
c. c_ «• /\i © * 1 1 1 O k Z

6 5 0
c S ft^/EV-

EVALUAT10N OF LO W CO ST  A G R O N O M IC  

TECH N IQ U ES  FOR SU STA IN ED  

RICE PRODUCTION

By
S R E E D E V I ,  PiVI

THESIS
submitted in partial fulfilment o f  the 

requirements for the degree

SJortor of IBlhlojSopfjp in A g r i c u l t u r e
Faculty o f  Agriculture  

Kerala Agricultural University

Departm ent o f  A gron om y  
C O LL E G E  OF H O R T IC U L T U R E  

Vellanikkara - Trichur
Kerala - India

1985



DECLARATION

I hereby declare that this thesis entitled 
"EVALUATION OF LOW COST AGRONOMIC TECHNIQUES FOR 
SUSTAINED RICE PRODUCTION" 1© a bonafid® record of 
research work done by roa during the course of the 
research and that the thesis has not previously formed 
the basis for the award to me any degree, diploma, 
essociateship, fellowship or other similar title of any 
other University or Society*.

Vellanikkara, 
Z&— 12— 1965 P.SRSJSDEVI 

(Ad.No* ©0-21-02)



CERTIFICATE

Certified that this thesis entitled 
"EVALUATION OF LOW COST AGRONOMIC TECHNIQUES FOR 
SUSTAINED RICB PRODUCTION1* is a record of research 
work done independently by Smt* P. Sreedevi under sty 
guidance end supervision and that it has not 
previously formed the basis for the award of any 
degree, fellowship or associateship to her-

Chairmen, 
Advisory Committee, 
Professor and Head, 

Department of Agronomy, 
College of Horticulture, 

Vellenikhare.
Vellanikkara, 
2&— 12r-1985-



CERTIFICATE

We, the undersigned members of the Advisory 
Coaroittee of Smt. F.Sreadevi (60-21-02) a candidate for 
the degree of Doctor of Philosophy in Agronomy* agree 
that the thesis entitled "Evaluation of low cost 
agronomic techniques for.sustained rice production” may 
b© submitted in partial fulfilment of the requirement 
for the degree*

Dr.C.Sreedhpran---Chairman

Or.K.Karunakaren, 
Professor of Botany* R.a .r .s .* Pattsmbi,

Dr.H•Sedanandan* 
Director of P.O.studies 

Vellanlkkara.

Professor & Head,
Dept, of Soil Science St Agrl. Chemis try,
College of Horticulture, Vellanikkara.

Dr.R.Vikremtn Hair, Professor of Agronomy, 
Collego of Horticulture# Vellanikkara•



acknowledgements

X express ray deep vans* of gratitude and 
Indebtedness to Dr.C.Sreedhar&n, Professor end Heed, 
Department of Agronomy, College of Horticulture end 
Chairmen of the Advisory Comuittee for his valuable advice 
and critical suggestions in the course of this investigation,

X sra grateful to Sri.N.RaJappan Hair, Associate 
Director, Regional Agricultural Research Station, Pattaeibl 
for providing the land and labour facilities needed for 
the conduct of the field experiments.

I an indebted to Dr.K.Kerunekaran, Professor of 
Botany, Regional Agricultural Research Station, Pettwbi 
for his sincere help and encouragement at various stages of 
this investigation •

X place on record my gratefulness to Dr. N. Sedan end an, 
Or.R.S.Aiyer end Dr.R.Vlkramin Hair for thalr valuable afvice 
and suggestions as mambera of the Advisory CWmittee.

1 wish to thank Dr.(Mrs.J P.Pe<taaja. Co-orainator 
(Soils ana Agronomy). Dr.(Mrs.) N.p.Chinnmne ana 
Srl.V.K.Gopinathan Unnlthan, Aasoolata Professors for 
offering their generous help auring thecourse of my vork.

n *_ 1 "  th*DlC£Ul to P., Assistant ProfessorDepartment of Agricultural r. fl*°rfor th- hDin a 1 : statistics. College of Horticultureror the help in data processing.



The help end co-operation rendered by my friend* 
Smt.Savithri K.E* end Smt.Suaharaa P.K,, Assistant Professors 
ere gratefully acknowledged*

My thanks ere alta due to Sri• D.Alexander, Associate 
Professor, Regional Agricultural Research Station# Pattambi; 
Srl.Ashokan P.K»# Sri,KrlshnSkumar, V*, Dre.Sudhakare, K.# 
Oalachandran P*V„, Mohankumar Q.« Abraham C.T., Erat. E.K. 
Lalitha Bai and Kum.Mercy George for their help and 
co-operation at various stages*

X era thankful to ell my friends and family members 
who have given encouragement for the ccraplefct̂ n of this 
venture*

X am also thankful to Sri.Asokan V.P.# for neat 
typing of this manuscript.

X gratefully acknowledge the Kerala Agricultural 
University for granting mo study leave for undergoing this 
study.

Above all, X thank 'The Almighty* for his abiding 
presence and blessings without which this work would not 
have been possible.

SREEDEVI, P.



CONTENTS

INTRODUCTION 

REVIEW OF LITERATURE 

MATERIALS AND METHODS 

RESULTS AKD DISCUSSION 

SUMMARY

REFERENCES

APPENDIX

ABSTRACT

1

S

42

59

246

1 -



LIST OF TABLES

Table Mo. Pag#

1 Chemical properties of soil ,. 44
2 Duration of the crop In different seasons 52
3 (a) Height of plants at panicle Initiation stage

as Influenced by fertiliser and spacing levels,
Virippu 1902 60

(b) ** Virippu- 1983 60
(c) ° Mundakan 1982 61
(d) “ Mundakan 1963 61

4 <a) Height of plants at harvest as influenced by
fertiliser and spacing Icvols.

Virippu 1982 62
(b) ” Virippu 1983 62
(c) * Mundakan 1932 63
(d) " Mundakan 1983 63

5 (a) Humber of tillers a“2 at panicle initiation
stage as influenced by fertiliser and spacing
levels, Virippu 1982 66

(b) ° Virippu 1983 66
(c) u Mundakan 1982 67
(d) " Mundakan 1963 67

6 (a) Humber of tillers m~2 at harvest as influencedby fertilizer and spacing levels.
Virippu 1982 68

(b) -M Virippu 1983 68
(c) " Mundakan 1982 69
(d) " Mundakan 1983 69



7 (a) Leaf area Index (LAI) at panicle Initiation
stage as influenced by fertiliser and spacing levels.

Virippu 1982
to) " Virippu 1983
to) " Mundakan 19B2
to) " Mundakan 1903

8 (a) DMP at harvest (kg ha"1) as Influenced byfertllisar and spacing levels. vlrippu 1902
to) " Virippu 1983
to) u Mundaken 1982
to) n Mundakan 1983

9 (a) Number of panicles"*"2 as influenced by
fertiliser and spacing levels, virippu 1982

to) " Virippu 1983
to) ° Mundakan 1982
to) H Mundaken 1983

10(a) Number of filled grains panicle"1 as influenced by fertiliser end spacing levels.
Virippu 1982

to) *» Virippu 1983
to) " Mundakan 1982
to) " Mundakan 1983

11(a) Thousand grain weight (g) as influenced by 
fertiliser and spacing levels.

Virippu 1982
to) B Virippu 1903
to) " Mundakan 1982
to) M Mundakan 1983



12 (a) Sterility percentage as influenced by
fertilizer and spacing levels.

Virippu 1982
(b) “ Virippu 1983
(c) ** Mundaken 1982
(d) * Mundaken 1903

13 (a) Grain yield (kg ha"1) as influenced by
fertiliser and spacing levels*

Virippu 1982
(b) ° Virippu 1903
(c) * Mundakan 1932
(d) M Mundaken 1983

14 (a) Correlation coefficients between grain yield
and yield attributes

(b) Correlation coefficients between plant
population yield attributes and grain yield

<c) Direct end indirect effects of causative 
factors on groin yield ••

15 Economics of specing trial (Trial I) «.

16 (a) Straw yield (kg ha"1) as influenced by
fertiliser end spacing levels.

Virippu 1902
(b) ** Virippu 1983
(c) ° Kundekan 1902
(d) n Mundakan 1983
(e) Correlation coefficient# between straw yield growth attributes and 2MP ..

17 (a) Harvest Index (HI) as Influenced by fertiliser
and .pacing levela. Virippu 198a

(b) u Virippu 1983
(c) u Mundekan 1982
(d) " Mundakan 1983

92
92
93 
93

96
96
97 
97

103

105

106 

108

110
110
111
111
113

116
116
117
117



18 (a) Protein content of grain {%) as Influencedby fertilizer and spacing levels.
(Pooled data for virippu 1982 and 1983) ..

(b) Protein content of grain (S) as influenced 
by fertilizer and spacing levels (Pooled 
data for Mundakan 1982 and 1983) ..

19 (a) N uptake (kg ha as influenced by
fertilizer and spacing levels.

Virippu 1982
^  " Virippu 1983

H Mundakan 1982
" Mundakan 2983

20 (a) P uptake (kg ha"1) as influenced by
fertilizer and spacing levels.

Virippu 1982 
Virippu 1983(b)

(c)
<d) »
^  " Mundakan 1982

Mundaken 1983

21 (a) K uptake (kg ha"1) as influenced by 
fertilizer end spacing levels.

Virippu 1982
*b) ** Virippu 1983£ j w' \ Mundakan 1982

" Mundakan 1983(d)

22 (a) Kesiduol organic carbon content (%) of
levels* in*luenead fMtlllBBr and .pacing

Virippu 19Q2
J I Virippu 1983

C " Mundakan 1982
Mundakan 1983

118

118

121
121
122
122

123
123
124 
124

125
125
126 
126

128
126
129
129



23 (e) Residual R content of soil (kg h o )  as
influenced by fertilizer and spacing levels.

Virippu 1982
(b) M Virippu 1983
(c) 13 Mundakan 1982

n Mundakan 1903

24 (a) Residual K content of soil (kg he"1) es
influenced by fertiliser and spacing levels.

Virippu 1982
te) “ Virippu 1983
(c) “ Mundakan 1902

" Mundakan 1983
25 (e) Height or plants (cm) et panicle initiation 

etsge as influenced by fertilizer .levels, ege end number of seedling* hill-1
Virippu 1982 

" Virippu 1983
fc) ” Mundakan 1982
^  ** Mundakan 1983

26 (a) Height of plants (cm) et harvest es
influenced by fertilizer levels, age and number of seedlings hill"1

Virippu 1962
(b) * Virippu 1983

M Mundakan 1982
M Mundaken 1983

27 (a) Humber of tillers a"2 et panicle Initiation
stage es influenced by fertilizer levels, ege and number of seedlings hill-1

Virippu 1982
" Virippu 1983
" Mundaken 1982

^  ** Mundekon 1983

130
130
131 
131

132
132
133 
133

136
136
137 
137

138
138
139 
139

141
141
142 
142



28 (a) Humber of tillers m at harvest as
influenced by fertilizer levels, age end 
number of seedlings hlll^1

Virippu 1982
<b) ° Virippu 1983
to) '* Mundakan 1982
to) w Mundakan 1983

29 (a) Loaf area index (LAI) at panicle Initiation 
stage as influenced by fertilizer levels, 
age and number of seedlings hill”1

Virippu 1982
to) * Virippu 1983
to) " Mundakan 1982
to) ** Mundakan 1983

30 («} Dry matter production rice (kg ha"*) at
harvest, as influenced by fertiliser levels 
ag© and number, of seedlings hill-1.

Virippu 1982
to) B Virippu 1983
to) M Mundakan 1982
to) ° Mundakan 1983

31 (a) Humber of panicles m”2 as Influenced by
fertiliser levels, ege and number of seedlings hill-1,

Virippu 1982
to) ” Virippu 1983
to) ” Mundakan 1982
to) M Mundakan 1983

32 (a) Hurnber of filled grains panicle"1 as
influenced by fertilizer levels, age and number of seedlings hill-1

Virippu 1982
(b) rt Virippu 1983
to) * Mundakan 1982
to) " Mundakan 1983

143
143
144 
144

147
147
148 
148

150
150
151 
151

153
153
154 
154

158
158
159 
159



33 (a) thousand grain weight (g) «3 influenced by
fertilizer levels# age and number of 
seedlings hill”1 Virippu 1902 162

(b) n Virippu 1983 162
(c) " Mundakan 1982 163
(d) 11 Mundakan 1983 163

34 (a) Grain yield (kg ha'"*) as influenced by
fertilizer levels# age and number of 
seedlings hill”1

Virippu 1982 165
(b) " Virippu 1983 165
(c) p Mundaken 1982 166
(d) “ Mundakan 1983 166

35 (a) Strew yield (kg ha~*) es influenced by 
fertilizer levels# age and mrnber of 
seedlings hill-1. Virippu

Cb) - Virippu
(c) " Mundakan
(d) ” Mundakan

1982
1983
1982
1983

170
170
171 
171

36 (a) Harvest index (HI) as influenced by
fertilizer levels# age and number of 
seedlings hill-1 Virippu 1982

(b) * Virippu 1983
(c) M Mundakan 1982
(d) 0 Mundakan 1983

37 (a) Protein content of grain (%) as influenced
by fertilizer levels# age and number of 
seedlings hill--1

Virippu 
Virippu(b)

(c)
(d )

Mundakan
Mundakan

1982
1983
1982
1983

174
174
175 
175

177
177
178 
178



38 (a) M uptake (kg ha ) 
fertilizer levels# 
seedlings hill**

(b)
(c)
(d)

as influenced by 
age and number of

Virippu
Virippu
Mundakan
Mundakan

39 (a) P uptake (kg h a )  sc influenced by 
fertilizer, levels# ago and number of seedlings hill"1

Virippu
(b) ” Virippu
(c) '0 Mundakan
(d) ” Mundakan

1982
1983
1982
1983

1982
1983 
1962 
1983

40 (a) SC uptake (kg ha ) 
fertiliser level's# 
seedlings hill**

(b) «
(c)
(d) 0

as influenced by 
age and number of

Virippu 1982
Virippu 1983
Mundaken 1982
Mundakan 1983

41 (4) Residual organic carbon content (%) of 
soil as influenced by fertiliser levels# 
age and number of seedlings hill*1

Virippu 1982
(b) “ Virippu 1983
<c) M Mundakan 1982
<d) " Mundakan 1983

42 (a) Residual P content of soil (kg ha, ) as 
influenced by fertilizer levels# age and number of seedlings hill*1

(b)
(c)
(d)

ft

Virippu
Virippu
Mundakan
Mundakan

1982
1983
1982
1983

180
180
181
181

184
184
185 
185

187 
167
188 
188

190
190
191 
191

192
192
193 
193



43 (a) Residual K content io£ soil (kg ha" ) as
influenced by fertilizer levels# age and 
number of seedlings hill"1 Virippu 1902

(b) <» Virippu 1983
(c) « Mundakan 1982
(3) ** Mundakan 1983

44 (a) Height of plants (cm) at panicle initiation
stage as influenced by fertilizer end azolla 
levels. Mundakan 1982

(b) w Mundakan 1984

45 (a) Height of plants (cm) at harvest es influenced
by fertilizer and azolla levels.Mundakan 1982

(b) o Mundakan 1984

45 (a) Slumber of tillers m"2 as panicle initiation 
stage os influenced by fertiliser and azolla
levels. Mundakan 1982

(b) « Mundakan 1984

47 (a) Humber of tillers®"2 at harvest as influenced
by fertiliser and azolla levels.

Mundakan 1982
(b) « Mundakan 1984

48 (o) Leaf area index (LAI) at penicl© initiationstage as influenced by fertilizer and azolla
levels. Mundaken 1982

(k) « Mundakan 1984

49 (a) Dry matter production of rice (kg ha ) asinfluenced by fertiliser and asolla levels.
Mundekan 1982

(b) ** Mundekan ' 1984

194
194
195 
195

197
197

198
198

202

202

203
203

205
205

208
208



50 (a) Number of panicle* ra~2 as influenced by
fertiliser end esolla levels*

Mundekan 1902
(to) 0 Mundaken 1984

51 (a) Number of filled grains panicle”* ss influenced
by fertiliser and azolla levels.

Mundaken 1982
(to) ** Mundekan 1964

52 (s) Thousand grain weight (g) as influenced by
fertiliser end azolla levels*

Mundaken 1982
(to) 9 Mundekan 1984

53 (s) Sterility percentage as influenced by
fertilizer end esolla levels.

Mundekan 1982
(to) " Mundekan 1984

54 Crain.yield (kg ha**) as influenced by 
fertilizer and azolla levels (Pooled data for Mundakan 1982 and 1984) .*

55 Economics of esolla trial (Trial XIX) ,.

56 Straw yield (kg he***1) es influenced by 
fertilizer and azolla levele (Pooled data 
for Mundakan 1982 end 1984)

57 (a) Harvest index (HI) as influenced by 
fertilizer end.azolla levels

Mundakan 1982
(to) ** Mundakan 1984

211
211

214
214

216
216

218
218

219

22$

228

230
230

58 Protein content of grain (X) as influenced
by fertilizer and azolla levels (Pooled data
for Mundakan 1982 and 1984) ., 232



59 (a) H uptake (kg he““) es influenced by
fertiliser and azolla levels.

Mundaken 1982
tb) " Mundekan 1984

60 (s) P uptake (kg bs"1) as influenced by
fertilizer end azolla levels.

Mundakan 1982
^  " Mundakan 1984

61 (a) K uptake (kg ha"1) as influenced by
fertilizer and azolla levels.

Mundakan 1962
b̂) " Mundekan 1904

62 (a) Residual organic carbon content (5fi) of
soil es influenced by fertilizer and esolla levolo. Mundakan 1982

(b) ** Mundakan 1984

63 (a) Residual p content of soil (kg ha"1) as
Influenced by fertilizer and azolla levels

Mundakan 1982
(b) Mundakan 1984

64 (a) Residual K content of soil (kg ha*1) as
influenced by fertilizer and azolla levela.

Mundakan 1982
tb) " Mundakan 1984

234
234

236
236

237
237

240
240

242
242

244
244



LIST OF FIGURES

Layout pi on of Trial Ho. I.
Layout plan of Trial Ho. IX.
Layout plan of Trial Ho. III.

Dry matter production and nutrient uptake at 
harvest as influenced by fertiliser end spacing levels.

Yield attributes as influenced by fertiliser 
end spacing levels in virippu and mundakan 
seasons (1962 L 1963).

Yield of grain* straw and protein content as 
influenced by fertiliser and spacing levels In virippu and mundakan saesons (1962 & 1983).

Relationship between fertilizer levels and grain 
yield during virippu season and mundakan season. (Trial Ho.l).

Response surface showing dependence of grain 
yield on fertiliser and plant population (Trial Ho.I).

Path diagram — Direct and Indirect effects of causative factors on grain yield.

Yield of grain* straw and yield attributes as 
influenced by fertiliser levels* ege and number of seedlings hill-* in virippu season (1982 & 1963).

Yield of grain* straw and yield attributes as 
influenced by fertilizer levels* age and numbor 
of seedlings hill“* In enindakan season (1962 & 1983).



d)nitoduction



XHTOODUCTIOH

Population growth and food deficit would 
still be tho greatest challenges for humanity in the 
decades to costa* Even today more than half a 
billion people suffer chronic malnutrition and hunger 
for shortage of food* By the turn of this century* it 
ia projected that tho world population will be around 
six billion and for more than half of thorn, rice forma 
the staple food.

Mice production will have to be doubled to 
keep pace with the increasing population in Asia by 
2000 A ‘D* ‘ ia estimated that an annual increase of 1.3 
million tons of ric© is necessary to meet the needs of the

i

teeming rice eating millions. The sky rocketing prices 
of fossil fuel dependent inputs is the major constraint 
to increased rice production. Therefore it is urgent to 
explore possibilities of employing various technological 
alternatives to substitute the expensive energy intensive
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food production technologies♦ Development of agronomic 
techniques to help economise the use of chemical 
fertilizers — th© most expensive energy input in food 
production ©specially in developing countries, is highly 
welcome <

She selection of proper variety suited to a 
particular situation is of prime importance# Most of the 
modern varieties give high yields only whan they arc grown 
under ideal conditions of soil, water supply and nutrients 
and wall protected from their natural enemies# These 
varieties elao possess the advantage of high fertiliser 
responsiveness. But the farmers often cannot afford the 
amount off fertilisers required by tee modern varieties to 
express their full yield potential# They need a variety that 
will giv© a fairly good yield with a moderate amount of 
fertiliser application, which can exploit and utilize both 
soil and fertiliser nutrients efficiently. IR 42 la ouch a 
variety which combines high yield potential with tee capacity 
to yield well at low nutrient levels (XRRX, 1976). It has 
good egroncroic characteristics as well as moderate drought 
end submergence tolerance end resistance to major pests 
and diseases.

The important low cost factor next to varietal 
selection is plant population* With tea sane level off
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nutrition end water higher plent population gives higher 
yield in many crops. The modern varieties of rice with 
dwarf stature are more responsive to high plant population 
per unit area. However# overcrowding of plants is also 
not desirable as it invites tremendous competition among 
the crop plants and incidence of peats and diseases. This 
inturn necessitates# the maintenance of an increased optimum 
plent population to utilize the high coat inputs efficiently.

Seedling ego and number of seedlings per hill ere 
two other important ncn-monetery/lowcost inputs in transplanted 
rice crop. Seedlings of proper ege must be planted in 
right number to utilize the exponsiVQ energy inputs with 
utmost efficiency.

Nitrogen though most abundant in the atmosphere 
is the king pin in fertilization limiting the yield of wet 
land rice, nitrogen fertilizer being a high fossil fuel 
dependent input# the use of any supplemental organic 
source will cut down the cultivation expenses of the 
farmer, - Recently great attention Is being given to the 
Azdlla~enabaene associations as a potential nitrogen source 
in rice culture. Tho incorporation of atolle has reported 
to increase rice yields from 13~54%. Compared to other 
organic manures# this biofertilizer mineralises more
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rapidly and nitrogen made available to plants early.

Three separate field experiments were conducted- 
with low fertiliser dose* in combination with organic 
matter application through esolla end with high density of 
plant population. The approach made is to optimise the 
yield with minimal costly inputs end increasing non-monetary 
and low cost inputs.

Xn a developing country uuco the agricultural 
scientists are thus facing a tremendous challenge to devise 
most appropriate end economically feasible rice production 
techniques to achieve sustained high yields. Hence the 
present investigation was undertaken with the following 
objectives.

1. To assess the performance of IR 42 - a low 
fertiliser responsive variety, under different fertiliser 
management situations.

2. To evaluate the-offeet of ege of seedlings and 
plant population through spacing and number of seedlings and, 
to arrive at an optimum combination of both in the above 
variety.

3* To estimate th© extant of economy of fertilisation 
by the integrated us® of Azolla.



Review ojj Jiitet&tuze



5

REVIEW 07 LITERATURE

With the advent of the modern era of high 
yielding rice varieties there was a spurt in nutritional 
studies on rice in 1960'a# moat o£ them being oriented 
towards the response of these varieties to higher levels
of H# P and Km Such trials have been confined to the short
and medium duration varieties. In recent years, however# 
the escalating prices of fertilizers and a fear of shortage 
of fossil fuel dependent Inputs have made many to take
up work on the possibility of reducing the uss of fertiliser

i
inputs. There is also a need to make the technology more 
suitable for the small end marginal farmers. Hence it was 
proposed to investigate the poasibilltlee of economising the 
fertilizer dose in a low fertilizer responsive modem 
variety by using suitable non-monetary and low cost 
inputs. The review pertaining to the different aspects of 
the investigations are given below.

1. IR-42 - A low fertilizer responsive variety

Cultivation of the right type of variety ia 
essentially a non monetary Input and it is the first step 
in production technology (Filial and Ratysl# 1977)• Each
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variety of a crop represents different; genetic consti­
tution of a varying potentialities of yield and other 
economic char actor a* tinder the present day situation of 
continued price rise of fossil fuel dependent inputs,
XR 42 appears to be a good choice of modern rice variety 
for small farmera to date because it has the capacity to 
extract and utilise both soil and fertiliser nitrogen 
efficiently. The consistency of XR 42*s relatively high 
yield without nitrogen fertilizer makes it a suitable 
variety for low fertility conditions (XRRX, 1978). It 
greatly outylolded two earlier modern varieties# IR8 end 
XR 26# et 0 end 60 leg K/ha"^ in the dry and wet seasons of 197? 
at XRRX. Xt also geve high yields in femora fields at

t

0 and 16 kg U/ha*"^ • The average yields of XR 42 without 
nitrogen fertilizer at throe sites in Laguna Province in 
1978 were 5*1 t ha“* in tho dry season end 5.8 t/ha“* In 
the wet season compared with XR-8 's 4.7 t/ha“* and 4*8 t/ha“* 
(IRRX 1978, Khush et el.. 1979).

Xn a trial with five varieties of. Hashes clay 
with no N, P, K fertilizers XR 42 gave the highest yield 
of 4.6 t/beTl  (?oan«operusja, 1979).

Thus nitrogen use efficiency of XR 42 will be 
a great boon to the small farmers of South and South oast Asia
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where most rice lends ere nitrogen deficient end rice 
producers cannot afford large amounts of fertilisera.
Hence rice types such es XR 42 will enable small farmers to 
obtain stable yields In unfavourable environments «lso 
(Mehadeyeppa et el,, 1979),

2* Rice nutrition

Among the various nutritional elements needed 
by rlc® nitrogen Is the moot Important one limiting the 
yield of wet land crop. Moot rice lands in South and South 
East Asia except those of Malaycsia are deficient in nitrogen 
(Kawaguchi end Kyurae, 1977)•

Considering the coot of manufacture, production
of one kg of urea requires 14,300 K cul (including mining
and transport), Thus nitrogen fertilizer applied as urea

•  1at the rate of 120 kg ha consumes an energy of 1,7 million 
K cal ha * the equivalent of 160 litres or -ten barrels of 
petroleum ha  ̂ (FFTC, 1984)• Hence any amount of saving 
in terms of nitrogen fertilizer alone will definitely cut 
down the coat of cultivation,

2,1 Nitrogen fertilization in rice

Universal response for nitrogen is observed in 
wet lend rice culture.
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The favourable response to nitrogen is achieved 
through it® Influence bn growth end development of 
morphologies1 characters, yield components and th© metabolic 
functions In rice plant (Rurota, 1969)*

2*l*e. Sffect on growth characters

A linoor increase in plent height was ©bsarved by 
several investigators due to the application of graded levels 
of nitrogen (Balasubremanian, 1980; Scthssivan, 1980 and 
IPadalia, 1981). But Sunus and Sadegu© (1974) reported that 
plant height was unaffected by applied nitrogen.

Kuntura (1956) observed © positive correlation 
between the number of tillers end tho nitrogen content during 
the tillering stage, An increase in tho number of tillers 
with increase in the amount of applied S was reported by 
Oshime (1962). Kalynnlkutty et al» (1968) found a positive 
correlation between the number of tillers and 8 levels. 
Chandler (1969) is also of th© opinion that tillering in 
rica is highly influenced by th© nitrogen level in th© soil* 
However# Reo (1963) and Hair (1968) could not obtain a 
significant increase in tiller number with increasing rates 
of nitrogen application*
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Hurst© (1969) observed higher leof area index 
{hhZ) with Increase In nitrogen levels especially before 
panicle initiation. According to Fagede end Do D&tta (1971) 
end Tanaka (1972) higher I*AI values con be obtained by 
increasing the nitrogen application and plant density.
Tho &A2 of rlco plants was more at higher levels of nitrogen 
(Tenaka, 1972 ISsnggawara Reo ot ®1., 1972f Remeswamy, 1975; 
ftaju, 1979; end Sathaaiven* 1980).

2.1.b Effect on yield and yield attributes

ft cm anil jam and Sehhcram ftao (1971) concluded that 
number of panicles per hill was increased by higher levels 
of nitrogen. Simus and dadegue (1974) and Sreekuraaran (1981) 
could also observe © similar trend.

Kumure (1956) observed a close correlation 
between the number of spikelots panicle end average ft 
content of leaf blades one to four weeks fcafore heading. 
ShimisuS (1967) found a close relationship between number 
o£ spikelets per unit area end the amount of ft uptake by 
the plant upto heeding. Dayanand et el. (1972) and Vorma 
and Srivastava (1972) reported that ths number of grains 
por panicle increased with increase in nitrogen level. 
ftQlecubremonien (1980) also obtained similar results. 
According'to Sunus. and ScSevm (1974) number c£ filled grains
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par panicle was unaffected by nitrogen levels,
Rameswamy (1975), Sashadri ©fe all (1976), Eatarajan and 
Arunachalam (2979) and Sathasivan (2960) also could observe 
similar trend*

Thousand grain weight was more at higher levels 
of nitrogen (Ahmed and Fais, 1969 and Lenka, 1969),
On th© other hand, Eunus and S&deque (1974) concluded that 
thousand grain weight was unaffected by nitrogen levels.

Kalyenikutty et al* (1968) reported an increase 
in th© sterility percentage with higher doses of nitrogen. 
Similar results were also reported by Eukherji et al.(l968), 
Hair (1968), Muthuswamy et al. (1972), Eunus and Sadegue (1974).

