N,.
Increase in potassium levels increased the potassium
status  of the soil Among the 3 levels of potassium. only

the highest level of potassium showed a significant response

The materaction ctfects were not significant
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Table 4.8. Effect of N.P.K and their interactions on

Levels (a) (b) (c)
(N,P.K) Soil nitrogen Soil phosphorus  Soil potassium
status (kg’ha) status (kg/ha) status (kg/ha)
N, 134.23 52.308 72.77
N, 175.58 53.170 76.85
N, 214.64 52513 72 67
F(2.22) 574.62"" 0.280" 531
P, 158.02 45899 73.39
P, 172.51 51.758 74.62
P, 193 925 60.335 74.29
F(2,22) 115.95 72.850" 037
K, 170.23 51.464 71.88
K, 179.81 52.988 74.42
K, 174.42 53.540 75.99
F(2.22) 819 1.590" 4.018
cD 4.92 2.49 3.035
SE 237 12 146

(o0}

(Continued ....)
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Table 4.8. (Continued ....)

NP, 108.84 44.743 75.053
NP, 137.76 51.261 72.100
NP, 156.09 60.922 71.176
NP, 162.55 47.991 76.633
NP, 17357 52.068 77.290
NP, 190.62 59.452 76.633
N,P, 202.67 44 963 68.493
N,P, 206.20 51.943 74.460
NP, 235.06 60.633 _ 75.053
F '6.186"" 0.801 2.520
N K, 131.95 50.950 70.560
NK, 141.31 52.533 73.810
N.K, 129.44 53.443 73.960
NK, 164.34 51.320 74.670
N,K, 181.15 53.917 77.220
NLK, 180.95 54 275 78.670
NK, 214.11 52.123 70.413
N.K, 216.96 52.515 72.250
N.K, 212.86 52.902 75.343
F 3.797 0.201" 0.169"
P K, 154.65 46.467 70.670
PK, 163.20 44.743 74.177
PK, 156.20 46.488 75.330
PK, 165.21 51.295 73.026
P.K, 175.54 51.808 74.790
P K, 176 47 52 170 76 033
PK, 190.52 56.631 - 71.946
P.K, 200.68 62.413 74.310
P.K, 190.57 61.962 76.606
1.34™ 1.850 0.108"
cD - 8.52 4.320 5.257

ns - not significant
** - significant at 5% leve!



4.17. Economics of cultivation

The data on net return and benefit : cost ratio at

harvest are presented in table 4.9

(a) Net return

Maximum nct rcturn was recorded by the trcatment
combination T (N,P.K wviz 150 kg N + 100 kg P,0, - SO
kg K,O/ha). This was followed by T (N,P K viz 225 kg N
+ 50 kg PO, + 50 kg K,O/ha). The lowest net return
was given by T, (N,P,K, viz 150 kg N + 75 kg PO, - 100
kg K,O/ha).

(b) Benefit @ cost ratio

Highest benefit : cost ratio was recorded by the
treatment combination T (NP K, viz 150 kg N + 100 kg
P.O; + 50 kg K,O/ha) and the lowest by T (N,P.K, viz 150

kg N+ 75 kg P,O, + 100 kg K O/ha),
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Treatments Ccost of Aagditional Tota: cost  Greenmatter Seed yed G-zss  Net Return Beref
cuithvaton zost for the for co tivaton yieid (kg/te Rei.n (b-a1 Ccst Ra =
exci.cing the treatment a) itUha) o
treatment Rs Ps Rs Ps
1 18 23975 1493 33 1983275 22 68 199 43 268£2 60 B835 85 124
T2 1833975 1693 33 20033 06 2222 177.75 2577200 573695 128
T3 1833975 1893 30 20233 05 20 36 19375 2423500 400185 179
T4 18 33975 1646 66 19986 41 3379 2382 3855200 18565.99 163
T5 18 33975 1846 66 20186 41 24 .53 316 44 2885800 867239 143
T6 1833975 2046 66 20386 .41 2592 25479 3101500 1062859 1.52
T7 18.33975 1800.00 2013975 20 36 200.10 243€7 00 4227 .25 121
T8 1833975 2000.00 2033975 21.29 223 44 2576300 542325 127
T9 18,339.75 220000 2053975 24 07 19942 2805200 7512.65 136
T10 18.33975 228000 20619.75 21.76 18075 2537520 4755.45 123
T11 18.339.75 2480.00 20819.75 2544 22577 2995540 913565 1.44
T12 18.339.75 2680.00 21019.75 30.56 18976 3435500 13335.25 163
T13 18 339.75 2413.33 20753 .08 27 .07 194.10 3095200 1019892 1.4¢
T14 18.33975 2633.33 20573 .08 37.03 241.45 41859 00 20880.02 1.69
T15 18.339.75 2833.33 21173.08 21.39 187.76 2514520 397212 1.1
T16 18.339.75 2586 .66 20526 .41 50.45 312.49 56669 80 35743.39 2.70
T17 18.339.75 2786 66 21126.41 25.95 247 46 3088920 977279 1.46
T18 18.339.75 2986.66 21326.41 23.14 191 11 2696220 559979 126
T19 18.339.75 3060.00 21399.75 49,53 330.16 5613340 34733.65 262
T20 18.339.75 3260.00 2159975 46.65 238.45 5347300 31819.25 2.47
T21 18.33975 3460.00 2179975 41 .89 267 890 47245 00 2544625 2.5
T22 18 33975 321333 21553 08 38 88 241 .13 43742 0C 22149 42 202
T23 18 33975 3413 33 21753 08 2315 191.10 2697200 5218 90 1.24
T24 1833975 3613.33 21853.08 3263 214 44 3691800 14965.72 1.68
T25 18.339.75 3366 66 21706 .41 37.95 229 45 4253300 2083259 1.96
T26 18 33975 3566 .66 21906 41 31.45 196 43 3537800 1347219 1.61
T27 18.339 75 3766.66 22106 41 39 81 253 44 4487500 2277259 203

