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INTRODUCTIION

Rice being the basis of nutyrition for a large
section of human race, plays a part of no small
importznce in the World's economy. It is the principal
and probably the exclusive food of several million
people in the Far east and more so for those in Soutbh

India.

The cultivation of rice originated in remote
antiquity, the exact tim; and plzce being uncertain.
Wild species ocour not only in Asia, but also in
Afrieca and America, snd it is difficult to determine
today, which of these species have given rise to the
cul tivated forms. However, it appears that there are
two cenbres of origin of cultivated rice, one in bthe
Far Zash, snd the other in Weab Africe, these correspond
respectively to Oryza sebiva and O. glaberrimas. From
the firal cenire czme the crops of India, Burma, Siam

and China.

It is not possible to state a definite climatbic
type for rice., Examination of the various places where

it grows indicatbtes that lhe plant can adapt itself to



extreme variations, always, provided its water require-
nents are wet and the amount of warmth available
during the cycle of growth does not f£all below a
certoin mininum, This verslality has been extended
still further by the oreation of innumerable cultivated

varieties,

Though Asis zlone has about ninety percent of
this area under this orop representing aslmost the seme
percentage of botal rice produgtion, Asisn countries
have to import rice to meebt the food requirement of
their people. This is because the population growth is
not well compensated by an improvement in the yield of
cropd. In bhe present situabion in which the population
increase year by year in accelerating tempo, all
feasible messures should be taken to augment the produc-
tion of riee, the basic food of the least well nourished
people of the world. A major break through in
Agricultural production is required so that our food
output can keep pace with population growbth. This is
of p.rticular significance in the context of the present
acute food scarcity in Indiz in general, and more

particularly so for Kerala.

In this conbext, therefore, the problem of

8 bepping up rice production in every conceivable way,



is one of supreme importence. In Kersla, where the
scope for increasing ithe area undey rice cul tivation

is rather limited, the problem could be tackled only

by adopting methods of intensive cultivation making use
of newer and high yielding varieties and by transliating
Into setion the latesli research findings on the ferti-
lizer requirement of the crop. Practical experience
has confirmed the paramount imporbsnce of mznuring riece,
it has aleso shown that menuring varies sccording bo bthe
condition of each region and that it must be adapbed Ho
the climatie and pedological conditions. Selecthion,
moreover, has produced new varieties which promise
increasing yields, but et the same btime, more exacking
in thelr menurigl requirements. If the soils in their
natural state are rich enough for older varieties, bhey
are no ionger so for the newer ones, whichk undoubbedly

have the potential for greater production.

The informztion avsilable at present regzrding
the manurisl requirement of some of the newly introduced
high yielding varieties is far from zdequate. It is
therefore felt that a critical asscesment of bthe manurial
regquirement of the newly introduced verieties is highly
easentizl, With this end in view, z comprehensive

programme of resemrch is initiated with bthe verieties



Tainan 3 and Taichung Nabive 7 in the Agriocultursl
College and Resexzrch Inabitute, Vellayani by three
post graduate sbtudents and as pard of which a study
on the influence of nitrogen on ‘theas two varieties
is tzken up by the author, with the following

objectives.

1. To determine the response of Tainan 3 and
Taichung Native 1 to application of varying doses of

nitrogen.

2. To study the effect of varying levels of

nitrogen on the yield of paddy from these bwo varieties.

3. 7To stbtudy the deficienoy symptoms if any
exhibited due %o lack of nitrogen.
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REVIEW OF LITERATURE

.

1. HNitrogen uptske by rice and other ecrops

0f the various nutrient elements emsmentigl for
pleant growth, nitrogen plays a major and vitsl role.
A knowledge of the manner in which the uptake of this
natrient varies with the phases of growth is very
importent, this being of particular importance in the
case of rice, with its rapid vegetative cycle. The
absorption of nitrogen is rapid during the early days
in the seed bed, it slows down subasequently, but shows
g merked vice agzin at transplanting, reaching a
meximum between the tillering and flowering stage (1956).
This fact has been confirmed by the data obbained by
Tenaka ob gl (1959). According to Basak et al (1960)
abgorption and asssimiletion of s0il and applied nitrogen
were found to depend on soil types, moisbture condibions
in the field during crop growth and cultural practices
followed. Palnaik (1964) concluded from his inveskbi-
gations on bhe nutrient assimilstion by rice plank,
that, by end large, most varieties continued to yield
well at higher nitrogen levéls znd that during the

reproductive slage the ratio of soluble to protein



nitrogen in the straw increased. From their studies
on different soil types in Taiwan, Chin =nd Li (1965)
concluded that nitrogen application apparently increased

nitrogen percentage in grain znd straw.

There are distinct interactions between the
three elements, nitrogen, potash and phosphoric acid
Williamg (1948) noted that phosphorus deficiency greatly
depressed nibrogen upteke in graminsceous plants in the
early stages of growth, apparently due to the differential
effects of phosphorus on the growth of roots and shoots.
Subbiah and Desai (1952) from their field trials on wheat
showed that the absorption by plants of nitrogen and
phosphorus was governed by their relative availazbility
at the time of growth =nd that fallowing increased bhe
nitrogen uptzke at the expense of phosphorus. Behrens
*(1952) noted from his pot experiments with oats that
the effect of phosphorus on metabolism depended on the
nitrogen nutrition and the conlent of sugar in the plant,
mainly of disaccharide was decreased by phosphate when
insufficient nitrogen was applied, but the content of
nitrogen, proteins and chlorophyll was increased.
Further more, the opposite was observed when nitrogen
nutrition was low and the non-protein nitrogen and

nitrate nitrogen contents’ varied inversely with



epplication of phosphorus. Garesudesux (1954) reported
that barley lodging could be avoided at high nitrogen
levels if potassium was applied and the tendenecy of
nitrogen to lower the grain/straw ratio waes more than
counterackted by liberel application of potash. A
decrease in the ammonizcel nitrogen content z=nd an
inerease in the oarbohydrate content in plants ab
higher phosphorus level wes observed by Takashashi and
Yoshida (1955). Tueva (1960) reported thet when pumpkin
plants were grown in complete nutrient solution, in a
;olution deficient in nitrogen and phosphorus, or in a
solution deficient in phosphorus, ammonizecal nitrogen
increased the synthesis of phosphates and nucleoprobeins
when phosphorus was supplied again. Widdowason et gl
(1961) from their experiments with nitrogenm and potesh
on barley in soils conteining little acid soluble K,
concluded that nitrogen menuring was related %o the
previous cropping under heavy rainy aznd windy conditions.
?'H; wae also noted from these experiments that large
nitrogen dressings tended to mark the responses to
potash under fine summer conditions, Place znd Sims
(1965) staked that on silt loam soil, phosphorus spplied
to Blue bonmet 50 rice at preplant at mid season in
combination with N decreased grain yield and increased

lodging.
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2. DTime end method of applicabion of nitrogen

In the formulation of a schedule of manmuring
rice, the period during which the appropriate amounts
of assimilable nutrients should be mede aveilable and
their mode of application are matters of special
interest. Prasad (1947) observed that plents receiving
nitrogen from the very beginning of the 1life cycle
showed decidedly greater growth of leaves and branches
and were sturdier than those receiving nitrogen at later
stages. Fajiwara end Ohira (1951) sbated thet rice in
pots gave highest yields with dressings of ammonium
sulphabe three weeks before hezding. Teneka and obthers
(1959) concluded from water cul ture experiments khat
for Indica rice, under field conditions, nitrogen should
be given in split applications, the first as basal
menuring or at an early stage of vegetative growth snd
the second as g top dressing at the reproductive stage.
From experiments conducited at the Rice Research Insbitute,
Cuttack (1961) it was concluded that Practionsl appli-
cation of zmmonium sulphate in three split doses, namely
at planting, one month zfter plenting, snd two to three
weeks before flowering was more efficient than applicae-
tion of the entire quantity in one dose. Vasistha gb al
(1961) reporied that when the two early rice veriebies
7136 znd FN22 were supplied with ammonium sulphzate and



urea at the rate of 50 1lb nitrogen per acre, the crop
transplanted in June gave highest grain yield, but bhe
Vield of straw increased as transplanting was delayed.
Ghosh (1962) while studying the effect of different

‘times of gpplication of nitrogenous fertilizers on Amen
paddy in the Gangetic soils , found that application of
nitrogen in two split doses ‘one abt puddling and the
other 4 weeks after transplanting was bebier ‘than the
other times of applicabion. It was observed by Gaoser
(1962) that nitrogen epplied =6 the time of broazdessting
or before transplanting inoreased grain yields consider-
ably on fertile soils. Haranjem (1962) reported bhal
excessive doses of nitrogen fertilizers increased bhe
intensity of respiration in the stem elongations, bul
decreased bthe intensity during laber stages of development,
it being concluded that fertilizers should be applied
during tillering and stem elongation. In the case of

two spring wheat varieties, however, Van Burg (1965)
observed that spplying a1l nitrogen at sowing gave bebier

resul ts.

Fujiwara eb gl (1952) observed that top dressing
of nitrogen increassed the total minersl matter absorbed
by the plant and when rice plants previously deprived

of nitrogen were supplied with nitrogen, protéin was



rapidly formed, through amide nitrogen, in plants
conteining no siored carbohydrates, there was no probein
formation, but an accumulation of principally smide
nitrogen. ILangfield (1959) obtained a significant
increase in the graln yield of the Indice and Japonioca
varieties of rice by the placement of sumonium sulphsz be
at 3 inchkes, compared bto the shallow oxr surface place-
ment. Widdowson g% g1 (1961) suggested that combined
drilling of 0.3 or 0.6 cwt nitrogen per aore as ammonium
sulphate will result in higher yields thsn broadcasting.
However, drilling 0.9 cwt niirogen per aecre checked
early growth and reduced meazn yields two out of three
@egsons, while supplcomenting 0.3 owt nibtrogen per acre
combine driil with en eq;ﬂ.velent top dressiang of nibyro-~
ckalk consistently oub yielded g single drxillied or
broadeast dressing, supplying lhe same total quantity
of nitrogen. Krishnz Rec end Venkateswarulu (1962)7
obgerved that non-protein nitrogen of rice increased
significantly with increase in the concentration of urea
used a5 & apray. From the experiments zi the Central
Rice Reseavch Institute, Outback (1963) it was obsorved
that a 2 percent foliar spray of ureas to supply 15-30 kg
nitrogen per hectare was significaantly superioxr to soil
application. Further, it was noted that continuous
application of sumonium sulpha e for 13 years did not

leave any deleterious effect on s0il produciivity.