2. Yield

According to Ysraada (1959) the tall hybrid
culture responded poorly to low levels of soil fertility,
but expressed high yield potential at higher levels of
fertilisation. Potty (1964) obtained significant increase
in grain yield with increase in dose of nitrogen.
Subramaniem (1965) recorded yield response to nitrogen upto 

“127 kg ha in a tall long duration variety. Lenka end 
Behera (1967) observed significant increase in yield upto 
120 kg nitrogen ha"1 in dwarf types and upto 80 kg ha”1 in
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local varieties* Sood er.d Singh (1972) recorded higher 
grain yield in tall indica rice vith an increase in the 
level of H from 0 to 90 kg ho"1.

Tanaka (1958) could not observe any apparent 
increase in grain yield vith higher levels of applied 
nitrogen in both Indies and japanica varieties* Similar 
results ware,reported by Hair (1968).

Strew yield was found to be increased by higher 
rates of nitrogen application (Potty, 1964, Sehu end Lenka, 
1967, Lenka and Behera, 1967)* Hair (1968) and Place et al. 
(1970) also observed similar results. But Gopalekrishnan 
et al. (1970) end Daniel (1971) could not notice any 
significant effect of nitrogen levels on the yield of straw.

Thus from the above* review it is seen that H 
fertilisation had a positive influence on growth character*, 
yield attributes such as number of panicles a"2, thousand 
C^rlgroin weight and yield of grain and straw whereas number 
of filled grains penicle"1 was not much influenced. Higher 
sterility percentage was also associated vith higher 
n levels.
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2.2 Phosphorus fertilisation in rice

Phosphorus'has a key role in rice nutrition.
Rice plant needs a continuous supply of phosphorus 
throughout the growth period, especially before end during 
tillering and before formation of the flower primordia.
An adequate supply of phosphorus at the beginning of growth 
promotes root development end thus tolerance possible 
dry spells. Apart from this# it encourages active 
tillering, early flowering and ripening with higher thousand 
grain weight (Atanasiu; end Saray, 1983) . By Increasing the 
phosphorus content of grains through phosphorus application 
the quality of grain will bo improved.

2,2.a. Effect on growth and growth characters

Tanaka et al. (I960) observed taller plants 
with increasing levels of phosphorus upto ten ppm. According 
to Potty (1964) application off phosphorus influenced the 
height of plants only in the vegetative stage. Place et si. 
(1970) ©hd 1̂-1̂ (1974) also obtained similar results.

Enyi (1964) reported an increase in the number 
of tillers with higher levels of phosphorus application. 
According to Potty (1964) increase in tiller production 
with increasing levels off phosphorus was observed only in the
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vegetative stege. Lusenandana and Suwanaweong <1967) 
also noticed higher tiller number with higher doses of 
phosphorus application.

2.2.b. Effect on yield and yield attributes 
(i.) Yield attributes

Sreenivasulu and Pawar (1965) could not observe 
any significant affect of levels of applied phosphorus on
panicle production. Place et al. (1970) also observed
similar results.

A marked increase in the number of groins per 
panicle due to phosphorus application upto 14 kg ha"1 
was recorded by Potty (1964), On the other hond. Cafeely (i960) 
ana Rao et al. (1974) could not observe any influence of 
phosphorus application on the number of filled grains.

Thousand grain weight was seen to be unaffected 
by applied phosphorus (Potty, 1964 and Rao at al., 1974).
But, Place st al. (1970) registered a decrease in thousand 
grain weight with increase in levels of phosphorus.

According to Potty (1964) varying levels of 
phosphorus hed no influence on sterility percentage.
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(2) Yield

Increased grsin yields with increasing levels 
of phosphorus was reported by Enyi (1964). Subremanian 
(1965) recorded response to phosphorus application upto

' in long duration varieties. Sahu (1965) also 
observed increased grain yields with higher levels of 
phosphorus application upto 45 Kg ha1. On tho other hand 
Vljoyan and Menon (1965) did not notice any significant 
effect of phosphorus on grain yield in two tall varieties.

straw yield was found to be Increased with the 
application of phosphorus upto \2o Vkg -ha"—  (Krishnajrao 
•t al.# 1962). Sahu (1965) concluded that application of 
higher rates of phosphorus had little influence on strew 
yield. From tho above review# it is seen that phosphorus 
fertilisation had a favourable effect on the growth attributes 
and yield of grain and straw while little effect was noticed 
on the yield attributes,

2.3 Potassium fertilisation in rice

Potassium plays an important role in the nutrition 
of rice. It has a positive influence on tillering and on 
the else and weight of grains. It Is associated with the 
synthesis and tronslocatlon of carbohydrates end grain



15

development. Further# It renders resistance to pests# 
diseases end to adverse climetic conditions by strengthening 
and stiffening of plant cells.

2.3.a. Effect on growth and growth characters

According to B&veppa and Reo (1956) plent height 
was Increased with increase in potassium application.
Similar results ware reported by MuKherJi'efc al* (I960) •
But Potty (1964) could not notice any influence of potassium 
levels on tho height of plants while Sehu and ManoranJ an 
Ray (1976) recorded a reduction in plant height with 
potassium application*

Increase in tiller number with increase in levels 
of potassium was observed by Baveppa and Rao (1956) whereas 
Potty (1964) and Kukherji et al* .(1968) could not obtain 
any favourable effect of potassium on tillering.

2.3*b# Effect on yield and yield attributes 
1* Yield attributes

Panicle number was found to be increased with 
potassium application (Bavappa and Rao# 1956)* 8ahu and 
Manoranjan Ray (1976) also reported similar results*

According to Bavappa and Reo (1956) potassium 
application increased the number of filled grains penicle"^
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and thousand grain weight. Sreekumaran (1981) recorded 
more number of filled grains panicle"1 at the highest dose 
of potassium tried (90 kg/ha). He observed maximum thousand 
grain weight at 70 kg he 1 of potassium. But Potty (1964) 
did not find any positive influence of potassium on the 
above characters.

(2) Vield

In pot. culture trials, Tanaka (1966) recorded increase 
in yield with potassium levels upto 200 ppm in the tall 
indica variety Pete. Kanvar and Grewal (1966) end Sahu 
end Roy (1976) also obtained similar results. Mahapatra 
and Prasad (1970) recordod an average response of 472 to 
1353 kg grain ho“ with potassium application in modern 
varieties. Sreekumaron (1981) obtained highest grain yield 
at 45 kg potassium he 1 whereas Guar and Singh (1982) 
noticed a reduction in grain yield with higher levels of 
potassium tried.

iisakimuthu et al. (1975) observed en increase in 
straw yield with increase in levels of applied potassium. 
According to Sreokumaran (1961) highest straw yield was at 
60 kg potassium ha"1. But, Potty (1964) could not got any 
response in. straw yield duo to the application of higher 
doses of potassium. Potassium fertilisation also possesses
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a favourable effect on the growth* yield attributes and 
yield of rice.

3. Rice nutrition in relation with cultural and 
management practices

3.1 Spacing

According to Yamada (1961) higher planting density 
within limits produced more total biomasa and grain per 
unit area when rice was grown on less fertilized soil*
Under fully fertilized condition* the growth of plent was 
accelerated* the space was covered with leaves* and the 
total biomass production per unit area at harvest became 
constant regerdlocn of its density (Kira et al.* 1959).

3.1.a. Effect on growth and growth characters

Increased plant height was observed with wider 
spacing (Ratnieh, 1937; Vcchhani ot al.* 1961; Mishra, 1976; 
Ibrahim ot al.* 1960). Lei end Xi (1967) reported },”„^her 
plcart height with closer spacings. Taller plants were 
observed under dense stands in the initial stages whereas 
th© sor.c was observed under low density ot maturity 
(Mishiyerc®* 1977). Chang and Su (1977) obtained Increase 
In plant height with decrease in spacing in the semidwarf 
indies rice cv. Cauvery end tea tall local Indies cv. Hesur
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in Saudi Arabia. But Subrcmanion £1965) and Shohi et al. 
(1976) concluded that plent height was unaffected by plant 
population.

Bhaktal (1960) observed increased filler number m
with wider, spacing. Similar results were reported by
Vechhani et al. (1961) also. But Mishra (1976) obtained

»2increased tiller number m with narrow spacings of? 20 x 5 
and 10 x 5 cm.

JMurate ©fc el. (1957) found that narrower the 
spacing, greater the photosynthstic ability at early to 
middle stage of growth. Hcwevor, the relationship was 
reverse in the later stages. Mehrothro et al. (1975) 
reported an increase in LAI with a spacing of 10 x 10 cm
and a decrease in LAI with wider spacing. Mishra (1976)
observed an increase in LAI with narrow spacings of 20 k  5
end 10 x 5 cm. Several investigators like Chang and Su
(19(77), Palanichomy (1976) and Ghosh et al. (2979) also 
found an increase in LAI with closer spacings.

3.1.b. Effect on yield and yield attributes
(1) Yield attributes

Vachhani et al. (1961) obtained higher number of
t»2panicles m under wider spacing whereas Mahapotre (1969) end
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Mahapatra et al. (1971) recorded more number of panicleo 
with closer spacing. Kurup end Sreedheran (1971) reported 
on increase in the panicle cumber m with a spacing of 
15 x 10 cm at 120 leg H ha in the varieties Karuna and 
Annepoorna. Clair end George (1973) also found an increase 
in the number of panicles m with a spacing of 10 x 10 era 
at 120. kg H ha*1.

A reduction in the number of filled groins
“1penicle was reported by Hair and Georg© (1973) in culture 

12035 with a closer spacing of 10 x  10 cm et 120 kg CJ he"1. 
Raj et al. (1974) observed higher numbar of filled
groins per panicle in IR 20 with a spacing of 15 x 5 cm

J fat 200 kg N ha • Mlshra (1976) reported that tho number
of filled grains per panicle was reduced by closer spacings
of 20 x 5 and 10 x 5 on. Palanichaeay (1978) found more

*number of filled grains panicle* with wider spacing at 
140 kg N ha*1.

Seweram et al. (1973) observed on Increase in 
thousand grain weight with closer spacing at 200 kg M ha*1 
whereas Clair and George (1973) found a decrease in 
thousand grain weight with e Closer spacing of 10 x 10 cm 
at 120 kg N ha 1. Mishra (1976) recorded a decrease in 
thousand groin weight under nitrogen constraint with closer
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specinga of 20 x 5 arid 10 x 5 cm. According to 
Palcnlchamy (1978) closer spacing recorded more thousand 
grain weight* Higher thousand grain weight was observed 
in wider spacings ot 140 kg II ha end in closer spacings 
at 100 kg N ha"*.

(2) Yield

Under low fertility atatus highest grain yields
were obtained'with closer spacings of 10 x 10 cm in

Av\d *varieties Pedma, Jaya* BC 6. At 100 kg N ha Padtae gave
the highest yield at a spacing of 15 x 10 cm while Jaye
and BC 6 gave the same at a closer spacing of 10 x 10 cm
at IARI (IAPI, 1969), Mishra (1976) observed higher paddy
yields at spacings of 20 x 5 and 10 x' 5 cm then ot wider
spacings under nitrogen constraint. Peroahar (1976) found
that highest paddy yields of 6.46 t ho"1 was obtained at
7*5 x 7.5 cm end the lowest yields of 3.8 t ha*1 at 30 x 15 ch
in the variety IR 8. Highest yields were reported at
15 x 15 on and 22.5 x 15 cm compared to seven other
specings tried in tho variety SR 26 B (Bhattachory^>,1977).
Chang end Su (1977) reported increased grain yield with
wider spacing in varieties, Cauvery and Haerawi. Ghosh

et al. (1979) observed highest yield at © spacing of
is * IS cm with 50 kg N ha-1 «na at a spacing of 20 x 20 era
with 100 kg N ha-1 in tho variety Pahkaj. Chondraker and
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Khan (1981) found that optimum groin yields of medium 
and late maturing varieties were obtained at a spacing
of 15 x 10 as or 20 x 10 cm and early varieties st
10 x 10 cm* Zn Manipur* highest grain yield was obtained
at 15 x 15 on spacing compared to 20 x 20 and 30 x 30 cm
(Singh et al** 1982)* Zn Kharufiian rice* yields increased
vith increase in K rates and crops grown at a spacing of
10 x 10 cm gave highest yield than those grown at wider

■ (A.spacings (Singh et al** 1982)* Singh J 1982) recorded highest 
yields in narrow spacing of 10 x 10 on compared to IS x 15 
and 20 x 20 cm* Thangtmuthu end Subramaniam (1983) reported

Athat a spacing of 20 x 15 on.(33 plants m ) gave significant
increase in grain yield in wet and dry seasons. Tbeothsrappan

(158+)and Palaniappsn^concludsd that a spacing of 20 x 10 cm was 
best regardless of seedlingOage in the short duration 
variety Rasi. According to Majid et al. (1976) rice yield 
decreased with increased spacing. Sut this effect was
found to be reduced under higher fertility levels end the/
highest mean yield was obtained at a spacing of 15 x 15 cm. 
Shahi et al. (1976) observed no significant difference in 
grain yields at various spacings tried in the variety Jays. 
Singh at al. (1982) concluded that for early transplanting* 
spacing did not affect grain yield in the rice variety 
Hgoba in Meghalaya. Singh (1982) could not observe any

i
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significant, effect of spacing on yield in well reclaimed 
soil* Raju end Reo (1983) also observed no significant 
difference in grain yield due to various spacings*

Sehu et al* (1980) reported that harvest index 
was reduced significantly under high Hitrogen rates end high 
plant density with o spacing of 20 x 20 cm compared to 
60 x 60 cm.

Oubremsnlan et al* (1974) found that the protein 
content of rico was unaffected by levels of nitrogen or 
spacing. However Mishra (1976) reported that closer specings 
decreased the nitrogen content of grain and straw.

From the above review it is evident that the effect 
of spacing on growth, yield attributes and yield of rice 
depend mainly on the duration of the variety* In general, 
short duration varieties require closer specings while medium 
and late duration varieties prefer wider spacings for optiman 
performance*

3*2 Ago of seedlings

Age of seedling is one of the important non-monetary 
input which can influence the production considerably. As 
the purchasing power of inputs of farmers is low, there is 
need to make up this deficiency of Inputs by emphasising the
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adoption of non-monetary inputs (ChhiXler at al.# 1984)*

Seadling age and rnrober of seedlings hill*'^ to be 
transplanted at each hill are two non-monetary/lov cost 
inputs in transplanted rice. The ege and number of seedlings 
should be optimum to derive the maximum benefit from the 
high cost inputs. The optimum ege of seedlings used for 
transplanting in rice also varies vith the duration of 
varieties# season and management practices (Mahspatra and 
lealavathy# 1971).

The age of seedlings used for transplanting varies 
with countries. Trijillo (1961) reported that transplanting 
is done et 40 to 60 days after sowing in Korea. Xn the 
lower plains of Indonesia 35 to 55 days old seedlings are 
planted while 70 to 100 days old seedlings are planted in 
the mountainous regions (VandeQoor# 1953). According to 
Brown (1958) rice la transplanted 45 to 65 days after sowing 
in Mol&yasia# whereas Cada and Talecn (1963) reported the 
use of 25 to 45 days old seedlings in Philippines. Under 
*Peru* condition# even 75 days old seedlings of the locel 
variety *Minabir' can be planted (Benches end Larrea# 1972) 
whereas in Kerala 18 days old sssdlings of short duration 
varieties and 20—25 days old seedlings of medium duration 
varieties are recommended. Under ill drained condition*, 
the long duration varieties like Pankaj# Jaganath# and XR 5
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•re to be planted 30 days after sowing. However, during 
Virippu season, ege of seedlings can go upto 35 days in 
the case of medium duration varieties and 25 days for short 
duration varieties ($KAU ~198lQ).

Barthakur end Gogsi <1974) found that 30 days old 
seedlings are good for transplanting in Jaye and IR 8, 
According to Balesubraconlan et al. (1977) for late planting 
older seedlings off 35-45 days may be used for the varieties 
IR 8 and XR 20.

It is seen from the above review that the 
optimum seedling age in transplanted rice appears to depend 
upon the variety, season and management practices followed.

3.2.a. Effect on growth and growth characters

With different ages of seedlings, increase in ft 
application was seen to increase the height off plants. 
According to Palanichamy (1976) at higher levels off N 
application younger seedlings were found to record more 
plent height. Similarly, Venkataratnan (1981) reported a
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reduction in plant height with aged seedlings. On 
the other hand Sunderarajan (1978) concluded that

plant haight was unaltered by N at any of the age 
levels triad.

Singh and Bhattacheryfa (1975) observed a 
reduction in tiller production with aged seedlings. On 
the contrary, Sundorarajan (1978) concluded that increased 
H levels increased the tiller number oven in 40 days old 
seedlings * Out Saerai (1972) could not notice any signi­
ficant effect of age on tillering.

In medium duration varieties the leaf area index 
increases with tho use of older seedlings. Sunderarejan 
(1978) recorded higher leaf area index values in 30 days 
old seedlings followed by 40, 50 and 20 days old seedlings. 
Kurty and Sahu (1979) could observe a reduction in loaf area 
index at flowering by nine per cant when 60 days old seedlings 
were transplanted in the short duration variety Resl. They 
also reported that significant reduction in leaf ares index
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at flowering was not evident in medium and late maturing 
varieties* ‘Ihaetharcppan (1983) observed that lesaf area 
index was not adversely affected upto 40 days in the early 
maturing varioty, Rasi and 45 days in the late maturing 
variety Co-40,

i «
3.2*b Effect on yield end yield attributes

(1) Yield attributes

According to Sanchez and Larrea (1972) delay in 
transplanting from 30 to 60 days was associated with a 
decrease in the panicle number bill"1. Singh and Bhattacharyya 
(1975) also recorded a reduction in the number of panicles 
with increase in ago of seedlings, Sunderarajan (1978) 
observed highest number of panicles hill"1 with 39 days old

i

seedlinga. But iSeerei (1972) could not get any significant 
influence of eg© on panicle number. Thoetherappan (1983) 
concluded that the number of panicles hill"1 was not advaraaly 
affected upto 40 days in tho early maturing variety Baal 
and 45 days in the late maturing variety Co-40,

Bess number of grains was(. associated with older 
seedlings (Benches end Larrea, 1972). Reduction in the 
number of filled grains per panicle was observed in the case
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of overeged es well es very ycung seedlings (Sundsrarojan* 
1978} whcreee Murty end Sehu (1979) obtained 15-20 per cent 
Increase in filled grains with aged seedlings.

Sanches and Larrea (1972) observed slight decrease 
in thousand grain weight with aged seedlings when planted 
in the second crop season. Decrease in thousand grain weight 
with older seedlings in the second crop season was reported 
by Seshadrl et al.<1976) and Anon (1981) under Kerala 
conditions. However, Sunderarajan (1978} and Menoharan (1981) 
could not observe any significant effect of age on thoussnd 
grain weight. Thus the results do not reveal a constant 
trend and is found to very according to the situation.

(2) Yield

Horsyanaewamy and Nagerathinaa (1966) recorded 
highest grain yields in varieties ASD 5 and A3D 11 with 35 
days than with 25 and 45 days old seedlings. Seorai (1972) 
obtained highest grain yield with 40 days old seedlings in 
the variety Feta. According to Sanchez end Lerrea (1972) 
yield reduction due to planting of aged seedlings is more 
pronounced in early maturing than in late maturing varieties. 
Annappan et el.(1973) observed that 25, 30, 35 end 50 days 
old seedlings were comparable with regard to grain yield
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in the variety 'Pcnnl*. An increase in the grain yield 
of rice variety IR 8 was observed vith 36 days old 
seedlings (Dargen and Gaul, 1974). Shahi and Gill (1976) 
reported that seedling age shoved positive correlation 
with paddy yield and yield components in varioty Pelmen 579 
and Jeyo. Singh end Tarat (1978) reported that 34 days for 
early maturing and 40 days for lata maturing varieties ore 
good. Sharia a et el* (1979) observed consistency in yield 
reduction due to planting of aged seedlings regardless of 
seedling number in rice variety Puss 2*21* whereas in the 
medium duration variety Jaya# the magnitude of yield reduction 
due to overaged seedlings wes low. Xn the case of rice 
variety Kasi, grain yield was higher in 40 and 60 days when 
compared with 20 days old seedlings (Murty and Oahu# 1979)• 
Singh et el. (1980) reported that Ratna end dona gave the 
highest grain yield with 35 days old seedlings in saline 
elkell soils. Natcrajan et al. (I980'a)observed that et 
Tirur# the best age of TKM 9 and AD? 31 was 40 days to 
produce significantly higher yields than 25 end 30 days 
old seedlings. Khan and Swamkar (1980) found that seven 
week old seedlings were superior to six week old seedlings 
in respect of yield under Madhya Pradesh condition.
Navakodi et si. (1981) reported that for both short end 
medium duration varieties upto 40 days old seedlings can be 
planted without significant yield reduction in sandy loam
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soils in valley land under sxlc? altitude condition of 
Meghalaya. Panda and Das <1976) could not observe any 
yield reduction by planting SO days old seedlings in four 
high yielding varieties under Gafabalpur condition.
Pyarelal et el. (1961) ©lao noticed a similar trend.
Ghosh (1962) observed that poddy yield decreased vith 
Increase in seedling sge from 40 to SO and 60 days on lete 
planting in kharlf and vith older seedlings yields vera 
significantly higher st closer spacings. Islam and 
Ahmad (1963) reported an yield increase upto 50 days beyond 
which the yield decreased. Murtbyet al. (1963) observed 
significant increase in paddy yield whan older seedlings 
(45 and 60 days old seedlings) were planted in the variety 

7251 and had the lowest spihelet sterility. Patel et al. 
(1983) obtained higher paddy yields by planting 24 days old 
seedlings to a depth of 3-4 cm in puddled soil. Fatel and 
Patel (1983) recorded maximum grain and strew yield in the 
variety Ratna with 35 days old seedlings while Saju and
Rao (1983) observed highest grain yield in Jays with 25

\

days old saedllngs. Chandr&sekhcran et si. (1984) could 
not notice any reduction in yield duo to planting of older 
seedlings. Chiller et al. (1984) observed higher yields 
in 36 days old seedlings than in younger seedlings. According 
to Reddy end Ultra (1984) highest grain yields were recorded
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with 55 day* in tha variety CR-1016. According to 
Ramsewemy et al* (1965) under lew nitrogen levels# 40 days 
old seedlings yielded better then other age levels tried. 
Singh et al* (1982b)obs«rved no significant effect of age 
of seedling on late planted rice yield. Shahani et al.(1984) 
concluded that grain yield was unaffected by seedling ege 
at transplanting but increased with increasing fertiliser

ilevels.
Palanichaniy (1976) observed a significant increase 

in protein content of rice and N content of straw with 
increase in the age of seedlings* Theetherappan (1983) 
reported that NPK uptake of rice plants was not considerably 
reduced upto 45. days. . Manoheron (1981) found that there was 
significant influence of ege of seedling on the N uptake.
The uptake by tho crop was higher in 25 and 35 than with 
45 days old seedlings. He also observed that P uptake was 
higher in younger seedlings than older seedlings whereas K 
uptake was unaffected by age* Simderarajen (1978) also 
reported similar results.

The above review reveals thet short duration 
varieties require younger seedlings while medium and long 
duration varieties require older seedlings for their optimum 
performance with regard to growth# yield attributes and 
yield of rice.
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3.3 Humber off sea&lings hill"**

Higher N rates ere needed to obtain an yield 
response of low tillering varieties to increased seedling 
number (IAM, 1971)* At 100 leg H, the grain yield of the 
variety IR 127-80-1 increased from 2.5 to 4-4£ha”* when

i

the number of seedlings was increased from one to six.

3. 3. a. Effect on growth and growth characters

Rumiati and Oldemen (1974) reported a decrease 
in the tiller number hill"* with increese in plant popula­
tion. Pothirej et al. (1977) observed that maximum leaf
area index at flowering was obtained by planting one

—2seedling per hill and 100 hills n»̂'%  Reduction in the hill 
•2number in reduced loaf area index et ell stages.

3«3«b. Effect on yield and yield attributes
(1) Yield attributes

Ruroiotl and Oldsman (1974) recorded a decrease inJ
the number of -panicles hill"* and number of filled grains
panicle"* while an Increase was noticed in the thousand
grain weight. With variety Polite 1/1 a groin yield off 

—2660 gsi m wss obtained at the highest density compered to
502 gm m et the lowest density. Rater a Jon (1982) observed
an increase in panicle number hill"* by 15.5 per cent in 
Ponni and 11.6 per cent in A3D 15 by increasing the number of
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seedlings hill"'* from two to six. He el so reported that
ell other penicle characters ware reduced by increasing

**1the seedling number hill .

(2) Yield

Kong and Choi (1976) reported that increasing 
the number of seedlings per hill Increased grain yields in 
the rice variety Tongil especially for late season planting* 
Shaxme et el* (1979) found an increase In yield when the 
number of seedlings frcm the same age group rose from two 
to six hill"**. According to Hair et el. (1981) doubling 
plent density and shallow planting (3 an) at the same N 
level resulted in only moderate yield increases in the early 
maturing variety Jyothl. Gautam and Shorraa (1962). reported 
Increased grain yields due to high planting density 
(400 hills m against 25 hills m ) by 10 per cent in Ratna 
14 per cent in Rssi and 24 per cant in Ceuvery. Lai et al. 
(1982) found that increasing plant density Increased the 
yield of the fertilised crop. The response to higher plent

e*ldensity was greater with 50 kg H he then vith 100 kg N ha 
indicating that the higher H ret* compensated for low plant 
population. Gautaxn end sherraa (1963) reported thet early 
maturing varieties like Ratna, Real and Ceuvery almost 
equalled Jaya in yield at high plant density provided the
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environmental conditions uer® tho setae for ell varieties
during the reproductive end ripening period. Hgnu end
Alluri (1983) observed «n increase in grain yields in
varieties J'ARO 27# ITA 117# XTA 235 es the plent density
was increased from 28 x 103 to 217 x 103 hills ha"1 in
gpland rice* ‘ Wasano (1983) also found significant increase
in yield as the plant density was increased from two to '
three seedlings hill"1 in low land rice* Shahi $t al.(1976)
could not notice any significant difference in grain yield
when the seedling number was increased from one to four 

*•1hill . Singh (1982) also observed no significant effect 
of plent population on yield in well reclaimed soil.

It is evident from the above review that increasing 
the plant density by increasing the seedling number from 
two to six hill"1 was found to be beneficial to obtain higher 
yields• Tho tiller number and LAI were also influenced 
favourably by higher plant densities especially in the 
vegetative growth stage.

3,4 Azolla - a low cost biofertiliser for rice

Recently more and more attention is being given 
to the Azolla — Anabasna associations as a potential 
nutrient source in rice culture. The symbiosis between 
Azolla and Ansbeena is most efficient in nitrogen fixation.
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Various reports revealed that under favourable conditions 
upto 900 kg N he" year could be fined by azolla (Singh 
1977 a, b and c and Singh et al., 1982 a). On dry weight 
basis it contains 3 to 6 per cent *3, 0.5 to 0.9 per cent 
P, 2 to 4 per cent K, 0.0 to 1 per cent C® and traces of 
other inicronutriento. It can fix as much as 1.5 kg K ha"* 
day"* or 500 kg N ha"* year"* (Watenabe ©t al., 1980). 
Incorporation of one layer of asolla into soli before 
transplanting rice seedlings increased growth and paddy 
yields by 12 to 30 per cent depending on the cultivar and 
season (Singh, 1977 a). Besides substituting the chemical 
nutrient requirement, asolla has the effect of green manuring 
also, Asolla was used as green manure? In Japon as early 
as in 1947 (^'ujiwsr© et al., 1947). Moore (19S9)T^huyet 
and Tuan (3973) reported th© value of asolla as a potential 
w supplying green manure.

3.4.a. Effect of azolle on growth and growth characters

Singh (1977 fo, d) reported an'increase in plant 
height and tiller number with the incorporation of Asolla ©

t

10 t ha"*. Similar results have been obtained by Subudhi 
and Singh (1980), Jsikumarsn (1981) and Mathowkutty (1982). 
Seventy five per cent £3 with Asolla produced the aeme I*AI 
as that of 100 per cent H applied either alone or with
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Asolla or farm yard manure (Jalkuraartn, 1961). Hathevkutty 
(1902) concluded that utilisation of azolla in combination 
vith 30 kg fertilizer N at active tillering stage gave 
higher LAI.