+Q!
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5. DISCUSSION

The study on the effect of nitrogen, phosphorus
and potassium on the seed production of gamba grass
(Andropogon guyz;nus) was conducted 1in the college of
Agriculture, Vellayani, during the period from July 1993 to

January 1994,

Growth and fodder yield characters, plant height,
number of tillers, number of leaves, green yield, dry matter
yield and seed yield parameters like days to 50 percent
flowering, number of panicles per hill, number of seeds per
panicle, number of kernels/500 seeds, seed viability, seed
germination sced purity, sced moisture, 1000 sced weight and
secd yield were measured and recorded. Chemical analysis
was donc and data on nutrient content and crude fibre of

fodder and nutrient content in soil were also recorded.

The data obtained were analysed statistically. The

results from this study are discussed below.



5.1. Morphological characters

S.1.1. Height of plants

The results presented in tables 4.1.(a) and (d)
showed that nitrogen fertilizer significantly affected plant
height at first cut, while plant hcight at sccond cut was not
significantly affected by nitrogen. At the first harvest, the
highest level of nitrogen (225 kg/ha) recorded 2011 per cent
increase 1n plant height over that of the lowest level (75 kg/
ha). The incrcase in  plant height may be duc to the
increasc in ccll division and cecll clongation (Tisdale ct al.,
1985). Johnkutty (1981) working on ragi reported that
nitrogen hastens the meristematic activity in plants resulting
tn the increase of plant height. Thomas (1978) and Balbatt
(1980) also rcported a significant increase in plant height in
hybrid napicr. Similar trend was obscrved in giant Anjan
grass (Cenchrus ciliaris) by Rai and Shankaranarayanan(1981)

and in guinca grass by Krishnan (1993).

At the time of sccond cut much of the nutrients
might have been used for the flowering and sced sct. So
therc was no pronounced effect duc to nitrogen doscs on

plant hcight at the time of sced cut. Ramakrishnan Nair
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(1963) working on ragi, rcported that plant height at the 2"
stage (60 DAS) was not significantly influenced by nitrogen.
He attributed this to maturing, drying and incurving of

earhcads at the final stage.

From the results it can be seen that phosphorus and
potassium did not show significant effect on plant hecight at
the first and second cut. A non-significant effect of
phosphorus on plant height was reported by Rai and
Shankaranarayanan (1981) in pusa giant anjan (Cenchrus
ciliaris). Similarly Thakuria (1993) working on teosinte,
(FFuchlaena maxicana), reported that application of potash did
not give any significant response to growth or height of

plants.
5.1.2. Number of tillers

The data on mean tiller count presented in tables
4.1.(b) and (¢) revealed that nitrogen fertilizer significantly
influenced number of tillers at both the first and second cut.
The highest level of nitrogen caused an increase of 40.32 per
cent and 21.7 per cent in respect of tiller number at the
first and sccond cut respectively. From this trend we can

sce that during second cut, the contribution of nitrogen to



tiller formation is less than that at 1" cut. This may also
hcA duc to the dcath of carly formed tillers. It is a well
known fact that nitrogen is the most important nutricnt
element for the growth of plants. Increased availability of
this element would have contributed to higher tiller
production 1n the grass. Similar results were obtained by
Thomas (1978) in hybrid napier, Rai and Shankaranarayanan
(1981) 1n giant anjan grass (Cenchrus ciliaris) Sangakkara

('198:3) and Krishnan (1993) i1n guinca grass.

The results showed that phosphorus and potassium
did not have any significant influence on number of tillers
This may be due to the high phosphorus content of the soil
as shown in table 3.1. No significant influence on tifler
number due to phosphodrus application was reported by Rai
and Shankaranarayanan (1981) in giant anjan grass (Cenchrus
ciliaris). Similar trend was obtained by Krishnan (1993) in
puinea grrass He also reported that potassic fertilizers did

not influence tiller production in the grass.

At the time of sccond harvest, NP interaction was
found to be significant. [t 1s a common obscrvation that

incrcased growth requires more of both N and P, the
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inference being that mutually synergistic effects result in
growth stimulation and enhanced uptake of both the elements
(Sumner and Farina, 1986). This growth stimulation might

have resulted in the increased number of tillers.

£.1.3. Number of leaves

The results presented in tables 4.1.(c) and (f)
showed that nitrogen significantly increased the number of

lcaves at the first and sccond cut.

Ajithkumar (1984) working on rice reported that
higher levels of fertilizer is necessary for better growth of
plants as was seen by a higher number of leaves. Similar
results on the increase in the leaf number by NPK
application was reported in rice plants by Sumbali and Gupta
(1972). More over the trend noticed in this trial confirms
with the accepted behaviour of nitrogen in enhancing
vegetative growth (Tisdale and Nelson, 1975). Sobhana
(1983) working on rice reported a significant increase in the
number of leaves / hill due to increased nutrition at all
growth stages She also reported that the maximum leaf
number was obtained with the treatment supplying maximum

nitrogen (30:40:40 kg/ha NPK).