Patnaik and Nenda {1964) stated thet the application of
the entire quentbity of the nitrogenous fertilizers at
seedling appesred to be best suited for optimal grsin
yield. According to Mahapatra ond Chaudry (1964)
placement and fractional gpplication of fertilizers in
3 splits - at flowering, one monbth after planting and 3
weeks before flowering was asignificantly superior to
+the customary practice of broadesst. Donghue (1965)
reported that urea could be used satisfactorily either
a8 basael dressing or as a top dressing on paddy and it
would give equel responses per pound of nitrogen to that
of gmmonium sulphete. Significant increases in yields
were obtzined by Isfan and Oproiu (1965) by the placement
of ammonium nitrate at 16 kg/ha of nitrogen and grasuuler
auper phosphate at 16 kg/ha of phosphorus in s single

bend at sowing.

3. Relgtive merits of different nitrogenous fertilizers

The influence of different types of nitrogenous
fertilizers on the growth and yield of paddy has been
etudied extensively in recent years. Lorenz snd Johmson
(1951) found that ammonium fertilizers provided greatly
increassed yields over nitrate fertilizers and that

ammonium sulphatbte released native goil phosphate whereas



nitrogen from eéxlcium nitrgte and sodium nitrate did not,
Reo, Balakrishna and Others (1958) showed that sodium
nitrate compared favourably with ammonium sulphate as o
fertilizer for rice, and the former was the better fox
the first crop, the latter for the second crop.
According to Piacco (1959) ureg was satisfactory as o
source of nitrogen for rice. Tenaka =nd others (1959)v/
reported that in rice variety Ptb10, with nilrogen at
20 ppm, its source did not influence yields of grain or
straw, but with nitrogen at 100 ppm, the nitrate source
gave bebtler results. It was slso noted that sumonisosl
nitrogen given at an early stege promoted +tillering and
nltrate nitrogen and the uptake of calcium, magnesium,
nghganese, poitzssium snd phosphorus from which it was
concluded that the best results could be obtained by
supplying at 100 ppm nitrogen as ammoniacal in the
vegetntive slage and as nitrate during the elongation
end reproductive strge. Mukherjee (1960) observed thatb
there was & significant difference in yield of paddy
when amponium sulphate and urez were used separaicly =as
mamires. Jaynsekera and Ariysnayegem (1962) while
comparing relative efficiency of smmonium sulphate and
urea found that uresz was g more effective source of

nitrogen for sandy soils. From ‘the experiments conducted




a2t Central Rice Research Inatitube, Cuttack (1963Y/1t
was nobed that bthe response obbazined from ammonivm
sulphabe nitrate, ammonium chloride, smmonium sulphatie,
ureaformaldehyde 2ad ammonium phosphate the yield
response wes maximum with ammonium sulpbate nitrabe.
Mahepatra and Sahu (1963) obtained significantly higher
yields oyer control with ;11 the five nitrogenous
fertilizers viz., emmonium sulphate, smmonium sulphzbe
nifrate, smmonium chloride, calcium ammonium ni trate

and urea. VWhile the maximum economic retuvrn was with
the application of 60 1b nitrogen per zore of ammonium
nitrate followed by smmonium sulphate nitrate and
ammonium sulphsbe abt 40 1b per sore. MNMahapatra and
Cheudry (1964) stated that in the ‘no compost' series
the yield of ercep increased with the epprlication of
ammoniur sulphate only upbo the level of 22 kg nitrogen
per hectare, while higher doses of nitrogen produced
luxurianl vegetetive growth which resulted in pre-mabure
lodging =2nd thus reduction in yield. Bhattacharys et gl
{1965) from their extensive field experiments with
different forms of nibkrogen, phosphorus ond complex
fertilizers on paddy, in Blhor, noted that the different
forms of nibrogenous fertilizers were equally effective

in incressing the yield of paddy under the varied condition



of the Slate. Vachheni and Rec (19655/stated that

from the point of view of mezn yields znd responses
ammonium sulphsbe was much superiocr 40 cmmonium phoaphabe
and ammonium chloride for rice. According to these
authora sodium nitrate and caleciumr cysnamide were nob
sui table nitrogenousg fertilizewrs for the rice crop.
Kochappan Nair and Koshy (1966) while evaluatbing tha
influence of different forms of niltrogen at the rate of
40 kg nitrogen per hectare on the growth end yield
characbers of some Kerals rice varieties reported thab
the number of tillers per plant, the plent height,
length of oarhead, znd the number 0f rachis per ezrhesd
varied significently with veriety and of the different
yield chavracters studied, variety influenced the totzl
yield of grain the grain:chaff ratio and weight of
thousand grains. These gtudies also revezled that
annonium sulphate produced the largest number of grains
per earhead and smmonium nitrate the lowest, maximum
grain yicld was for sammonium sulphate. From the experi-
mentz at the Indisn Agricul bural Research Institute ab
New Doihi (1961) it was revealed that slurry showed very
little effect on yield while ammonium sulphaztbe proved
much superior, farm yard manure and dvied slurry were
alike,



S}

15

4. Nitrogen fertilizers gnd yield of peddy

I% has been shown from the results of numerous
manurial trizls that proper msnurial treatment can give
noteworthy increases in yield. As regafds nitrogenous

menures, this fact has been conclusively established.

Paul (1953) observed zn improvement in bthe yislas
of graine and strew due %o spplication of 20 1b of
nitrogen per acre snd there was a further improvement
Gue to an additionsl dose of the seme quanbity of
nitrogen. Digar (1955) reported that ammonium sulphste
alone inoreased straw and grain yield significantly.
Resul ta of research conducted in Bombay, Madras, Bengel
and Madhya Pradesh (1956) proved that application of
nitrogen at 25 1b per ecre incoreased rice yields by
3 md per zcre over the cultivators' practice. Greabest
grain yields were obtained by Digar (1958) when ammonium
sulphate at 30 1b nibrogen per mcre was applied in
combination with farm yard menure. Maximum yield of
strew resulted with ammonium sulphaste at 60 1b per acre
with farm yard manure. Digar (1960) obizined an incvease
in straw:grain rabio by an increased dose of ammonium
sulphale and found that a combination of 30 1b of nitrogen
nnd 60 1b 1’?\20.‘3 appeared to be the best for higher
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production. Ponnamperuma (1959) stated that on
moderately well-drained acid lateritic soils, the
response of rice to nitrogen was linear in the range . %
0-60 1b nilrogen per acre, and sveraged 9 1lb grain per
1b of nitrogen applied., He noted that top dressing
certain fielde with 100 1b ammonium sulphate increased
grain yieclds by almost 12 bu per acre or 25 percent.
Mariakulandsi and Srinivasen (1959) in a discussion of
the findingg over 2500 demonstyraiions and twrials
conducted on paddy in Madras State reported the
superiority of a combinaticn of 1’205 end § in increasing
the yield by 39.4 percent. From the experiments
conducted at five different places in Thailand it wes
indicated that rice yields couid be considerably
gtiepped up by judicious application of fertilizers.
Relweni (1960) emphasized thah sumonium sulphate produced
gignificant increase in wheal and nature of the response
curve was gquadratic. Widdowson et gl (1961) reported
that appreciable responses of nitrogen were obtained i
where barley followed a cereel in arable rotation snd
larger nitrogen dressings tended to mask regsponse to
potash, Guruchan gnd Jarnail (1963) stated that the
grain yields could be inoreamsed progressively with the

increase of nitrogen dose. TFrom the experiments at the



7

Rice Research Inslitute at Cuttzck (1963) it wes notbed
that grain yield was significantly better than control
when compost and ammonium sulphzte alone and in combina-
tion were used. Saklm (1963) sbated that the average
regponse was zbout 1.3 md per acre higher when the
dosage wag increased from 20 to 40 1b nitrogen per acre
and higher redponse of 10.7 md per acre were obtained
with the combination of 20 1lb nitrogen and 40 1b P205
per acre. Gupbta et gl (1965) reported that the yields
of the subsequent rice crops could be increased with the
depth of incorporation of green manure of the previous
crop. Further it was noted that groen manuring morkedly
increased the rice yields. *Parasuram (1965) recorded
the highest yield for variety W-140 from application of
135 kg nitrogen per hectare followed by treatment 90 kg

nitrogen per hectare.

The effect of nitrogen fertilizers on the yield
of paddy depends on the variety also. Noboru Yamzda
(1959) observed that all the 3 japonice and 2 indica
varieties when examined at 3 levels of nitrogen applicee
tion, showed remarkable increase in grain yield as the
fertilizer gpplication was increazsed with the exception
of Murungakayan 302. Percentage increase in grain yield

of nitrogen was about 50 percent with 3 Japonica varieties



and 70 percent with H-4 and no increazse in Murunga-
ksyem 302, Hood (1959) reporbed thabt even under high
fertility conditions, atiff strawed cereasl varieties
gave economic responses Lo applications of about 70 1b
nitrogen per acre. Tekshashi et al (1959) showed +thab
nitrogen and czrbohydrate metabolism were instigated

in 3 varieties at 3 levels of nitrogen but the variety
least suited Yo heavy menuring (Ginnen-indica type)
showed greater increase in soluble nitrogen content and
greater decrease in sugar snd starch thon the most
suitable variety (Norin 25) did. In the experiments in
Central Rice Research Institute, Cuttack (1963), to

find the high ferxtilizer response in rice variety i} was
noted that Japonice x indiea cross, either in diploid
or in betraploid forms, exhibited higher response %o
nitrogen application due to the presence of gene blocks
from Japonica gnd indiea autobetbtraploid, and Japonica x
indica tetraploid showed en abrupt response at the lower
level of nitrogen application due to the addition of an

extra genome.

The compogition of rice varies widely according

to the variety, climate, soil, manurial treatment elc.



5. Infiuence of nitwogen on physiologicel characters

of wrice

Aceording to Mc Rae (1919) nitrogen fertilizers
render varieties of paddy more susceptible to the
disease caused by the fungus piriculari oryzae., Snider
(1946) observed that high nitrogen increased the
susceptibility of rice to stem rot. This view has been

supported by the findings of Cralley (1947) also.