3,4,b. Effect on yield and yield attributes
(1) Yield attributes

. 1An increase in filled grains panicle was observed
vith asolla application along vith urea than vith urea
alone (Kulaaooryo and Desllva, 1977 • According to Singh
(1977 c) azolla incorporation at the rate of 10 t he

.2increased the numbar of panicles m In varieties IR-8 and 
Supriya. Maximum number of panicles* filled gralna and 
percentage of filling waa observed with incorporation of 
azolla at the rate of 5 t he"* vith 75 per cent of the 
recommended dose of £7 (Jaikuznar&n# 1901)» He also reported 
that the test weight of gfains with 75 per cent 8 along 
with Azolla was comparable vith 100 per cent £9 application 
alone* Mathewkutty (1982) also could register higher panicle 
number* number of filled grains penicle"^A9'thousand grain 
veight with the application of asolla along with fertiliser N. 
The above review reveals the favourable effect of Asolla 
application on the yield attributes.
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(2) Yield

Studies *t CftRX* Cutteck revealed that azolla 
incorporation at the rate 10 to 12 t ha*1 gave significant 
increase in rice yields (Singh 1977 b# d end e) • Asolla 
Incorporation resulted in increased grain yields of 12 to 
25 per cent in rice varieties IR-8 Supriya# Vani and 
Qt 1005 in khsrlf and an increase of 38 to 41 per cent in 
rabl (Singh* 1977 b). He found that combined application 
of asolla at the rate of 10 t he*1 with 30 or 50 kg 
fertiliser H ha*1 gave yields equivalent to that produced 
by 60 or 80 kg H applied alone* Srlnivasan (1977) reported

fluan increase^of about 19 per cant and Wannabe (1977)#
13 per cent increase in grain yield through Asolla incorpo­
ration whereas Singh (1979 b) obtained 54 per cent increase 
over control* Sunder am et al* (1979) reported that azolla 
incorporation at the time of transplanting or first vaeding 
along with 75 per cent of tho recommended dose of U recorded 
higher grain yield than application of full recommended 
dose of H* Anmachalara (1980) obtained Increased grain 
and straw yield with azolla application. Hatarajan et al* 
(1980jb)also reported similar results in all seasons* 
Srlnivasan (1980) concluded that yield increases in the 
short duration variety ADT 31 were significant for arolla
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application upto 60 t ha**1 at the paddy experiment 
station, Aduthurci. According to Jolkumaran (2901) asolla 
incorporation along with 75 per cent of the recommendedi "

dose of H gave rice yields equivalent to that obtained
with full recommended dooe of 21 alone or in combination

1 / 
with farm yard manure or asolla* Keushik end Venk’atarainen
(1981) found that in pot trials with 'Basmathi', grain
yields increased from 3*58 in control to 5*6 g pot with
azolla application alone* Methwr at al. (1981) .observed

ian increase in grain yield of rabl rice by 4*4 per cent 
vith azolla alone# 17*8 per cent with 10Q kg 8 ha"1 and 
by 22*2 per cent With a combination of asolla and N* 
ICannaiycn et al* (1983) found that plots treated with 30 kg 
H ha"1 as fertiliser and 30 kg H as azolla at 40 x 10 an 
spacing gave the highest yield* Krishnar&jan and 
Selesubremanlan (1983) reported that grain yield increased 
from 5*2 t ha in control to 6*2 t ha vith incorporation 
of azolla 4) 6 t ha"1. , HathoWkutty end Sreedharen (1983) 
recorded highest grain and straw yields in treatments having 
basal incorporation of azolla combined with inoculation. 
Greenivascn (1983) observed increase in grain yields with 
all levels of H end azolla application In *ADT 31* under 
Aduthurai condition* rrthMde] and Abdul Kader (1983) 
concluded that azolla incorporation alone or in combination



with uroa stimulated rice growth end increased both grain 
and straw yield* Kannaiyan et al* (1984) reported that 
highest grain yield of 5*08 t ha"1 was obtained with 
60 kg N ha"1 plus azolla compared with 4*33 t ha"1 with 
60 kg N alone while straw yields were highest with 90 kg N 
plus azolla in IR-20 during the ssrriba season* Thus it is 
evident that the extent of Increase in grain and straw 
yield varies with the varieties# method of application of 
azolla plus the soil and climatic condition of each place*

3*4«c» Effect on fertilizer substitution

Several workers have reported about the N economy 
through the incorporation of azolla (Singh# 1977 b#c#d#a;

i

Singh# 1978; Watanabe# 1978; Arunachal&m# 1980; Subudhi 
and Singh# 1980 and Subharao# 1981)• Singh (1977 a) 
astlmated that a layer of azolla covering one ha of rice 
field produces 10 t of green matter containing about 30 kg 
N ha"1* According to Sawatdee et al* (1978) and Sawatdaa 
and Seatanu* (1979), azolle incorporation registered rice 
yields equivalent to that obtained through the application 
of 37*5 kg inorganic N ha • Studies by Govindarajan et al* 
(1980) revealed that plots treated with 75: 50: 50 kg NPK 
plus azolla yielded as good as those with 100: 50: 50 kg 
NPK alone in XR 20 et Tirur* In 'ADT 31*, incorporation of
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Asolla along with 50 kg N ha gave yields equal to those 
vith 75 kg £3 ha”* alone et Antbasemudrem. Nat era Jen et el. 
(1980b))also obtained about 25 per cent saving in Inorganic 
nitrogen when esolla was applied along vith graded levels 
of N. Asolla Incorporation I 6 t ha"1 et transplanting was 
found to be comparable with 35 and 17 kg he"1 of uree in 
kharlf end rabi seasons, respectively. According to 
^vjatdee et al. (I960) one esolla layer# whether incorporated 
into soil or not increased rice yield to the seme level as 
would 30 kg N ha"1. Under Kerala conditions# Jaikumeran 
(1931) observed a saving of 28 and 44 kg N ha"1 in the 
virippu and mundaken seasons, respectively# with azolle 
incorporation at the rato of 5 t he • Guar and Singh (1982) 
reported a seving of 25 to 30 kg N ha*1 through ezolle 
incorporation. Konnaiyan and Govindarajan (1982) Mathewkutty
(1982) and Handel and Bharsthl (1983) also observed similar 
results. Q h eq et al«?\i> (1984) obtained yield with ezolle 
culture similar to that with 60 kg applied N. The yield 
response to esolla application (9 6 t he"1 was found to be 
equivalent to 36 kg N and the response to one t Azolle 
inoculated# grown insitu and Incorporated was equivalent to 
24 kg N ha"1 in *Sita' (Roy# 1984). Kikuchi et el. (1904)

f

concluded that under favourable conditions# e layer of 
asollo covering one ha of rice field releases 20-30 kg

—1
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organic IS which can increase rica yield by 0*4 to 
T.5 t ha*1.

From the above review it is seen that the quantity 
of fi substitution with azolla application varied with 
soil types and an average quantity of 25-30 kg fertiliser 
M could be substituted with the application of azolla 
® 5 t ha**1.

3»4«d. Effect on uptake and soil status of nutrients

Rice showed a linear increase in N uptake vith 
increase in asolla application from 5 to 20 t ha*1. The 
effect of H uptake was more pronounced in the dry season 
(Subudhi and Singh 1980; Singh, 1979 a). Jelkumoren (1981) 
recorded maximum uptake of N, P end K whan asolla wee 
incorporated with 100 per cent N in virlnpu and 75 per cent 
in mundakan season* Hathevkutty (1982) eleo obtained 

rr.axltr.um uptake of R and' P with incorporation and dual 
culturing of azolla followed by in situ incorporation of 
asolla with 30 kg N application at panicle initiation stage. 
Thus from the above review the NPK uptake of rice ia enhanced 
by the combined application of fertiliser end Azolla,

Reports from China revealed that azolla incorporation 
in rice fields improved the organic matter content end 
soil aggregation (Anon* 1975'iT77’>Analyais of soils after
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harvest of th* crop indicated that in Azolla treated 
plot* there was * gradual increase in organic carbon* 
total nitrogen and available phosphorus (Singh* 1979 a 
and Arunachelam# I960)* According to Subudhi and Singh 
(1980) only marginal increase in organic carbon content was 
recorded with Azolla application* Venkltaraman (1980) 
found an increase from 1*54' to 1*59 per cent in organic 
carbon content* a slight decrease in P content and no 
change in K content due to the incorporation of asolla. 
3ubr«nanion (1961) found a build up in total N content 
with azolla application along with 30 kg fertilizer H* 
Lizhuo-xln (1982) also reported improvement in the chemical 
characteristics of the soil by the application of asolla* 
Singh et al* (1982 a) obtained similar results.

Thus it ia clear from the above reviaw that tha 
nutrient status of the soil will be improved by the appli­
cation of azolla with or without fertilizer*
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MATERIALS AND METHODS

A series of experiments to evaluate low cost 
agronomic techniques in rice production were conducted 
in Kerala, India during the period from 1982 to 1985.
The project consisted of three separate field trials# vis.

1. Performance of XR 42 under different levels 
of fertiliser and spacing.

2. Effect of age of seedling and planting density 
in rice variety XR 42.

3. Evaluation of Asolla as a low cost biofertiliser 
in rice variety XR 42.

The Materials used and methods adopted in m e  
course of these investigations are described below.

1* Location of the trial

The trials ware conducted at the Regional Agricul­
tural Research Station of the Kerala Agricultural University# 
Pattambl in PAlghat district. The research station is 
situated at 10* 46' H latitude and 76* 12*S longitude and 
et an altitude of 25.359 metars above mean sea level.
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i.i soil

The blocks In which the trials were conducted
are A 12 a and b, B la and b, IV la# 3a, V la, Ig, h,
2 £, g, h V 5a and 6a* Th© physio-chemical charect^risties 
of tho soil of th© experimental field ere given below.
Pooled samples from block A, B, IV and V were used for 
mechanical analysis while soils of each block were used 
separately for chemical analysis*

A. Physical properties of the soil

Average mechanical composition of the soil (Interna­
tional pipette method)*

5«nd 52.55 per cent
Silt .. 20.14 par cent
Clay .. 25*00 per cent
Loss on xgui-cion • • 2*31 per cent

* ,

Textural class - Sandy clay loam 
Field capacity (0*3 bar) « 22*11 per cent 
(Pressur© plate apparatus, Richards, 1949)*

B* Chemical properties of the soil

The chemical properties of th© soil are given 
in Table 1.
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Table 1 Chemical properties of soil

Particulars A (East) 3 (West) XV

1, pH (1*2.5 soil s solution 
ratio ElicopH meter 
Piper# 1942) 5.5 5.6 5.5 5.4

2. Organic cerbon (94) 
(Walkley and Black 
method - Piper# 1942) 1.5 1.6 1.4 1.3

3. Total nitrogen (94) 
(Microkjeldehl method Jackson# 1953) 0.16 0.18 0.15 0.15

4. Available PgOg (kg ha*1)
(Bray and Kurtz method# 
Jackson# 1958)

5. Exchangeable KgO <kg ha"1)
(Neutral normal Amrtonium acetate method - 
Jackson, 1956)

21.8 21.2  20.8  21.3

248.3 242.8 236.5 231.8

6. C.E.G.(me/100 g of soil) 14.2 14.2 13.5 14.1
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2* Cropping history of th* experimental fi*ld

Evary year * bulk crop of ric* was raised befor* 
th* conduct of tho experiment.,

3. Season

Trial I and XX war* conducted for two virippu and 
two mundakan aeesons off 1902 and 1983 whil* trial III was 
conducted during two mundakan seasons of 1982 and 1984. 
3a.rAp.pu season corresponds to first crop (Aprll-May to 
Septeraber-October) end mundakan season corresponds to second 
crop (Septembar-October to December-January) in Kerala.

4. Climate

The weekly averages off temperature, relative humidity, 
sunshine hours, evaporation and total rainfall during th* 
cropping period were collected from the meteorological 
observatory of the Research Station and *r* presented in

t

Appendix-*! • These data correspond to standard weeks starting 
from 14th July 1982 to first week of March, 1965, the period 
during which the trials were conducted.

Xn general th© seasons wore favourable for th* 
satisfactory growth of th* crop.
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5. Materials 
5*1 Variety

IK-42 - a medium duration (145 days)# semi dwarf 
variety introduced by XKRI in 1981 was used for the 
investigation* It appears to be a good modern variety of 
rice for email farmers because of its capacity to extract 
and utilize both soil and fertilizer nutrients efficiently. 
The consistency of IK 42*o relatively high yield without N 
fertiliser makes it a valuable variety under low fertility 
conditions (XRRX, 1978)•

5.2 Manures end fertilisers

Fens yard manure 9 5 t ha"1 was incorporated in 
trials I & XX.

Urea# superphosphate and muriate of potash analysing 
46 per cent H# 16 per cent PgOg 60 P«r cent K^O, 
respectively ware used for the trials.

with regard to the application of fertilisers the 
package of practices recommendations 1981) were
followed.

5.3 Azolle

Azolla pinnate was used for incorporation sa per 
treatments in tho Azolle trials. Xt contained 91.50 per cent
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moisture# 2*75 per cent total nitrogen# 0*24 per cent 
total phosphorus and 2,01 per cent totol K on dry weight 
basis*

6i Methods
6,1 Trial X, Performance of XR 42 under different levels 

of fertiliser end spacing

The trial consisted of four levels of fertiliser as 
mein plot end six spacing os sub plot treatments.

Main plofe treatments * Pertllia &LkSSS&& CFour)

1, - 0 (Control)
2. Pj m 50% of the recommended dose of

90# 45# 45 kg NPK^ha*1

3* Fg m 75% Of the recommended dose of
90a 45# 45 kg BPK ha*1

i
4, * 100% of the recommended dose of

90# 45s 45 kg NPK ho*1

Sub plot treatments - Spacing lavala (six)

1, si - 20 20 cm t 25 hills a*-*)
2, S2 as 20 X 15 cm < 33 hills ra*2)
3. S3 - 20 X 10 on ( 50 hills a"2)
4, S4 im 20 X 5 cm (100 hills ra“2)
5. s5 - 15 x IS cm ( 44 hills m*2)
6.

1 "7
S6 - 15 X 10 cm ( 66 hills ta*2)

*The notations 1J, P end K used in th© text# represent
K# P«0„ and K_0# respectively,£ 5 4
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Treatments - 24
Replications - 5
Design - Split plot

2Gross plot size - 6 x 3 m
Ret plot size - Varied with spacing

Trial XI. Effect of age of seedling and planting 
density on rice variety XR 42

The trial consisted of three levels each of age
and number of seedlings hill-1 and two levels of fertilizer
es given below »

A. Age groups (three)
1* Aj ■ 25 days old seedlings
2. A2 « 30 days old seedlings
3. Aj tm

t

35 days old seedlings

B. Kumber of seedlings hill"1 (three levels)

1. Mx « 2 seedlings hill*1
2. H2 - 4 aeadlings hill*1
3* » 6 seedlings hill

C. Fertiliser (Two levels)
1* F- - 50% of the recommended dose of

90* 45* 45 Jcg HPK ha"1 For th* first
year of the2. Fg - 75% of the recommended dose of axperisunt

90s 45s 45 kg KJPK ho**1
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3* Fj - 75% of the raccecvended dose of 
90* 45a 45 kg NPK he"*

V
4* F* - 100% of the recommended dose of

For the second 
year of the 
experiment

90s 45s 43 kg NPK he-1

Treatment cttnbin atlons
Replications
Design

spacing

Gross plot size 

Net plot siss

IS
3

rectorial RED
20 ?s 15 cm for virlpnu
20 x 10 cm for samflekan

5 x 4*05 « 2 for virippu 
05 x 4  tar for mundakan

3*8 x 3*45 tt2 for virippu 
3.8 x 3.6 81“ for mundakan

Trial XIX, Evaluation of Azolla as e low cost bio- 
fertiliser

The trial consisted of four levels each of fertiliser 
and azolla as given below*

1* Mein plot treatments
Fertilizer levels (four)

1* Fq “
2. V *

Control (without fertiliser)
50% of the recommended dose of 
90a 45* 45 kg NPK ha~X
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3* J*2 - 75% of the reccwnended dose of
90* 45* 45 kg NPK he"'1

4. -  100% of the recommended dose of
90* 45* 45 kg NPK ha*1

2. Sub plot treatments
Aaolle levels (four)
1* Ai - 5 t ha"1
2. A2 * 10 t ha"1
3* A3 - 15 t ha"1
4. A« - 20 t ha"1

Treatment combinations — 16
Replications - 5
Design - Split plot
Spacing “ 20 x 10 an

2Gross plot .site - 5 x 4 ro
2Net plot sise ~ 3*8 x 3*6 m

Azolle was incorporated in eeeh plot as par treat­
ments before transplanting the seedlings*
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6*2 Field culture

The package of practices reccMr.endeti.ons of 
Karel* Agricultural University for cultivation of medium 
duration rice varieties ((KAU 1981)) were followed 
during the cropping period.

The general performance of the crop was good 
and there was no severe attack of pasts and diseases 
during the course of this study. The layout plans of th* 
experiments are illustrated in Fig., a, b and c. The time 
of.sowing and harvest of each experiment are given in 
Table 2.
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Table 2. Duration of the crop in different seasons

Year Trial Kg .
Date of 
sowing

©IRIPPU SEA3CK
Dote Of 
harvest

Duration
(days)

MUMfijMCAn SEASGft
Date of Date of 
sowing' harvest

Duration

.1 19.6.1982 24.11.1962 145 20.10.1982 2.3.1963 132

I year II 9.6.1982
14.6.1982
19.6.1982 11.11.1932 152147

142
22.9.1982
27.9.1982
2.10.1982

2.2.2983
129
124
119

III - - 7.12.1982 9.3.2983 122

X 29.6.1983 24.11.1983 145 8.10.1983 16.2.1984 126
IX Year II 25.6.1963

30.6.1983
5.7.1963

17.11.1983 142
137
132

9.9. 1933 
14.9.1983 19.9.1933 19.1.1984

130
125
120

III - - - 15.10.1984 4.3.1985 139

CJVro
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6*3 Cbaervofcions 
Sampling unit

A singling unit consisting of ten plants was 
selected randomly in each plot end was dam created for taking 
pre harvest and post harvest observations.

6 • 3 • 1 Preharvest observations
(a) Height of plants

The height of pleats was recorded at active tillering, 
panicle initiation, flowering and at harvest* However, 
the data on the height of plants at panicle initiation and 
at harvest are. given* Height was measured from the bottom 
of the culm to the tip of ths longest leaf or earhead which 
ever was taller*

(b) Humber of tillers m z

Total number of tillers of the .plants in the sampling 
unit was counted and recorded per a2 in all the above four 
stages, though only the data at panicle initiation and 
harvest stage are given*

Hills were selected at random, from the row meant 
for destructive sampling after making sure that the hills



54

wera surrounded by living hills at each stag* of observation. 
The number of tillers was counted from eech selected hill* 
The length and maximum width of eech of the leave* on the 
middle tiller was measured end the leaf area was computed 
using the length width method. Leaf area » K x length x 
width where K is the adjustment factor. The value used for 
K wee 0.75 during ell stages except harvest where the value 
was 0*67 (XgRI, 1972). The L M  was then derived by dividing 
leaf area by the corresponding land area*

(d) Dry matter production (rap) at harvest

Dry weight of all the plant parts except roots from 
th© sample hills used for LAI measurement was taken end 
expressed as kg ha *

(e) Number of panicles

Number of panicles from each sampling unit was 
counted and the values were computed.

6.3*2 Post harvest observations
(a) Number of filled grains penicle***

Number of fully filled grains in each panicle was 
counted and recorded.
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(b) Sterility percentage

Number of filled grains and chaff of each panicle 
was counted separately and recorded and. sterility percentage 
worked out*

(e) Thousand grain weight

Thousand filled grains of the panicles from the 
sampling unit were collected# counted separately and their 
weight recorded*

(d) Grain yield

Plot wisC final grain yield was taken after cleaning 
and drying in the sun for 3 to 4 days. The yield data were 
computed at 14 per cent moisture end expressed ss kg ha”**

CS) straw yield

The strew weight was recorded after complete drying* 
Zt was dried till two consecutive weights agreed. The yield 
of straw was expressed as. kg ha”*.

(f) Harvest index

This is th© percentage of grain weight to total 
plant weight (Donald# 1962). This was calculated from the 
grain end atrew weight as Indicated below.
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HI * Economic yield x 100
Biological yield

• Grain yield x 100
Grain * straw yield

6.3*3 Chemical analysis

1* Soil analysis

Composite soil samples collected from each block- 
prior to the commencement of the experiment were analysed 
for organic carbon content# total U, available *n(* 
exchangeable K^O. The pH and cation exchange capacity
of the soils of the respective blocks were found out*

\ '

The physical properties of the soil were also determined* 
After the harvest of the crop# soil samples from Individual 
plots ware collected and analysed for residual organic 
carbon content# available exchangeable K^O*

2* Plant analysis.

NPK content of rice plants at harvest were 
estimated and the uptakes were calculated by multiplying 
the same with CMP at harvest and expressed as kg ha"**.

3* Protein content of groins.

The nitrogen content of whole groins was estimated 
by the Microkjeldehl digestion method and the protein 
content was computed by multiplying the nitrogen content 
by a factor 6.25 (Simpson et al*# 1965).



57

4* Fertilizer response end per cent recovery of 
applied 'fertiliser

The fertiliser response and per cent recovery 
of applied fertiliser wore calculated in trialO Z using 
the following formula*

(yt - yo)
Fertiliser response « —  ■■ — .... ....

At

Yt ■ Yield of treatment
Yo Yield of control
At ■ Fertiliser applied in treatment

(Petnaik et el*« 1971).

Nutrient uptake nutrient
from fertiliser - uptake frcsi 

%  Nutrient recovery * treatment control x

Nutrient applied 

(Bartholomew end Clerk* 1965).

The fertilizer response and response per 100 kg 
of esolla applied were calculated in trial III.

6*3*4 Statistical analysis

The date relating to experiments were analysed by 
applying the analysis of variance technique as suggested by 
Pans© end SuKhatm© (1978) for split plot design end 
factorial ROD. Correlation coefficients between plant growth#

100
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yield attributes, grain and strew yields were worked 
out and presented for the first trial* The path analysis 
was also carried out to study the direct end indirect 
effects of different factors on grain yield in trial X.

Economics

Gross and net income per he# benefit-cost ratio, 
and rupee invested per kg of nutrient applied were 
calculated based on the cost of cultivation, coat of input 
and produce for three spacings and their combination with 
fertiliser levels in first trial and for ell combinations 
In third trial.



?2 e5 uLt4  and 'C ĥcuiiLon



59

RESULTS A1JD DISCUSSION

Rica culture In Kerala is a low profit agrl 
business. Continued efforts ere made to cultivate rice 
more out of the gratification and cultural satisfaction 
than out of profits. But tailoring the variety vith low 
cost inputs like Azolla with minimal fertilizer inputs and 
high,plant population is likely to optimise the yields as 
against a minimal inputs. This was attempted in a series of 
experiments where each aspect was tested out. Results of 
such V  series of trials are presented in this chapter.

The main effects of the treatments alone are 
discussed wherever there is no signlficcnt and consistent 
interactions.

Trial I. Performance of 1R-42 under different levels of
fertiliser and spacing

1. Growth and growth characters
1.1 Plant height

During both the years in virippu season tallest 
plants were produced with full dose of fertiliser (Table 3 a, 
b# c & d and 4 a, b, c & d}. It was almllar to 75 per cent 
of the recommended dose of fertilizer from panicle- initiation



Table 3 a. Height, of plants (cat) at panicle initiation stage as influenced by fertiliserand spacing levels. Virippu 1982

Fertiliser levels 
{% of
reccmaended
dose*)

Spacing levels (cm)
Hean

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

®5
(15x15)

S6
(15x10)

F0 * 0 67.1 59.3 58.9 57.3 59.0 57.9 59.9 C.D.(O.OS) for F 4.20 (1.96)
Ft - 50 68.0 66.8 65.7 63.2 67.4 64.4 65.9 C.D.(0.05) for S 2.45 (1.23)
F2 “ 75 
> 3 - 100
Kean

70.9 
73.5
69.9

68.4
69.8
66.1

66.0
72.7
65.8

64.2
70.9
63.9

67.7 
70.9 
66.2 .

65.8
69.4
64.4

67.1
71.2

C.D.(0.05) for s 1 «s 
within same F levels X
C.D.(0.0S) for S X 
between F levels X

(2.46)

(3.21)

Table 3 b. Virippu 1983

Fertiliser levels Spacing levels (on)
{% Of
recommendeddose*) S1

(20x20)
S2

(20x15)
S3

(20x10)
S4

(20x5)
S5

(15x15)
S6

(15x10)

ro - 0 73.4 76.5 75.3 71.3 77.8 75.2 74.9
*1 - 50 81.8 31.7 79.9 75.5 78.9 78.8 79.4

- 75 82.1 81.9 82.6 78.3 83.8 83.0 81.9
P3 ' 100 83.1 82.2 84.6 82.8 83.5 84.8 83.1
Hean 80.1 80.6 80.6 77.0 81.0 80.4

C.D.(O.OS) for F 
C.D.(o.OS) for S 
C.D.(0.05) for 3 Iwithin same 7 levels 1
C.D. (0.05) for S I
between F levels I

1.32 (0.60) 
1.75 (0.87)
HS (1.75) 

HS (2.03)

* 90« 45a 45 kg KPK ha-1

a>o



Table 3 c. Height o f  plants (csn) at penicle Initiation stages as influenced byfertilizer and spacing levels. Mundakan 1982

Fertilizer 
levels {% of
recommended
dose*)

Spacing levels; (cm)
S1

(20x20)
S2

(20x15)
S3

(20x10)
S4

(20x5)
H

(15x15)
S6

(15x10)

Mean

*0 - 0 42.1 41.9 41.0 39.4 41.5 38.4 40.7 C.D. (0.05) for V , 2.39 (1.09)
F1 * SO 46.9 48.3 46.6 43.7 43.4 44.2 45.5 C.D. (0.05) for S 1.71 (0.85)
*2 " 
F3 -

75
100

S0.7
50.9

49.7
48.6

46.6
48.8

45.5
46.3

47.2
47.4

47.9
47.3

47.9
48.2

c.D.(o.ps) f or s 
within the same F levels

XIl »s (1.36)
Mean 47.7 47.1 45.8 43.7 44.9 44.4 C.D.(0.05) for S 

between F levels XX
us (1.56)

Table 3 d. Mundakan 1983

Fertilizer
levels Spacing levels (cm)

Mean{% of
recommended
dose*) S1

(20x20)
S2

(20x15)
S3 S4 

(20x10) (20x5) ’3S
(15X15) S6

(15x10)

Fo " 0 54.4 53.3 52.6 49.3 52.8 50.7 52.2 C.D.(0.05) for F 2.23 (1.028)
'l - 50 60.6 58.0 55.6 55.4 58.7 56.6 57.5 C.D.(0.05) for S 2*12 (1.066)
*2 -
*3 - Mean

75
100

61.9
63.9 
60.2

58.9
62.6
58.2

57.9
58.6
56.2

58.1 
57.6
55.1

59.0 
61.9
58.1

57.5
57.4
55.5

58.9
60.3

C.D. (0.05) for S 
within the seme F 
levels
C.D.(0.05) for S 
between F levels

XXa
XX

NS

NS

(2.133)
aH

(2.235)

* 90* 45s 45 kg, NPK ha"1Values in parenthesis are S.Em +/-



Table 4 a. Height of plants (era) at harvest as influenced by fertiliser and
spacing levels* Vlrlnou 1982

Fertiliser
levels Spacing levels (ca) Mean
(% Of
recommended
dose*)

S1(20x20)
S.2

(20x15)
S3

(20x10)
S4

(20x5)
S5

(15x15)
S6

(15x10)

Fo - 0 83.0 78.4 7Q.0 75.0 80.2 77,4: 78.7 c.o.(0.05) for r ' 2.06 (0.94)A - 50 88.8 84.2 84.8 80.8 85.6 83.0 84.5 C.D.(0.05) fcr S 1.99 (1.00)
*2 "
*3 "Mean

75
100

90.8
91.0
68.4

88.8
88.4
85.0

82.2
08.2
83.3

82.8
85.6
81.1

83.8
86.4
84.0

84.2 
84.6
62.3

65.4
87.4

C.D.(0.05) for 3 X 
withirf seme 3? levels X
C.D.(0.05) for S I 
between F levels I

HS (2.00)

(2.38)

Table 4 b. Virippu 1983

Fertiliser
levels Spacing levels (cm)
(X ofreconmended
dose*)

V
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(i.ejxis)

S6
(15x10)

Mean

po - 0 95.0 94.2 95.0 92.8 97.0 94.2 94.7 C.D. (0.05) for F 3.02 (1.39)
P1 - 50 100.8 1G0.8 . 97.6 96.8 96.8 96.0 98.1 C.D.(o.os) for S 2.02 (1.01)
P2 *
*3 “ 
Mean

75
100

102.4
105.2
100.9

101.2
100.8
99.3

100.4.
101.6
98.7

94.6
95.8
95.0

102.6
103.2
99.9

99.4
102.2
98.0

100.1 
101. 5

C.D.(0.05) for S X within came F levels I
C.D. (0.05) for S X 
between F levels X

HS

HS

(2.03)

(2.44)

* 90s 45s 45 leg HFK ha"1
Values in parenthesis ard S.&a +/-

crrs:



Table 4 c. Height of plants (cn) at harvest as influenced by fertiliser and•pacing levels. Mundakan 1982

Fertiliser 
levels 
(% of
recommended
dose*)

Spacing levels \(£oa)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

SS
(15x15)

S6
(15x10)

Mean

F0 - 0 62*8 61.4 53.4 56.8 57.6 56.0 58.8 C.D.(0*05) for F 2.02 (0.92)
Fx - 50 65.8 65.4 65.4 60.8 62.0 62.0 63.6 C.D.(0.05) for S 1.36 (0*68)
F2 - 75 
F3 - 100 
Mean

68.4
69.8
66.7

68.0
68.8
65.9

65.2
67.2 
64.1

62.6
63.3
61.0

65.6
65.6
62.7

64.2
64.0
61.6

65.7
66.5

C.D.(0.05) for s 2 „s 
within sasia F levels X
C.D.(0.05) for S | s 
between F levels

(1.07)' 

(1.35)

Table 4 d. Mundakan 1983
-

Fertilizer ■ Spacing levels (cm)
XCVCX9 “
(S of
recommended
dose*)

S1(20x20) S2
(20x15)

S3
(20x10)

S4
(20x5)

s5
(15x15)

S6
(15x10)

Mean

F0 - 0 66.0 64.6 61.8 58.4 62.8 61.2 62.5 C.D.(0.05) for F 2.57 (1.18)
F2 - 50 73.4 75.0 66.8 64.0 67.0 65.0 68.5 C.D. (0.05) for S, 2.16 (1.08)
*2 * 75
f3 - 100
Keen

73.0 
75.4
72.0

70.4
73.2
70.8

68.2
68.0
66.2

66.6
65.6
63.7

68.8
72.2
67.7

66.4
66.6
64.9

68.9
70.2

C.D.(0.05) for S I 
within seme F levels X S3
C.D; (0.05) for D  X between P levels I NS

(2.17)

(2.37)

* 90* 45* 45 kg NPK ha”1Values in parenthesis are S.Em 4/* co
CtO
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to harvest. The same trend wee observed in the mundakan 
season as veil* Full dose end 75 per cent o£ the recommended 
dose of fertiliser were comparable in most of the stages.