Phosphorus did not have a significant ecffect on

number of lcaves during the first and second cut.

NP interaction was found to be significant at the
second cut. At the time of sccond cut, the combination N P,
(225 kg N + 50 kg P,0,) recorded the maximum number of
leaves. The lowest number of lcaves was recorded at the
combination NP, (73 kg N + 100 kg P,0)). N.P, was
found to be significantly different from all other

combinations.

Potassium did not influence number of leaves at the
first cut, but during the second cut, there was a significant
reduction in number of leaves. It 1s seen that the higher
levels  of potassium in combination with nitrogen and
phosphorus causes a negative effect. This may be duc to an
imbalance of the nutrients. Rencau ¢t al (1983) also

reported that the balance between nutrients is important
5.2. Effect of treatments on fodder characters
5.2.1. Green matter yield

From the results presented in tables 4.2.(a) and (b),

1o



it can be seen that fodder yield was significantly increased
by nitrogen leavels. During the first cut, the N, level ie
225 kg/ha produced 22 percent increase in fodder yicld over
that of N, level (150 kg/ha), while N, (150 kg/ha) produced
51 percent increase in fodder yield over that of N level (75
kg/ha). During the second cut, the highest level of nitrogen
causecd 48 percent increase in fodder yield over that of the

lowest level tried.

This increase in fresh weight may be due to the
increase in height of plants, more number of tillers and
leaves produced due to application of nitrogen. The highest
fodder yield recorded in this study due to application of
highest level of nitrogen may be attributed to better growth
of plants as evidenced by taller plants noticed in tcosinte by
Thakuria (1993). From the results obtained by Mukerji and
Chatterji (1955), Bose (1965), Tiwari (1965) and Relwani and
Bagga (1968), under different agroclimatic conditions, it
became evident that nitrogen application is very essential for
higher production of dinanath grass (Pennisetum pedicellatum).
Dwivedi ¢t al (1991b) working on thin napter grass
(Pennisetum  polystachyon) also found that herbage production

increases  with increasing nitrogen rates

i)



From the results it can be seen that fodder yield
was not significantly influenced by application of phosphorus
and potassium. This may be due to the fact that thesc
nutrients do not have a significant influence on the vegetative

characters like height and number of tillers.

Narwal et al. (1977) reported that in dinanath grass,
phosphorus application showed no definite trend.  In the first
year application of 60 kg P,O, /ha produced significantly
higher green fodder yield over control, but the difference
between 0 and 30 kg P,O; /ha and 30 and 60 P,O, /ha were
not appreciable. Krishnan (1993) working on guinca grass
reported that phosphorus did not have any influence on green

fodder yicld.

Smith (1979) working on switch grass (Panicum
virgatum) reported that the vegetative growth was not
favoured by potassium. Similarly, Thakuria (1993) working
on tecosinte  (luchluena  maxicana) also  reported  that
application of potash did not give any significant responsc to
fodder yields. NP interaction was tound to be significant at
both the harvests. Sumner and Farina (1986) rcported that

NP intcraction effects on yield are primarily attributable to

Ly



N induced incrcase in P absorption by the plant.

5.2.2. Dry fodder yield

The results presented in table 4.2.(c) revealed that
dry fodder yield was significantly increased by nitrogen
application. N, level (225 kg N/ha) caused 39.79 perecent

incrcase in dry fodder yield over that of N, (75 kg/ha) the

lowest level.

Increased supply of nitrogen seem to have resulted
in improving the overall growth of the plants and hence
rccorded more dry matter as noticed in this study.  Further
increase In  nitrogen applicatron, causing an increasc in
vegetative growth, produces taller plants and more tillers.
These favourable cffects together contributed to more plant
weights.  Along with the over all growth, the incrcase in the
uptake of nutrients also might have contributed to the total
dry matter  production This 1s in accordance with the
findings of Dwivedt and Kanodia (1986) in setaria grass
(Sctarta sphacelata).  Similar results were obtained by lHaggar

(1966) in gamba grass (dndropogon guvanus). Ganguli ¢t al

(1976) 1n fodder oats, Tancja ¢t al. (1981) in barlcy and

Thakuria (1993) in tcosinte.
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The results showed that phosphorus did not have any
significant effect on dry fodder yield. Faroda (1970) also
could not find any significant cffect of phosphorus on dry

matter yicld in black anjan (Cenchrus ciliaris).

The higher levels of potassium was found to reduce
the dry fodder yields. Smith (1979) working on switch grass
(Puanicum virgatum) reported that the vegetative growth was
favoured by nitrogen fertilization, but not by potassium.
This may be due to the imbalance of nutrients. Rencau ct al
(1983) suggested that a balance between nutrients is
important. Similarly Thakuria (1993) working on tcosinte
found that potassium did not give any significant rcsponse to
fodder yiclds and Berroteran (1989) working on dry matter
production in gamba grass (dndropogon gayanus) and Digitaria
swazilundensis reported that gamba grass did not respond to

fertilizer application.

5.3. Nutrient content in fodder

The results presented in tables 4.3.(a), (b) and (c)
showed that the nitrogen content in the fodder was not
stgnificantlyv influenced by application of nitrogen., phosphorus

and potassium,



Walmsley et al. (1978) working on hybrid napier
grass and Thangamuthu et al. (1974) working on fodder
sorghum reported that crude protein content was not affected
by nitrogen upto 340 kg/ha and 150 kg/ha respectively. Bahl
et al. (1970) observed that phosphorus application did not

influence the crude protein content in black anjan (Cenchrus

ciliaris).