Almeds (1937) reported an inecrease in the ash
content of Lhe bops snd dry maiter content, with increase
in the dose of ammonium sulphate applied. Sathe eb gl
{1952) vevesled thal ammonium sulphabe increased the
thizmin content where ammonium nitrate and urea had Little
effect., Basak et gl (1960) reported that no correlabion
was found 1o exist smong the three nutritive elements in
the grains znd the protein content of the grain could be
increased significanily by timely application of fertili-
zers. Ghose ef gl (1960) stated that nitrogen deficiency
leads o gbunted growth, poor tillering; pale yellow
green leaves, small earheads and low yield of grzin. I
was furiher noted that sn excess of this nutrient has
also been found harmful, resul bting in poor yield of grnin

and production of more siraw.



Lal end Subba Rao (1960) from their work on zand
cul ture of rice reported that nitwogen deficiency
reduced height, tillering, leaf number, leaf size and
dry weight of component parts. Tsui and Yen (1964)
observed that high nitrogen level increased the number
of spikes, but decreased the number of grains per spikc.
Further, it was found that starch accumulated more in
the sheath and stem at low nitrogen levels =nd was
translocated to the spike heading. Srinivasulu znd
Pawar (1965) indicated that nitrogen produced significant
effect on economic characters such 28 plank height,
number of ear hearing tillers, length of psnicle, number
of mature znd chaffy grainc per panicle ete. Kochappan
Nair znd Koshy (1966) from their studies on the influence
of different forms of nitrogen at 40 kg/ho, on the growth
and yield characters of Kerala rice varieties, concluded
that the number of tillers per plant, the plant height,
length of ear hesd and the number of rachias per earhead

will vary significantly with variety.
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MATERIALS ARD METHODS

The present study was underteken with a view to
study the influence of nitrogen on the growth and yield
of two high yielding verieties of paddy, Tainen 3 and
Taichung Native 1. For this study a pot culture
experiment in randomised block design with three

replications was laid out.

A. Anelysis of growth medium

A representative sample of the medium (sand) was
taken from the bulk quantity collected for the pot
culture study, esieved through a 2 mm sieve znd was
anelynsed for mechanical composition znd chemical

constituenta.

(a) Mechanicsl snelysis

Internationsl pipette method (Piper, 1950) was
adopted for determining the various mechanical fractkions
of the sand,

(v) pH

A photovolt pH meter with gless electrode wes

used for megsurement of pH, using 1:2 sgnd-water ratio.
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(e) Anslysis for chemical constituents of the medium

Preparation of hydrochloric acid extract

20 g of sand was tzken and digested with 2:1
hydrochlorie acid and filtered. The filtrate was made
upto 2 known volume. Using the hydrochloric acid

exbract the following detemminations were made.

(1) Sesguioxide

Sesquioxides were precipitated in an aliquokb of
the hydrochloric acid extrzct, g8 hydroxides. They were

il bered, ignited and weighed 25 combined nxides.

(2) Iron oxide

A separate aliguot of hydrochloric =cid extrack
was btaken for the determination of iron oxide and it wes
determined by reduchtion with zinc ond dilute gulphuric
acid and iron estimeted by btiltration againsb standard

potassium permanganate.

(3) Aluminium oxide

The difference between percentage of sesquioxide
and iron oxide percent was bzken a8 the percentage of

aluminium oxide.




(4) Calcium

Calcium was esbimated volumetrioczlly from the
filtrate of iron and aslumina estimation by precipibation

as oxslate in smmoniacszl medium.

(5) Mognesium

lMagnesium content was determined gravimetriocally
by precipitation as magnesium ammonium phosphate from

the filtrabe after caloium estimation,

(6) Totel nitrogen

Totzl nitrogen wes estimzted by Kjeldhal method
(A.0.A.C.).

(7) Totzl phosphoric acid

Total phosphoric ameid was precipitated as
ammonium phospho molybdate in!a known volume of bhe

extract and estimated volumetrieally (Piper, 1950).

(8) Total potassium

Total potessium was debermined volumetriczlly
by precipitation with sodium cobzl tinitri te.
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(9) Acid insolubles

The residue obtained in the preparstion of
hydroehloric acid exbract was {zken and the aecid
insolubles were determined gravimetbrieczlly. The
results of anslysis of the growth medium are fuynished

below,

Table I

Mechenice:l and chemical composition of the asand
uged in the pot ¢ul ture experiment

Mechaniczal analysis Chemioczl analysis
Coarse (percent) 88.60 pH 6.3
sand
Nitrogen 0.012 percent
Fine
sznd - 6.90 Phogphorus
(Paos) 0.021 .3
Silt ve 1.50
Potash
Clay s 1.40 (£,0) 0.005 ’s
Calcium
{Ce0) 0.064 3s
Magnesium
(21g0) 0.086 ’e

Sesquioxides 1.230 F]

lron
(FQEOB) 0.940 39

Alysinivm
(A1203) 0.230 7s

Insolubles 96.230 -




B. Pot culture experiment

1. Crowth medium 2nd preparation of pots

-

Sand, as medium, wes collected Evom Thiruvsllenm
river bed, nesr the Agricultural College and Reseavch
Institute, Vellayani. Concrete pots of size 100 om x
100 cm x 15 cm were used for the experiment. These
pots were filled with the river send 0 & height of
10 om.

2. Layout and treatments

A rendomised block design with 8 treatments and

three veplications was adopted.

3. Application of fertilizers

All the pots received g baszl application of
micronutrients in the form of a commereial product
known as 'Spartin' manufzebured by M/s. Swati Industbries

(Private) Limited, Bombay, snd having the following

composition,
Feo - 1.65 percent
Mn - 0. 36 9y
Cu - OQ 16 9

in - 0.146 X
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B - 0.02 percent
Ca - 19.00 ’y
Mg - 5.25 vy

?205 at 80 kg/ha and K20 at 100 kg/he in the
form of superphosphate (16 percent 1’205) and muriate of
potash (60 percent K20) respectively, were applied bo
each pet. Different levels of nitrogen applied in the
form of ammonium sulphate (21 percent)\were 0, 60, 120,
180 kg N/ha. The N, 12205 and K,0 were applied in 5

split doses as given below:-

¥o”80%100 FeoP80%100
(Treatments "V'.‘NO'PK. (Treatments V1N1PK .
and V,N,PK) and V,N,PK)
Besal — ToPaoao N10F20%20
15th day NPy ks Foo®30K30
30%h day  FyPyoKs, N40P20%20
45%h day NoPyakyq §10%10%10
60%h day N.P. K N, P. K

0"0 20 1070 "20
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¥120%80%100 1807805100
(Treatments V1N2PK (Treztments V1N3PK
and VQNZPK) and V2N3PK)
Baosal Noo”20%20 ¥30F 20520
154 day Wy Py Koo M0?30530
30th day N PpoKoo NP 2000
45th Gay NP, K,o N 40P 10510
60th day Np,Py Koo 3020 Kpo

All these nutrients were applied as a 5 percent
solution, besel gpplication being done on the day
previous bo sowing. For subsequent applications watler
in the pots was drazined prior to the addition of

fertilizer solution.

4. BSeeds end sowing

Paddy strzins selected for the experiment were
Teinen 3 and Teichung Native 1. Four sprouted meeds
were dibbled in each hole, with & spacing of 20 em x
20 cm, on 18-12-1966, After 14 days Lhe number of
seedlings pexr hole was reduced to two. Thus each pob
conbained 25 hills, each hill conbeining two plants.



The reat of the scedlings were cut and buried in the

sand in each pot.

5. ZIrrigation

The secedlings were irrigated periodically with
$ep waler so as t0 maintzin a constant level of 3 ocm of

water over bhe surface of sand,

Plant protection mezsures were taken by spraying
for pesis end diseases.
6. Observations

To find out the effect of different Hreabments
on plent performance and yield abtributes the Lollowing

obaservations were recorded.

(=) Plent height

This waz recorded at fifteen days interval from
the dabte of sowing. The measurement was nade from bthe

base of the plant to the upper-most leaf +¥ip.

(b) Vegetative tillerg

The tiller counts were unade ab intervals of 15

days from the date of sowing.




(e) Productive tillers

The productive tiller:; counts were recorded,

.~ one day before harvest.
(da) Yield

The plan%é, except those in the pots receiving
no nitrogen, were harvested on 10~4-~1967. As thae planie
in the treatments V1No and V2N0 came to flowering consi-
derably late, they could be harvested only 18 days laber.

The grain, straw and root yields from each pot
were recorded after drying in air bo constant weight.
The roots were carefully gathered after empiying the
pots and washing off the sand particles completely with

water,

v// Length of panicle, weight of panicle, 1000 grzin

weight and percentege of chaff were also recorded.

(e) Deficiency symptoms

The deficiency symptoms in plants from the pots

which recelved no nitrogen applicabion were slso noted.



30

W
[

C. Anglysis of plant parts

1. Nitrogen

This was estimabted by the Kjeldhal method.

2. Phosphorus and notassium

These were estimated in the extract obtrined
by the web digestion of a weighed quentity of the dry
gample with 2 mixture of nitrie, perchloric and

sulphuric acid in the rabio 4:1:1.

Phosphorus wes determined in an aliquot of the
triple mcid extract colorimetrically by the procedure

outlined by Jackson (1962).

Potassium was determined volumetbriczlly by the

sodium cobaeltinitrite method (Piper, 1950).
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Table II

Effect of different levels of nitrogen on the
height of two varieties of rice at
three stages of growth

Height of plant (cem) on the

Treatment
30th day 45th day 60th day
V1N0 18.2 26.4 33.5
V1N1 29.3 44.1 64.4
V1N2 31.3 354 73.5
V1N3 29.2 51.8 81.3
Mean 26.9 39.4 63.2
VN, 12.3 20,2 38.9
V2N1 21.2 29.7 39.9
V2N2 21.7 32.9 45.0
V2N3 24.9 38.2 53.0
Mean 20,2 30.3 44.2
Nb 15.3 23.3 36.2
Mean N1 25.3 36.9 52.1
for
level N2 26.5 34.2 59.3
N3 27.0 44.9 67.2
C.D.(0.05)
for level 5-15 11-58 11058
C.D.(0.05)
foxr varieby 30 86 8.15 8- 15

C.D.(0.05)
for inter-
action 7.29 - 16.30




RESULTS
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RESULTS

The results obtained in the present study are
given in Tables II to XIIXI. The data obtained are
statistioally anelysed and conolusions drawn.