Irrespective of year and season, the widest 
spacing (20 x 20 cm) with a plant population of 25 hills wT2 
has produced the tallest plants while the closest spacing 
(20 x S cm) with a plant population of 100 hills la"̂  recorded 
the shortest plants in most of the stages. Combination 
effect was not significant et all stages of growth.

\

Inspite of the fact that the variety (IR 42) tried 
is e dwarf Indies, the tremendous impact of H in Increasing 
the plant height is quite evident from the results. The 
physiological role of H in increasing the height is well 
known. Several investigators have reported increased plant 
height with higher levels of fertiliser N (Balasubremenian, 
1980; Sathaslvan, 1980; Pedalia, 1981).

The widest spacing with the lowest plant population 
—2of 25 hills ra • produced th* tallest plants. Lack of

competition for the nutrients, specs and light in this treataran
may be attributed as the reasons for th© increese in the
height of plants. In contrast the shortest plants are obtained
in .the closest spacing (20 x 5 cm) with th* highest plant

■■2population of 100 hills m throughout the crop growth
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stage® in both-the years* This Is in conformity with 
the findings of Ramieh (1973); Vachanl et el. (1961),/S
Mishra (1976) and Ibrahim et el* (I960) .

1*2 Tiller number m "2
j

Full dose of, fertiliser has resulted in the 
highest number of tillers followed by 75 and 50 per cent 
of the recommended dose in both seasons of two years 
(Table S e( bi c & d end 6 at b# c & d)«

At penicle initiation and et harvest stags*,
the spacing# 20 x 3 csn with a plant population of 

•2100 hills m has recorded the maximum tiller number in 
virippu and tnundaksn seasons of both years* The lowest number 
of tillers was observed in the spacing 20 x 20 cm with a 
plant population of 25 hills ra”2# in three out of four 
seasons at the same stage. The spacing 20 x 15 cm with a 
plant population of 33 hills rf'2 was recording invariably 
the next higher number then the former spacing m“2.

Full dose of fertilizer in combination with a
spacing of 20 x 5 cm having a plant population of 100 hills

<. *—2m 1 recorded significantly more number of tillers than many 
other combinations throughout the growth stages in both years.



•Table 5 e. . Humber of billers m at panicle Initiation stage as influenced vby fertilizer and spacing levels* Virippu 1962

Fertilizer 
levels 
(% of
recoamended
dose*)

Spacing levels (cm)

S1
(20x20)

S2 S3 
(20x15) (20x10)

S4
(20x5)

S5
(15x15)

Sg
(15x10)

Mean

F0 - 0 313 314 343 474 352 413 368 C.D.(0.05) for F 19.5 (8.9)
- 50 381 410 399 540 446 449 439 C.D. (o.OS) for S 18.2 (9.1)

F2 - 75
f3 - 100
Mean

425
461
395

456
476
415

449
473
416

592
624
560

466
557
455

459
606
482

475
533

. C.D.(0.05) for S I 
within same F levels I 36.5
C.D.(o.OS) for S X 
between F levels X 44.5

<18.3>

(21.9)

- Table S b. Virippu 1983

Fertilizer levels 
(% of
recommended
dose*)

Spacing levels (cm)

S1
(20x20)

S2 S3 
(20x15) (20x10)

S4(20x5) S5
(15x15)

S6
(15x10)

Kean

01SMC 343 345 423 550 373 442 413 C.D.(0.05) for F 18.7 ( 6.6)
Pj - 50 436 449 441 632 440 485 481 C.D.(0,05) for s 22.4 (11.2)
r2 “ 75
f3 - 100
Mean

469
419
417

475
484
438'

472
496
458

677
861
680

443 
, 537 
448

523
618
517

518
569

C.D.(0.05) for s X 
within same F levels X 44.8
C.D.(0.05) for S . 
between F levels X

(22.5)
(26.3)

* 90* 45s 45 kg HPK he*1Values in parenthesis ere S.Em 4-/-
CD

CD



Table 5 c. Kuniber of tillers cT2 at panicle initiation stage ss influencedby fertilizer and spacing levels* Mundakan 1932

Fertilizer Spacing, levels (cn)
levels —  
{% ofrecommended
dosa*)

S1
(20x20)

G2
(20x15)

S3
(20x10)

S4
(20x5)

s5(15x15)
S6

(15x10)
Mean

r0 " 0 539 563 560 760 524 538 584 C.D.(0.05) for F 23.3 (10.6)
*1  " 50 595 577 568 720 652 697 635 C.D.(0.05) for S 26.1 (13.1)
f2 * 75 
*3 - 100
Kean

642
656
608

611
671
605

677
713
635

684
864
757

721
722 
655

702
747
671

673
729

C.D.(Q.05) for S X 
within same F levels X 52.1
C.D.(0.05) for s X 
between F levels I 62*1

(26.1)

(30.7)

Table 5 d. ;Kundaken 1983

Fertiliser Spacing levels (o s )
levels 
(% of
recommended
dose*)

• s i  
(20x20)

S2
(20x15)

G3
(20x10)

S 4
(20x5)

S5(15x15)
S6

(15x10)
Mean

Fft -  0 427 432 407 650 465 529 498 C.D.(0.05) for F 22.9 (10.5)

©m1

3 aT 496 500 628 752 548 583 585 C.D.(o .o s )  for S 25.2 (12.6)
F 2 - 75
f 3 -  100
Mean

536
545
501

551
597
520

643
666
611

774
868
761

619
628
S65

687
670
617

635
666

C.D.(g.05) for 8 X 
within sasse F levels X BQ
C.D.(0.05) for s I 
between F levels X NS

(25.3)

(29.7)

* 90s 45a 45 kg NPK ha*1Values in parenthesis are S.Ete ■*■/-



Table 6 a. ' timber of tillers n » a t  harvest as influenced by fertiliser end 
spacing levels* Virippu 1932

Fertiliser 
levels 
<* of
recGomendad
dose*)

Spacing levels (on)

Si(20x20)
S2

(20x15)
S3

(20x10)
S4

(20x5)
SS

(15x15)
S6

(15x10)
Mean

o•w* 271 300 289 390 307 322 313 C.D.(0.05) for F 17.5 ( 8.0)
Fx - 50 340 271 340 444 354 382 355 C.D. (0.05) for S 16.4 ( 8.2)
p — 75 -2
?3 r 100
Mean

339
318
317

356 
369 - 
324

332 ’
405
342

436
524
449

347
361
342

379
369
363

365
391

C.D.(0.0S) for S I 
within samo P levels X 32*9
C.D.(0.05) for s X 
between F levels X40.1

(16.5)

<20.2)

Table 6b. Virippu 1983

Fertiliser Spacing levels (ca)
levels *■
(54 of
recewtaended
dose*)

31
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

SS
(15x15)

S6
(15X10)

Mean

3 1 O 237 280 370 480 330 389 348 C.D.(c.05) for P 16.5 ( 7.6)
F — 50 ■ 265 312 385 600 352 435 392 C.D.(0.05) for s 28.3 (14.2)
F2 - 75 
r3 - 100 
Mean

310
325
234

347
351
323

405
420
395

620
830
633

369
382
358

468
495
447

420
467

C.D.(0.05) for s X 
within same F levels J 36.6
C.D. (o.05) for s X 
between F levels X 65.2

(26*5)

(32.5)

*90: 45: 45 leg KPK ha"1Values in parenthesis are S.£» +/-



_2^eble 6 c. Number of tillers n at harvest as influenced by fertiliser andspacing levels* Mundakan 1932

Fertiliser Spacing levels (ca)
levels
{% of
recoew ended 
dose*)

S1
(20r20)

S2
(20x15)

°3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

F0 - 0 390 422 450 540 405 475 447 C.D.(0*05) for F 33.6 (15.4)
rt - so 455 455 470 620 475 534 502 C.D.(O.OS) for S 37.S (10.8)
F2 - 75 
F3 - 100 
Mean

'460
435
443

508
528
479

540
590
513

620
660
610

519
554
438

581
581
543

538
566

C.D.(0*05) for S I 
within same F levels X NS
c.D.(0.05) for S X 
between F levels X NS

(37.7)

(44.2)

Table 6 d* Mundakan 1983

Fertiliser Spacing levels (on)
VvJifl

{% of
reccBoended
dose*)

S1
(20x20)

s2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Keen

01cMl 355 s 393 410 560 374 482 429 C.D. (0.05) for F 29.5 (13.4)
F1 " 50 360 403 522 640 462 516 487 C.D. (0.05) for S 22.4 (11.2)
*2 " 75F3 - 100
Mean

430
460
406

430
475
425

530
545
502

670
740
653

492
473
450

521
514
508

512
535

c.D. (o.os) for s within same F levels
C.D.(0.05) for S 
between F levels

144.8
XX 56.8

(22.5)

(27.7)

* 90# 45# 45 kg BPK ha"1Values In parenthesis are S.Em v/- C
Q



70

Irrospscfciva of tha number of plants par unit 
area# th® highest. doee of fertilizer has resulted in 
highest tiller production* The influence of H in increasing 
the vegetative tiller production is veil known. The 
increased tiller number observed at panicle initiation 
stage was maintained upto the harvest stage though there 
was a reduction in the number of tiller et harvest. Many 
of the previous workers on rice crop like Kuroura (1956)# 
and Kalyenikutty et al. (1968) have stressed the importance 
of H in increasing the tiller production.

The spacing likewise had a drastic impact on the
tiller production* The closer spacings with more plant
population recorded the maximum tiller number while the wider
two spacings (20 x 20 and 20 x 15 cm) with a plant population
of 25 and 33 hills *T2 produced the minimum number of
tillers. Mlshra (1976) could also observe the same trend.
Many of the tillers associated with closer spacing and higher
plant population did not contribute to the yield end is made
clear from the yield data recorded elsewhere. Eventhough e
plant facing least competition for light# nutrient and space

•*2produces lesser number of tillers m under wider spacing 
compared to closer spacings. the contribution towards yield 
will be much more under former situation*. 2R 42 being a



71

high tillering variety, increasing the plant population 
per unit area by closer spacing beyond a particular level 
is detrimental inspite of the fact that higher number of 
vegetative tillers can be produced.

1*3 Leaf area Index (LAX)

LAI is found to be significantly influenced by the 
fertiliser epplicatlcn (Table 7 a# b# c & d) • The highest 
LAX uas observed in treatm&nts which received full dose of 
fertilizer and the lowest in zoro level* It could also be 
observed that the full dose of fertilizer recorded maximum 
LAX in most of the stages and seasons and at certain stages 
it was similar with 75 per cent of th© recommended fertilizer 
dose especially at harvest* The LAI was highest with the
spacing# 20 x 5 cm in most of the stages particularly at

■ /
harvest, it was lowest during penicle initiation end 
harvest stages in the widest spacing 20 x 20 an in all the 
seasons. Ho definite trend could be observed in the behaviour 
of other spacings. The combination effect wso not signi­
ficant at most of the stages*

The above results reveal that the fertiliser dose 
has influenced the LAX tremendously. The treatments receiving 
the maximum fertilizer has obviously recorded higher LAX at 
all stages. The lowest LAI was noticed at zero level.



Teble 7 a* Leaf area index (LSI) at panicle initiation stages as influenced byfertiliser and spacing levels. Virippu 1982

Fertilizer levels 
(» of
recoecsended
dose*)

Spacing levels (ca)

1 2 
(20x20) (20x15)

S.3 “4
(20x10) (20x5) 5 6

(15x15) (15x10)
Mean

*o - 0 4*27 4.62 4.63 5.30 4.24 4.36 4.57 C.D.(0.05) for F 0.83 (0.38)
'l - .50 5.30 5.12 S. 22 4.67 5.68 5.12 5.18 C.D. (0.05) for S HS (0.34)
*2 - 75 5*06 5.33 5.37 5.39 - 5.43 4.64 5.20 C.D.(0.05) for 5 ](
*3 . 100 7.21 7.41 6.47 7.17 6.91 6.35 6.92 within ssso F levels 1L US (0.69)
Mean 5.46 5.62 5.42 5.63 5.57 5.12 C.D.(0.05) f or S • j 

between F levels j[ HS (0.76)

Table 7 b. Virippu 1903

Fertilizer Spacing levels (cn)1CVS1S
{% of
recossnendsd
dose*)

S1
(20x20)

S2
(20x25) 33

(20x10) S4
(20x5) - S5 

(15x15)
S6

(15x10)

iftP 0 4.80 5.20 4.55 6.20 4.61 5.05 5.07 C.D.(0.05) for F 0.615 (0.282)
Ff 50 5.16 5.19 5.36 6.62 4.94 6.50 5.63 C.D.(0.05) . for S 0.697 (0.351)
pa ' 
*» -

75
100

4.70
6.37

5.86
5.92

6.08
6.23

6.40
7.38

5.23
6.30

6.10
6.05

5.73
6.37

C.D.(0.05) for S I -
within saiGe F levels X (0.701)

Keen 5.26 5.54 5.55 6.65 5.27 5.93 *
C.D* (<3.05) for S 
between F levels i N S (0.698)

* 80# 45* 45 kg HPK he*1Values in parenthesis are S.Em +/-
“vjro



Table 7 c. Leaf area index (LAI) at panicle initiation stage as influenced by
fertiliser and spacing levels. Mundakan 1782

Fertilizer Spacing levels (cm)
X% ofreconaended
dose*)

S1
(20x20) S2

(20x15)
S3

(20x10)
V

(20x5)
S5

(15x15)
S6

(15x10)
Mean

FQ - 0 . 3.24 4.24 3.90 3.66 3.72, 4.33 3.85 C.D. (0.05) for F 1.M4 (0.525)
Fa —  50 4.37 5.80 5.75 6.20 5.27 5.99 5.56 C.D. (0.05) for s 0.978(0.492)
P2 “ 75 F3 - 100
Mean

5.77
5.59
4.74

6.13 
6.77 
S. 73

6.87
6.38
5.73

7.90 
7.75 

■ 6.38

7.17
7.89
6.01

7.35
6.46
6.03

6.86
6.82 S « e T l ® v „ l .  x 8 3 . (0*9M>

t £ £ n ° F  liZllt I 83 (1-067)

Table 7 d* Mundakan 1983

Fertilizer Spacing levels (eta)
i% ofreccwniended
dose*)

S1
(20x20)

s2
(20x15)

*3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

P0 “ 0 3.51 4.72 4.40 3.57 3.87 3.99 4.01 C.D. (0.05) for F 0.387 (0.177)
Fx - 50 4.84 6.16 5.92 4.75 5.68 5.17 5.42 C.D. (0.05) for S 0.426 (0.214)
?2 - 75 
f3 - 100
Keen

5.54
5.61
4.86

6.00
6.41
5.82

6.24
6.05
5.65

6.47
6.28
5.27

6.10
6.43
5.52

5.69
6.13
5.30

6.04
6.15

C.D. (0.05) for 8 X «« fn jooS within sates F lavals 1 HS (0.428J

i 83

* 90» 45* 45 kg BPK ha“l
Values In parenthesis are &•&& +/-
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Full dose of fertiliser supplies 90s 45* 45 kg NPK he 
to the plant, the major contribution being from N.
The influence of this nutrient in increasing the vegetative 
growth is well known* Leaf area is determined by the 
height of tho plenfco and the number of tillers (Yoshide,
1961}* Xt may be seen .from the data on these two characters 
(Table 3 a, b, c & d, 4 a, b, © & d, 5 a# b, c 4 d  and 
6 a, b, c & d)'that the full dose of fertiliser has given 
the highest values for both characters*

Tho spacing did influence LAI. The closer spacing 
recorded higher LAX values* Lower LAX was observed in the 
wider spacing* To what extent the low LAX is responsible 
in effecting the groin production will bo discussed 
separately* The number of tillers was more in th© closer 
spacings (20 x 5 cm) while plants were taller in wider 
spacings (20 x 20 cm)* This shows that among tha two 
charcctcro influencing LAX, tiller number is having much 
greater influence rather then height* Being a spacing 
experiment the number of pleats par unit area is altered 
drastically with tho result that there was much variation 
in tiller production per unit aroa* Probably this has 
masked the influence of height in recording more LAX in 
treatments which has more'tiller production. Mur at a ©t a l .  (1957

-i
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an.cCMehrothra ©t al. (1973)^ Mishrc (1976J also recorded higher 
£<AI values with closer spacing.

1.4 Dry matter production at harvest (EBP)

Full doss of fertiliser has given highest ^S?
followed by 75 and SO per cent of the fertiliser in all the
four seasons (Sable 8 c, b, o £ J).

The spacing, 20 x 15 cm recorded th© highest m p  in
three out of'four seasons and in the remaining season itI
was comparable with the spacing 15 x IS cm. The widest 
spacing (20 x 20 cm) was occupying the second position.
The lowest ES? was noticed in th© closest spacing (20 x 5 era) • 
(Pig.2}.

■ Fyll dose of fertiliser in combination with the 
spacing (20 x 15 era) having a plant population of 33 hills hT 2 
recorded the highest DMP in throe out of four seasons.

The above results reveal that fertiliser treatments 
hav<a influenced steadily the DMP. Maximum impact was by 
the highest amount of th© fertilisers given. It may be 
recalled that in the case of tiller production also, full 
dose of fertiliser registered the highest tiller number at 
panicle initiation otege es wall as at harvest.





Table 8 a. Dry matter production of rice (leg ha”*) at harvest as influenced by 
fertiliser and spacing levels. Virippu 1982

Fertiliser Spacing levels (cm)
levels
{% ofrecommended
dose*)

SZ
(20x20)

S2
(20x15)

s„3
(20x10)

S4
(20X5)

S5
(15x15)

fi6
(15x10)

Kean

ro - 0- so
Fj - 75 
»3 - 100 
Hesn

5947
7043
7369
7765
7031

6147
7157
7373
7925
7151

5495
5999
6646
7681
6505

4655
4876
5186
5640
S089

5706
6699
7242
7068
6699

5302
6056^
6808
7642
6460

55SS
6305
6804
7425

C.D. (0.05) for 3?
CiDw(O.OS) for S
c.D.(o.os) for s 
within flame F | 
levels 1
C.D.(0.05) for S 
between F levels

226.3 (73.4)
222.4 (79.0)

444.8 (223.6) 

j469*9 (231.7)

Table 8 b. Virippu 1983

Fertilizer levels 
(Jt of
recommended
dose*)

Spacing levels (cm)

S1
(20x20)

S2
(20x15)

3
(20x10)

S 4
(20x5) S5(15x15) S6

(15x10)
Kean

F0 - 0
F - 50 1
*2 ~ 75 
T3 -100
Keen

5333
6493
7677
0377
6970

5700
7551
7782
9023
7516

6157
6642
7338
7545
6921

5633
6263
6479
6929
6331

S875
6295
7117
7873
6790

5389
6092
6996
7999
6619

5686
65S6
7232
7958

C.D.(0.05) for F 297.6 (96.5)
C.D.(0.05) for S 316.5 (112.5)
C.D.(0.05) for S K.nn n n\ 
Within same F levels X
C.D. (O.OS) for S ][ c.n > t'i’j'i between F levels I652*3 <322*3J

* 904 45 4 45 leg HPK ha”1Values in parenthesis are D.Est -»•/-



Table 8 c. Dry matter production of rice (kg be*1) at harvest as influenced byfertilizer and spacing levels. Mundakan 1962

Fertiliser Spacing levels (cm)
XOVuX 9
(36 of
rcccxomended
dose*)

S1
(20x20) (20x15)

®3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

ro * 0 5275 5172 5198 4163 S101 4513 4907 C.D. (0.05) for F 236.6 (76.7)
Fj - SO 6032 5900 5963 4753 5252 4960 5477 C.D.(0.05) for s 166.5 (59.8)
P2 " 75 
*3 - 100
Mean

6315
6726
6088

6740
7031
6213

6210
6604
6044

4986
5437
4840

5413
5991
5439

4997
5306
4944

5778
6216

C.D.(0*05) fOr 3 ) ogg QflfiQ 3) within seme F levels X 336,91169,3i
C.D*(OtOS) for S X inc 3(ion n\ between F levels X 406*3ll98*°>

Table 8 d. Mundaken 1983

Fertilizer Spacing levels (cm)
16V91S "■
i% ofreccoifr.ondad
dose*)

SX(20x20) S2
(20x15)

S3
(20x10)

S 4(20x5) S5(15x15)
S6

(15x10)
Kean

po - 0 4759 4509 4765 , 4075 4897 4598 4601 C.D.(0.05) for F 13B.8( 45.6)
Fa - 50 5259 5233 4906 4240 5074 4736 4908 C.D.(o.05) for S 210.3( 74.7)
F2 - 75 
r3 - 100 
Mean

5609
5805
5358

5657
6069
5367

5102
5418
5048

4445
4856
4404

5529
6101
5401

4990
5369
4924

5222
5603

C.D.(0.05) for S ) 6(2ii a) within same F levels I **•
i 399.6(199.1.)

* 90 a 45* 45 kg NPK he*1Values in parenthesis are 2.Em +/-
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Higher BMP was found to be associated with the
wider spacings (20 x 15 and 20 x 20 an). But these

—2treatments wero having lower number of tillera m eg 
against higher value in the closest spacing (20 x 5 cm).
The pliability of the strew might have been increased as 
th© number of tillers is increased. Cellulose conversion 
from starch or carbohydrates might not have been fully 
utilized since the competition between plants was much 
severe under very close ©pacing.

Th© yield attributes like number of filled grains 
per panicle and 1000 groin weight and grain and straw yields 
were also more under wider spacings (20 x 15 and 20 x 20 cm). 
But panicle number and sterility percentage were more in 
the closer spacings (20 x 5 and 15 x 10 cm). It is evident 
from the above results that groin yield is decided more by 
DMP and yield attributes like filled groins per panicle 
and 1000 grain weight.

It may be argued that inspite of the higher tiller 
production in the closer spacings of 20 x 5 and 15 x 10 cm 
at active tillering and panicle initiation stages 
(Table 5 a# b# c St d)# these treatments have recorded a 
very low BMP. It is interesting to not© that strew yield 
is also very low in these treatments. This is partly



because of the fact that the excess tiller production has 
resulted in lesser accumulation of carbohydrate in' each 
tiller thereby the carbohydrate available for synthesis of 
cellulose# hsmicslluloses and lignin might ba lesser in 
these treatments. It may be particularly mentioned in this 
connection that straw in these treatments ere more pliable 
or less stiff probably because of the above factors.

Th® combination of full dose of fertilizer along 
with a spacing 20 x 15 cm is also significant probably 
because this combination has recorded highest values for 
grain yield as well as yield attributes.

2..Yield and yield attributes 
2*1. Panicle number m*"2

Full dose of fertiliser gave the highest number 
of panicles m~2 (Table 9 o, b, c & d and Fig.3).

More number of panicles were found to be associated 
with closer spacings (20 x 5 end 15 x 10 cm) having plant 
populations of 100 and 66 hills ra**2.

The combination of full dose of fertiliser vith a 
spacing 20 x 5 cm having a plant population of 100 hilla in"2
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•2Table 9 a. Humber of panicle* n 'as influenced by fertiliser and spacing levels. Virippu 1982

Fertiliser Spacing levels (cm)
{% ofrecommended
dose*)

51
(20x20)

<32
(20x15) S3

(20x10)
S4

(20x5)
S5

(15x15)
S6

(15x10)
Mean

1 
° ioSm 231 259 277 386 279 270 284 C.B.(0.05) for F 14.1 (6 .4)

*1 " 50 297 251 311 400 333 354 324 C.D.(o*05) for S 13.5 (6.8)
F2 - 75 
F3 - 100 
Mean

294
305
282

330
350
298

316
367
316

416
478
420

330
341
321

354
351
332

340
365

C.D. (0,05) for S X., - 
within same F levels I
C.D.(0.05) for S X.a n
between F levels X

(13.6)

(16.2)

Table 9 b. Virippu (can)

Fertiliser • Spacing levela (ca)
(% of
recommended
dose*)

Si(20x20) *2(20x15) S3(20x10)
S4

(20x5)
Sc5

(15x15)
fl6

(15x10)
Mean

=?
i

i
i

o 234 273 36Q 460 317 363 335 C.D.(0.05) for F 18.2 (8.3)
rx -  so 235 316 360 530 326 416 367 C.D.(0.05) for s 24.1(12.1)
F2 - 75
f 3 - 100
Mean

295
300
266

323
344
314

390
410
385

540
860
523

365
376
346

455
475
427

395
451

C.D. (O.OS) for S X 
within same F levels X45.3
C.D.(0.05) for S X 
between F levels X 46.5

(24.3)

(23.4)

* 901 45* 45 kg NP2C ha"1
Values in parenthesis ere S.Em V - n

o



•2Table 9 c. Ifuaber of panicles ni es influenced by fertiliser end spacing levels.Mundakan 1982

Fertilizer 1 ■ Spacing levels (cm)
(% of
rcccexsended
dose*)

S1
(20x20)

S2 S3 
(20x15) (20x10)

S4
(20x5) s s

(15x15)
S6

(15x10)
Mean

F0 - 0
f. - so
r2 ‘ 75 
f3 - 100
Mean

250
268
303
325
287

263 310 
276 316 
349 366 
355 409 
311 350

380
390
400
470
410

256
309
327
384
319

316
338
398
419
368

296
316
357
394

C.D.(0.05) for F 16.2 (7.4)
C.D.(0.05) for S 25.4(12.7)
C.D.(O.OS) for S X f . 
within seme F levels I i25«5J
C.D.(0.05) for S I {ao 3) 
between F levels X k29*3)

Table 9 d. Mundakan 1983
a

\

Fertiliser Spacing levels (cm)4«VC*3
(% of
recommended
dose*)

31
(20x20)

®2 33 
(20x15) (20x10)

S4
(20x5)

*5
(15x15)

S6
(15x10)

, Mean

»0 “ 0Fj - 50
P2 “ 75 
*3 - 100
Mean

250 
280 
320 ' 
355 
308

298 290
299 377 
326 420 
346 430 
317 379

480
505
550
530
516

293
326
353
348
330

339
399
416
405
390

329
364
398
402

C.D. (O.OS) for F 18.2 (8.3)
C.D.(0.05) for 8 19.8 (9.9)
C.D. (0.05) for S X -Q £/*n rt* within same F levels I 39,6U9*9J
C.D.(0.05) for S , } 47.4(23.4) between V levels I

* 90i 454 45 kg BPK ha"*
Values In pa tenthesis ore S*£b +/—
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•mlrecorded more panicles m in both seasons of the first 
year.

Kutrienta# being the most crucial factor in 
deciding penicle production# the highest level of fertiliser 
produced title maximum number of panicles ca followed by the 
lower levels in th© descending order. The role of 
individual nutrients such as 13# P . and K in determining the 
penicle production is very well established by many of the 
previous investigators (Yoshida# 1981), '

The plant population through spacing ha® definitely
pinfluenced the number of panicles m • This is seen to be

i #
directly related to the number of tillers produced. The 
closer spacings with plant populations of 100 and 66 hills m"2 
recorded the highest value throughout the crop growth 
stage and naturally they have also produced more panicles »“2.

rThe lower number of panicles m associated with the wider 
spacings having © plant population of 33 and 2D hills m*"2 
might be due to the lower number of tillers r»~2. It is 
paradox!al to observe that the treatments which produced 
lower numbsr of panicles - have recorded more grain yiild 
es well as EttP.

v



# 3

The combination# full dos© off fertiliser with
spacing <20 x S cm) having a plent population off 100 
-2in produced more number of panicles in both season® 
first year.

2 .2 Humber of filled grains per panicle

Full dose of fertiliser recorded the highest number 
of filled groins per panicle followed by the respective 
lower levels in the descending order (Table 10 a, b, c & d 
and Fig. 3).

The wider spacings Of 20 k 15 and 20 x 20 cm produced 
more number of filled grains per panicle in most of the 
seasons. The lowest number was always associated with the

mm>2closest spacing having a plent population off 100 hills m * 
The combination effect was not significant.