Reheja (1966) reported that application of large
amounts of muriate of potash to soil reduced absorption of
nitrogen, phosphorus and sulphur which resulted 1in the
reduction of protein synthesis. Bhuiva et al. (l§79) working
on rice rcported that potassium had no significant effcct on

grain crude protein contcnt.

From the above results we can see that phosphorus
content in fodder was influenced only by application of
phbsphorus levels. Increased supply of phosphorus might
have incrcased the growth of crop roots which further caused
morc phosphorus to be absorbed and translocated to the acrial
portion. Thus content in shoot recorded higher valuce than
the treatments receiving lower supply.  This is 1n accordance

with the results obtained by Bahl et al. (1970) in black
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anjan (Cenchrus ciliaris) and Falade (1975) in gamba grass
(Andropogon gayanus). Krishnan (1993) working on guinca

grass also got the same trend.

It can also be seen from the results of this study
that nitrogen and potassium had no influence on phosphorus

content in fodder as reported by Krishnan (1968) in rice.

From the results it can be inferred that potassium
content of the fodder was influenced by application of
nitrogen and potassium. Nitrogen levels significantly reduced
the potassium content in the fodder. This may be due to
thec antagonism between ammonium and potassium ions (Louc,

1680).

Phosphorus did not have any significant effect on
potassium content. Similar results have been previously

reported by Thandapani and Rao (1974) in rice.

Potassium application was found to increase the
potassium content of the fodder. Johnkutty (1981) working on
Rag: reported that the potassium content of straw in Ragi
was influenced by application of potash significantly.  Similar

result was obtained by Subramanian (1969) in ragi
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Tiwari and Vandana Nigam (1985) investigated the
responsc of important legumes, oilseeds, cereals and fodder
crops to potassic fertilizers and reported that potassium

application markedly enhanced K uptake and K concentration.
S5.4. Uptake of nutrients

The results presented i1n tables 4.4.(a), (b) and (c)
revealed that increasing the nitrogen levels significantly
increased the uptake of nitrogen. Even though the nitrogen
content of the fodder was not influenced by the levels of
nitrogen, the uptake was more at higher N levels. This has
resulted in f\igher dry matter production as evidenced by
more number of leaves and increased plant height recorded at
higher N levels.  Similar results were obtained by Dwivedi
and Kanodia (1986) 1in setaria grass (Setaria sphacceluta).
They further rcported that crude protein yield increased due
to application of nitrogen and there was a linear increase 1in

the uptake of nitrogen upto 120 kg N/ha.

Phosphorus and potassium did not show significant
effect on nitrogen uptake. Bahl et al. (1970) also obscrved
that phosphate application influenced crude protein content in

anjan grass (Cenchrus ciliaris).  Working in barley, Misra ct
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al. (1982) reported that potassium application failed to show
any notable impact on nitrogen uptake in straw upto 100 kg
K,O -ha. NP interaction had a significant influecnce on
uptake of nitrogen. Sumner and Farina (1986) states that N
and P have mutually synergistic cffects and this resulted in
growth stimulation and caused enhanced uptake of both the
elements. In the present study also it is seen that N and
P stimulate growth of the plants and hence this might have

caused the increased uptake of nitrogen.

The wuptake of nitrogen was maximum at NP (225
kg N + 50 kg P,0,) and was minimum at NP (75 kg N

+ 50 kg P,0,).

It 1s evident from the results that the uptake of
phosphorus was significantly influenced by levels of nitrogen,
phosphorus and potassium. This may bc attributed to the
increased content of phosphorus as a result of high growth
ratec of the plants due to highcr availability ot nutricnts.
Rathorce and Viayakumar (1978) obtained similar results in
sorghum and dinanath grass. They reported that higher dry

matter production was duce to high P uptake at the higher

fevels  of nitrogen.
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The uptake of phosphorus increased with an increase
in levels of phosphorus especiallyv so with the high doses.
It was accompanied by an increase in the P content of the
fodder, showing that increased P uptake was a combined
function of dry matter and phosphorus content (Rathore and
Vijavakumar (1978). Misra ¢t al. (1982) also reported

similar results in barley.

The uptake of phosphorus was reduced significantly

at higher levels of potassium application.

In his extensive review Adams (1980) concluded that
too little progress has been made in this area (P-K
interactions) to propose viable intcractions. But Rencau ct
al. (1983) dem'ostrated that the balance between P and K was

important.

This contradicts the reports of loganathan and Raj
(1972) that the uptake of phosphorus in the rice varicty CO,
was enhanced by the application of potassium at 40 and 80
kg/ha. But in barley, potassium application failed to show
any signiticant contribution to phosphorus uptake in grain and

straw 1n any of thc scasons (Misra ¢t al., 1982)
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The results showed that the uptake of potassium was
significantly ancreased duce to nitrogen levels Rathore and
Vijayakumar (1978) rcported that there was a consistent  risc
in the uptakc of potasstum duc to nitrogen application as a
result  of incrcasec in dry matter. Similar results  were
obtained by Esakkimuthu ¢t al. (1975) and Singh and Modgal

(1978) in rice.