A. GROWTH

The various growth measurements made were height
of plant, number of tillers, number of productive tillers
and length of panicle.

The date are presented in Tables II, III, IV
and VII,

1. Height of plant

The measurement of plant height at three different
stages of plant growth (Tzble II) showed that at all the
stages, the varietal as well as treatment differences
were highly significant. Interaction between variety

and level of nitrogen was also found to be significant.

At 21l stages during growth Tainan 3 excelled
Teichung Native 1 in height. Though application of

nitrogen tended to produce tzller plants than control,



Table II1

Effect of different levels of nitrogen on the
numbey of tillers of two varieties of
rice at three siages of growth

Humber of tillers on the

Ereatment
30th day 45th day 60th dsy
V1N0 2.0 2.1 2.3
V1N1 T.0 9.3 8.9
V1N2 6.7 12.0 17.9
Mean 502 9.4 1106
V2N0 2.3 2.5 2.6
V2N1 4.7 Tot 11.0
V2N3 6.1 16.0 26.2
Mean . 44 8.8 14.8
No 2.2 2.3 2.5
Mean N,‘ 5.8 8.2 9.9
for
level Nz 5.7 10.7 18.7
N3 5.5 15.1 21.7
¢.2.(0.05)
for level 2.18 3.22 4.5
C.D.(0.05)
for variety - - 3.22
C.D.(0.05)
for inter- .

action - - -
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difference in height of plants between levels of
nitrogen was not very significant. Increased height

of plants were obtained by increzsing the level of
nitrogen. The height of plants increased with incresse
in the period of growth and reached g meximum a2t harvesdt.
The maximum height of plants (90.1 ocm) was for Tainan 3
for en application of 180 kg nitrogen per hectare,
wherees for Taichung Native 1 it was only 58.7 om fox
the same tregtment. When the average velues Ffor all the
treatments were compared, it was found that for Tainzn 3
maximum height wes 70.3 ocm at hervest as against 50.3 om
for Talchung Native 1. Even though spplication of
nilbrogen increased the height of plante more than the con-
trol, ‘there was no significant differences between the
different levels of the treatments. Though application
of increazing levels of nibtrogen markedly increazsed the
height of plants there was no lodging for them even

for the high level viz., 180 kg N/ha.

2. Bumber of tillers

The data pertaining to this growth characber are
given in Table IIL, As regavds the number of tillers
highly significant differences were noted for the

different btrealments. Varietal differences at early



Table IV

Effect of different levels of nitrogen on the
height end number of productive tillers
of lwo rice verieties at harvest

. Number of
Tpen ment H?:;‘gm productive
dillers

V1HO 4101 1.8
V1N1 70.2 5.8
V1 1\‘[2 79.8 11.0
V1N3 G0.1 14.6
Mean 70.3 8.3
V2N0 38.0 2.4
v2N1 48.3 7.5
V2N2 56,2 16.5
V2N3 58.7 19.3
Mean 50.3 11.5

No 39.5 2.1
Mean N1 59- 3 6- 7
for
level N2 67.9 13.8

N3 T4e4 16.9
C.D.(0.05)
for level 9.65 2.36
€.D.(0.05)
for variety 6.79 2.27
C.D.(0.05)

for inter-
action 13.51 -
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stages were not significent bubt later showed significant
difference abt bthe initigl stages of growth, Tainan 3
produced plants with more tillers lhan Teichung Nabive 1
but later Taichung Native 1 excelled Tainan 3. HNumber

of tillers increased upto the 60bth day and bhereafber it
tended bto decrease., Maximum number of tillers produccd

by Teichung Native 1 was 26.2 for an application of 180 kg
of nitrogen per hectare, whereas for Taeinan 3 it wne

17.9 for an applicabion of 120 kg nitrogen per hectare.

Higher dose of nitrogen tended to produce more billers.

3. Number of productive billers at harvest.

In Table IV are given the height and number of
productive tillers at harvest. In this cese, treatument
difference is significant at 1 percent level. There was
elso significemb difference betbween varieties. The
interaction bectween variety and level of nitrogen was

significant at 5 percent level.

Teinan 3 is found to produce taller planbs bthen

Taichung Nobive 1.

Data on the number of produchtive tillers showed
a significant difference between varieties abk 1 percenk

level. Level of nitrogen 2lso showed significant
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difference alb 1 pevcent level. Inleraction between

variety and treaimeont differences was not signifiecant.

Taichung Native 1 recorded s maximum number of
productive tillers at harvest (19.3 om) for an appli-
cation of 180 kg of nitrogen per hectale while the ssme
dose produced g maximum of only 14.6 in the case of
Tainan 3. The lowest number of %illers (2.4) was
produced by Taichung Native 1 which received no nitrogen
treatment, while the minimum value for Tainmn 3 wag only
1.8 when the average number of tillers for a1l the
treatments was compared, bhe figure of 11.5 was obbained

Por Taichung Nabive 1 as couparéd %o 8.3 For Tainan 3.

4. Length of panicle

Table VII show that length of panicle varies
gignificantly with variety and treatment, but the

inbteraction between the two was not significant.

The meximum lengbh of panicle (22.9 om) was
noted for Tmainan 3 due to an ayplicahion’of 180 kg
nitrogen per hectare while for Taichung Native 1 the
length of bthe longest panicle was only 18.0 em for bthe
same tr;;hment. The average length of panicle of all

treatuents for Tainan 3 was 18.7 om while for Tzichung

v



Table V

Effect of different levels of nitrogen on the
yield of gresin, strow and root of
two varieties of rice
(Expressed as g/pot)

Ireatment Grain S braw Root
V1No 8.3 70.0 101.3
V1N1 110.2 167.3 137.0
V1 Na 208.9 339.3 254.6
VTNB 388.3 533.0 418.7
Hean 17809 27704 22707
V2N0 14,0 36.0 80.0
V2N1 97.2 149.7 109.7
Vaﬂa 198.5 273.0 203.3
V2N3 329.3 386.0 335.7
Meen 159.8 211,62 182.2
NO 11.2 53.0 90.7
forxr 1
level N2 203.7 306.2 229.0
N3 358.8 459.5 377.2

C.D.{0.05)

for level 41.80 54.26 54.05

C.D.{(0.05)

for variety 28.95 39.68 37.75

C.D.(0.05)

for inter-
action 58.77 - -




Table VI

Effect of different levels of nlitrogen on tue
yield of grain, straw and rooit of

two varieties of rice
(Lxpressed as keg/ha)

Treatment Grain Straw Reoot
V1No 83.0 700.0 1013.0
V1N1 1102.0 1673.0 1370.0
V1N2 2089.0 3393.0 2546.0
V,i N3 3883.0 5330.0 4187.0
Hean 1789.0 2774.0 2277.0
VZNO 140.0 360.9 800.0
V2N1 972.0 1497.0 1097.0
V2N2 1935.0 2730.0 2033.0
V2N3 3293.0 3860.0 3357.0
Mean 1598.0 2112.0 1822.0
No 112.0 530.0 907.0
Mean N1 1037.0 1585.0 1233.0
for
level N2 2037.0 3062.0 2290.0
N3 3588.0 4595.0 3772.0
C.D.(0.05)
for level 418,0 542.6 540.5
C.D.(0.05)
for variety 289.5 396.8 377.5
C.D.(0.05)
foxr inter-
acbion 587.7
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Native 1 it was 15.4 om. Increased dose of nitrogen

tended 4o increase the length of panicle,

5. Deficiengy symptoms

The plants getting no nitrogen application were
stunted in growth with pele yellow green folinge.
Considerable reduction in the number of tillers was
also noted. Flowering duration was delayed by 18 days
for ylanis-getting N, treatment. —

B. XYIELD

The data pertaining to the effect of variety and
level of nitrogen on yield characters such as weight of
grain, weight of straw, weight of root, number of grains
per panicle, grain:cheff ratio, 1000 grain weight and
weight of panicle are recorded in Tables V and VII.

1. Yield of grain (Teble V)

In the matter of yield of grein, trealment
differences were significant at 1 percent level.
However, thers was no significant differences in grain
yield between the varieties. A maximum yield of 388.3 g
was noted for Tainen 3 for an application of 180 kg

nitrogen per hectare, while for Taichung Native 1 the
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moxipun yield wes 329.3 g per pol, for the nmeme treab-
ment. The figure for the average grain yield for all
the treatmonts was 178.9 g for Tainen while for Teichmg
Native 1 1% wns a general trend fox

th increase in

2. Yield of strew \ia

As far as the yield of sitraw iz concerned there
wagd a significant diiference bebween the varietics and
algo the treatments. The maximum yicld of sitraw foxr
Tainan 3 wes 533.0 g due to an epplicalion of 1380 kg
nitrogen per hectare while for Taichung Native 1, i%
wag only 211.2 g for the seme ireatuent. Application
of nitrogen incvcascd the yield of straw over the no
nitrogen lrentment. Thore was o poaitive correlaiion
botween the yield character ond the higher doses of

nibtrogen,

3. Yield of root

The yield of root rscorded im Table V, was alno
found 1o difier signifionnlbly wilh ihe treatment.



Table VIL

Bffect of different levels of nitrogea on yield
charactors of two varieties of rice

Ho. of Grain: DPanicle Psznicle Wb. of
Treatment  .lin  chaff length  Weight 1000
per ratio (cm) (=) =ing
panicle g)
V.'No 32.9 7.6 12.1 0.85 23.99
V1N1 57.3 8.4 18.5 1.70 24.50
V1N2 T7.9 T.4 21.2 2.37 25.83
V1N3 100.9 8.8 22.9 2.72 24.27
Nean 67.3 8.1 18.7 1.91 24.64
vam’o 34.4 8.4 11.0 0.74 20.16
"’2“1 45.8 8.0 15.9 0. 88 21,88
Vzﬁa 53.8 3.8 16.6 1.29 21,22
V2H3 61.7 Te2 18.0 1.54 22.98
Hean 48.9 5.9 15.4 1.11 21.56
I!o 33.7 11.6 0.79 22.07
HMezn N‘l 51.6 17.2 1. 29 23.19
for
lovel N2 65.9 18.9 1.83 23.52
H3 81.3 20. 4 2.13 23.63
C.D.(0.05)
for level 8.14 0.257 0.848 -
¢, 0.{(0.05)
for variety 6.54 0.172 0.600 0.365
G.D2,(0.05)
for inkor-
achbion 13.08 - - -

&2




However the interaction between variety and treatment

was not found to vary significantly.