Number off filled grains per panicle is en important 
yield attributing ffector. The applied nutrients have 
gained to oateblish their role in influencing this yield 
attribute. Full dose off fertiliser produced the highest 
number of filled groins per panicle while tho setro levol 
resulted in the lowest number. The ratio botwoon II# P and K 
boing tha seme in ell the doses# th© highest level has given

hills 
off th©



Table 10 a. Kusaber of filled grains panicle*1 as influenced fey fertiliser and
spacing levels* Vlriosa 1982

Fertiliser Spacing levels (on)
V*lv

(# ofreccosceaded
dose*)

S-1
(20x20)

S2
(20x15) S3(20x10)

S4
(20x5)

3 S
(13x15)

S6
(15x10)

Keen

Fo - 0 61*2 60*9 60*0 51.7 61.0 59.9 59.2 C.O.(0.05) for F 0.66 (0.28)
*1 - 50 61.1 61.1 60.0 52.5 60.9 59.4 59.2 C.O.(o.OS) for fl 0.66 (0.31)
g2 ~ 
h  -
Kaan

75
100

61*6
62*3
61*6

61*6
61.0
61*4

60.0
60*4
60.1

51.8
56.8
53.2

/

60.8
61.4
61.0

60.2
59.5
59.0

59.3
60.4

C.D. (0.05) for S X .
within sen® F' levels 1 1,73 t0*06J
C.D. (0.05) fOr 8 X , es. fn' oft) between 1? levels 1 l M  t0*89i

Table 10 b. Virippu 1903

Fertiliser Spacing levels (css)
1% © frecommended
dose*)

51
(20x20)

&2
(20x15)

S3
(20x10)

S4
(20x5)

s .5
(15x15)

S6
(15x10)

-Mean

r n - 0 58*9 58.5 57.4 57.8 61.2 54.8 56.4 C.D.(o .o s )  for F 4.11 (1.88)
F l - SO 74.4 55*5 46.7 44.8 61.1 63.7 57.7 C.D. (0.05) for S 6.87 (3.45)
J 2 *

*3 -  
Mean

75
100

63.3
65,7
65.6

63.0
71.1 
62.0

63.9
53.9 
55.5

58.2:
48.9
50.0

64.1
79.5
66.5

66.4 
71.1
64.5

63.S 
65.1

C.D.(0.05) for S X NS 
vsithin sea a F levels X
C.D.(0.05) for 3 X MS batwecn F levels X

(6.91)

(7.89)

* 90* 45# 45 leg HPJC ha*1Values in parenthesis sre S.Em +/- QO



- *1Sable 10 c* Number of filled grains panicle as influenced by fertiliser and
spacing levels. Mundakan 1982

Fertilizer Spacing levels (cm)€̂V«iLj2 *"
(& ofrecccH'.snded
dose*)

s i(20x20) V
(20x15)

S3
(20x10)

S4
(20x5) S(15x15)

rt6
(15x10)

Mean

ii
0

t
1 60.5 59.7 59.8 49.5 60*7 59.7 58.3 C.D,(0.05) for F 1,22 (0.39)

?x « 50 60.9 61.0 60.1 52.6 60*6 59.6 59.1 C.D. (Q.QS) for 3 1.144(0.40)
V  ** 75 
f 3 - 100
Mean

61.5
62.1
61.3

61.4
62.1
61.1

59.8
60i4
60.0

53*9
55.2
52.8

61.4
61.9
61.2

59.7
59.6
59.7

59.6 
60.2
59.7

C.D*(0.05) for S 
within ssjsQ F levels
C.D.(0.05) for S
between F levels

2.288(1.15)

2.462(1.21)

Table 10 d* Mundakan 1983

Fertiliser . Spacing levels (an)%AWtS-A^
(% of
recommended
dose*)

S1
(20x20)

s«2
(20x15) S3

(20x10)
*4

(20x5) (15X15) S6
(15x10)

M e m

F0 - 0 59.8 59.9 58.3 51.8 58.8- 54.6 57.2 C.D.(0*05) for F 2.15 (0.69)
Fx - 50 60.7 60.6 58.8 54.6 60.2 59.0 58.9 . C.D.(0.05) for S 1.40 (0.49)
F2 - 75 
?3 - 100
Mean

60.9
61.7
60.8

60.6
61.6
60.7

59.4
59.3
5S.9

55.7
59.3
55.3

60.6
60.9
60.1

57.9 
58.8 
57.6

59.2 .
60.3

C.D.(0*05) for S 
within same P levels
C.D.(c.05) for S 
between F levels

{ 2.80 (1.41)
X
X 3*53 (1.71)

* 90; 451 45 kg IJPK ha*"2
Values in parenthesis are S.Sm +/-

ao cn
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the highest value. Hence it is also difficult to 
disentangle the effects of the individual nutrients,

Tiie wider spacir.go of 20 x 15, 20 x 20 and 15 x 15 cm
have given snore number of filled grains per penicle. This
is because of the .fSct that more nutrients are available
for each plent when compared to the treatments having higher
plant population. This is substantiated by the uptake data
(Tables 19 a, b, c & <3, 20 a# b, c M  and 21 a, b, c & d)
which show more uptake of N, P and X in th© wider spacings
with lower plant population. The lowest number of filled
grains associated with tho closest spacing (20 x 5 err.) which

-■*?accommodated 100 hills m might be due to the severe compe­
tition for nutrients, light and space feced by eech plant.

It racy be further noted that penicle number was 
more in closer spacings with higher plent population even 
though the number of filled greins per penicle was lowest.
The inputs available for eech panicle will be lesser in 
the treatments with more number of panicles, ss a result of 
severe competition, thus reducing the number of filled grains 
por panicle, Incidently it mey be seen that the uptake of 
H, P and K is lowest in the above treatment. So under 
situations of severe competition it is the number of filled 
grains that matters rather than the number of panicles per 
unit area. This is in spite of the fact that the variety
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being a panicle number type ms in the case with all 
other dwarf AndicSS# there Is en optimum number of panicles 
beyond which the number of filled grains es well as yield 
decreases.

3 Thousand grain weight

fertiliser levels showed significant effect only 
in virippu season© (Table li a, b# c ft d)• Pull dose of 
fertiliser gave the highest and aero level - the lowest 
value of 1000 groin weight (Pig. 3). The aero level was 
significantly inferior to the higher levels. Sam© trend 
was-observed in mundakan seasons also# though not significant.

The spacing levels shewed significance only in both 
seasons of the first year. Irrespective of the seasons# 
higher values of 1000 groin weight were associated with 
the wider spacing© of 20 x 20 and 20 x 15 can and the lowest 
values with the closest apecing of 20 x 5 an. The combination 
effect showed no significant effect on 1000 grain waight.

1000 grain weight is more or less a genetic 
character (Matsushima# 1970) fluctuating within certain 
limits as influenced by the environmental conditions, 
tier©# two sots of environments have influenced. First one 
being fertiliser or nutrients and second one competition.



Table 11 e. Thousand grain weight (g) as influenced by fertilizer and spacing
levels. Virippu 1982

Fertilizer Spacing levels (cm)
levels ■ 
(tf ofrecommended
dose*)

S1
(20x20)

S2
(20x15)

S3(20x10)
S4

(20x5)
S5

(15x15)
S6

(15x10)
Mean

*0 ” 0 20.15 20.03 19.93 18.85 20.20 20.01 19.86 C.D.(0.05) for F 0.364 (0*118)
- 50 20.38 21.05 20.11 19.30 20.38 19.85 20.18 C.D. (0.05) for 3 0.332 (0.118)

F2 - 75 
F3 - 100 
Kean

20.92
21.36
20.70

20.99
21.17
20.80

20.07
20.45
20.13

19.30
19.45
19.23

20.64 
21 .Op 
20.55

19.95
20.08
19.97

20.31
20.59

C.D. (0.05) for S I ijc /*\ oaj) 
within same F levels I . l*S
C.D«(0.05l for 3 X ss (O.355) between ?' levels 1

■ Table 11 b. Virippu 1983

Fertilizer Spacing levels 1(cm)
levels 
{% ofrecommended
dose*)

S1
(20x20)

S2
(20x15)

s3
(20x10)

S4
(20x5)

5
(15x15)

S6
(15x10)

Mean

F - 0 20.28 20.22 20.06 ' 20.24 20.75 20.44 20.33 C.D. (0.05) for F HS (0.226)u - 50 21.06 20.24 21.22 20.50 20.42 20.18 20.60 C.D.(0.05) for S - HS (0.249)
F2 t 75
f3 - 100
Keen

20.78
20.70
29.73

20.96
21.32
20.66

20.66
20.66
20.65

.20.50
20.52
20.44

20.36
21.16
20.67

21.06
20.68
20.64

20.72
20.89

C.D* (0.05) for S X //» ago) within seme F levels X ” *
c.D.(o.os) for s I k s Co s q i) ' between F levels X H

_ QO
* 90: 45 s 45 kg ITPK he”1Values in parenthesis are 3.Eat +/-



Tobies 11 c. Sheu®and groin weight, (g) as influenced by fertiliser end spacing levelsMundakan 1982

Fertilizer - Spacing levels (an)£«VC7JL9
i% of
rsccsamcnded
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean *

*0 - 0 19.54 - 29.70 19.34 19.22 20.10 19.18 19.51 C.D.(0.05) for P US (0.267)
S1 - SO 20.36 19.14 19.60i 19.70 ' 19.94 19.48 19.70 C.D.(0.05) for S 0.483(0.243)
P2
P3 -
Mean

75
100

20.80
20.30
20.25

19.90
20.44
19.80

20.30
19.78
19.76

19.60
19.80
29.58

18.88
19.80
19.68

19.04
20.00
19.63

.19.89
20.02

C.D. (0.05) for S XH- ,n 
within some F levels I
C.D.(0 .05 ) for S X H3 (o .  
between F levels X

486)
591)

Table 11 d. Mundakan 1983

Fertiliser Spacing levels (cm) -

<% of
rscoocsendsd
dose*)

S1
(20x20)

32
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

'o - 0 19.65 20.22 20.22 19.02 20.61 19.93 19.94 C.D.(0.05) for F G.270 (0.087)
*1  - 50 20.89 20.78 20.09 18.91 20.78 19.67 20.19 C.D.(0.05) for 3 0.274 (0.097)
*2 "
*3 " Mean

75
100

20.82
21.28
20.66

20.93
21.32
20.81

20.12
20.14
20.14

19.22
19.52
19.16

20.79
20.93
20.78

20.30
20.14,
20.01

20.36
20.56

C.D.(0 .05 ) for s  I rt 
within saute F levels
C.D.(o.05) ror S I . .n. 
between F levels X

(0.275)^

(0.282)
GO.**■■— OP

♦90s 45s 45 kg NPK be"1
Values in parenthesis ere D.En +/•
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The increase in fertiliser levels shewed a definite trend 
to increase the 1000 grain weight and vice versa*

At full dose of fertiliser# H# P and K contents of 
plants were higher. Higher photosynthetic activity due 
to the better supply of tee above nutrients is ©frident from

i

the result because these nutrients are involved in the 
photosynthesis and respiration directly or indirectly 
(Yoshida# 1981). N is a constituent of proteins «hich in 
turn are constituents of protoplasm ̂ chloropfcaata and enaymea* 
p qs inorganic phosphate# an energy rich phosphate compound 
and a coensyme# is directly involved in photosynthesis. On 
th© other hand# SC la involved in the process of opening 
and closing of stomata that control GO^ diffusion into 
green tissues and also activates the enzymes like starch 
synthetase (Fujino* 1967; Fisher and Hslsco# 1968; Nitao* 
and Evans# 1969}*

The wider spacings with lower plant population 
produced higher values of 1000 grain weight while closer 
spacings with the higher plant population recorded lower 
values. Th© wider spacing of 20 x 20 cm accommodated 
25 hills Ei*2 as against 100 hills ra"2 in tee closest spacing 
of 20 x 5 cm i.e. about four times increase in the plant 
population than the former. Higher the plant population
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per unit, area, lower the quantity of nutrients available 
for each plant* Competition for light is another factor 
which would have affected 1000 grain weight* The severe 
overcrowding in the closest spacing with highest plant 
population would have led to maximum mutual shading vith tho 
result thct there would have been lessor net photosynthesis 
with a consequent reduction in the tranaloceticn of tho 
assimilates to the individual .grain* The values ranged from

B29*16 to 20*44Awith the closest spacing having e plent
_2population of 100 hills m whereas it varied from 19*60 to

20*61 g in the wider spacings with plent population of 25 
-2end 33 hills in . Evan though the variation seems to be 

numerically lesser# spacing has e profound influence on the 
grain weight as a whole and this has probably contributed 
to higher grain yield in wider spacings with lower plant 
population as against lower grain yield in the closer 
spacings with higher plant population* Neir end Gcorgo (1973) 
also recorded lower 1000 grain weight with closer spacings 
under Kerala conditions*

Z .4-. Sterility percentage

Fertilizer levels had no significant effect on the 
sterility percentage (Table 12 a# b, c & d) while Spacing 
levels showed significant Influence on tite above character*



Table 12 a. Sterility percentage as influenced by fertilizer and spacing levels*Virippu 1982

Fertiliser Spacing levels (csa)
<% of
raconmendad
dose*)

si
(205620)

S2
(20x15)

S3(20x10)
S4

(20x5)
SS

(25x15)
S6

(15x10)
Kean

s0 - 0 19.8 IB.8 19.0 27.8 17.9 19.7 . 20.5 C.D.(0.05) for F m  (i.i9)
rl - 50 18.7 17.5 19.1 24.3 19.9 19.0 19.8 C.D.(0.05) for S_ 2.36(1.18)
*2 .
*3 *Mean

75
200

17.3
16.6
18*1

19.0
17.0
18.1

19.2 
29.6
19.2

28.0
31.1
27.8

19.0 
19.3
19.0

19.4
19.3
19.3

20.3
20.5

C.D. (O.OS) for s 1 n» fn n.l 
within same F levels IN
C.D. (0.05) for S J »<= f9 eel between F levels 1 (2*85)

Table 12 bi. Virippu 1903

Fertiliser Spacing levels (cm)
(3 of
recommended
dose*)

si
(20X20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

5
(15x15) S6

(15x15)
Mean

*0 *
0 17.2 16.9 28.4 24.4 ' 22.2 22.0 21.9 C.D.(0.05) for F HS (1.95)

f1 * 50 19.7 21.8 19.9 23.4 16.7 23.3 20.8 C.D. (0.05) for 8 3;06(1.53)
**2 *
F3 * Keen

75
100

21.1
20.0
19.5

23.0
26.2
19.5

19.9 
15.5
20.9

23.5
21.1
23.1

23.9
22.S 
21.3

18.7
26.0
22.5

21.7
20.2

C.D. (O.OS) for S I <; 4 < 1*71 within same T level* x6-*3*3* ^

i 7*85 {3*83)

* 90* 45t 45 kg KPK ha*1Values in parenthesis are S.Zaa +/• ccre



Sable 12 c. Sterility percentage as influenced by fertilizer and specing levels
Mundakan 1982

Fertilizer levels __ £*
Spacing levels (cm)

<34 ofrecorsraended
dose*)

S1
(20x20)

S2
(20x15)

s3
(20x10)

4
(20x5)

S5 . 
(15x15)

S6
(15x10)

Hean

F0 - 0 18.9 19.0 18.9 25.9 19.4 21.0 C.D.(0.05) for F ®S (1.26)
**2 ' - 50 18.7 16.8 20.7 28.0 17.4 19.1 C.D.(0.05) for 3 1.81(0.91)
?2 - 75 
P3 - 100 
Mean

17.3
17.5
18*1

17.7
17.6
17.8

18.8
18*2
19.2

26.5
26.2
26.7

18.4
18.5 
18.4

16*3
19.0
19.4

C.D. (0.05) for S 
within some F levels
C.D. (c.05) for S between F levels

NS (1.32) 

BS (2.13)

Table 12 d. Mundakan 1983

Fertilizer
levels

-Spacing levels (cm)
(34 of
reccsroended
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

Fq - ° 16.9 15.3 15.5 24.3 15.2 17.2 17.4 C.D.(0.05) for F NS (0.39)
F, - 50 13.7 16.0 16.9 24.4 15.6 16.0 17.1 C.D.(0.05) for 3 2.12(1.06)
*2 * 75 F3 - 100
Ms an

17.6
15.1
15.8

17.2 
16.1
16.2

16.1
17.8
16.6

22.2 
- 22.3 

23.3

13.3
15.1
14.8

16.1
18.4
16.9

17.1
17.5

C.D. (o .O S) for S  ][ iji' tn «̂a\ 
within setae F levels I v<!*
C.D. (O.OS) for 3 1 »'■ fn 
between F levels 1

* 90s 45* 45 kg NPK he*1
Values in parenthesis are S.E® -f/-

co
CO



The closest spacing (20 x 5 c h i)  with a plant population 
of 100 hills iq recorded the highest sterility in all 
the seasons. The combination of fertiliser with spacing 
did not show significant effect on the sterility 
percentage in most of the seasons.

In this experiment a very high fertiliser level 
was not tried so as to create a drastic change in the 
above proportion of sterility percentage. This might be 
the reason for the lock of significant difference in 
sterility percentage due to the fertiliser levels 
(Kalyanikutty et al., I960; Eunus end Sadeque, 1974).

Higher sterility percentage associated with the 
highest plant population of 100 hills ra"*5 (Spacing 
20 x 5 an) is attributed to th© severe competition between

i . '

th© plants because of the overcrowding end mutual shading.
Higher the competition, higher will be the chaff. Wtte
the range of the fertilizer applied th© wider spacing
(20 x 20 era) which accoromodated a plant population, of 

—225 hills m recorded the lowest sterility. If th© 
population is further increased through closer speclngs, 
competition sets in because nutrient availability is 
limited. This is applicable to ©very level of fertiliser



95

triad* rsutual shading consequent to close spacing is 
one of the reasons attributed to high spikelet sterility 
in the tropica (IRRI# 1965).

3* Grain yield

Grain yield was significantly Influenced by
fertiliser as well as spacing levels (Table 13 a# b, c fc d).
Full dosa of fertilizer produced highest grain yield which
was significantly superior to other fertiliser levels.

•2The wider speclngs 20 x 15 cm (33 hills m ) and 20 x 20 cm 
(25 hills nt ) recorded higher grain yield while lower 
values were recorded by closer spacings 20 x 5 an 
(100 hills m~2) end 15 x 10 cm (66 hills uT2).

Full dose of fertilizer combined with • spacing
20 x 15 cm produced the highest grain yield; As is evident

#from the figure (Fig.4) at other levels of fertilizer also* 
a spacing 20 x 15 cm gave more grain yield*

From the results# a progressive increase In grain 
yield was observed with each higher level of fertilizer*

9

During virippu the increase in grain yield from zero level 
to full dose of fertiliser was higher than that in mundakan 
in both the years*
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Table 23 a* Grain yield (Kg ha**) as influenced by fertilizer and spacing levels
Virippu 1982

Fertiliser 
levels _ Spacing levels.(g o)
(5£ ofrecomnendod
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

F . 0 2974 3054 2611 2166 2024 2548 2700 . c.p. (0*05) for F 128.4 (58.9)
0 - 50 3433 3480 2942 2355 3320 2984. 3086. .c.D*(o .o s )  for s 125.9 (63.2) 

I 2S1.7(126.5)

J 305.0(150.3)
P2 " 75
F3 - 100
Keen

3575 .
3907
3472

3626
3970
3533

3299
3612
3166

2469
3693
2431

3562
3938
3411

3361
3839
3183

3318
3693

C.D.(0.05) for S 
.within atsae F levels
C.D.(0.05) for S 
between F levels

Table 13 b. Virippu 1983

Fertiliser
levels Spacing levels (cm)
{% ofreconcrcendGd
dose*)

S1
(20x20)

' ■ S2 (20x15)
S3

(20x10)
?4

(20x5)
S5

(15x15)
S6

(15x10)
Mean

Fq 0 2660 2864 3077 2843 2949 2708 2850 C.D.(O.OS) for P 168.4 (77.3)
FI - SO 3230 3773 3313 3081 3165 2998 3260. c.p.(O.OS) for 3 166.2 (83.5)

p2 * 75P3 - 100
Mean

3834
4209
3495

3937
4528
3776

3680
3790
3465

3257
3549
3183

3517
3951
3396

3519
4022
3312

3632
4008

C.D.(0*05) for S I 332.4(167.1) .within same F levels 1
C.D.(0.0S) for S I 402.5(198.4) between F levels 1

* 90* 451 45 Kg liPX ha"1 mValuer in por«nth«iii are +/-



Table 13 c. Grain yield (kg ha"1) as influenced by fertiliser and spacing levels.
Mundakan 1982

Fertilizer . Spacing levels (cm)
levels —  
(* ofrecommendeddose*)

S1
(20x20)

^2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x16)

Mean

Fo " 0 2527 2534 2592 1956 2414 2095 2370 p.0.(0.05) for P 115.2 (52.8)
Pj - 50 2880 2833 2909 2170 2493 2316 2600 C.D.(0.05) for S 92.5 (46.4)

it1184.9 (92.9) 

J 231.9(113.5)
r2 " 75 
f3 - 100
Mean

3066
3261
2950

3248
3426
3010

2967
3263
2933

2268
2602
2249

2598
2343
2587

2346
2486
2311

2749
2980

C.D.(0.05) for S 
within seme F levels
C.D.(C.OG) for S 
between F levels

Table 13 d. Mundeksn 1983
-

■

Fertilizer Spacing levels (on) -

levels
{% of
recommended
dose*)

S1(20x20)
S2

(20x15)
33

(20x10)
4

(20x5)
Sg

(15x15)
S6

(15X10)
Mean

F - 0 2371 2194 2329 2024 2403 2275 2266 C.D.(0.05) for p 68.9 (31.6)0F, - 50 2604 2621 2439 2107 2527 2332 2438 C.D*(0.05) for s 111.3 (S5i9)
- 75 

F3 - 100 
Mean

2785
2896
2664

2830
2983
2657

2565
2669
2501

2221
2416
2192

2732
3029
2673

2474
2677
2439

2601
2778

C.D. (0.05) for' a I *jc (iii o) within seise P levels I
C.D.(0.05) for 3 y as (12e.l) between F levels I

■ ... ..— ■ -... - ■ C
* 90s 45s 45 kg KPK ha"1
Values In parenthesis era 3.Em +/-
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cut# the increase In yield from zero to
100 per cent of the fertilizer doc* was only 35.3 and
24.3 per cent in virippu end mundakan, respectively.
It- is also interesting to note that the yield increase
from zero to 50 per cent of the recommended dose of
fertilizer was as low as 14.5 per cent in virippu and
@•5 per cant in mundakan. further, the reasonably good
yield at zero level of fertilization rcnging from 2.78
to 2*85 t ha*1 in virippu versus 2.27 to 2.37 t ha*1
in mundakan, highlights the adaptability of the variety
under low levels of fertility. This is very important
from the farmer*a point of view because they cannot
afford higher doses of fertiliser application mostly
due to economic constraints. Under such situations# a
variety like XR- 42 which can give reasonably good yield
without fertilizer application is most welcome. Further#
the linear response es observed front the response curve
it is seen that this variety can respond to even higher

•1fertilizer doses,beyond 90* 45» 45 kg NPK ha which was 
tried in the present investigation (Fig.5). Thus it is 
evident that XR 42 has the built in ability to tolerate 
low fertility and at the same time respond to higher
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doses of fertilization. Such varieties are always a 
boon for our poor formers particularly under th© present 
situation, of severe energy crisis.

The data presented on nutrient uptake (Table 19 a, 
b, Cg At 20 at b, c« A end 21 e, b# c and d and Fig.2} show 
that th© uptake of nutrients was store during vlrlpou compared 
to mundakan and the same could be effectively utilised by 
the crop. As the growth duration was more in virippu. 
th© better vegetative growth together with the well developed 
root system might have enabled the crop to absorb all 
nutrients more effectively.■ According to Yoahida (1981) 
growth of the root is closely related to th* growth of the 
whole plant. Further, the newer indica types with high 
tillering rates and good reproductive development can absorbt
arid assimilate large amounts of S3 throughout the period of 
growtli. Other major nutrients like P and K are also needed 
throughout the growth period (Atanasiu and Sarny, 1903).

i

Hence any reduction in growth duration as in mundakan will 
definitely reduce the uptake of nutrients and thereby yield.
A perusal of the details regarding transplanting and harvest 
(Table 2) of the experiments in virippu and mundakan shows 
a difference in duration of about 13 days in the first year 
and 17 days in the second year between virippu end mundakan.
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The fertiliser response as well as the percentage 
recovery of applied nutrients were also more in virippu 
compared to mundakan (Table 15). Further, a higher fertiliser 
response end recovery percentage of applied fertiliser were 
observed at a lower lovel l*e*, SO per cent of the fertiliser 
dose in virippu while in mundakan fertiliser response was 
more with 75 per cant end recovery percentage of applied 
fertiliser was highest with 100 per cent of the recommended 
dose of fertiliser* This again is attributed to the 
difference in growth duration of toe crop during virippu 
and mundakan•AWitb xhe help off tho wall developed root system 
and better vegetative growth, the crop was Obi© to absorb 
more frcto tho applied quantity of 50 per cent fertilizer 
dose in virippu whereas in mundakan due to the reduction in 
growth duration, the comparatively lesser vegetative growth 
and poor root system the plants were not able to utilize tine 
applied nutrients efficiently* Hence a major part of the 
nutrients would have been wasted in mundakan. Therefore, 
more nutrients were needed to give higher 1values of fertilizer 
response and percentage recovery off applied fertilizer in 
mundakan.

Yield attributes such os penicle number ra“^, numberA *
of filled grains per panicle and 1000 grain weight were also 
more in the treatments receiving full dose and less with zero
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level of fertilizer (Pig.3). These yield attribute* 
might have influenced the grain yield.

—oThe wider spacing* with 25 and 33 hills m were
t

at en advantage with respect to groin yield. As the plant
•2population wee increased from 25 to 100 hills m the yield

i

was reduced from 3.5 to 2*8 t ha”* in virippu end from 2.8 
to 2.2 t he"* in mundakan.

Prcm the response surface (Pig.6 a) .it is seen
that when the plant population was increased from 25 to 

„o100. hills ra , the grain yield tended to increase upto 
*233 hills m end thereafter declined, at all the fertilizer

2levels. But at full dose of fertilizer, 25 hills m gave
•2yields comparable with that of 33 hills » indicating that

the former Is sufficient et the highest level of fertility.
•2Since the yield response was more with 33 hills m , at 

lower fertiliser levels, it is advantageous to adopt the 
above plant population es fertilizer is costlier than 
seedlings.

The number of filled grains panicle”* end 1000 grain 
weight were highest and the sterility percentage lowest in 
the wider spacings. However, the panicle number m was 
lower in these treatments. Still higher grain yield was 
obtained because of the influence of tho other yield attributes 
mentioned. Further, total EMP at harvest was also more in
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the wider spacings (33 end 25 hills n"2). The correlation 
coefficients between yield attributes end yield (Table 14 e) 
show that a positive correlation exists between filled 
grains per panicle and grain yield (r 0.76* in vlripyu 
end 0.85* in roundakan). Thousand grain, weight eleo 
possesses a positive correlation with grain yield (r ■ 0.91** 
in virioou and 0,93** in mundakan)t Whereas panicle 
number and sterility percentage had negative correlations 
with the grain yield. Thus it is clear that grain yield 
was influonced more by filled grains per panicle end thousand 
grain weight rather than by panicle number. This might be 
because of several reasons. The optimum LAI in wider 
spacings without any mutual shading resulted in more net 
assimilates in the plants. Further# more surface area vss 
available for individual plant resulting in more uptake of 
nutrients which were bettor utilised for increasing the 
nuznbsr of filled grains per panicle es well as thousand 
grain weight. It is further noted that a negative 
correlation exists between panicle number and grain number 
par panicle. The number of grains per sq.m. determines the 
yield capacity of a given variety (Yoshlde et el.# 1972).
Thus it is clear that by increasing panicle number alone by 
way of increasing plant population through spacing cannot 
increase grain yield because of the negative correlation 
between panicle number and grains per panicle.



Table 14e* Correlation coefficients between groin yield 
and yield attributes

r voluo
Factor ____________

Virippu Mundakan

1. Panicles m**2 *0.217 *0.392
2. Filled grains panicle**1 0.761* 0.857**
3. Thousand groin weight 0.914** 0.931**
4. Sterility percentage *0.309 -0.581

* Significant at 5 per cent level
** Significant ot 1 per cent level
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The correlation coefficients between plant 
population with yield attribute* and grain yield 
(Table 14 b) reveal a negative correlation with filled 
grains, thousand grain weight and grain yield while e 
positive correlation with panicle number and sterility 
percentage. CMP also showed a negative correlation with 
plant population. The influence of plant population#
DHP and yield attributes on grain yield was also brought 
out by path analysis (Pig.6 b). ' Prom the data (Table 14 c) 
it is seen that thousand grain weight has got maximum 
positive direct effect followed by EMP on grain yield. 
Thousand grain weight has a negative indirect effect 
through number of panicles. Even though the direct effect 
of panicle number is positive# its indirect effect 
through thousand grain weight and CMP made the total 
effect negative. The direct effect of plant population 
Is negative while its indirect effect through panicle 
number is positive. Thus# the thousand grain weight 
has got the maximum positive direct effect followed by 
CMP on grain yield as evidenced from the path analysis.
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Table 14 b. Correlation coefficients between plant population# yield attribute*# end groin 
yield.

r i►

Factor Virioou Mundakan

1* Panicles ia~2 0.884** 0.909**
2. Filled grains panicle*1 -0.753** -0.928**
3. Thousand grain weight -0.399 -0.412
4. Sterility percentage 0.830** 0.818**
S. DMP -0.857** -0.827**
6. Grain yield -0.790** -0.820**

'+* Significant at 1 per cent level



Y-GiRAlM  Y IELDX^-PLMT POPULATION
X^-pANtCLE NUMBER, m - I
x 3--NUMBER OF FILLED GiRAlMS pANitLfi
X^-IOOO G R A IN  vJElGtHT
X 5 -ST£R IM TY  p e r c e n t a g e
X6 -  DRY HATTER PRODUCTION Q ) M P )

FIG i ,6 b. PATH D IA G R A M  -  D IRECT  A M D  IN D IR E C T  
EFFECTS OF CAUSATIVE FACTORS ON, GiRAlW Y IE L D



Sable 14 c. Direct and indirect effects of causative factors on grain yield

5 1 2 3 4 5 6 Correlate 
with y

1 -0.332 0.427 -0.178 -0.523 0.367 -0.265 -0.504
2 -0.296 0-479 —0.165 -0.367 0.297 -0.354 -0.407
3 0.257 -0.343 0*230 0.401 -0.244 0.168 0.469
4 0.215 -0.217 0.114 0.809 -0.234 0.008 0.695
5 -0.258 0.300 -0.118 -0.401 0.474 -0.123 -0.127
6 0.165 -0.318 0.073 0.012 -0.110 0.533 0.356

y - Grain yield 2
at- - Plant population (bill# m )
Xj - Husber of panicles n“^
X3 — '

x. - 1000 grain weight 
- Sterility percentage

Xg - Drynsttcr production (DHP)
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The above result* reveal that the plant 
population beyond 33 hills (spacing 20 x 13 cm) 
la not desirable in this variety* When the plant 
population was Increased beyond that, the competition 
factor must have played a dominant role In influencing 
the yield. The wider spacings enjoy fairly satisfactory 
conditions of light and space for development and 
nutrient supply whereas in closer spacings, mutual 
shading on account of overcrowding occurs. Consequently 
the net photosynthesis will be reduced. Further, the 
nutrient supply will also be limited under closer spacings.