Results  showed that  phosphorus and  potassium
application had no significant cffect on uptake of potassium,
This may be duc to the mcdium nutrient status of the soil
(Table 3.1.) Loganathan and Raj (1972) noticcd that the
uptake of potassium was littlc affected by the different
combinations of phosphorus and nitrogen in rice. In barley,
potassium  application had no significant influcnce  on
potassium uptakc (Misra ¢t al., 1982). NP intecraction had
a significant influcnce in the uptake of potassium.  Sumner
and Farina (1986) report that mutually synergistic cffect of
N and P resulted in increcased growth of plants. This
mercasced growth might have resulted in the incrcased uptake

ol nutricnts.

wn
)

Crude fibre

From the results presented in table 4.3.(d), it can be
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scen that crude fibre content was significantly reduced duc to
application of nitrogen. This may be an indirect effect of
nitrogen on carbohydrate metabolism. When nitrogen supplies
are adequate, the conditions are favourable for growth,
proteins are formcd‘ from the manufactured carbohydrates
resulting 1n .more succulent plant parts. It the nitrogen
supply is inadequate, higher carbohydrates will be deposited
in the cell walls, causing them to thicken. (Black, 1957).
The low crude fibre content of grass by nitrogen application
noticed in this study is in agreement with the findings of
Retd ¢t al. (1967), Tiwana et al. (1975), Rinne (1976) and
Abraham (1978). |

Phosphorus and potassium applications also resulted
in the reduction of crude fibre content of gamba grass.
Among the interaction cffects, NP and PK interaction effects

were found to be significant.
5.6. Days to 50 per cent flowering

From table 4.5 (a), it can be scen that nitrogen and
phosphorus had no significant influence on numbers of  days

to 50 per cent flowering.



Nair et al. (1966) working on maize reported that
earliness to cobbing was not significantly influenced by the
various nitrogen treatments.  Similarly George et al. (1990)
reported that mean anthesis date was not affected by nitrogen

fertilization 1n switch grass (Panmicum virgatum).

The effect of potassium was significant, which had
caused an increasc in the number of days to 50 percent

flowering.

5.7. Number of panicles/plant

The results presented in table 4.5.(b) show that there
was significant incrcase in the number of panicles per plant
due to nitrogen application. There was 37.55 per cent
increase in the number of panicles by the application of
highest level of nitrogen.  This increcase may be duc to the
increased  number  of tillers caused by  higher levels of
nitrogen This 1s in accordance with the result obtained by
Haggar (1966) in the same grass. Sangakkara (1988),
Dwived: et al. (1991la) and Krishnan (1993) working on
guinca grass reported that nitrogen application significantly
increased the number of panicles/hill Similar results were

obtained by Boonman (1972) and Bahnisch and Humphreys
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(1978) 1n sctaria grass.

Phosphorus and potassium did not significantly
influence the number of panicles/plant. This may be due to
the non significant effect of phosphorus and potassium in
increa§ing the number of tillers, which in turn decides

production of panicles.

Alexander et al. (1974 a) and Sadanandan and
Sasidhar (1976) got similar response in rice. Krishnan (1993)
also reported that phosphorus and potassium had no
significant influence on the number of productive tilters in
guinea grass. - NP interaction had significant effect on the

number of panicles per plant.

5.8. Number of seeds per panicle

The experiment had shown that the number of sceds
per panicle was  significantly reduced by the application of
nitrogen (Table 4.5(¢)).  The highest number of sceds/panicle
(122.34) was reccorded at the lowest level of nitrogen. There
is a tendency for applied nitrogen to decrease the number of
sceds per spike in perennial rye grass (Lolium perenne) as

reported by Hebblethwaite and Mc Laren (1979). Krishnan
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(1993) working on guinea grass also observed a similar trend.
He reported that the seeds per panicle showed a general
declining trend with increasing nitrogen application and this
may be due to the increased number of pancles per hill and

consequent competition between source and sink.

Phosphorus and potassium did not have significant
influence on number of seeds per panicle. Alexander ¢t al.
(1974 a) observed that number of grains per panicles 1n rice
was unaffected by phosphorus application. Sadanandan and
Sasidhar (1976) also obtained similar results in rice.
Kalyantkutty and Morachan (1974) reported that the number
of grains per panicle was not affected by the rates of
application of potassium.  Ajithkumar (1984) also could not
find significant difference between the different levels of

fertihizers in rice.

5.9. Number of filled grains or number of kernels per

500 sceds

From the results in table 4.5 (d). it can be scen
that the differnt levels of nitrogen did not have any
influence on number of kerncls. Ramanujam and Rao (1970)

working on rice found that the percentage of filled grains
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was not altered beyond 60 kg N/ha.

The results showed that phosphorus significantly
incrcased the number of grains. It is an accepted fact that
phosphorus plays an important role in flowering and seed set
(Tisdale and Nelson, 1985). Similar result was obtained by
Uexkull (1976) 1in rice. Potassium did not have significant
influence on number of kcernels. Rao et al. (1974) also
reported that application of potash upto 80 kg K,O/ha did
not influence the number of filled_ grains and chaff per

panicle.
5.10. Sced yield

Results presented in table 4.5(¢) showed that ncither
nitrogen, phosphorus nor potassium had significant effect on
seced yield. This may be because of the fact that even
though there was an increase in the number of tillers with
increasing levels of nitrogen, a decreasing trend was noticed
in the number of sceds per panicle. Srechumaran (1981)
studying the response of rice to graded doscs of fertilizer
reported that application of higher levels of nitrogen resulted
in an appreciable decrease in grain yield while the straw

vicld was maximum at the highest nitrogen treatments. He

s



opined that the extra dose of nutrients, particularly nitrogen
might have been utilised by the plant for straw production
rather than grain production. Ramanujam and Rao (1971).
Nair and George (1973) and Pillai and George (1973) also
reported non significant effect of N in increasing the grain

yteld 1n rice.