Among the 2 varieties Tzinan 3 produced the
maximum yield of 418.7 g. This was due to an applica~
tion of 180 kg nitrogen per heclare while the minimum
for the szme variety was only 101.3 g for no applicalion
of nitrogen. The 3 levels of nitrogen have s significant
diffLerence between the no nitrogen treatment. When the
average fifures for the various treatments were compared
it was 227.7 for Tainan 3 as compared to 182.2 Ffor
Taichung Native 1. There was a general tendency for the
yield character to increase steadily with increase in

levels of nitrogen.

4. Number of graing per panicle

The data for the number of grains per panicle,
given in Table VII, revezled & significant difference
between the varieties and the various levels of nitrogen.
Interaction between varieby and levels of nitrogen was

also found ‘to vary significantly.

Tainan 3 was found to be superior in the number

of grains per earhead. A meximum of 100.9 g/pot Qés

recorded for Tainan 3 and of 61.7 g/pot for Taichung



Nebtive 1 for an application of 180 kg N/ha. There was

e significant difference between the 3 levels of nibrogen
(N1 ,» Ny, N3) which also differed significantly from Ny
level. In the case of averazge number of grains per
panicle also Tainen 3 was found Ho be superior to
Taichung Nalive 1. Increased dose of nitrogen increszsed

the number of grains per panicle as expected.

5. Grain:chaff rabio (Table VIIL)

In the case of grain:chaff ratio the two varietbies
differ significantly. The average value of grain:chaff
ratio for Taichung Netive 1 was only 5.9 while for
Tainan 3 it was 8.1. However, it was found that increas-
ing the level of nitrogen application had no tendency bo

increzse the ratio significanitly.

6. Thousand grain weight

Table VII shows that there was & significant
difference between the 2 varieties, even though there
was no significant difference between the various
levels of nitrogen and the interaction between the
varieby and the various levels of nitbrogen., Taichung
Native 1 was inferior to Tainan 3 in 1000 grain weighl.

A maximum of 25.83 g were obtained for an applicabion



of 120 kg/ha of nitrogen while the maximum for Tsichung
Native 1 was only 22.98 g for the highest application of
180 kg N/ha. On & comparison of the average values for
1000 grzin weight, Taichung Native 1 was found 6o be
inferior o Teinan 3. There was no tendency for an
increase in the 1000 grain weight, with a corresponding

inerease in levels of nitrogen.

7. Yeight of panicle

Data presented in Table VII shows that vavietby
and level of nitrogen had e significant influence on bthe
weight of penicle. There was also found o be a
significant difference due bo an inkeraction of wvarieby
and level of nitrogen. Irinan 3 was superior to Taichung
Native 1 2s regards the maximum grain yield. The
naximum weight of panicle was 2.72 for an applicabtion of
180 kg/hz of nitrogen while the minimum was only 0.85.
The maximum for Taichung Netive 1 was only 1.53 for an
spplication of 180 kg N/ha, while the minimum was 0.88.
A general tendency for zn increase in the weight of

panicie due t¢ increasing levels of nitrogen wes nolbiced.



Table VIII

Bffect of different levels of nibtrogen on the
nutrient content of grain of
two varielies of rice
(Bxpressed as percenh)

Teeatment N P205 K20
V1No 1.48 0.62 1.32
v1 N.' 0.77 0.56 1.02
V’Nz 1.01 0.74 0,89
V1N3 1.07 0.57 1.21
Mean 1.08 0.62 1.11
V2H0 1.29 0.54 1.44
V2N1 0.99 0.65 1.44
V2N2 0.98 0.63 1.16
V2N3 1.28 0.74 1.43
Mean 1-15 0.64 1-37
iio 1.38 0.58 1.39
Mesn N1 0.88 0.61 1.23
forxr
level N2 0.99 0.68 1.02
N3 1.17 0.66 1.32
C.D.(0.05)
for level 0.170 0.023 0.054
C.D.(0.09)
foxr variety - 0.017 0.030
C.D.{0.05)

for intcoy~
action - 0. 060 0.064




C. NUTRIENT CONTENT OF GRAIN AND STRAW

The data relating bto the influence of variecty
and level of nitrogen on the nuirient content of rice

are given in Tableg VIII and IX

I. GCRAIN

(a) Nitrogen

The dzta relating to the nitrogen content of
grain showed thet only level of nitrogen is significant
at 1 percent level whereas varietal diﬁ‘erenge and

interaction did not differ significantly.

In the case of nitrogen content of grain, Tainsn
3 and Taichung Native 1 differ only very slightly. The
maximum nibrogen content of 1.48 percent was oblained
for Tainan 3 with no nitrogen application while the
velue for Taichung Native 1 was 1.29 for the same
treatment. When the average values for all the treat-
ments were compared it was found that Tegichung Native 1
had a value of 1.15 percent and Tainan 3, 1.08 percent.
The grains from pots receiving no nitrogen =lso contzined
a high percent nibrogen. This tended bto increase with

incressing doses of opvlied nitrogen. However the



increase in nitrogen content of grain with increase

in the dose of nitrogen was not very significant.

(b) Phosphorus

In bthe case of phosphorus content of grain very
high gsignificant difference was found for variety,

lovel of nitrogen and interaction.

The highest phosphorus content of grain of 0.74
percent was found for Taichung Nztive 1 a3 well as
Teinan 3 for nitrogen aepplicaiion of 180 and 120 kg N/ha
reogpectively. The average value fox all the ireatmentis
was 0.64 percent for Taichung Naltive 1 and 0.62 perceab
for Tainzn 3. Treatments Ng and N3 significantly
differed from N1 and No in the content of thias element
in grain. Higher doses of nitrogen applicstion have
thus 2 benefieral effect im increzsing the amount of

phoaphorus in graine.

(¢) potossium

In lLhe case of potesaium contenl of the graian,
high significance al 1 percent level was observed for

varieby, level of nitrogen snd interzclion.

Paichung Native 1 was found o be superior bo

Tainan 3 in the poitmssium content of grain. The maximum
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Table IX

Effect of different levels of nitrogen on ‘the
nutrient content of straw of
two varieties of rice
(Bxpressed as percent)

Treatuent N rgos K20
v1 No 0.73 0.42 2.48
V1N1 0.53 0. 35 2.43
V1N2 0.57 0.28 2.32
V1N3 0.55 0.23 1.36
llean 0.59 0.32 2.15
Valvo 0.94 0.32 2.57
V2N1 0.59 0.46 2.14
V2N2 0.43 0.25 2.03
V2N3 0.64 0.32 2,15
Mean 0.65 0.34 2.22
NO 0.84 0.37 2.53
Mean N1 0.56 0.40 2.28
for
level N2 0.50 0.26 2.18
N 3 0.59 0.27 1.76
C.D. (0.05)
for level 0.039 0.039 0.360
€.D. (0.05)
for variety 0.026 - -
C.D.(0.05)
for intere

action 0.054 0.054 0.536




amount of 1.44 percent was obtained for Taichung Native 1
bobth for no nitrogen as well as for application of
nitrogen ab 60 kg N/ha, whereas it was 1.34 percenb for
Tainan 3 for no nitrogen application. When the average
figures for all bhe ireabtments wére compared it was found
that Taichung Native 1 had 1.37 percent of potassium in
grain as againat 1.11 percent for Tainan 3. The values
show that nitrogen gpplicabion has a negative influence
on potassiun content since the maximum value was obtained
for no nitrogen application. Treatment with no nitrogen
application is found to be the best a2 far as the pobassium

content of grain is considered.

2. STRAW

(a) Nibtrosen

The results given in Table IX show ihat as in Lhe
cage of nitrogen content of grain, the nitrogen conitent
of giraw of Taichung Native 1'3150, was higher than that
for Tainen 3. The maximun amounl of 0.94 percent
ni brogen was obtained for Taichung Native 1 for a
treatment with no nitrogen applicction and it was 0.73
percent for Tainsn 3 for the same btreatment, When the

average value was compered for Taichung Native 1, +the
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percentage of slraw was 0.65 end for Tainan 3 it was
only 0.59 percent. There was & significant difference
between treatments. It was found that highest amount of
nitrogen was noted in the ireatment with no nitrogen
spplioabtion and the least amount of nitrogen in the

treatment, 120 kg N/ha.

(v) Phogphorus

Levels of nitrogen had a marked effeet on the
phosphorus content of slrew as indicated by significence
at 1 percent level. But variebtel difference was nol ab
all significant. High significance was obeerved for

interaction beitween veriety and level of nitbrogen.

The data showed that as the application of
nibrogen increased the phosphorus content also incresz=ed.
Tzichung Native 1 was superior to Tainan 3 though bthe
differences were not atetistically significant. The
highest phosphorus conbtent of 0.46 perce;lt was found
for Taichung Native 1 for an application of 60 kg N/he,
whereas bthe meximum value for Tainan 3 was 0.42 percent
for no nitrogen applicabtion. The mesn value of 0.34
percont was for Taichung Nabtive 1 a5 compared to 0,32
percent for Tainam 3., All the different levels differed

significantly in bthis respect. 4s regards bthe phosphoxus



con tent of straw, the most effective treaiment was
application of 60 kg N/ha. It was also noted thab
higher level of nitrogen has g negative influence in

the phosphorus content of s traw.

(e) Potesgium

In +the case of potassium content of straw
varietal difference was not significant wherems the
difference between levels of nitrogen was significent
at 1 percent level, High significance for interanction

wes 2lso obtained.

As in ‘the case of potassium content of grain,
‘the potassium content of sitrew =2lso was highest for
treatment with no nitrogen aspplication and it slightly
tended bo decrease as the levels of nibtrogen increased.
The highesat amount of 2.57 percent wes obbained for
Talchung Native 1 for no nitrogem zpplication while [lov
Tainen 3 it was 2.48 percent for the same treatment,
The mean value for all the treatments wes 2.22 percent
for Taichung Native 1 and 2.15 percent for Tainsn 3,
Among the lower levels, viz., application of 60, 120 kg
N/ha and no nitrogen application there wes no significsnt
difference in this respect but they differed signifi-
cantly with the highest level viz., application of
180 kg N/ha.