Thus it is evident that this variety, even though 
classified as a high tillering one, requires a 
comparatively wider spacing of 20 x 15 cm (33 hills m"2> 
below which is not desirable for groin production. For such 
varieties closer spacing is definitely harmful because 
of the reasons already explained.

Frco the economics (Table 15) it could be seen 
that highest net return of es. 6913 and Ss.3890 were obtained



Table 15. Economics of trial I (Spacing trial) 108

Treatments

Grain
yield
kg ha-1

Straw
yield
kg ha-*

Gross
return

Rs.ha-1

Cost
of
CUlti-
vation
Rs.ha-1

Net
return

Rs.ha-1

Benefit
cost
ratio

Ferti­
lizer
res­
ponse

% reco­
very of 
applied 
ferti­
lizer

Retut n 
rupee-1 
invested 
on fer­
tilizer

1. Fo si V 2817 2939 8573 4903 3670 1.75 _ -
H 2499 2631t 7629 2726 1.56 - - -

2. F0 S2 V 2959 .3090 9008 5150 3858 1.75 - - -
H 2354 2563 7271 2121 1.41 - - -

3. F0 S3 V 2844 3102 8790 5273 3517 1.67 - - -
M 2461 2631 7553 2280 1.43 — "*

4. F1 S1 V 3331 3575 10237 5301 4936 1.93 5.71 35.61 11 .43
i X

M 2742 3019 8503 3202 1.60 2.70 23.87 7.76
S. F1 S2 V 3657 3848 11162 5598 S564j 1.99 2.75 52.33 12.76

1  *• M 2727 2957 8411 2813 1.50 4.14 •29.55 6.95
6. F1 S3 V 3128 3323 9579 5721 3858 '1.67 3.15 22.54 7.16

M 2674 2872 8220 2499 1.44 2.36 ■ 22.42 4.28

7. F2 S1 V 3730 3947 11407 5550 5857 2.06 .6.76 38.02 9.7-1
£ 1

M 2925 3159 9009 3459 1.62 3.15 22.39 6.15

S. F S V 3782 3952 11516 5797 5719 1.90 6.09 40.15 9.51Z £
M 3039 3291 9369 3572 1.62 5.07 33.44 6.32

9. F2 S3 V 3490 3749 10729 5920 4809 1.81 4.79 32.04 6.17
2 J w 2766 3006 8538 2618 1.4 4 2.26 23.97 2.90

10. F, s.- V 4056 4181 . 12293 5774 6519 2.13 6.88 42.39 8.48
3 1

M 3079 3316 9474 3700 1.64 3.22 25.76 5.25

11. F3 S, V 4249 4396- 12894 5981 6913 2.16 7.11 50.70 8.93
J

M 3205 3461 9871 3690 1.65 4.72 36.57> 5.46
12. F3 S3 V 3801 3968 11570 6104 5466 1.90 5.32 34.89 5.28

M 2966 3271 9203 3099 1.51 2.81 23.76 2.56

9 - VtRiPPU M-

Fertilizer levels

B 5051 of 90b 45: 45 kg NPK ha-1
= 75% of 90: 45: 45 kg NPK ha-1
=0 100% of 90: 45: 45 kg NPK ha-1

Spacing levels 
S. to o X 20 cm

2 0 X 15 cm
20 X 1 0 cm

Price of rice 
Price of straw

Rs. 
Re.
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from the combination of full dose of fertiliser with i
A

plant population of 33 hills vT (spacing 20 x IS cm) In 
virippu and mundakan# respectively. The benefit cost ratio 
was also high (2.IS in virippu and 1.65 in mundakan) in the 
above combination. The return per rupee invested on 
fertiliser was more (&• 12.76) at 50 por cent of the 
fertiliser dose with a plant population of 33 hills m 
in virippu as against 25 hills m"2 in mundakan. This might 
be because during virippu the higher plant population 
together with longer duration of the crop gave more grain 
end strew yields and thereby higher gross return eventually 
increasing the return por rupee in vested on fertiliser.
But during mundakan the yield itself was low. Further the 
additional cost involved in planting $ 33 hills es egoinst 
25 hills m"2 has resulted in reducing th© return per rupee 
invested on fertilizer in th© combination of 50 per cent 
of the fertilizer dose with 33 hills bT 2 than with 
25 hills m~2.

4-.Straw yield
Full dose of fertilizer gave the highest straw yield 

in all the four seasons (Table 16 a# b# c & d)• There wss 
properticneta increase in straw yield corresponding to an 
increase in fertiliser levels in ell seasons except during



Table 16 a. Strew yield (kg ha 3 as influenced by fertiliser and spacing levels*Virippu 1982

Fertiliser Spacing levels (cm)
liVciV 
<* Of
racciastandcd
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

4
(20x5)

SS
(15x15)

se .
(15x10)

Mean

*0 - 0 3095 3219 2997 2554 3060 2663 2970* C*£>. (0.05) for F 111.2 (51*0)
60 3755 3824 3180 2526 3516 3195 3349 C.D.(0.05) for s 113.9 (57.2)

rs -
'3 *Mean

75
100

3944
4018
3703

3699
4113
3764

3689
4026
3473

2803
3062
2753

3828
4091
3529

3587
3990
3409

3625
3864

C.».(0.05) for S I 
within sects F levels!
C.D.(0*05) for 3 X between F levels X

227.8(124.5)

274.4(135*5)

Table 16 b. virippu. 1983

Fertiliser Spacing levels (ca)KVVJ.S ^
<54 Ofreeoia&ended
dose*)

ai
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

ro - 0 2782 2961 3206 2926 3047 2791 2952 C.D. (0.05) for F 143.3( 65.7)
F, - 50 3396 3S73 3466 3208 3259 3219 3404 C.D.(0.05) for 8 156.0 (78.8)

IJ
V*

’,
s 

. 1 
1 75

100
3950
4344
3618

4004
4679
3879

3809
3910
3598

3355
3563
3263

3686
4103
3524

3721
4162
3478

3754
4130

C.D.(0.05) for s J within scrr.e F levels j
C.D.Co.05) for 3 x 
between 7 levels I

[ 33&3.7(157.7) 

374.6(165.2)
......-J

•l *”* 90* 45* 45 kg NPK h* x e
Values in parenthesis are 0.2m */-



4Table 16 c. Straw yield (kg ho ) as influenced by fertiliser end spacing levels,
Mundakan 1962

Fertiliser Spacing levels (cm)
levels —  
(X of
recommended
doss*)

S1
(20x20)

S2
(20x15)

S3(20x10)
• V

(20x5)
S5 ‘ 

<15x15)
S6

(15x10)
Kean

P0 ** 0 2756 2744 2713 2313 2792 2311 2638
/

C.D.(0.05) for F 159.1 (73.0)
*1 - 50 3275 3168 3176 2661 2866 2746 2989 C.D.(0,05) for S 208.2 (54.4)
f2 -
F3 - 
Mean

75
100

3379
360S
3254

3636 
3749 " 
3330i

3370
3681
3235

2820
2946
2690

2927
3271
2964

2754
2926
2735

3148
3363 v & t a  “L T l e v e l a  I «*•*<«*.*>

I =81.8(137.1)

Tabla 16 d. Mundakan 1983

Fertiliser Spacing levels (cm)
xttvexs —  
{% of
recommended
dose*)

31
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5(15x15)
G6

(15x10)
Keen

F0 " 0 2507 2382 2540 2147 2594 2416 2433
F -1 50 2762 2725 2567 2220 2651 2502 2571

f r2 " 75- 2939 2943 2642 2315 2911 2619 2728
*3 " 100 3027 3173 2861 2539 3198 2802 2933
Keao 2809 2006 2655 2305 2839 2585

C.D, (0*05) for F
C.D. (0.05) for S
C.D.(0*05) for S 
within seme F levels
C.D.(0.05) for 3 
between ? levels

83.6 (38.4) 
109.2 (54.0)
S3 '(109.8) 

KG (127.2)

*90# 45* 45 kg HPK ha"1
Values in peronthesls are £>.£& +/—

TT
T



the mundakan season of the first year wherein 75 and 
50 per cent of the fertilizer levels were similar.

wider spacings 20 x 15 and 20 x 20 era produced 
more straw yield and were comparable in three seasons.
The closer spacings 20 x 5 and 15 x 10 on gave less straw 
yield in all the seasons.

The combination effect was significant in threa 
seasons wherein full dose of fertilizer along with a plant 
population of 33 hills recorded the highest straw yield.

As the level of fertilizer increased, the major 
component being K, the straw production also increased due 
to enhanced vegetative growth. The role of N in enhancing 
vegetative growth is well documented.

Higher straw production was always associated with 
wider spacings (20 x 15 end 20 x 20 cm) et all the levels 
of fertilizer tried. A perusal of the data on growth 
parameters such as height, tiller number. LAX and EMP 
revefcls that height awef DMP contributed more towards 
Increased straw production. The correlation coefficients 
between the above characters end straw yield are given in 
Table 16 e. Haight and DMP possass a positive correlation



Table 16 e. Correlation coefficients between strew yield* 
growth attributes and EMP

Factor
r value

Viricou Mundeken

1. Height 0.927** 0.609**
2. Number of tillers m“2 -0.157 -0.195
3. Leaf area Index (LAX) 0.475 0.487
4. EMP 0.999** 0.996**

** Significant at 1 per cent level



with straw yield (Height r - 0.93** in virippu and 
0.89** in raundekan; EMP r • 0.99** in both ylgjppu 

mundakan) while LAX and tiller number in*”2 have a 
negative correlation with the same.

it ia further noted that at zero level of 
fertility, the average straw production was 2.9 t ha"1 in 
virippu and 2.5 t ha"1 in mundakan. This of course is 
s reasonably good yield espaciclly without fertilizer 
application. It again proves the ability of the variety 
to give better straw yields as well, with sero leveli .
of fertiliser. Nowadays the farmers ere prefering 
varieties which can give reasonable straw production so mm 
to meet the fodder requirement of their stock. The price 
of straw is increasing day by day because of the high 
demand on straw. Thus, this variety is a good choice for 
the Kerala farmers under the present situation where 
tnere is high deer end for straw*;

S. Harvest index (HI)

Fertiliser levels showed significant effect only 
in two seasons where the higher level of fertiliser gave
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more HI (Table 17 a*b, c fc d). Even in seasons where 
the differences were not significant full dose of 
fertiliser recorded higher HZ.

The application of more nutrients always results 
in better groin production up to a certain level. In most 
of the seasonsf full dose of fertiliser has recorded the 
highest HI. However* there are ample references in the 
literature to show that beyond a certain level of fertili­
zation the straw yield is more benefited rather then the . 
grain yield (Lenka* 1971)•' Probably in this investigation 
such a high level of fertilisation was not reached. Within 
the levels of fertiliser tried the response to grain 
yield was proportionately higher then that of strew yield 
leading to cn increase in the enhancement of the HZ upto 
the highest level of fertilization tried.

There was no definite trend with respect to 
spacing and in two seasons it was not significant also. 
Combinations also showed no significant effect on HZ.

6. Chemical analysis
6.1 Plant analysis
6.1.1. Protein content of grain

Pull dose of fertilizer recorded the highest 
protein content (Table 18 a^ P̂) end it was superior
to other levels of fertilizer In ell the seasons except



Table 17 a* Harvest index (HI) as Influenced by fertiliser and spacing Is velaVirippu 1982

Fertiliser Spacing levels (cca)
(% of
recoKsr.endad
dosa*)

S1
(20x20)

S2
(20x15)

S3
<20x10)

S4
(20x5)

S5
(15x15)

S-6
(15x10)

He an

F0 - 0 48*8 48.7 46.5 46.1 47.8 47.1 47.5 C.D.(0.05) for F 0.53 (0.24)
Pj - 50 47.8 47.6 48.1 47.3 48.6 43.2 47.9 c.10.(0,05) for 3 0.64 J0.32)
P2 - 75
f3 - 100
Mean

47.5
49.3
48.3

48.2
49.1
48.4

47.2
48.6
47.6

47.0
46.7
46.8

48.2
49.0
48.4

48.3
49.0
46.2

47.7
40.6

, C.D.(0.05) for 8 
within asm* F levels
C.D. (0.05) for s 
bStwcen F levels

I m  (0.65) 

J .-HS (0.75)

Table 17 b. Virippu 1983

Fertiliser Speclng levels (ens)
<5t of
recccEcendad
dose*)

S1(20x20)
S2

(20x15)
S3

(20x10)
s4

(20x5) . S5 (15x15)
S6

(15x10)
Mean

.

o l o 48.9 49.2 49.0 49.2 49.2 49.2 49*1 C.D. (0.05) for F HS (0.16)
F- - 50 48.5 49.8 48.8 49.7 49.3 48,1 49.0 C,D*(0.05) for S 123 (0.25)
F2 - 75
f3 - 100
Ka an

49.5
49*5
49.1

49.6
49.2
49.4

49.1
49.2 
49.0

49.2
49.9
49.5

48.8
49.1
49.1

49.3
49.0
46.9

49.2
49.3

C.D. (0.05) for 3 X fn d-t * 
within ssse F levels X W *S1}
C.D. (0.0S) for S IN3 (0.59) 
between F levels X ^

• ..............^
* 90a 45a 45 Xg HPK ha"1Values in parenthesis are S. Era +/—



Table 17 c. Harvest index (HI) as influenced by fertiliser and spacing levels.
Hundsken , 1982

fertilizer Spacing levels (era)
levels — 
(% ofreccera ended 
dose*)

S1
(20x20)

®2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Kean

'o - 0Ft - SO 
Fj - 75
f3 - 100
Mean

48.9
45*8
47.6 
47.5
47.7

48*1
47.0
47.2
47.8
47.5

49.1
47.8
46.8 
47.0 
47.7

45.9
44.7
44.5
46.8
45.5

46.3
46.5 
47.0
46.5
46.6

45.5
45.8 
46.0
45.9 
45.8

47.3
46.4
46.5 
46.9

C.D.(0.05) for F
C.D.(0.05) for s
C.D.(0.05) for s within serca F levels
C.D. (0.05) for S 
between F levels

NS (0.62) 
0.99(0.50)
{ ks (a.00)
1 ns (1.25)

Table 17 d. Mundakan 1983

Fertiliser 
levels 
(* ofrecommended
dose*)

Spacing levels (era)

S1
(20x20) S2(20x15)

S3(20x10) S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

F0 - 0 
F - 50
*2 " 75 
F3 - 100
Mean

48.8
48.5
48.6
48.9
48.7

47.2
49.0
49.0 
43.6 
48.5

47.9
48.7
49.3
48.2
48.5

48.5
48.7 
49.0
48.7
48.7

46.1
48.8
48.4 
48.6
48.5

46.5 
48.2
48.6 
48.8 
48.5

48.2
48.7
48.8 
48.6

C.D.(0.05) for F 0.46 (0.21)
C.D. (0.05) for S NS (0.23)
C.D. (0.05) for S X„s Ac) 
within same F levels I *0*45'
C.D. (0.05) for S y mj (q 54) between F levels V0.54;

*90 s 45s 45 kg NPK ha"1 
- Values in perentheoio are 3,fin +/— -

h‘ H



Table 16 a* Protein content of grain (X) an influenced by fertilizer end spacinglevels* (Tooled data for Virippu 1962 and 1983)

Fertilizer levels , Spacing levels (cm)
i% ofrecotnmended 
dose*) . (20x20)

S2
(20x15)

S3
(20x10)

S4 S5 
(20x5) (15x13)

S6(15x10)
Hsan

F - ° 7.09 7.52 '7.7B 6.27 7.62 6.99 7.24 C.D.(0.05) for F 0.103 (0.033)
F1 - SO 6*19 6.54 6.46 8.06 8.60 8.42 8.38 C.D.(0.05) for s 0.154 (0.050)
F2 - 75 
f 3 - 100 
He an

8*31
9.06
6.16

9.03
8.95
8.51

9.96
9.02
6.56i

e.08
8.19
7.65

8.88
8.99
8.57

8.77
6.90
8.27

8.67
8.85

C.D. (0.05) for s X ,nq 
vlthin same F levels X *
C.D.(0.05) for S I n ™  
between ff levels *

(0.155)

(0.151)

Table 16 b. Protein content of groin (%) as influenced by fertilizer and spacing 
levels. (Pooled date for mundakan 1962 and 1963)

Fertiliser Spacing level is (cm)
levels 
i% of
recocwi ended 
dose*)

S1
(20X20)

S2
(20x15)

s3 ' 
(20x10)

®4
(20x5)

S5
(15x15)

S6
(15x10)

Keen

Fo - 0 6*94 7.14 7.81 6.23 7.54 6.66 7.09 C.D.(0.05) for F 0.196 (0.064)
S>1 • 50 8.17 8*41 8.48 . 6.11 8.60 8.40 8.36 C.D. (0.05) for S ,0.165 (0.054)
F2 - 75 

- 100
Kean

8*25
8.85
6.05

8.84
6*61
6.30

8.88
8,95
8.53

7.83 1
7.92
7.52

;VQ.85
8.97-
e.j49

8.57
e.ei
8.11

8.54
8.68

C.D. (0.05) for S X n ™  
within acme F levels
C.D. (0.05) for S I n <jcn between F levels r * Jt)U

(0.165)

(0.181)

* 90i 45a 45 kg NPK ha”1 ^Values in parenthesis are S.Em +/-
oo



the mundakan season of the firat year whore it was 
similar to 75 per cent of the recommended dose of 
fertiliser*

Spacing levels also showed significant effect on 
protein content of grain. The lowest protein content was 
recorded in the closer spacings with a plant population 
of 100 and 66 hills m~2. Plcnt population of 33# 44 and 
50 hills (spacing 20 x 15# 15 x 15 and 20 x 10 cm) 
recorded the highest values of protoin content(fi§ *-fJ

Combination of feet was significant in all the
seasons except the mundakan season of the first year.
Pull dose of fertilizer with a plant population of
33 hills ia and 75 per cent of the recommended dose of

•2fertilizer along with a population of 50 hills m were 
comparable in most of the seasons.

Higher values of protoin content were found to be 
associated with higher levels of fertilizer application. 
The influence of higher dose of fertilization especially 
8# in Increasing the protein content of grain is discussed 
elsewhere. ̂ Sreedhoren (1975)+Singh end Modgal (1978) also 
recorded higher protein content with higher rates of N 
application. But this increase in protein content of full
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dose of fertilizer level over the control wee not much 
spectacular. The mean difference was only 1*61 end 
1*59 per cent in the virippu and mundakan season, 
respectively* This again proves that protein content was 
also not much influenced by fertilization in this variety.

The decrease in protein content due to closer 
spacing was reported earlier by Beacĥ //ot al. (1972).
Severe competition due to very close planting affects the 
nutrient absorption end nutrient content of the plant.

Thus it is seen that a wider spacing having a
*»2plant population of 33 hills m is more beneficial with 

respect to grain yield as well es protein content*

6.1.2 Nutrient uptake of plants

The highest uptake of all the major nutrients such
as S, P end K was noticed in full dose of fertilizer while
thelowest value in zero leveliC^ 20 a,b,c & d and
21 a#b,c lit dj*

N, P and K uptake wore highest in treatments having
e*2a plant population of 33 hills m (spacing 20 x IS cm)

In most of the seasons*

Full dose of fertilizer along with a plant population 
of 33 hills ra (spacing 20 x 15 cm"-*) recorded more uptake



Tibia 19 a. II uptake (kg ha"1) as influenced by fertilizer and spacing levels.Virippu 1982

fertilizer levels 
<% of
recafimended
doss*)

Spacing levels (css)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

fi5
(15x15)

S6
(15x10)

Mean

F0 - 0 51*5 52.00 47.21 34.28 50.19 41.30 46.01 C.D. (0.05) for F 2.137 (0.980)
Fj - SO 66.22 70.30 58.75 43.95 67.20 58.62 60.85 C.D.(0.05) for S 2.689 (1.352)
F2 - 75 
*3 - 100

71.89
79.44

74.97
86.75

70.29
82*35

47.29
52.98

74.16
83.11

69.08
79.54

67.95
77.36

C.D.(0.05) for S X - 
within seine F levels X (2.705)

Mean 67.15 71.01 64.65 44.63 68.67 62.14 C.D.C0.0S) for S 
between F levels | 5.236 (2.632)

Table 19 b
/

• Virippu 1983

Fertilizer levels — 
{% o f
recommended
dose*)

Spacing levels (cm)

S1
,(20x20)

S2
(20x15) S3

(20x10)
S4

(20x5)
S5

(15x15)
36

(15x10)
Mean

-  0Fj —  50 
F2 - 75 
F3 - 100

44.27
62.66
71.60
85.93

50.93
74.62
79.85
98.01

55.46
62.85
74.75
78.79

42.37
55.36
58.25
66.58

52.62
60.44
68.96
82.85

44.69
57.76
67.11
82.99

48.39
62.28
70.12
82.52

C.D,(0.05) for F 3.531 
C.D.(0.05) for 5 3.552
C.D. (0.05) for 0 *7 m s  
Mithial *b®« F levels *

(1.620)
(1.765)

]
<3.57i),

Mean 66.16 75.85 67.96 55.64 66.22
/

63.14 C.D.(0.05) for 3 between F levels J 7.310
h—*

(3.675)^

*90i 45* 45 kg KI?X he'1



Table 19 c» 8 uptake (kg ha*1) as influenced by fertiliser end spacing levels*
Mundakan 1982

Fertilizer Spacing levels (cm)
levels - 
(* ofrecommended
dose*)

Si
(20X20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x^0)

Mean /

Pft - 0 42.86 42.65 46.39 30.86 44.37 34.96 40.35 C.D.(0.05) for F 2.663(1.222)
0Px - 50 57.95 57.91 57.40 42.38 52.77 48.56 52.83 C.D. (0.05) for S 2.697(1.356)

F2 * 75 
P3 - 100
Mean

61.03
68.86
57.68

67.85
77.51
61.48

63.81
71.84
59.86

43.23
50.74
41.80

. 54.86 
60.02 
53.01

49.69
53.00
46.55'

56.74
63.66

f?r,® v 5.395(2.712) within s m s  F levels 1
C.D. (0.05) for 5 X 5.540(2.765) between F levels 1

Table 19 d. Mundakan 1983

Fertiliser Spacing levels <[cm)
levels •- 
{% of
recommended
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

66
(15x10)

Kean

Fn - 0 39.17 37.16 41.94 29.72 41.71 36.68 37.73 C.D.( o .OS) for F 1.446(0.663)0
2 - 50 48.46 49.00 46.93 37.25 48.85 44.25 €5.79 C.D.(O.OS) for 3 2.410(1.215)

r2 * 75 *3 - 100
Keen

V

51*82
59.42
49.72

57.76
65.40
52.33

52.29
55.90
49.51

39.98
45.98 
3S^23

54.65
63.79
52.25

48.39
53.70
46.00

50.82
57.70

C.D. (0.05) for S I tn /ii \within same F levels 1 UiJ
C.D.(0.05) f o r 3 | (2.256) batwson F levels 1

* 90» 45i 45 kg *SPK ha*1 £Values in parenthesis are S.Sa +/— r\:



Table 20 a. P uptake (kg ha*1) as Influenced by fertilizer end spacing levels*Virippu 1982

Fertilizer levels 
i% of
racoatnended
dose*)

Spacing levels (cm)

S1
(20x20) S2

(20x15)
S3

(20x10) S 4.
(20x5) S5

(15x15)
S6

(15x10)
Kean

F0 - 0 15*82 17.54 14.91 11.50 IS.64 14.15 ■ 14.93 C.D.(0.05) for F 2.113(0.511)
F - 50 19.24 21*58 16.91 12.37 18.39 16.80 17.55 C.D. (0.05) for S 0.901(0.453)
'2 -
S3 * Kean

75
100

20.36
21*55
19.24

19.43
22.45
20.25

13.50
22.25
18.14

12.36
14.43
12.67

20.88
22.06
19.25

19.74
21.90
18.15

10.54
20.78 i1-802 <°*9063

Table 20 b . Virippu 1933

Fertilizer > Spacing levels (cm)
S>

levels 
(St of
recoosrr. ended 
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10) S 4

(20X5)
S5

(15x15)
S6

(15x10)
Kean

Fo *
0 14.62 16.04 17.43 12.60 17.05 17.53 15.62 C.D.(0.05) for F 1.039(0.476)

Fi - 50 17.64 21.77 18.69 13.74 17.6S 17.14 17.77 C.D. (0.05) for S 1.036(0.521)
-

'3 - 
Kean

75
100

21.39 
23. 68 
19.33

22.57 
25.94
21.58

21.30
21.19
19.66

14.17
25.72
14.11

19.73
22.45
19.22

19.57
23.40
13.96

29.79
22.05 tvh.D. (e.05) for 3 I  5 pn»/* M m n  t l m l i  j2.S07U.23S)

* 90s 45s 45 kg NPK ha*1
Values in parenthesis are S.Em +/- roco



Table 20 c. P uptake (kg ha ) as influenced by fertilizer and spacing levelsMundakan 1902

Fertilizer Spacing levels (era)
levels 
(X of
raeoffleiended
doss*)

si
(20x20)

S2
(20x15)

53
(20x10)

S4
(20x5)

S s
(15x15)

S6
(15x10)

Mean

P0 * 0 12.69 13.33 14.03 9.68 14.11 12.40 12.75 C.D.(0.05) for F 0.709(0.325)
Fx - 50 15.54 15.42 IS.57 9.97 13.69 12.68 13.81 c . n a o . o s )  for s 0.670(0.341)
*2 * 75 F3 - 100
Mean

14.36
16.42
14.61

17.14
16.44
16.08

16.69
17.54
15.96

10.71
12.70
10.76

13.96
15.97 
14.43

12.90
14.17
13.06

14.30
15.87

c .D .  (0.05) for s I 
within Sosa F levels X
C.D. (o.OS) for 3 I 
between F levels X

1.356(0.662)

1.417(0.712)

Tabic 20 d. Mundakan 1963

Fertilizer Spacing levels (css) ■
tkvVlCl#
{% of
recc*atc«nded
dose*)

"S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

®5
(15x15)

S6
(15x10)

Mean

01t

.*c 12.97 12.50 13.69 8.69 14.14 13.36 12.56 C.D.(0.05) for F
*

0.502(0.230)
F- <* 50 14.42 15.09 13.93 9.53 14.29 13.44 13.45 C.D. (o .0 5 ) for 3 0.666(0.335)
F2 - 75 
F3 -100 
Mean

15.29
16.71
14.85

35.71
17.53
15.21

14.69
15.59
14.48

10.11
11.16
9.07

15.47
17.74
15.41

14.01
15.81
14.15

14.21
15.76

C.D. (0.05) for S X 
within sons F levels X
C.D.(0.05) for s  |
between F levels I

KS (0.670) 

SS (0.775)

*90* 45* 45 kg 8PK ha"1Values in parenthesis are +/-



Tafcie 21 a. K uptake (kg ha*1) as influenced by fertilizer and spacing levels,
Virippu 1982

fertilizer 
levels * 
(* ofrecosxaended

Spacing levels (g s)
S. s. s. s."I “2 "3  ̂ "4 '“' 5 -  6

(20x20) (20x15) (20x10) (20x5) (15x15) (15x10)
Mean

F- - 0o
Fj - 50

67.17
76.90

73.72
87.63

67.84
74.94

49.32
53.33

59.50
84.02

63.25
77.05

65.13
75.64

C.D. (0.05) for F 
C.D.(c.05) for S

4.916(2.256)
3.706(1.863)

17.413(3.727)*2 ~ 75 82.69 93.45 89.00 56.56 90.64 84.98 82.89 c.D. (0.05) for s 
within s«ce F levels
C.D.(0.05) for S 
between F levels

F3 - 100 
Mean

/95.67
80.61

103.33
89.54

97.60
82.34

62.50
55.42

99.70.
85.96

98.62: / 
80.98

92.91
*8.452(4.249)

Sable 21 b. Virippu 1983

Fertilizer Spacing levels Usn)
levels — ■ 
(X ofrecoorcendad
doss*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S.6
(15x10).