The non significant effect of phosphorus obtained in
this study may be due to its failure to increase the number
of tillers and number of panicles. This confirms the results
obtained by Shukla (1969), Nair and Pisharody (1970), Abrol

ct al. (1980), Dargan ct al (1980) and Rojas and Alvarado

(1982).

Potassium also did not have any significant c¢ffcct on
seed yield. Shukla(1969) and Pandey and Das (1973) could
not get any significant effect of potassium on the grain yield
of rice Ageeb and Youstf (1978) reported that different
doses of potassium either alone or in combination with
phosphorus had no response in rice. In the case of
congosignal grass different levels of NPK fertilizer had no

significant difference on seed yield (Research Recport, 1987-

90).
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5.11. Effect of treatments on seed quality

The results obtained from tables 4.6. and 4.7. are
discussed  below It can be scen from the table that seced
viability as percentage of kernels was not significantly
influenced by either nitrogen, phosphorus or potassium. But
seed viability as percentage of seeds was significantly
influenced by phosphorus. There was 29.5 per cent increase
in viability at the highest level of phosphorus compared to

the lowest level

Nitrogen, phosphorus and potassium did not have any
significant influence on seed germination calculated as
percentage of kernels. But seed germination as percentage of

seeds was significantly increased by phosphorus levels.

Seed purity was not significantly affected by
nitrogen, phosphorus or potassium. Seed moisture and 1000
seed weight were also not influenced by any of the

treatments.

Skoblin and Perepravo (1979) reported that in
cockstoot grass (Chloris barbata), fertilizer rates did not

affect quality of the seed. Sangakkara (1988) working on

(7



defoliation frequency and seed productivity of guinea grass
(Panicum maximum, Jacq) reported that the defoliation and
nitrogen treatments had no significant effect on 1000 seed
weight. In another trial, nitrogen fertilizer application for
seced yield and quality of setaria grass (Setaria sphacelata
Var. Sericae Cv. Kazungula) was studied by Cruz ct al
(1989) and reported that seed germination in all trials was
unaffected by nitrogen rates. Similarly Satjipanon ¢t al.
(1989) working on ruzigrass (Brachiaria ruciciensis) reported
that different levels of nitrogen, phosphorus and potassium

had no effect on seed quality parameters like germination,

purity and viability.
5.12. Soil nutrient status

The results presented in table 4.8, showed that
application of nitrogenous fertilizer increased the nitrogen
status of the soil. Each level of nitrogen significantly
incrcascd the nitrogen content of the soil.  This may be duc
to the heavy dose of f;crtilizcr applied to these treatments.
This confirms the results obtained by Venkata Rao and

Badigar (1971) Abraham (1978) and Sharma and Misra (1988).

Different levels of phosphorus significantly increased

(%



the nitrogen status of the soil.  Similar result was obtained

by Chandini (1980).

Potassium had a significant effect on nitrogen
content of the soil. Geetha Kumari (1989) working on
nutricnt management for maize - fodder cowpea intercropping
in rice fallows reported that the highest level of applied
potassium (100% of recommended dose) recorded highest value
for available nitrogen in the soil after the experiment. NP

interation was found to be significant.

From the results it can be scen that soil phosphorus
content was not significantly‘ influenced by nitrogen and
potassium, but all the levels of phosphorus resulted in
significant incrcasc in phosphorus status of the soil.  This
confirms the results obtained by Kanwar (1978). Hc stated
that phoSphorus i1s a relatively immobilc element and it is
recogniscd that proportion of fertilizer P taken up by a
singlc crop is often low and the P ferlitizer have residual
valuc. He has also reported that residual effect would be
increased  when the rate of application is increased, duc to
tncrease in phosphate potential. Raniperumal et al. (1969)

recported  that application of N and K had no cffcct on
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phosphorus content of soil, but applied P increased

phosphorus content.

The results revealed that soil potassium content was
increased by applied nitrogen and potassium, while applied
phosphorus did not have any significant effect. Johnkutty
(1981) stated that as a mobile cation, K is easily susceptible
to loss through leaching. However K fixatioﬁ counteracts the
loss through. leaching and converts it into slowly available
fixed form. This may be the reason for the increased
potassium status of soil due to applied potassium. Potash
content of the soil was not influenced by applied phosphorus

(Johnkutty, 1981).
5.13. Economics of cultivation

From the results presented in table 4.9, it can be
seen that the highest net returns and the highest benefit cost
ratio is recorded by the treatment combination T . This s
because the highest fodder yield was recorded by this
trcatment combination and the third highest sced yield was
also recorded by th‘is treatment combination. The trcatment
combination T, was followed by T,, which recorded the

sccond highest fodder yield and the highest secd yicld.
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6. SUMMARY

A field experiment was conducted at the instructional
farm, College of Agriculture, Vellayani, during the period
from July 1993 to January 1994. The objective of the
cxperiment was to find out the cffecct of mitrogen, phosphorus
and potassium on seed production of gamba  grass
(Andropogon gayanus). The experiment was laid out in
partially confounded factorial design with two replications
having three blocks in each replication. There were twenty
seven treatment combinations of three levels each of nitrogen
(75, 150 and 225 kg/ha), phosphorus (50, 75, 100 kg/ha) and potassium
(50, 75, 100 kg/ha).

The important findings are summarised below.