D, RUTRIENT UPTAKE

The data relating to the nutrient upt:ﬂ:e by
straw and grain ere furmished in Tables X, XI, XII and

XIII.

1. GRAIN

(a) Nitrogen

Taichung Native 1 was superior to Tainan 3 in
the matbter of total uptake of nitrogen but the difference
wags very little. The highest uptake of 4.213 g/pok
(42.13 kg/ha) was found for Taichung Native 1 for =n
application of 180 kg N/ha while for Tainan 3, the value
was 4.1548 g/pot (41.548 kg/ha) for the same btreatment.
The average value for all the trestments was 1.8089 g/
pot (48.089 kg/h=) for Tainen 3 as compared to 1.8277g/
pot (18.277 kg/ha) for Taichung Native 1. The effecl
of variety in this case is less mzrked but increased
nitrogen uplake was found to result from higher dosen

of nitrogen applied.

(b) Phosphorusg

The dala relating bto the uptake by grain showed
that bobh variety and level of nitrogen had a significant
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effeect in the total uptake of phosphorus. The meximum
uptake of 4.215 g/pob (42.15 kg/ha) was obizined fox
Taichung Native 1 for en applicatbion of 180 kg N/ha
while it was only 2.2133 g/pot (22.133 kg/ha) for
Tainan 3 for the same treatment. When the mean values
were compared it was found that for Taichung Nalive 1
the value was 1.7144 g/pot (17.144 kg/ha) while for
Tainan 3 it was only 1.1069 g/pot (11.069 kg/ha). 48
in the case of nltrogen uptske by grain, the absorption
of phosphorua 2lso significanily increased with increas-

ing levels of nitrogen spplicabion.
(¢) Pobasgium

Pobasgium upbake by grain was algo influenced
by variety 8 well as level of nitrogen. As the level
of nitrogen incresged bthe potassiuwm uptake also increased
congiderably. Taichung Netive 1 was found to be superior
to Tainan 3 in this respect. The maximum upbake of
4.7089 g/pot (47.089 kg/ha) wes obtained mg a result of
an applicabion of 180 kg N/ha for Teichung Nutive {1 and
4.6984 g/pot (46.984 kg/he) for Tainan 3 due 0 an
gpplication of the same dose. The average vzlue for
Taichung Nalive 1 was 2.1532 g/pot (21.532 kg/ha) as
compared 0 1.9482 g/pot {19.482 kg/ha) for Tainan 3.



EBffect of different levels of nitrogen on the
nubrient uptake by grain in

Table X

two varieties of rice
(Expressed =5 g/pot)

Ireatment B PZO5 K20
V1Ho 0.1228 0.0515 0.1112
V1N1 0.8485 0.6171 1.1240
VK, 2.1098 1.5458 1.8592
V1N3 4,1548 2,2133 4.6984
Mean 1.8089 1.1069 1.9482
Vol 0.1806 0.0756 0.2016
V2N1 0.9622 0.6318 1. 3996
VN, 1.9553 1.9353 2.3026
V2N3 4,2130 2.3368 4.7089
Mean 1.8277 1.2496 2.1532

0.1517 0.0635 0.1564
%ggn 0.9054 0.6244 1.2618
level 2.0325 1.7405 2.0809

4.1839 2.2751 4.7036




Table XI

Effoct of different levels of nitrogen on the
nutrient uptske by straw in
two varieties of rice
(Expressed ss g/pot)

Tregtment N on5 KZO
V1No 0.5110 0.2940 1.7360
V1N1 0. 8866 0.5855 4.0653
VN, 1.9340 0.9500 7.8617
V1N3 2.9315 1.2259 7.2488
Mean 1.5658 0,7638 5.2279
V Ny 0.3384 0.1152 0.9252
V2N1 0.8832 0.6886 3.2035
VN, 1.1739 0.682% 5.5419
V2N3 2.1075 1.2352 8.2990
Mean 1.1257 0.6661 4.4924
N, 0.4247 0.2046 1.3306
%gin N1 0.8849 0.6371 3.6344
level N, 1.5539 0.8162 6.7018
) 2.5195 1.2305 T.7739

W




Table XII

Effect of different levels of nitrogen on the
nutrient uptake by grain in
two varieties of rice
(Bxpressed as kg/ha)

Treatment N P205 K20
V1N0 1.228 0.515 1.112
V1N1 8.485 6.171 11.240
V1N2 21.098 15. 458 18.592
V1N3 41.548 22.133 46.984
lean 18.089 11. 069 19. 482
VZNO 1. 806 0. 756 2.016
V2N1 9.622 6.318 13.996
V2N2 19.553 15.353 23.026
V2N3 42.130 23.368 47.089
Mean 18.277 12,496 21.532
NO 1.517 0.635 1.564
Mean N 9.054 6,244 12.618
for 1
level N2 20.325 17. 405 20. 809
N 41.839 22.751 47.036

(#9]




Table XIII

Effect of different levels of nitrogen on the
nubrient uptake by straw in
two varielbies of »ice
(Bxpressed as kg/ha)

Treatment b)) 1’205 K20
V,%, 5.110 2.940 17.360
v,y 8.866 5.855 40.653
V1N2 19.340 2.500 78.617
V1N3 29.315 124259 72.488
Mean 15.658 7.638 52.279
VN, 3.384 1.152 9.252
VN, 8.832 6. 886 32.035
VN, 11.739 6.825 55.419
V2N3 21.075 12.352 82.990
Mean 11.257 €.661 44.924
NO 4,247 2.046 13.306
%sin N, 8.849 6.371 36.344
level N, 15.539 8.162 67.018

255195 12. 305 77.739

o
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2. STRAV

(a) Nitrogen

As in ‘the case of nitrogen uptake by grain, the
totel nitrogen absorption by straw clso was considerazbly
influenced by variety as well =28 level of nitrogen. An
increase in nitrogen uptake was noticed as the level
of nitrogen incrensed. The highest nibtrogen upbzke of
2.9315 g/pot (29.315 kg/ha) was oblained for Tainan 3
for an application of 180 kg N/ha while for Taichung
Native 1 it was 2.1075 g/pot (21.075 kg/ha) for the
same trezitment. The highes !t mean vszlue for all trealments
(1.5658 g/pot ~ 15.658 kg/ha) was for Tainan 3 as
compared against 1,1257 g/pot (11.257 kg/ha) for

Taichung Nabive 1.

(v) Phosphorus

The phosphorus up take wes also appreciably
influenced by variety sand level of nitrogen. The
maximum upbake of 1.2352 &/pot (12.352 ka/ha) was for
Taichung Native 1 Cor en application of 180 kg N/ha =2nd
for Tainan 3 il was 1.2259 g/pot (12.259 kg/ha). \hen
the average values were exemined Tainan 3 with an

upteke of 0.7638 g/pot (7.638 kg/ha) of phosphorus was
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superior to Taichung Native 1 having a phoasphorus
uptoke value of 0.661 g/pot (6.661 kg/ha). The uptake
of phosphorus significantly increzsed a2s the level of

nitrogen inoreased.

(e¢) Potagsium

The influence of variety =2 well as level of
nitrogen was highly signifiocsnt with respect to bhe
tobzl uptzke of potassium. Taichung Native 1 was found
to be superior to Tainan 3 with uptake values of
5.2279 g/pot (52.279 kg/ha) =nd 4.4924 g/pot (44.924 kg/
ha) respectively. The maximum upbake of potassium was
7.8617 g/pot (78.617 kg/ha) for Teinen 3 for an applice-
tion of 120 kg N/he while for Teichung Native 1 it was
8.299 g/pot (82.99 kg/ha) for an applicabion of 180 kg
N/ha. The data show that inereasing level of nllbrogen
has a asignificent effect in increasing the botal uptake

of pobassium.
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DISCUSSION

In the following pages are discussed the resulbs
of imreatige:kion on the influence of nitrogen on the
growth and yield of paddy. The effect of nifrogen in
varying dosea on the agronomic characters of rice plant,
yield of grain and sbtraw and on bthe upleke of nilbrogen,

phosphorus and potash are considered in this discussion.

Influence of nitrogen on agronomic characters

The results have clearly brought out the influence
of nitrogen on the various agronomic characters of the
rice plant. Of the two variebies studied, Teinan 3 is
2 btaller variety. It was observed that in both varieties,
incressing aprlication of nitrogen increased bhe height
of plants., This effect hes been evident at all siages
of growth. Considering the mean values for the height
of plants of both the varieties, it gppeara bthat, while
upto the 45th day of growth, bhe rate of increase in
height wes more or less the same for both varietres,
after this period the height of plants of Tainan 3
increased at g more rapid rate than thet of Taichung

Native 1. It is evident, therefore, that inereasing



doses of nitrogen aepplied, had a markedly beneficial
effect on bhe growth of plants of the two varisties.

The same finding have been oblained by Srinivosulu and
Pawar (1965). These suthors concluded that nitrogen
appliocation had a significant e¢ffect on economic
characters of plant, such as plant height, number of
ear bezring btillers etec. A similar observation hzs been
made by Rhode (1963) on wheat. Another result of
interest observed in thias study was that even though
there were marked increases in the height of plants =g
a result of nitrogen aprlicasion, there was no evidence
of any sywptoms of lodging during the entire period of
growth. It i3 generally known bhet high nitbrogen appli-
cation would result in lodging. However the resullbs of
the present study are a2t variance from this commonly
observed phenomenon. This fact is of particular signi-
fican@e in bthe case of these bwo varieties becausse it
suggests bhab nitrogen application in large doses could

be resorted bo safely without any risk of lodging.

Considering the tiller counts ab different periods,
it wall be seen (Table ITI) that in the initiasl stbages
of growth, the two varieties did not daiffer in the

number of lillers. However, after 45 days the two



varieties exhibitbed marked differences in ‘the number
of tillers. Taichung Native 1 had the meximum number
of tillers after this period. Tiller number, it would
appear, is a varvietal charsober. Kochappsn Nair aand
Koshy (1966) while studying the influence of different®
forms of nilrogen on the growth and yield chavracters
of some Kersla rice varieties also found thet the number
of tillers per plant varied significanbly with varietly.
The results of the present study have shown that in
bobth varietlies, application of nitrogen in increasing
dogen, produced significant increase in the number of
billers per plant. It may be pointed out thel similar
results were reported by Tanska et 2l (1959) and
Patnzik (1964) =lso.