Mean

Fo -  0  ,

Fx - 50
55.89
70.25

58.73
87.27

66.70
78.06-

59.05
62.21

65.46
74.48

59.05
69.81

60.81
73.68

C.D.(0.05) for F 
C . D .  (o.OS) for S

5.138 (2.358) 
5.311 (2.670)

F2 -  75
f3 -  100
Mean

83.39
95.16
76.17

87.13
114.97
87.03

. 82.30 
92.99 
80.01

67.27
70.e6
64.85

06.56
98.51
81.25

85.59
98.64
78.27

82.04
95.19

fSriS~ i.t10*622 <5.341) within satce F levels!
C.D.(0.05) for S Ji2.779 (6.31) between F levels I

■................ 1 111 ■ ........... 1 111.................... i

* 90s 45s 45 kg «PK ha"1Values in parenthesis are stE® +/—



Table 21 c. K uptake (kg he ) •* Influenced by fertiliser and spacing levels.Mundakan 1982

Fertilizer Spacing levels <[o b)
—1— q.— —

a e V ' l  3 m
1% ofrecoctT.ended
dCS3*)

S1
(20x20) S2(20x15) (20x10$

S4
(20x5)

S5
(15x15)

3g
(35x10)

Mean

r0 - 0 54.07 57.06 52.81 43.73 55.78 49.60 52.17 C.D.(0.05) for ? ' 5*180 (2.377)
- 50 66.05 68.12 68.52 49*21 58.21 56.63 61.12 C.D.(o.os) for s 2.996 (1.506)

P2 * 75 ?3 - 100 
Mean

71.49
79.55
67.79

63.88
89.44
74.62

74.09
79.31
68.68

52.85
56.01
50.45

63.26
75.11
63.09

60.83
63.88
57.73

67.73
73.80

C.D.(0.05) for Q X c ™  
within saeie F levels X
C.D. (0.05) for 3 X 7 ™  
between F levels X *

(3.013)

(3.910)

Table 21 d. Mundakan 1983

Fertilizer levels 
(% of
recoossended
dose*)

Spacing levels 1(os) -

Sl(20x20)
S2

(20x15)
S3

(20x10)
S4

(20x5) H(15x15)
S6

(15x10)
Mean

F0 * 0 56.41 51.10 49.26 43.50 53.49 49.94 50.62 C.D.(0.05) for P 3.680 (1.780)
P2 - 50 58.91 61.47 56.13 45.49 59.84 55.77 56.27 C.D. (0.05) for S 4.870 (2.453)
P2 - 75
r3 " 1 0 0
Mean

64.82
70.13
62.57

61.78
77.16
62.68

61.29 
62.48
57.29

47.94
53.84
47.69

59.02
69.04
60.35

56.01
63.47
56.30

58.48
66.02

C.D. (0.05) for 3 X HS 
within sarae F levels X
C.D.(o.os) for S I „s 
between F levels X

(4.906)

(5.698)

* 90s 45* 45 kg NPK ha*1Values in parenthesis are S. Era +/— H-*rocn



of ell the above nutrients In ell the seasons except 
the mundakan season of the second year.

A perusal of the data on grain and strew yield 
(Table 13 s# bf c & d and 16 a# b, c & d) show that the 
above combination which recorded the highest values in 
tiie uptake of £« P and K was giving the highest grain end 
straw production*

6.2 Residual nutrient status of the soil after cropping
i

Treatments which received full dose of fertiliser 
recorded the highest value with respect to organic carbon 
available P and exchangeable K content (Table 22 e, b, c 
& d, 23 a, b, c & d and 24 a, b, a & d), The lowest values 
were associated with the zero level. Even if large 
quantities of fertilisers are added only e portion of then 
will be utilised by the crop. The rest of the portion will 
be added to the soil reserve. This might be the reason 
for the significant difference between the fertiliser 
treatments with respect to residual nutrient status.

Residual nutrient content of the soil wss lowest 
in the closer spacings (20 x 5 and 15 x 10 cm) with a

mm2.plant population of 100 and 66 hills cm while the highest



Table 22 a* Residual organic carbon content: (#) of soil as influenced byfertilizer and spacing levels, Virippu 1982

Fertilizer Spacing levels (cm)w«Vu*l
(% Ofr^ccaensnded
dose*)

S1(20x20) S2
<20x15)

S3
(20x16)

*4
(20X5)

Sg
(15x15)

*6
(15x10)

Mean

F0 - ° 
F* - 50
P2 " 75 
f3 - 100
Mean

1.81
1.81
1.82
1*71
1*74

1.59
1.54
1.66
1.73
1.62

1.52
1.56
2.56 
1*63
1.57

1*40
2.66
1.52
1.56
1,54

1.47
2.46
2.54
1.85
i.5e

1.45 
1.63 * 
1.70 
1.50 
1.57

1.54
1.57
1.63
1.66

C.D.(0.0S)for F 0.082
C.D.(0.05)for S 0.093
C.D.(0.05) for S I _ io, 
within saute F levels X °*166
C.D.Co.05) for $ I n between S’ levels 2

(0.037)
(0.046)
(0.093)

(O,.109)

Table 22 b. Virippu 1983

Fertilizer Spacing levels (cm)V &XS
i% ofrscoetrreiidad
dose*)

51
(20x20)

S2
(20x15) S3(20x20) °4(20x5) S5

(15x15)
S6

(15x10)
Mean

r *
Fo - o
Fj - 50 
F2 - 75 
F3 - loo 
Mean

1.56
1*62
1.63 
1.69
1.63

1.51
2.60
2.59 
1.68 '
1.59

2.49
2.58
1.56 
1.63
1.56

1.38
1.36
2.37 
1.54 
1.42

1.39
2.59
2.58
1.63
1.55

2.51
1.56
1.55 
1.59
1.55

2.47
1.55
1.55 
1.62

C.D*(0.05) for F 0.038
C.D*(0.05) for S -0.040
C.D. (0.05) for S Xn A _ 
within same ¥ levels X
C.D. (0.05) for S X n no«
^between F levels I

(0.017)
(0.020)
(0.0413^

(0.047)

* 90s 45# 45 kg npk ha"1Values In parenthesis are s.E* +/_ cooo



t
Table 22 c. Residual organic carbon content (?S) of aoil as influenced byfertilizer and spacing levels. Mundaken 1982

Fertilizer Spacing levels (ca)
(% of
recommended
dose*)

si(20x20)
S2

(20x15)
S3

(20x10)
4

(20x5)
SS

(15X15)
S6

(15x10)
Mean

l o 1.47 1.47 1.49 1.31 1.47 1.44 1.44 C.C.(O.OS) for T 0.016 (0.007)
- 50 1.58 1.56 1.54 1.41 1.55 1.52 1.53 C.D.(0.05) for 3 0.022 (0.015)

2*2 “ ?5
r3 -  lo o

Mean

1.61
1.64
1.58

1.58
1.60
1.55

1.54
1.54
1.53

1.44
1.45 
1.40

1.56
1.58
1.54

1*33
1.54
1.31

1.55
1.56

C.D.(0.05) for S 
within same P levsIs
C.D.(0.05) for S 
between F levels

j| NS (0.031) 

J NS (0.035)

Table 22 d. Mundakan 1983

Fertiliser - Spacing levels (cm)
levels “  
(% of
recommended
dose*)

S1(20x20)
S2

(20x15)
S3

(20x10)
S4

(20x5)
S5

(15x15)
S6

(15x10)
Mean

o!Cto 1.56 1.53 1.51 1.39 1.49 1.49 1.49 C.D.(0.05) for P 0.022(0.009)

Oin13 *T 1.59 1.57 1.53 1.44 1.56 1.54 1.55, C.D. (0.05) for S 0.023(0.011)

*2 " 75 P. - 100 3Mean

1.61
1.61
1.59

1.59
1.60 
1.57

1.60'
1.60
1.S7

1.45
1.62
1.44

1.60
2.62
1.57

1.57
1.60
1.55

1.57
1.59

C.D.(0.05) for S 
within same P levels
C.D.<0.051 for s 
between P levels

J N3 (0.022)

J m  (0.026)

* 90* 45s 45 kg NPK ha"1Values In parenthesis are S.Ea +/-



Table 23 a. Residual P content of soil (kg ha*1) as influenced by fertilizer
and spacing levels* Virippu 1982

Fertiliser Spacing levels (era)
{% ofrecommended
doss*)

51
(20x20)

C2
(20x15)

3
(20x10)

S4
(20x5)

S5
(15x15)

ss
(15x10)

Mean

F — 0
r o
F1 - 50

17*06 16.42 16.29 11.80 19.38 15*87 16.14 C.D. (0.05) for T 1.819 (0.834)
22.06 22.05 21.46 17.35 22.28 21*38 21.10 C.D.(0.05) for S 1.807 (0.908)

P2 - 75
f 3 -  io o

Kean

25.01
28.46
23.15

23.19
29.19 
22.71

23.81
24.43
21.50

16.92
10*50
16.14

22. 64 
26.26 
22.64

21.35 
22.82
20.35

22.15
24.94

C.D.(o .o s )  for S 
within same F levels
C.D.(0.05) for S 
between F levels

i  t,s

i  1,3

(1.817)

(2.156)

Table 23 bi. Virippu 1903

Fertiliser Spacing levels (era)
levels **■ 
{% ofreconc:ended
doss*)

G1(20x20J
G2

(20x15)
S3

(20x10)
S4

(20x5)
r*̂5

(15x15)
S6

(15x10)
Mean

F0 - 0 17.81 17.20 16.97 13.99 17.60 15.42 16.51 C.D.(0.05) for F 1.445 (0.663)u
F. - 50 23.00 22.15 21.12 17.14 19.85 20.03 20.55 C.D.(0.05) for S 1.610 (0.809)

*2 " 75 F3 - 100
Ke»n

23.62
28.04
23.12

22.46
26.36
22.06

22.94
22.64
20.92

16.16
10.41
16.43

23.36
23.71
21.13

21.37
21.55
19.59

21.65
23.45

C.D.(0.05) for s within same F levels
C.D.(0.05) for a 
between F levels

i  83  

i  1,3

(1.619)

(1.699)

•1 1—* 90* <5: 45 kg HPK ha cr
Values in parenthesis are 3.Ea +/~ c



Table 23 c. Residual P content of soil (kg ha*1) aa influenced by fertilizer end
spacing levels* Mundakan 1982

Fertilizer Spacing levels (cm)
levels 
(% ofrecoCESGnded
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

V
(20x5)

35
(15x15)

S 6
(15x10)

Kean

Pft - 0 18.05 14*49 15.73 12.78 15*34 15.90 15*38 C.D. (0.05) for F 2.993 (1.346)
0Fx - 50 20.09 IS. 74 16*75 14.34 18.29 18.70 17.32 C.D.(0 .05 ) for s 2.235 (1.124)

F2 - 75 
F3 -100 
Kean

18.73
24*03
20*22

19*87
24.68
18.69

18.16
23.37
18.50

13*02
14.49
13*66

20*09 
20.59 
18. S7

21.59
14.51
17.68

18.57
20.28

c.D.(0.05) for S X 
within a tana F levels X
C.D.(0.05) for S X 
between P levels X

4.471

5.074

(2.248)

(2.551)

Table 23 d. I-5undsken 1983

Fertiliser Spacing levels (cm) *

i% ofrecommended
dose*)

S1 S2 
(20x20) (20x15)

s3
(20x10)

e
4

(20x5)
S5

(15x15)
3, Kean 6(15x10)

*0 * 0 
Fa - SO
r2 - 75
f3 -  100

Mean

* 90* 45* 45 kg NPK ha*1Values in parenthesis are S.Era +/-

18.04 15.83 - 15*54 15.24 16*41 17.17 16.37
20.17 21.70 20.88 16.39 21.83 .20.81 20*30
22.97 23.35 23.49 16.90 22.20 22.55 21.91
25.87 25.65 23.31 18.29 25.42 22.67 . 23*54
21.76 21.64 20.80 16.71 21.46 20.80

C.D.(0.05) for F 2*387 (1*095)
C.D.(0*05) for S 1*599 (0.804)
C; ° ^ f 0 *05) f S?^S 1 * HS (1*608)within seme F levels A
C.D.(O.OS) for S I sS (2.033)
between F levels X



Table 24 a. Residual K content; of soil (Kg ba ) as Influenced by fertiliserand spacing levels* Virippu 1982

Fertiliser levels —  
(X ofrecommended
doso®)

Spacing levels (cm)
S1

(20x20)
S2

(20x15)
s 3

(20x10) (20x5)
35

(15x15)
S6

(15X10)
Mean

r 0 • 0 140 129 130 120 133 129 130 C.D. (0*05) for F 4.7 (2.2)
Pj » 50 143 142 139 123 146 141 140 C.D.(0.05) for S 8.0 (4.0)
P2 - 75
p3 ~100 
Kean

.156
159
151

152
152
144

253
157
145

147
146
234

249
162
147

242
155
142

150
155

C.D.(0.05) for s X KS 
, within same F levels X
c.D.(o .o s )  for s  X 
between F levels X

(8.1)

(7.5)

Table 24 b. Virippu 1983

Fertiliser Spacing levels (cm)
(% ofrecommended
dose*)

S1(20x20)
S2 ' 

(20x15)
S3

(20x10)
c

4
(20x5)

S5
<25x15)

S6
(16x10)

Mean\

F0 - 0 137 128 , 130 127 131 133 131 C.D.(0.05) for F 7.2 (3.3)
P1 " 50 154 149 155 128 254 144 247 C.D. (0*05) far 3 7.6 (3.8)
?2 - 75 
F3 -100
Keen

155
164
153

148
157
145

iso 
. 145 
145

. 130
232
?29]

. - 147 
155 
147

153
154 
146

147
151

C.D*(0.05) for'S I 
within ssue F levels I
C.D* (o.os) for 3 if h <j between F levels 1

(7.6)

(7.8)

* 90« 45* 45 kg NPK ha'*'1Values in parenthesis era S. Eta +/-



Table 24 c. Residual X content of soil (kg he"1) os influenced by fertiliserand spacing levels* Kundakan 1982

Fertilizer Spacing levels (aa)
level 
(% of ' 
recommended 
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

S6
(15x10)

Mean

po " 0 136 131 126 124 129 * 134 130 C.D. (0.05) for P 5.0 (2.3)U SO 154. 153 131 138 152 153 150 C.D. (0.05) for s 6.6 (3.4)A
*2 -
*3 - 
Mean

73
100

155
165
152

152
162
149

157
157
148

137
141

1 135

153
156
148

156
157 
150

152
156

C.D. (0.05) for S 
within same F levels
C.D.(0.05) for S 
between F levels

Jus

}fc?3A

(6.7)

(6.6)

Table 24 d. Mundakan 1963

Fertilizer Spacing levels (cm)
levels (* of
recommended
dose*)

S1
(20x20)

S2
(20x15)

S3
(20x10)

S4
(20x5)

S5
(15x15)

' S6 ■ 
(15x10)

Mean

»0 * 0 134 127 130 126 131 132 130 C.D.(0.05) for.F 7.6 (3.5)
*! - 50 134 151 145 125 150 149 146 C.D.(O.OS) for S' 6.1 (3.1)A
*2 *
*» -K«an

75
100

153
ic e

152

146
162
146

148
149 
143

130
131
128

152
158
148

149
153
146

147
154

C.D.(0.05) for S y 
within the same F levelsfKS (6.1)
C.D.(c.05) for S I 
between F levels 1 US (6.8)

* 90s 45; 45 kg NPK ha*1
Values in parenthesis are s,£» +/— OJoc



values ware associated with the wider spacings (20 x 20 
and 20 x 15 on) having a plant population of 25 and 33 
hills Ths lower values of residual nutrient content
of soil associated with higher plant population might be 
due to the severe competition resulting in thorough 
exhaustion of nutrients from the soil.

Combination effect was not significant in all 
the seasons.
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Triel II, Effect of age of seedling end planting 
density on rice variety XR 42

1• Growth and growth characters

1,1 Height off plants

In both the y&are and at all stages fertilizer 
levels did not influence plant height during virippu 
and mundakan seasons (Table 25 a, b, c & d and 26 a, b,

i
c & d). The narrow difference In the fertilizer levels 
tried is attributed as the reason for the same.

"4
At harvest# fig® of seedling had no effect on 

plent height during virippu in both years whereas in 
mundakan# 2S days old seedlings recorded more plant 
height than 35 days old seedlings, Howevever* the plant 
height of 35 days old seedlings was similar with that of 
30 days old seedlings. This is because the older seedlings 
take more time to get established in the mein field and 
naturally planting younger seedlings ere to be preferred 
for the production of teller plants.
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Table 23 a. Height of plants (cm) at panicle initiation stage as influenced by
fertilizer levels, age and number of seedlings hill *, Virippu 1982

Age (Days) Number of seedlings hill- 1
----------- —   ------ ---- ——  ---- .  — .--------   Mean
Ai A2 A3 N1 N2 N3
25 30 35 2 4 6

F (SO) 72.9 69.5 69.8 71.3 71.5 69.3 70.7
F2 (75) 73.0 71.4 71.3 72.7 71.5 71.5 71;9
Mean 73.0 70.4 70.5 72.0 71.5, 70.4

Fertilizer 
(% of
recommended
dose*)

Number of seedlings hill-*
Age   Mean
(Days)

N1 N2 N3
C.D.(0.05) 
C.D.(0.05)

for F 
for A

NS
1.56

(0.626)
(0.768)

C.D.(0.05) for N NS (0.768)
A1 25 73.6 73.4 71.9 73.0 C . D . (0.05) for FA NS (1.086)
A2 30 70.4 70.7 70.2 70.4 C.D.(0.05) for FN NS (1.086)
A3 35 72.1 70.4 69.1 70..5 C.D.(0.05) for AN NS (1.331)
Mean 72.0 71.5 70.4

Table 26 b. Virippu 1983

Fertilizer 
(9£ of
recommended
dose*)

" 1
25

Age (Days)

2
30

,'A3
35

Number of seedlings hill-1
N_ N,

Mean

2
Mean

( 75) 
(100)

80.7
81.1
80.9

80.8
81.6
81.2

80.5
62.2
81.3

81.1
82.2
81.7

80.2
81.6
81.0

80.6
80.7
80.7

80.7 
81.6

Age
(Days)

Number cf seedlings hill-* Mean
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for
for

F
A
N

NS
NS
NS

(0.616)
(0.754)
(0.754)
(1.067)

H1
2

^2
4

B3
6

C.D.(0.05) for FA NS
A1 25 80.8 86.2 80.7 80.9 C.D.(0.05) for FN NS (1.067)
A2 30 83.1 ■80.5 80.0 81.2 C.D.(0.05) for AN NS (1.306)
A3 35 81.7 81.0 80.7 8)-3

* 90: 45s 45 kg NPK ha-1
Values in parenthesis are S.Em +/_
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Table 2fi c. Height of plants (cm) at panicle initiation atage as influenced by

fertilizer levels, age and number of, seedlings hill 1. Mundaban 1982

Fertilizer 
(% of
recommended
dose*) 1

25

Age [Days)

2
30

3
35

Number of seedlings hill
N
-1

N N,
4

Mean

2
Mean

(50) 57.7 60.1 58.2 58.2

(75) 59.8 62.1 58.8 60.3
58.7 61.1 58.5 59.3

59.13
59.9
59.6

58.5
60.4
59.5

58.7
60.2

Age
(Days)

A2;

A3
Mean

25
30
35

Number of seedlings hill-1

60.1
60.6
57.1
59.3

58.6
61.8
58.5
59.6

57.6 
61.0 
59.9 
59.5

Mean
C.D.(0.05) for F NS (0.881)
C.D.(0.05) for A 2.19 (1.078)

-------- C.D.(0.05) for N NS (1.078)
58.7 C.D.(0.05) for FA NS (1.525)
61.1 C.D.(0.05) for FN NS (1.525)
58.5 C.D.(0.05) for AN NS (1 .868)

Table 25 d. Mundakan' 1983

Fertilizer 
( %  ofrecommended
dose*)

■2
Mean

( 75) 
( 100)

Age (Dayy)

"1
25

80.7
81.1
80.9

2
30

80.8
81.6
81.2

3
35

80.5
82.2
81.3

Number of seedlings hill -1

81.7
82.2
81.9

N„

79.7
81.8
•80.8

N_

80.6
80.7
80.7

Mean

80.7
81.6

Age
(Days)

Number of seedlings hill- 1 Mean

"l
2

N2
4

N3
6

A, 25 80.8 81.2 80.7 80.9
1

A, 30 83.-1 80.5 80.0 81.2
2

A, 35 82.0 80.6 81.4 81.3
3

Mean 81.9' 80.8 80.7

C.D.(0.05) for F NS (0.624)
C.D.(0.05) for A NS (0.764)
C.D.(0.05) for N NS (0.764)
CyD.. (0.05) for FA NS (1.080)
C.D.(0.05) for FN NS (1.080)
:C.D.(0.05) for AN NS (1.322).

_1* 90s 45: 45 kg NPK ha
Values in parenthesis are S.Em +/-
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Table 26 a. Height of pitta C»> .t ■> infiM.nc.a by fertilizer l.vela
age and number of seedlings hill . 'Virippu 1982

Age (Days) Number of seedlings hill Mean
(% of
recommended
dose*) A1

25'
A2
30

A3
35

Ni
2

H2 ' K3 
4 6

F 1
F 2
Mean

(50)
(75)

88.1
88.9
88.5

89.0
87.8
88.4

87.4
88.7
88.1 -

88.4
89.8
89:1

87.7 88.4
88.8 ‘ 86.8 
88.2 87.6

88.2

88.4

Age
(Days)

Humber of seedlings hill Mean (0.752)

N1
2

N2
4

N3
6

C.D.(0.05) for A NS 
C.D.(0.05) for N NS

(0.921)
(0.921)

A1
A2
A3
Mean

25
30
35

89 .0
88.7
89.7 
89.1

87.7
89.0
88.0 
88.2

88.8
87.5
86.5
87.6

88.5
88.4
6 8 .1

C.D;(0.05) for FA NS 
C.D.(0.05) for FN NS 
C.D.(0.05) for AN ,NS

(1.302)
(1.302) 
(1.594)

Table be b. Virioou 1983

Fertilizer Age (Days) Number of seedlings hill-1 Mean
{ . % Of ’
recommended
dose*) A1

25
A2
30

A3
35

N1
2

«2 R3 
4 6

F1
F2
'Mean

( 75) 
(100)

99 .'8 
.104.4 
10 2.1

101.7
102.3
102.0

101.9
102.9 
102.4

102.4
105.8
104.1

100.2 100.7 
102.6 101-3 
101.4 .101.0

10 1.1
103.2

Number of seedling S'hill- 1 Me? an>tge
(Days)

K1
2

N2 
4 '

S3.
6

C.D.(0.05) for F NS 
C.D.(0.05) for A NS

(1 .220)
(1.495)
(1.495)
(2.114)
(2.114) 
(2.589)

A1
A2
A3
Mean

25 
30 ' 
35

102.2 
105.3 , 
104.8 
.104.1

101.8
100.7
101.7 
101.4

102.3
100.0
100.7
101.0

102.1
102.0
102.4

C.D.(0.05) for N NS 
C.D.(0.05) for FA NS 
C.D.(0.05) for FN NS 
C.D.(0.05) for AN NS

* 90: 45 
Values

: 45 kg NPK 
in parenthes

ha- 1  
;is are S.Em +/-
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Table 26 c. Height of plants (cm) at harvest as
. . -1  age and number of seedlings hill .

influenced by 
Mundakan 1982

fertilizer levels,

Fertilizer 
(% of
recommended
dose*)

Age (Days) Number of seedlings hill-1
Mean

A1
25

A2 A3 
30 35

N1
2

N2
4

N3
6

F2 (50) 69.3 72.3 68.4 70.9 70.0 69.2 70.0
F_ (75) 70.3 71.1 69.2 70.4 70.7 69.6 70.2
Mean 69.8 71.7 68.8 70.7 • 70.3 69.4

Number of seedlings hill Age -------- ------------------------
tDaVsJ Nj N2 N^

2 4 6

A1 25 71.7 70.0 67.8

A2 30 71.2 72.0 72.0

A3 35 69.2 69.0 68.3
Mean 70.7 70.3 69.4

Mean
C.D.(0.05) for F NS (0.795)
C.D.(0.05) for A 1.98 (0.974)
C.D.(0.05) for N NS (0.974)
C.D.(0.05) for FA NS (1.378)
C.D.(0.05) for FN NS (1.378)
C.D.(0.05) for AN NS (1 .688)

Table 26 d. Mundakan 1983

Number of seedlings hill- 1  
--------------------------------- Mean

2 4 6

F 1 ( 75) 87.8 85.9 86.7 87.2 87.3 85.8 86.8
? 2 (100) 89.0 88.2 84.5 88.0 87.0 86.7 87.2
Mean 88*4 87.0 85.6 87.6 87.2 86.2

Fertilizer Age tDays)
(% of
recommended A^ A2 A^
dose*J 25 30 35

Age - Number of seedlings hill- 1 Mean
(Days) .

N1 N2
4

»3
6

C.D.(0.05) 
C.D.(0.05)

for
for

F
A

NS
1.75

(0.302)
(0.861)

' C.D.(0.05) for N _ lU»abl/
A2 25 89.0 89.7 86.5 88.4 C.D.(0.05) for FA 2.47 (1.215)
A 30 88.4 86.3 86.5 87.0 C.D.(0.05) for FN NS (1.215)
A3 35 85.4 85.5 85.8 85.6 C.D.(0.05) for AN NS (1.488)
Mean 87.6 87.2 86.2

* 90: 45: 45 kg NPK ha- 1
Values in parenthesis are S.Em +/-
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The number of seedlings per hill showed no 
significant difference between stages irrespective of 
the seasons and years*

1.2 dumber of tillers m"2

During virippu and mundakan seasons of bo tit the 
years# fertiliser levels showed significant effect on 
tiller production (Table 27 a# b# c & d end 26 s# b« c 
and d)• Higher level' of fertiliser was found to ba 
superior to lower level at all stages. Tiller production, 
being a vegetative character# has been influenced 
significantly by higher level of fertilizer particularly S.

During virippu seasons of both the years 30 
days old seedlings war© found to be batter upto panicle 
Initiation stage# But by the time of harvest no significant 
difference was noted among the age levels indicating that 
seedlings upto 35 days old can be used for planting.
But during the mundakan seasons number of tillers produced 
upto panicle initiation stage was highest with 30 days 
old seedlings and was comparable with that of 25 days old 
seedlings at harvest* XR 42,being a late maturing variety 
having a duration of 140/145 days, 25 days old seedlings
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Table 2Y7a3 Number of tillers m"2 at panicle initiation stage as^influenced by
fertilizer levels, age and number of seedlings bill . Virippu 1982

Fertilizer 
(% of
recommended
dose*)

Age (Days) , Number of seedlings hill 1 Mean

A1
25

A2
30

A3
35

N1
2

«2 N3 
4 6

i

Fa (50) 441 440 428 380 444 485 436

F, (75) 504 481 467 433 485 534 484
2

Mean 473. 461 448 407 465 518

Age
(Days)

25
A2 30
A3 35 
Kean

Number of

N1
2

seedlings

N2
4

hill" 1

N3
6

Mean
C.D.(0.05) 
C.D.(0.05)

for F 
for A

13.6 (6.72)
16.7 (8.24)
16.7 (8.24) 
NS (11.64)388 508 522 473 C.D.(0.05) for FA

426 455 501 461 C.D.(0.05) for FN NS (11.64)

406 432 506 448 C.D.(0.05) for AN 29.0(14.26)

407 465 ' 510 -

Table ( Virippu 1983

Fertili 
( . %  o f  
recomme 
dose*)

zer Age (Days) Number of seedlingsi hill 1 Mean
nded A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

F1 ( 75) 542 576 576 541 544 608 565
1

F_ (100) 578 625 602 544 621 639 602
2

Mean 560 601 589 542 583 624
--------

Age Number of seedlings hill-1
Mean

(Days)
N1 N2 N3
2 4 6

Ax 25 511 582 588 560
A 30 566 595 641 601
A 35 550 572 645 589
Mean 542 583 624

C.D.(0.05) for F 1 1 .8 (5.80)
C.D.(0.05) for A 14.5 (7.11)
C.D.(0.05) for N 14.5 (7.11)
C.D.(0.05) for FA 20.4 (10.05)
C.D.(0.05) for FN 20.4 (10.05)
C.D.(0.05) for AN 25.0 (12.31)

* 9 0 :  45: 45 Kg NPK h
Values in parenthesis   +/-
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r>. ?Table JSiS'c-. Number of tillers m- at panicle initiation stage as influenced by
fertilizer levels, age and number of seedlings hill Mundakan 1982

Fertilizer 
(% of
recommended
dose*)

Age (Days) Number of seedlings hill- 1

A1
25

A2
30

A3
35

H1
2

N2
4

K3
6

Fx (50) 599 572 616 556 608 622 595
F2 (75) 609 637 627 567 627 678 624
Mean 604 604 621 562 618 650

Age
(Days)

Number of seedlings hill-1
Mean

C.D.(0.05) 
C.D.(0.05)

for
for

F
A

14.1
NS

(6.91)
(8.46)N1

2
N2
4

N3
6

C.D.(0.05) for N 17.2 (8.46)
A! 25 577 608 628 604 C.D.(0.05) for FA 24.3 (11.96)
A? 30 532 623 658 604 C.D.(0.05) for FN 24.3 (11.96)
A3 35 577 622 666 621 C.D.(0.05) for AN 29.8 (14.65)
Mean 562 618 650

Table 2j£d. Mundakan 1983

Fertilizers 
( %  of
recommended
dose*)

Age (Days) Number of seedlings hill- 1
Mean

A1 A2 
25 30

A3
35

N1
2

K2
4

H3
6

F1 ( 75) 533 555 564 515 568 569 551
f2 (100) 581 594 540 481 638 597 572
Mean 558 574 553 498 603 583

Number, of seedlings hill-1

(Days) N1 N2 H3 C.D.(0.05) for F 12.5 (5.90)
2 4 6 C.D.(0.05) for A 14.1 (6.90)

C.D.(0.05) for N 14.1 (6.90)
A 1 25 475 618 580 558 C.D.(0.05) for FA 19.9 (9.80)
A2 30 508 600 615 574 C.D.(0.05) for FN 19.9 (9.80)
A3 35 511 593 554 553 C.D.(0.05) for AN 24.4 (11.79)
Mean 498 603 583

* 90s 45: 45 kg NPK ha 1
Values in parenthesis are S.Em +/-
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Table 28 a. Number of tillers m at harvest as influenced by fertilizer levels. age
and number of seedlings hill Virippu 1982

Fertllizer 
(54 of
recommended
dose*)

Age (Days) Number of seedlings hill-1

A1 A2 
25 30

A3
35

N1
2

N2
4

N3
6

¥ 1 (50) 357 349 370 327 372 378 359
F2 (75) 376 391 377 341 407 396 381
Mean 367 370 374 334 390 387

Age
(Days)

Number of seedlings hill- 1
- Mean

N1 N2 N3 C.D.(0.05) for F 15.4 (7.59)
2 4 6 C.D.(0.05) for A NS (9.29)

(9.29)Or • -1* m I U ■ V J/

A 1 25 
A2 30 
A3 35

340
330
332

379
397
393

380
385
396

367
370
374

C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for
for

FA
FN
AN

NS
NS
NS

(13.15)
(13.15) 
(16.10)

Mean 334 390 38?