1. Plant height at first harvest was significantly
incrcased by application of nitrogen. Maximum
height was recorded at the highest level of nitrogen
(225 kg/ha). But phosphorus and potassium did not
have any significant effect. At the time of second
harvest, nitrogen, phosphorus nor potassium had any

significant effect on plant height.
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2. Nitrogen application significantly increased the number

LI

of tillers at the first and second harvests.  There
was a progressive incrcase in tiller number with
incremental  levels of nitrogen. Phosphorus and
potassium did not have any significant influence.

The interaction effects were also not significant.

The number of leaves at first and second harvest
was found to increase significantly due to nitrogen
application.  The highest level of nitrogen recorded
the maximum number of leaves. Phosphorus did not
have significant effect on the number of leaves in
both the harvests. But potassium significantly
reduced the number of leaves during the second

harvest.

Fresh fodder yield at both the harvests were
significantly increased by the application of nitrogen.
The highest level of nitrogen (225 kg/ha) recorded
the maximum fodder yield in both the harvests.
Phosphorus and potassium did not significantly
influence the fresh fodder yields. Among the

interaction effects, NP interaction was found to be
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signmificant in both the harvests.

Maximum dry fodder yicld was recorded at the
highest level of nitrogen.  Phosphorus did not have
much 1influecnce, but potassium induced a significant

rcduction in dry fodder yicld.

Nitrogen content in fodder was not influenced by
NPK application. But the content of phosphorus was
influenced by the levels of phosphorus even though
nitrogen and potassium did not have any significant
cffect. The  phosphorus content was highest at the
highest level of phosphorus (100 kg/ha). The
potassium content of the fodder was significantly
reduced due to nitrogen application while the higher

levels of potassium increased the potassium content.

Uptake of nitrogen was significantly influecnced only
by the levels of nitrogen and uptake was maximum
at the highest level of nitrogen. Phosphorus and
potassium levels did not have significant cffect on
phosbhorus uptake. Nitrogen and phosphorus
application increased the uptake of phosphorus, but

potassium dccrcased the uptake of phosphorus. PK
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10.

interaction was found to be significant.  Uptake of
potassium was significantly increased by the higher
levels of nitrogen, while phosphorus and potassium

did not have a significant influence.

Crude fibre content was significantly reduced by
nitrogen, phosphorus and potassium. There was a
progressive reduction in the fibre content with an
increase in the levels of fertilizers. NP and PK

interaction effects were significant.

Number of days to 50 per cent flowering was not
influenced by the different levels of nitrogen and
phosphorus. But potassium caused a significant
increase. The maximum number of days to 50 per

cent flowering was recorded by the level 75 kg K,O/ha.

There was a significant increase in the number of
panicles per plant due to nitrogen application. The
highest level of nitrogen (225 kg/ha) recorded the
maximum number of panicles. Phosphorus and
potassium did not have any significant influence on
the number of panicles per plant. NP intcraction

was found to be significant.
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11.

13.

14.

Number of seeds per panicle was significantly
reduced by higher levels of nitrogen. Minimum
number of sceds per panicle was recorded by the
highest level of nitrogen. Effects of phosphorus and

potassium were non significant.

The number of kernels/S00 seeds was significantly
increased by the levcls of phosphorus. The highest
level  of  phosphorus (100 kg/ha) recorded the
maximum number of kernels. Number of kernels
were not influenced by nitrogen and potassium

levels.

Sced viability as percentage of kernels was not
significantly 1influcnced by the different levels of
nitrogen, phosphorus or potassium. But seed
viability as percentage of seed was influenced by the
different levels of phosphorus and the highest

viability was recorded at 100 kg P,O, /ha.

Sced germination as percentage of kernels was not
influenced by the different levels of nitrogen,
phosphorus or potassium. But seed germination as

percentage of seeds was significantly influenced by
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16.

17.

18.

phosphorus. Maximum germination percentage was

recorded at 100 kg PO, /ha.

With increase in nitrogen levels, there was an
increase in seed purity, but the influecnce was not
significant. Phosphorus levels showed no influence

on seed purity. But increase in potassium levels,

reduced sced purity.

There was a progressive reduction in seed moisture
content with incremental levels of nitrogen. But thc
influence was not significant. Phosphorus and

potassium also had no significant effect on sced

moisture.

1000 seed weight was not influenced by either

nitrogen or phosphorus or potassium.

Maximum seed yield was recorded at the highest
level of nitrogen, but the influence was not

significant.  Phosphorus and potassium had no effect.

19. Nitrogen content of the soil after the expcriment was

influenced only by the levels of nitrogen. The

1



highest  level of nitrogen recorded the maximum

nitrogen status in  soil. Phosphorus also had a
stgnificant effect. Potassium did not havc any
significant effect. Phosphorus content of the soil

was increased by phosphorus fertilizer, but nitrogen
and potassium did not have a significant ecffect.
Increcase in nitrogen and potassium fertilizer levels
incrcased the potassium status of the soil while

phosphorus showed no significant influence.
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Appendix 1

Standard
Week

29
30
31
32
33

it
o

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

HOOWO N -

Weather data for the crop period(1993-94)

Period

July 16-22
23-29
30-05 Aug
Aug 06-12
13-19
20-26
27-02 Sep
Sep 03-09
10-16
17-23
24-30
Oct 01-07
08-14
15-21
22-28
29-04 Nov
Nov 05-11
12-18
19-25
26-02 Dec
Dec 03-09
10-16
17-23
24-31
Jan 01-17
08-14
15-21
22-28