In the matter of height =nd number of produckive
tillers ab harvest (Teble IV) almo, significent diffcvence
wao noticed between the two vavielies. The mean helghl
of producbive Hillers is greater for Tainsn 3 than fox
Taichung Native 1. However, the mean value for the number
of productive tillers was much highexr foxr Teichung o
Native 1. The influence of different doses of nilrogen
on the height and number of productive tillers slso was

very asignificant.



As regards the length of panicle (Table VII)
there appeared to be gignificanb difference betweea the
two varieties. It was scen that panicle length was
greater for Tainan 3. The same was found to be Lthe casc
with regard to the weight of panicle zlso. The resulbs
obtzined, clearly brings oubt the effect of nitrogen on
the length and weight of panicle. Increesing doses of
nitrogen applied produced significsnt increases in the
length znd weight of penicle of both the varieties.
Maximam panicle length and weight was obtzined with

treatment of nitrogen at 180 kg/hs.

From the foregoing, il is evident that nitrogen
application had signifioant influence on the various
agronomic charackers of the planl such as plant height,
number of tillers, length and weight of panicle z2ud
number of productive tillers and thal nilrogen applicciion
would not result in lodging. The two variebies exhibiicd

narked differences in thelr agronomic characters.

Deficiency sympboms due to lack of nitrozen

The beneficial effects of nitrogen epplied in
increasing levels had manifezted iteelf by the normal

and hezl thy plenbs receiving this breatment. Howevexr
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‘the plants which received no nitrogen application
clearly exhibited deficiency symptoms, such 23 stunbed
growbth, pale yellow green folliazge and decreased tillex
number. The resul ts obtained from the present study
is fully in agreement with the finding of Ghose eb al
(1960).

It would thus be evident that these varieties
nol only respond very favourably to nitrogen application,
but are highly susceptible to nitrogen deficiency when
they do not receive adequate supply of nitrogen.

Influence of nibrogen on the yield of grain snd gtraw

1t was observed that the two verieties did nob
differ significantly in grain yield. However, both
varieties responded very favourably to increasing
levels of nitrogen, the yield of gresin significantly
increasing with the increase in dose of applied nitrogen.
The yield reached g maximum at 180 kg N/ha, for both the
variebies. Considering the increase in yield for the
different levels of nitrogen, over bthat of the conbrol
(Ko level) it was found thet a proportionabe increase
in yield resulted with increase in the level of nitrogen.

Thus it would eppear, that still higher yields are



possible if the level of nitrogen is increased beyond
180 kg/ba. The yield from the pols receiving no
nitrogen was conspicuously lowe. The resulis thus

bring out the imporbance of manuring these varieties
with high levels of nitrogen. In the case of three
Japonica and two indice varieties, Yamada (1957) also
obgserved that all the varieties gave remarksble increasse
in yield with increesse in the dome of applied nitbrogon.
Identical resul ts have been reported by Tsnaks and
others (1964) znd also by Parasuram (1965) in the cese

of rice variety W.140.

It is evident from the resulis bthat the two
varieties differ significantly for siraw yield., Tainan
3 produced a greater amount of straw than Taichung
Native 1. Aa in the oase of grain yicld, nitrogen
application in increasing doses, resulted in aignificant

incresses in bhe yield of sbraw.

In the czse of the weight of rools also, bhere
was significant difference between the two varieties,
Tainan 3 having a grealer amount of roots. It would
therefore zppcar that the yield of straw is in some way

related bto ‘the smount of roois.



_OF the two varieties studied, the grain/chaff
ratio wag higher for Tainzn 3. In both the variebies
this charzcterisbic was not significantly affected by
applicabtion of nitrogen. The grain/chaff vatio bthus
appears Lo be & verietal characler, and with s highex
graun/chaff ratio Tainen 3 appeared o be superior o
Taichung Native 1. The feet that this ratio was not
significantly affected by spplicatrion of nitrogen would
appear to suggest that high grzin yields could be oblained
for both the varieties with high dose of nitrogen appli-
cetion, without affecting in any way the grain/cheff

ratbio,

The sludy did not bring out any signifieant effect
of nitrogen on the weight of 1000 grains. Thus in each
variety the total earbohydrate content of the grain was
wnaffected by different levels of nitrogen. However there
was significant difference belween the btwo variebies in
this respect, Tainsn 3 being superior to Taichung Nelive 1.
I% is quibe possible that the totsl carbohydrabe content
of Tainan 3 greing will be much higher than that for
Taichung Native 1, probably as a result of greater

photosynthetic activity in the former variety.
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It would thus appear from bhe results so far
discussed that nitrogen application had a very signifi-
canb effect in increasing the yleld of grain and straw
of both the varieties., However, nitrogen application
did not gppear to influence markedly the gquality of

. the grain a3 revealed from the data on 1000 grains
weight and the grain/cheff ratio. Varietel difference
appeared Lo be very significant =zs far as yield was

concerned, Tainen 3 excelling Taichung Natbive 1.

Influence of nilrogen on the nubrient content of and
on_the upbske of nutrients by, grain and straew

The resulls showed that nitrogen content of
grain was generzlly higher in Tainen 3. There was found
bo be & general decrease in the nitrogen conbtent of gyain
with increase in the dose of nilrogen applied, In bhe
cese of the strew also the percentzge of nitrogen
generelly decreased with increasing levels of nitrogen.
A vexy high yield of grain snd stbtraw with inocreasing
levels of nilrogen probably would I: ve resvlted in the
total nitrogen absorbed being distribubted over a larger
quantity of plent maberisl, consequently resulting in
a decrease in ‘the percentage of nitrogen with increcse

in the dose of nitrogen appliecd.
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Congidevable difference was noticed detween the
two varvieties as regavds bhe phesphorug content of
the graln. In the case of both grain and straw,
increasing doses of nibrogen generzlly tended %o
inecrease the 3205 content. The two variebies did not

differ appreciably in the P205 content of skraw.

In bthe case of the pobzassium content of grain
the two varielies differed significanitly whereas such
a difference was nobt found in thecase of slraw. Kilrogen
application had a depressing effect on the potash conbent

of both grain and straw.

The results obtained thus indicates bthat appli~
cation of nitrogen in inecreasing levels decreased the
ni trogen =and potash conbtent of both grain end stiraw,
whereas this slightly increased the phosphorus conient

of grain.

The totzl nitrogen upbake by grain expressed in
grams per pot increased steadily with lncreagsing doses
of nityrogen apvlied. Thig wae found to be true in bhe
case of the straw also. This should be as it is, beoczuse
gpplicatbtion of nitrogen considerably increased the yield
of bobh gtraw and grain, =0 much so, the Htotzl intake

of nitrogen, by these plant paris z2lso increased.
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The same fact was noticed as regards the totel upteke
of phosphorus and poiassium. OF the two varieties
the total uptake of nilrogen, phosphorus =nd potessium

was slightly higher For Tainan 3.

The results indicete that for both these high
yielding varieties, the total uptske of the mzjor
nutrienbs, nitrogen, phosphorus end potessium was
very high, VWhen increased yields are acrieved by
higher dose of nitrogen, there is & corresponding
increcase in the botel uptiake of the nuilrients by bhe
plant. It is thus evident that while these variebies
are high yielding, they are more execting in their
manurizl requirements as indicated by the o sl upbake

of nulrients.



SUMMARY AND CONCLUSIONS




SUMMARY AND CONCLUSIONS

A pot cul bure sbudy was conducted, using

specially designed concrete pots to debermine the

response of Tainan 3 and Taichung Native 1 to applica-~

tione of varying levels of nitrogen and to compare

their pevrformance. The study has ensbled the following

main conclusions to be drawn.

1.

The two varieties exhibited marked differences
in their agronomic characters,

Nitrogen applicatlion at varying levels had
significant influence on the‘various agronomic
characlers, such as plant height, number of
tillers per plant, length and weight of panicle
2nd the number of productive tillers. All bhese

were enhznced by increasing levels of nitrogen.

For both bthe variebies bthere was no risk of
lodging consequent on high doses of nitrogen

applied.

Ni brogen gpplication significantly inecreased the

yield of grain and sitraw for both the variet.es.
v
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Varietal difference appeared to be a significant
factor as far ss yield of grain was concerned,
Tainan 3 exocelling Taichung Natbtive 1 in this

respect.

Deficiency symptoms such zs stunted growth, pale
yellow green foliage and reduced tiller number
resul bed with zero nilrogen level, whereas
applicatbion of nitbrogen in increasing doses,
apart from resul ting in high yield, produced
normal and hezlthy plants. The high nitrogen
requirvement of bthese bwo varietbies is further

confirmed by this observation,

Niltrogen application did not influence signifi~-
cntly either the grain/chaff ratio or the
weight of 1000 grains.

Application of nitrogen in increasing levels
decrecsed the nibrogen and potash conbent of
both grain znd straw, whereas this slighily

increased the phosphorus content of grain for

bolh variebies,

For both the varieties, the totzl uptake of the

major nutrients, nitrogen, phosphorus and po lash



was very high. Increasing doses of nigrogen
resul ted in a proportionzlte increase in the
total uptake of nutrients, thus indicating the
very exacting manurisl requirements of these two

varieties.