Maximum Minimum
Temparature Temparature
(°C) (°C)
28.6 23.0
28.4 23.1
29.1 23.2
29.4 24 1
288 23.8
30.0 236
254 23.4
29.8 23.1
31.2 241
30.7 24.0
30.3 23.3
29.0 23.2
29.5 23.4
30.4 233
30.6 23.1
29.8 23.8
295 23.1
29.6 22.7
30.4 23.5
28.8 23.1
29.6 23.2
30.5 23.1
29.7 22.8
30.3 227
31.05 23.0
30.9 226
31.3 23.3
31.15 22.0

Relative Rain fall

Humidity
(percentage)

87.43
86.64
85.36
84.75
80.70
92.00
84.20
82.70
79.30
79.90
83.40
84.85
84.55
82.85
82.20
85.75
91.20
86.55
86.05
78.50
85.50
83.70
84.80
82.85
87.50
82.55
84.70
82.10

(mm)

31.9
21.0
16.7
0.00
1.2
50
17.0
0.00
0.00
34.0
44.8
118.1
63.0
62.2
°4.3
52.4
2652
40.3
42.0
11.0
103.0
46.4
24.3
0.00
0.00
0.00
5.0
0.00



Appendix 11 SHORT DESCRIPTION OF GAMBA GRASS

Andropogon  gayanus Kkuntk, commonly  known  as
Gamba grass ot Sadabahar in India, is a large tufted perenmial
African species al considerable economic tmportance .in West
Africa. it has been reported to show promise upon
introduction tnte lndia. in agronomic trials ¢ has been
reported to bhe casidy established, highly productive and
palatable te livestock. 1t 1s compatible with legumes and very
resistant to drought stress, burning and problem sotls.  The
species 1s adapted to a wide range ol sotl types from light
sands to clay loams. [t 1s grown as a rainfed crop and comes
up well 1n areas having an annual rainfall of 400-1500 mm. It
is capable of retaining green foliage well into the dry season
and rapid production of high quality forage. The grass s
ratsed for stall feeding or the cut and carry system and not
for pastures. So far no reports on antinutritional aspects like
nitrate potsoning and oxalate coantent have been made. The
average dry matter vield may go upto 116 t/ha and maximum

tadder vield ¢ obtained whem it (s cut three times a vear.



Under Kerala conditions, like guinea grass, it can be
growe in the @pea or in coconut gardens as an intercrop. It
is well accepted by cattle and is meant for the northern tracts

at ¥erala, where rainfall i« unevenlv distributed.

Andropogon gayanus & a shaott day plant, with a
critical daylength fer flowering of between 12 and 14 hours
Flowering is optimum at approximately 25°C, but cool night
temperatures (15°C) strongly inhibit flowering. Flowering is
acropetal and each raceme pair takes about § days to complete
Mowering.  Yield of un_clcancd seeds range from 20-100 kg/ha/ve
and ananual seed vields of upte 90 kg/ha’yr is obtained from
India. (o (adia, the uncleaned seeds contained ounly 5-10 %

carvopsis and germination of carvopsis varied onaly slhightly

from 60-80 %

Recearch conducted at Livestock Research station,
Thituvazhumkunnu on gamba grass during 1995 showed thar 2
fodder cuts can be taken and application of 40 kg N/ha after
cach harvest gives better fodder yields. After fodder cut, the
crop was left for seed production and approximately 10D kg seede'hs

raould be received. After seed collection the residue can be

converted 1ate bz
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ABSTRACT

An cxperiment was  conducted in the college  of

<

Agriculture, Vellayani during the period from July 1993 to
January 1994 with the object of finding out the effect of
nitrogen, phosphorous and potassium on sced production of

gamba grass (Andropogon gayanus kunth).

The cxperiment was laid out in partially confoundced
factorial design with two replications and three blocks in
each replication. The experimental treatments consisted of
twenty seven combinations of three levels each of nitrogen
(75, 150 and 225 kg/ha) phosphorus (50, 75 and 100 kg/ha)
and potassium (50,75 and 100 kg/ha).

Increase in nitrogen levels results in increased plant
height, number of tillers, number of leaves, fresh foddecr
yield and dry fodder yield. Phosphorus and potassium did
not have any significant effect on these parameters, except
dry fodder yield which was significantly reduced by potassium
levels. Nitrogen content in the fodder was not influenced by

cither nitrogen or phosphorus or potassium. Phosphorus



content in the fodder was increased by phosphorus application

and potassium contcnt was incrcascd by potassium application.

Uptake of nitrogen was higher at higher levels of
nitrogen while phosphorus and potassium did not have any
influence. Uptake of phosphorus was increased by nitrogen
and phosphorus while potassium caused a reduction in
phosphorus uptake. Potassium uptake was significantly
increased duc to nitrogen application. Crude fibre content in
the fodder was found to decrease with an increase in the
levels of NPK nutrients. Nitrogen caused a significant
increase in the number of panicles per plant, but reduced the

number of seeds per panicle significantly.

Seed wviability, seed germination and number of
kernals /500 secds were significantly increased by the levels

of phosphorus while nitrogen and potassium showed no

significant cffect

Seed purity, seed moisture and 1000 sced weight

were not influenced by nonc of the treatments.

Maximum sced yicld was reccorded at the highest

fevel of nitrogen, but neither nitrogen, nor phosphorus, nor



potassium had any significant cffect.

Nitrogen content of the soil was found to increase
with  nitrogen  fertilization and phosphorus content by
phosphorus fertilization. Potasstum status was increcased by

nitrogen and potassium,.