The resalts obtained in the present gludy clecrly
emphasize bthe significance of bthe high nitrogen require-
ment of Tainan 3 ond Taichung Native 1, both from the
point of view of high yield and also from that of normal
and heal thy growth of plent.
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Appendix 1

Anolysis of variance for plant height (30%h dzy)

s T N N e e e e e

Source 5.8, Df Varisnce F yabio
To tal 1193.3 23
Block 84.08 2 42,04 2.48
Treatlment 871.46 T 124.49 To34%#
v 291.90 1 291.90 17.20%#
N 554,71 3 184.90 10.84 *
VKN 24,85 3 8.29 0.49
Error 237.59 14 16,97

Appendix 2

Anelysis of variance for plent height (45th day)

e M o e s cm me o em e e e e En o mm = e e e e e e e am e xm e

Source 5.8, e Variance * rabio
Total 3373.34 23

Block 30.76 2 16.93 0.19
Treztmenb 2102.76 7 300.39 3. 39%
v 504.17 1 504.17 5¢69*
N 1446.58 3 482.19 R, 44%
VN 152.01 3 50,67 1
Ervor 1239.82 14 88,56

* Signifiernt at 5 percent level
#* Significent at 1 percent level



Appendix 3

Anzlysis of variznece for plent height (60bth day)

Source 5.8, e Variance ¥ retio
Total 7933.47 23
Block 243.90 2 121.95 1.40
Trentment 6479.67 7 925.58 10.TO%#
v 2160.31 1 2160. 31 24,98x%
N 3118.95 3 1003.60 11.60%%
VN 1199.81 3 399.90 4.60*
Trror 1210.50 14 86.46

Appendix 4

Anzlysig of varlance for plant heightbt at harvess

Source S.8. Df Variance P ralio
Total 8142.10 23

Bloek 112.80 2 56.40 1
Treatment 7183.28 T 1026.20 16.98x*%
v 2396.00 1 2396.00 39,64 %%
N 4139. 46 3 1379.82 22, 83%%
VN 647.82 3 215.94 3.67*
Error 846,02 14 60.43

#* Signilicant 2% 5 percent level
*% Significant ab 1 percent level



Appendix 5

Anglyois of variance For tiller counts at 30th day

- s e wa ke e em ma Me e e MR e we e S e me w ms R e e aw e e am we

Source S.8. £ Variance P ratio
To kel 132.34 23
Block 16.37 2 8.18 2.6
Treatment 71.41 T 10.27 3.3%
v 3.01 1 3.01 1
N 55.92 3 18.64 5.9n%
2] 12.98 3 4.32 1.4
Eyyor 44,06 14 3.14

Appendix 6

Mplysis of veriance for Hilley counts ot 45th day

- ms Mm SE e mm mn e ew me e e e M me mm me ed R am e am ee e me e wm

Source 8.8, DEf  Varisnce F rabio
Total 627.03 23

Block 23.17 2 11.58 2,34
Treatuent 534.89 7 23.58 4, 78w
v 2.3% 1 2.35 1

) 511.57 3 170.52 34.58%%
VN 20.97 3 6.99 1.4
Zrror 58,97 14 4.93

* Silgnificend ob 5 percent leyel
r* Jignificant ab 1 pexcent level



Appendlx 7

Analysis of variznce for Gillexr cownls at 60th daoy

- an e ==

s e wm ae e mm e e ow

S.8. g
1744.61 23
43,61 2
1515.02 7
£3.70 1
1361.22 3
90.10 3
185.428 14
Appendix 8

4

Varisnce F ratio
21.8 1.7
216.43 160 3%

63.70 4.78%
453.74 34,1
30.03 2.3
13.28

- e o o e = o o

Analysis of wveriangs for tiller counts at hervestd

= = e M o e e mm e wr o R me wm ae Mm e mr G e o me ee w s e e

Totzl
Block
Treatmont

S.S. e
992.18 23
4,82 2
900.17 7
60.33 1
815.84 3
24.0 3
94.19 14

Varianece F pabio
2.41 1
128.%9 19. 1%+

60.33 8.9#%
271.94 40, 45+
8.00 1.2
6.73

* Signafieant abt 5 porcent lovel
*4+ Signifiocant at 1 percent level
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Appendix 9

Anzlysis of vaeviance [or longlh of panicle

Source $.8. g Varicnee ¥ rab:o
Tobel 4.120 23

Bloeck 0.002 2 0. 001 &
Troc lmenk 3.480 T 0.497 13.04* ¥
v C.630 1 0.630 14.00% %
I} 2,700 3 0.900 20. O0¥#w
VR 0,150 3 0.050 111
Frroy 0.638 14 0,045

Appondix 10

Anglysis of variance for grain yield

Socarce 8.5, nf Verinnce P vatio
Total 42194. 23 23

Block 2001. 80 2 1000.9 1
Irestuend 404087.60 7 57726.30 50.979%%
v 2202.32 1 2202,32 1.9

N 388718.00 3 129572.66 114, 42%#%
VN 13167.28 3 4389,093 2.875%
Lrror 15852.83 14 1132.345

* Lignificonk st
i* sigiBic-nt ob

percent leovel
percent 1ovel

% 3



Appendiz 11

Anglysis of variance for straw yield

Source S5.8. of Varience P rakio
Total 641105.00 23

Block 66806.40 2 3403.2 1.671
Treg tment 605791.00 7 86541.6 42,50%%
v 26334440 1 26331.4 12,932 %
N 564575.20 3 188191.7 9, 242%%
N 14881.40 3 4960.5 2.436
Error 28507.60 14 2036.3

Appendix 12

Malysis of variance for ootk yield

Source S.8. e Variance P ratio
Total 347700.00 23

Block 5000.00 2 2500. 00 1.32
Treatnent 315800. 00 7 45100.,00 23.6%%
v 12600.00 1 12600.00 6.63%
R 299800. 00 3 99900. 00 52,6%%*
vy 3400, 00 3 1100. 00 1
Errox 26900, 00 14 1900.00 -

e e e o m owm e am em e me v W Ge me Ow e e Ge e w o me

#* Significant at 5 percent level
*+ Significent at 1 perceni level



. Appendix 13

Anzlysis of verience for number of greine per psunicle

B er m me W ma me M G e s s e e A s we A ee e e W e em e me s

Source S.8. b)) o Variance P pratio
Tobal 11680. 42 23

Block 76.20 2 38.10 1
Treatment 10811.08 7 1544.44 27. 26%#
v 2007.51 1 2007.51 35.43%%
X 7439.99 K} 2479.99 43, 7T**
VN 1363.58 3 454.52 8, 02
Error 793.14 14 56.65 -

Appendiz 14

Analyais of variaznce for 1000 grain weight

Source 5.8, o Variance P ratio
Total 98.29 23

Block 5.28 7 2.64 2.15
Treatanent 75.79 2 10.83 8,8 =&
v 57.14 1 57.14 45, 45+%#
" 9.12 3 3.04 2.47
\L] 9.53 3 3.17 2.58

_Error 17.22 14 1.23

#% Significant 2t 1 percent level

Ly



Appendix 15

Analysis of vaPiance Tor panicle weirghl

= er mm me  oEm e o em @ e e e me e o am eEn sm e m e me e o e e

Source 8.8, D Varisnce F r.lao
Total 11.90 23

Block 0.04 2 0.02 4
Treabaent 11.17 7 1.59 32,47
v 3.87 1 3.87 78.9 °
N 6.23 3 2.07 42,2 %
VN 1.07 3 0.35 Ted®
Errox 0.69 14 0.049

- am e om m mm M m om e we w e W Ar e wm e e mn mm e e me e e e

Appendix 16

Analysis of variance for grainschalf ratio

- e e e o e e o m ke e e e mm e m Em W m Em e me e me e e o

Source 8.8. g Variance F ragbio
To b=d 97.33 23

Block 2.03 2 1.015 0.3%
Trentmenl 55. 48 7 7.925 2.8
v 20.96 1 20.96 Teb¥
N 26.74 3 8.91 3.4
VN 7.78 3 - 2.59 1
Ervoy 39.32 14 2.84 -

# Signifiernt ab 5 percentb level
*¥* Significant at 1 percent level



Appendix 17

Anglysis of varisnce for nitrogen content of grain

Source S.8. e Varisnce # ralio
Total 1.47 23

Bioeck 0.10 2 0.05 2.3
Treatment 1.06 7 0.15 6.9%%
v 0.01 1 0.01 1

N 0.85 3 0.28 12, 8%
VN 0.20 3 0.07 3.2
Brroxr 0.31 14 0.022 -

e am am u e mm e me Ee me e w A A e wm em e e e e e ae = me e

Appendix 18

Anelysis of veriance for phosphorus content of grain

Source 5.8, 4 Variance F rabso
Totsl 0.140 23

Block 0.005 2 0.0025 G, 2%
Treatment 0.130 Vi 0.0180 45,07 %
v 0.005 1 0. 0050 12, 5%
N 0.044 3 0.0146 36, 5%
N 0.081 3 0. 0270 67.5%
Error 0,005 14 0. 0004 -

* Significant abt 5 percent level
** Significant 1% 1 percent level
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Appendix 19

Anglysis of variance for pobazssium content of grain

- e am e e e ae e me e o e e e e Ex e s e an ae se M me s e e

Sowrce S.5. D Variance F ratbio
Total 0.97 23

Block 0.04 2 0.02 14.3%%
Treatmen b 0,91 T 0.13 92, 8#*
v 0.38 1 0.38 271, 4%%
N 0.45 3 0.15 107, %%
VN 0.08 3 0.03 21, 4%
Error 0.02 14 0,0014 -

Appendix 20

Anslysis of variance for nltrogen content of straw

e e s me e S e o e e A e me e e e WO M e e D we e e e e mma

Source S.8. e Variance F ratio
Total 0.555 23

Block 0.029 2 0.015 16,6
Treatment 0.513 T 0.072 80, 07%
v 0,033 1 0,033 36.6%%
N 0.397 3 0.132 146,6%#
VR 0.083 3 0.028 31, jx*
Errore 0.013 14 0.0009 -

*#% Significant ab 1 percent level



Appendiz 21

Anglysis of variance for phosphorus content of straw

e me e W M oo m e o me o wn Oe e mm ew e e e mr m Ge Ow am e e mmam

Source 5.3, Dg Variance F rzbio
To b2l 0.144 23

Block 0.002 2 0.001 1.1
Treatment 0.130 7 0.180 200,0**
v 0.003 1 0.003 3.3

N 0. 080 3 0.027 30,0%%
VN 0,047 3 0.016 17.7>%
Error 0.012 14 0. 0009 -

M em mm am e e e am am e MR e ome e ur e e e e e mm o e me e = emem

Appendix 22

Analysis of veriance for pot~ssium contenbt of siraw

Source 5.8, g Variance F ratio
To b=l 3.23 23

Block 0.04 2 0.02 1
Treatuent 3.06 7 0.44 4,9%
v 0.04 1 0.04 1

N 1.85 3 0.62 64 9%%
N 1.17 3 0.39 443%
Errox 0.13 14 0.09 -

S am mr e ms e em e O e BB ew ea e aw i v e MR M em aa e e o= mm e R

* Bignifiomnt al 5 percent level
“% Significent at 1 percenb level
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