Table 2 8  b. Virippu 1983

Fertilizer Age (Days) i Number of seedlings hill 1 Mean
\ A  or —
recommended
dose*) A1 A2

25 30
A3
35

H1
2

N2
4

N3
6

F j  ( 75) 389 381 396 367 399 4 00 389
f 2 ( io o ) 393  405 402 353 421 426 400
Mean 391 393 399 360 410 413

Age
(Days)

Number of seedlings hill 1
Mean

“l «2 N3 C.D.(0.05) for F 10.2 (5.02)
2 4 6 C.D.(0.05) for A NS (6.14)

C.D.(0.05) for N 12 .6 (6.14)

A1 25 350 404 420 391 C.D.(0.05) for FA 17.7 (8.68)
A 30 360 422 398 393 C.D.(0.05) for FN 17.7 (8.68)
A3 35 371 405 421 399 C.D.(0.05) for AN 2 1.6 (10.64)
Mean 360 410 413

* 90: 45: 45 kg NPK ha- 1
Values in parenthesis are s.Em +/-
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Table 28 c- Number of tillers in  ̂at harvest as influenced by fertilizer levels, 
age and number of seedlings hill - Mundakan 19B2

Fertil 
(% of 
recomm 
dose*)

izers Age (Days) Number of seedlings hill-1
— Mean

ended
A1
25

A2
30

A3
35 2

N2
4

W3
6

F, (50) 546
\

522 547 488 562 566 538

F2 (75) 527 593 568 508 591 589 562
Kean 536 558 558 498 576 577

Age Number of seedlings hill 1 Mean
(Days)

N1 N2 N3 C.D.(0.05) for F 14.5 (7.13)
2 4 6 C.D.(0.05) for A 17.8 (8.72)

C.D.(0.05) for .N 17.8 (8.72)
A, 25 487 560 562 536 C.D.(0.05) for FA 25.1 (12.34)

1A 30 510 568 594 558 C.D.(0.05) for FN NS (12.34)
2

A, 35 497 600 576 558 C.D.(0.05) for AN NS (15.12)
Kean 498 576 577

Table 28 d. Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill-1 Mean
(% of ---
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

Fj ( 75) 
f2 (100)

527 506 487 468 544 508 507
535 566 529 492 581 557 543

Mean 531 536 508 480 562 533

Age
(Days) --

Number of

N1
2

seedlings hill-1

N2 N3 
4 6

Mean

C.D.<0.05) 
C.D.(0.05)

for
for

F
A

1 2 .4 
15.2

(5.9)
(7.4)

C.D.(0.05) for N: 15.2 (7.4)
A1 25 476 583 535 531 C.D.(0.05) for FA 21.5 (10.3)
A2 30 483 569 555 536 C.D.(0.05) for FN NS (10.3)
A3 35 482 535 508 .508 C.D.(0,05) for AN 26.3 (12.7)
Mean 480 562 533

* 90:45: 45 kg NPK ha" 1

Values in parenthesis are S.Em +/-
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could not produca sufficient number of tillers at 
panicle initiation stage* Further* the duration ©f the 
crop is lesser in mundakan* By the time of harvest* it 
was able to make up this gap to a certain extent* Thus 
at harvest 25 days old seedlings have become comparable 
with 30 days old seedlings* This shows that the optimum 
©g© of seedlings for mundakan crop seams to be 30 deys.

Two seedlings per hill were found to be inferior 
to four end six seedlings per hill in ylrlntm as well es 
ia mundakan during both years* This indicates that this 
variety needs four to six seedlings per hill to produce 
enough tillers which ultimately will reflect on the number 
of panicles* Inspit© of it being e let® maturing variety 
two' seedlings per hill are not sufficient.

It is further noted that in vlrlpnu six seedlings 
gave the highest number of tillers upto flowering in the 
first year while in the second year 6 seedlings per hill 
produced more tiller upto harvest end it was significant 
upto flowering stag®* But during mundakan season of the 
f'lrat yecr; 4 end 6 seedlings were comparable at flowering

e
and at harvest stages whereas in the second year four 
seedlings per hill were significantly superior to six 
seedlings per hill from panicle initiation stage onwards*
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It i© recelled la this connection from the material©
and methods, that the spacing for this Variety irjthe
mundakan season,ia 20 x 10 cm ss against 20 x 15 cm in*
virippu. A lesser spacing ia recommended in mundakan as the 
time available for tiller production is lesser. At this 
closer spacing there la not much space for increasing 
tiller number by planting more than four seedlings while 
in virippu providing © wider spacing could enable the six 
seedlings to produce more tillers.

1-3 Laof area index

In both year© during virippu and mundakan- fertiliser 
levels had a significant effect on LAI (Table 29 a, b, c & d). 
Higher level of fertilizer was superior to lower level.I
As the fertilizer levels are increased, H being the major 
component of the fertilizer, vegatatlvo growth especially 
the tiller production was increased resulting in higher 
values of LAI, Tanaka et al. (1964), Kaweno end Tanaka (1968) 
Qlso observed similar increase in LAI with H fertilization*

Thirty days old seedlings gave more LAI in both 
seasons of the first yosr wherefeo 35 days old seedlings 
gave mors LAI in the second year. This is attributed to the 
higher quantity of fertilizer© given in the second year.
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Table Leaf area index (LAI) at panicle initiation stage as influenced by
fertilizer levels, age and number of seedlings hill . Virippu 1982

Fertilizer Age (Days) Number of seedlings hill . Mean
i %  Of
recommended
dose*) ‘ A1

2.5
A2
30

A3
35

- «1 N2 
2 4

N3
6

F1
F2
Mean

(50)
(75)

5.88 
6.05 

. 5 .,96

6.64
7.17
6.91

5.90
6.81
6.36,

5.59 6.31 
5.95 6-99 
5;77 6.65

6.53
7.08
6.81

6.14
6.68'

Age . 
(Days)

Number o f  seedlings hill Mean

2
fi2
4

N3
6

C.D. (0.05) for .1* 
C.D.(0.05) for A

0.271 
0..3 32

(0.13)
(0.16)

C.D.(0.05) for N, 0.3 32 (0.16)

A1
A2
A *

25
30
35

5.79 
6.37 
■5 ..15

5.96
7.18
6.81

6.15
7.16 
7.11

5.96
6.91
6.36

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN,

NS
NS

0.576

(0.23)
(0.23)
(0.28)

3
Me an 5.77 6.65 6.81

Tabl e Virippu 1983

Age (Days)
-1Number of seedlings hill ----  Mean

(% of
recommended
dose*?) A1

25
A2
30

A3
35

N1 N2 
2 4

N3
6

F1
P2
Mean

( 75) 
(100)

5.83
6.02
5.93

6.16
6.69
6.43

6.24
6.75
6.50

5.13 6.63 
5.64 6.96 
5.38 6.80

6.48 
6.88 
6.68

6.08
6.49

'

Number of seedlings hill- 1 Mean^ge
(Days)

N1 N2 _N3 C.D.(0.05) for F 0.128 (0.06)
■ 2 4 6 C.D.(0.05) for A 0.156 (0.07)

C.D.(0.05) for N 0; 156 (0.07)

A1 25 5.12 6.34 6.32 5.93 C.D.(0.05) for FA NS (0.1 1 )
30 5> 4,7 6.95 6.87 6.,43 C.D.(0.05) for FN NS (0.1 1 )

A3 35 5.66 7.10 6.85 6.50 C.D.(0.05) for AN NS (0.13)
Mean 5.38 6.80 6.68

* 90: 45: 45 kg NPK ha- 1

Values in parenthesis are S.Em +/-



Table 23 ?C~. ■ Leaf area index (LAI) at panicle initiation stage as influenced by
fertilizer levels, age and number of seedlings hill . Mundakan 1982

Age (Days) Number of :seedlings hill-1 —  MeanFertilizer -----
(?S of
recommended
dose*)

\
25

A2
30

A3
35

K1
2

N2
4

K3
6

? 1  (50) 5.44 5.88 6.41 5.54 6.30 5.89 5.91
F (75) 6.05 7.24 6.40 5.88 6.92 6.88 6.56
Mean 5.74 6.56 6.40 5.71 6.61 6.39

Number of seedlings hill- 1
. Mean

(Days)
N1 N2 H3 C.D.(0.05) for F 0.3 (0.15)
2 4 6 C.D.(0.05) for A 0.3 (0.19)

Ax 25 
A2 30 
A3 35 
Mean

5.70 
6.37 
5.07
5.71

6.00
6.42
7.42 
6.61

5.54
6.90
6.72
6.39

5.74
6.56
6.40

C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for N 
for FA 
for FN 
for AN

0.3 (0.19) 
0.5 (0.27) 
NS (0.27) 
0.67 (0.33)

Table S'? >d . Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill- 1
—  Mean

recommended
dose*) A1

25
A2
30

A3
35

N1
2

«2
4

N3
6

F2 ( 75) 6.16 6.38 6.63 5.33 6.75 7.09 6.39
f2 (100) 6.35 7.39 7.42 5.81 7.46 7.90 7.06
Mean 6.26 6.89 7.03 5.57 7.10 7.50

Age
(Days)

Number of

N1
2

seedlings

N2
4

hill 1

N3
6

Mean
C.D.(0.05) 
C.D.(0.05)

for
for
for
for

F
A

0.214
0.262

(0.102)
(0.128)

Ai 25 5.30 6.49 6.98 6.26
C(D((0* 0b J 
C.D.(0.05) FA

0.262
0.371 (0.181)

A? 30 5.59 7.35 7.71 6.89 C.D.(0.05) for FN NS (0.181)

A3 35 5.82 7.46 7.80 7.03 C.D.(0.05) for AN NS (0.222)
Mean 5.57 7.10 7.50

* 90:45: 45 kg NPK ha-1
Values in parenthesis are S.Em +/-
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Four seedlings per hill gave the highest LAX
followed by six seedlings in virippu season# of both
years. Two seedlings per hill gave significantly lower
values* In mundakan six seedlings per hill recorded the
highest LAX followed by 4 end 2 seedling© per hill* Key be 
that in mundakan as the duration is lesser# the crop 
required more number of seedlings to produce sufficient 
loaf area*

1*4 Dry matter production at harvest

Higher level of fertiliser has given higher LHP 
than the lower level in ell the four seasons (Table 30 a, 
b# c & d). The higher level of fertilizer has resulted 
in higher JQMP due to the well known reasons* The sane 
trend was observed in the vegetative os well as reproductive 
characters*

Thirty five days old seedlings gave more EMP in 
the virippu season in both years* The lowest EKP was 
always associated with the youngest seedlings i*e*# 25 days 
old seedlings* Xn mundakan 30 days old seedlings produced 
more EHP. From the results it is evident that 35 days 
old seedlings are best for virippu and 30 days for mundakan. 
During mundakan the duration of the crop Is lesser and 
hence younger seedlings may be bettor for planting*



Table Sb’a--: Dry matter production of rice (kg ha *) ss influenced by fertilizer levels, 
age and number of seedlings hill . Virippu 1982

Fertilizer Age (Days) Number of seedlings hill-1 Mean
(5£ of
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

K3
6

F2 (50) 6558 6981 7067 6559 6835 7212 6869
F2 (75) 7219 7500 7765 7116 7680 7688 7495
Mean 6889 7241 7416 6838 7258 74 50

Age(Days)
Number of

N1
2

seedlings hill- 1

N2 ' H3 
4 6

- Mean
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for
for

F
A
N

293
359
■359

(244)
(176)
il /b)

A1 25 6688 7007 6972 6889 C.D.(0.05) for FA NS (24?)
30 7080 7447 7.195 7241 C.D.(0.05) for FN NS (249)

■A3
Mean

35 6746
6838

7320
7258

8183
7450s

7416 C.D.(0.05) for AN 622 (305)

Table 3b_-b^ tVirippu 1983

Fertilizer Age (Days) Number of seedlings hill- 1

recommended A A A N N N,dose*) 1 2 3 I 2 3
25 30 35 2 4 6

F 1 ( 75) 8009 8149 8160 7848 8377 8094 8106
f2 (10O) 8826 8665 8815 8407 9285 „ 8615 8769
Mean 8418 8407 8488 8127 8831 8355

Age
(Days)

Number of seedlings hill- 1

N. N_ N, C.D.(0.05) for F 230 (113)
1

2
2

4
3

6 C.D.(0.05) 
C.D.(0.05)

for A NS (139)
(139)for N 282

Aj 25 8041 8900 8313 8418 C.D.(0.05) for FA NS (196)
A_ 30 8367 8748 8107 8407 C.D.(0.05) for FN NS (196)
A3 35 7974 8845 8644 8488 C.D.(0.05) for AN NS (240)
Mean 8127 8831 8355

* 90: 45: 45 kg NPK ha 1
Values in parenthesis are S.Em +/-



Table 30C. Dry matter production of rice (kg ha ) as influenced by fertilizer 
levels, age end number of seedlings hill , Mundakan 1982

Fertilizer Age (Days) Number of seedlings hill-1

( %  of
recommended
dose*) A1

25

CM 
O ro

A3
35

N1
2

N2
4

N3
6

F 1 (50) 6621 7067 6493 6491 6843 6847 6727
F? (75) 6866 7678 7014 6960 7268 7330 7186
Mean 6744 7373 6753 6726 7055 7086

Number of seedlings hill- 1
Age - Mean
(Days)

N1 N2 'N3 C.D.(0.05) for F 140 (69)
2 4 6 C.D.(0.05) for A 172 (85)

C.D.(0.05) for N 172 (85)
Aa 25 6516 6867 6848 6744 C.D.(0.05) for FA NS (119)
A2 30 7205 7684 7229 7373 C.D.(0.05) for FN NS (119)
A3 35 6456 6616 7188 6753 C.D.(0.05) for AN 297 (146)
Mean 6726 7055 7088

Table Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill-1
(% of
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

Mean

T 1  ( 75) 9797 9698 9441 9282 9944 9690 9639
f2 (100) 10298 10562 10042 9933 10641 10326 10300
Mean 10037 10130 9742 9608 10293 10008

Age Number of seedlings hill- 1 Mean(Days)
N1 N2 N3 C.D.(0.05) for F 212 (104)
2 4 6 C.D.(0.05) for A 259 (127)

C.D.(0.05) for N 259 (127)Ax 25 9617 10129 10366 10037 C.D.(0.05) for FA NS (180)
A2 30 9731 10588 10071 10130 C.D.(0.05) for FN NS (180)A3 35 9475 10161 9589 9742 C.D.(0.05) for AN NS (221)Mean 9608 10293 10008

* 9 0 :  45: 45 kg NPK ha"1
Values in parenthesis are S.Em +/-
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Planting 6 seedlings per hill gave more BMP 
in the first year during both seasons while 4 seedlings 
per hill in the second year* It sasy be mentioned in this 
context that during first year the higher level of 
fertiliser was limited to 75 per cent of the fertilizer 
recommendation while during the second year it has gone 
upto 100 per cent* The response of BMP to the number of 
seedlings is greatly influenced by the fertilizer levels 
received in the respective years* In the first year 
6 seedlings per hill produced more CMP while In the second 
year 4 seedlings per hill could produce' comparable or 
more BMP. This may be' attributed to the higher amount of
fertilisation in the second yeer* This conforms the' wall

»
accepted theory that,in soils of lower fertility more 
plant population has to be given to derive the maximum 
benefit from that level of fertility (Yamada and 
Hskmura# 1966)*

^ j Yield attributes
2 -l ESuffibar of -panicles mT2

The fertiliser levels showed significant effect 
on the number of panicles in virippu and mundakan of both 
years (Table 31 a, b, c & d). Higher loval of fertiliser 
woo superior to tha lower levels in all seasons except
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Table 3t;a$= Number of panicles m“ _as influenced by fertilizer levels, age and 
^ number of seedlings hill-1. Virippu 1982

Age (Days)_____________   Number of seedlings hill 1or
recommended 
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

Px (50) 315 334 323 293 337 342 324
F 2  (75) 332. 334 341 314 343 350 336
Mean 323: 334 332 303 340 346

Age
(Days)

Number of seedlings hill- 1

N1 N2 N3 C.D.(0.05) for F 7.2 (3.54)'
2 4 6 C.D.(0.05) for A 8.6 (4.32)

C.D.(0.05) for N 8.8 (4.32)
A1 25 29.7% '' 336 337 323 C.D.(0.05) for FA NS (6.09)
a2 30 ’SitsV 343 341 334 C.D.(0.05) for FN NS (6.09)
A3 35 295 340 360 332 C.D.(0.05) for AN 15.2 (7.46)
Mean 303 340 346

Table 3) b. Virippu 1983

Fertilizer Age (Days) Number of seedlings hill-1

recommended
dose*) A1 • A2 

25 30
A3
35

N1
2

N2
4

N3
6

Fx ( 75)
 ̂A

356 351 362 331 364 375 357
F2 (100) 357 378 385 341 390 389 373
Mean 356 364 374 336 377 382

Age
(Days)

Number of seedlings hill 1

C.D.
C.D.

(0.05)
(0.05)

for
for

F
A

7.7
9.5

(3.81)
(4.67)

N1 
- 2

K2
4

N3
6

C.D. (0.05) for N 9.5 (4.67)
A 25 325 368 376 356 C.D. (0.05) for FA 13.4 (6.60)
A2 30 328 , 382 383 364 C.D. (0.05) for FN 13.4 ^ (6.60)
A3 35 354 380 387 374 C.D. (0.05) for AN 16.4 (8.oe)
Mean 336 377 382

* 90: 45: 45 kg NPK ha 1
Values in parenthesis are S.Em +/-
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Table 3[C. Number of panicles ,m as influenced by fertilizer levels, age and 
number of seedlings hill"1. Mundakan 1982

— 2

Fertilizer1 Age (Days) Number of seedlings hill" 1

(% of
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

■Fj (50) 364 354 374 309 382 400 364
F2 (75) 334 402 388 317 379 429 375
Mean 349 378 381 313 380 415

Age
Number of seedlings hill" 1 Mean

(Days)
N1 N2 N3 C.D. (0.05) for F NS 115.81)
2 4 6 C.D. (0.05) for A 14.5 1[7.13)

C.D. (0.05) for N 14.5 1(7.13)
A 25 299 340 408 349 C.D. (0.05) for FA 20.5 (10.08)
A 30 318 400 416 378 C.D. (0.05) for FN NS (10.08)
A3 35 323 401 420 381 C.D. (0.05) for AN 25.1 (12.34)
Mean 313 380 415

Table Mundakan 1983

Fertilizer 
( . % of
recommended 
dose*)

Age (Days) Number of seedlings hill" 1

A1
25

A2
30

A3
35

N1 N2 
2 4

H3
6

Fx ( 7,5) 403 384 378 343 425 397 389
f2 (100) 416 436 424 372 458 446 425
Mean 409 410 401 358 442 422

Age
(Days)

Number of seedlings hill" 1

K 1 N2 N3 C.D.(0.05) for F 1 2 .1 (5.9)
2 4 6 C . D . (0.05) for A NS (7.4)

C . D . (0.05) for N 15.0 (7.4)
A1 25 356 457 416 409 C . D . (0.05) for FA NS (10.3)
A2 30 342 446 442 410 C . D . (0.05) for FN NS (10.3)
A3 35 375 422 408 ■ 40jfF C . D . (0.05) for AN 26.0 (1 2. B)
Mean 358 442 422 X

* 90:45: 45 kg NPK ha 1
Values in parenthesis are S.Em +/-



the mundakan of the first year wherein, though both the 
fertilizer levels were similar,' the higher level recorded 
more number of panicles.

The results reveal that the number of panicles is 
significantly more in plants receiving higher quantity of 
fertiliser except in the mundakan season of 1982 where also 
higher level of fertilizer has produced more panicles 
though not significant* One of the objectives of the 
experiment was to ascertain whether there can be any 
fertilizer saving in this variety due to the reported nature 
of its performance under low fertility conditions. However, 
under the yield potential realised in Kerala the recommended 
level of fertilizers (90s 45* 45 kg NPK ha"1) seams to be 
required for panicle production.

The age of seedlings has significant influence 
on the number of panicles. Youngest seedlings of 25 days 
old recorded significantly lower number of panicles In 
three out of four seasons. There seems to be not much 
difference between 35 and 30 days old seedlings* This shows 
that under the agro climatic conditions of Korol©, 25 days 
old seedlings arc not ideal for producing sufficient number 
of panicles for maximum grain production*. At the seme 
time the age cen be extended upto 35 days without any
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detrimental effect on panicle production in both the 
seasons* The duration,of the variety is one factor which 
determines the ago of seedlings In the nursery* For 
varieties of upto 140 days duration there seems to be no 
harm in planting 35 days old seedlings* This will be 
definitely advantageous from the farmers point of view 
since sufficient time gap will bo available for transplanting 
especially during delayed onset of monsoons*. This is in 
conformity with the findings of Sunderorajan (1976} and 
Theetharappan (1983)•

The number of seedlings per hill showed significant 
effect on penicle production while the combination effects 
did not show a definite trend.

Data on number of seedlings show that eventhcugh 
six seedlings per hill gave more panicles In three seasons, 
it was comparable with 4 seedlings per hill* During the 
mundakan season of the second year# /4 seedlings per hill 
recorded the highest number of panicles compared to others* 
From this result it may bo inferred that 2 seedlings per hill 
is definitely inferior for this variety insplte of tho 
comparative longer duration* At least 4 seedling® should be 
planted to get sufficient panicle production* This variety 
is reported to possess high tillering capacity under adequate



fertilisation (IARX, 1979). In the present investigation
a fertiliser level of 90 a. 451 45 kg HPK ha is the

11highest dose given* VProbably for this variety# the dose 
is not sufficient for tho full expression of tho tiller 
potential* In those circumstances, higher number of 
seedlings are to be used for ensuring adequate panicle 
production* It may bo mentioned in this connection that 
under low fertility conditions higher number ©f seedlings 
or© generally used to enhance tiller production* Hence the 
number of seedlings to bo planted has to be increased fro® 
tho presently recommended two to four. HetaraJen (1902) ■j

also reported increase in panicle number with increase in 
seedling number from two to six In late maturing types 
such as Ponni end AGO, 15*

2 Humbar off filled grains per panicle

Fertiliser levels showed significant affect on 
number of filled graina per panicle only in mundakan 
seasons of both years (Table 32 a, h, c & d)* Higher level 
of fertiliser gave significantly higher number of filled 
grains per panicle* Higher amount of fertilisation is 
always effective in producing more number of filled grains 
per panicle (Dayencnd et el* (1972), Verma and Srivcstsva 
(1972), Belasubrtsnoniam (1980) and Srcakumaran (1981)*



Table 32 a. Number of filled grains panicle- as' influenced by fertilizer levels, age
and number of seedlings hill Virippu 1982

Fertilizer 
( %  of
recommended
dose*)

Age (Days) Number of seedlings hill 1

A1
25

A2 A3 
30 35

N1
2

N2
4

N3
6

F! (50) 67 74 66 >, 60 73 73 69

F2 (75) 69 70 72 63 78 70 70
Mean 68 72 69 61 76 72

Age
(Days)

Number, of

K1
2

seedlings

n 2, '
4

hill-1

N3
6

Mean
C.D.(0.05) 
C.D.(0.05)

for
for
for
for

F
A
N
FA

NS
NS

(3.10)'
(3.80)
(3.80) 
(5.37)

A1 25 64 ■ 73 66 68

C.D.(O.OS) 
C.D.(0.05)

7.7
RS

A2 30 60 83 74 72 C.D.(0.05) for FN NS (5.37)

A3 35 60 72 72 69 C.D.(0.05) for AN NS (6.58)
Mean 61 76 72

Table 3a b. Virippu 1983

Fertilizer Age (Days) Number of seedlings hiil 1 Meanor
recommended
dose*) A1

25'
A2
30

A3
35

N1
2

N2
4

N3
6

Fj ( 75) 62 69 61 62 68 62 64
f2 (100) 64 64 67 59 76 60 65
Mean' 63 67 64 60 72 61

Age
(Days)

Number of seedlings hill-1

K1
2

N2
4

N3
6

C.D..(0.05) 
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for
for
for

F
A

NS
NS

8.0
NS

(3.21)
(3.93)
(3.93) 
(5.56)A‘x 25 59 68 61 63

N
FA

A 30 63 78 59 67 C.D. (0.05) for FN NS (5.56)
A3 35 59 71 62 .64 C.D.(0.05) for AN NS (6.81)
Mean 60 72 61

* 90: 45: 45 kg NPK ha 1
Values in parenthesis are S.Em' +/-



Table 31 c. Number of filled grains panicle-1 as influenced by fertilizer levels,
age and number of seedlings hill 1 . Mundakan 1982

Fertilizer 
(% of Age (Days) Number of iseedlings hill-1

---- 1 Mean
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

F1 {50) 61 62 60 52 64 67 61
F2 (75) 68 69 62 58 70 70 66

Mean 65 66 61 55 67 68

Number of seedlings hill 1

(Days)
N1
2

N2
4

N3
6

C.D,
C.D.
C.D.

(0.05)
(0.05)
(0.05)

for F 
for A 
for N

5.3 
NS
6.4

(2.60)
(3.14)
(3.14)

A 25 
A2 30' 
A3 35

57
57
53

68
71
63

70
68
67

65
66 
61

C.D.
C.D.
C.D.

(0.05)
(0.05)
(0.05)

for FA 
for FW 
for AN

NS
NS
NS

(4.47) '
(4.47)
(5.48)

Mean 55 67 68

TSble 31> d. Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill 1 Mean
(% of
recommended A^ 
dose*) 25

A2
30

A3
35

N1
2

N2
4

K3
6

( 75) 64 64 63 60 65 65 64

F2 (100) 70 71 69 65 73 72 70
Mean 67 67 66 63 69 69

Age
(Days)

Number of seedlings hill- 1
• Mean

N1 N2 N3 C.D.(0.05) for F 4.8 (2.40)
2 4 6 C.D.(0.05) for A NS (2.94)

(2.94)C.D.(0.05) for N 5.9
Ax 25 64 70 68 67 C.D.(0.05) for FA NS (4.16)
A2 30 63 71 68 67 C.D.(0.05) for FN NS (4.16)
A, 35 61 68 70 66' C.D.(0.05) for AN NS (5.09)
Mean 63 69 69

* 90: 45: 45 kg NPK ha-1
Values in parenthesis are S.Em +/-



160

The age of seedling dido not exhibit any 
significant effect on the number of filled grains*

Planting 4 seedlings per hill gave more number 
of filled grains per panicle in three seasons and it was 
significantly superior to others in vlrlp&u season of the

s
year* It was comparable with 6 seedlings per hill in two

m k *seasons*. However, in mundakan season of 1982, 6 seedlings
ft

per hill gave store grains per panicle o van though it was 
comparable with 4 seedlings per hill. Two seedlings per 
hill produced significantly inferior number of filled 
grains per panicle in three out of four seasons and lower 
numbers in the fourthseason* Thus from the result it can 
bo reasoned out that 4 seedlings per hill are optimum for 
obtaining sufficient number of filled grains per panicle*

A perusal of the data on LAI (Table 29 a, b, c & d) 
shows that 4 seedlings per hill gave higher LAI In most 
of the seasons* The source available for photosynthesis 
is decided by the LAI* The seme treatment is found to be 
favouring the highest number of panicles as well as number 
of filled groins per panicle. Similar relationship with 
the photosynthssising surfaco area of the plant vith 
productive attributes such es panicle number and grains 
per panicle are reported by Tsnake (1972).
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2t may be further noticed that under • limited 
supply o£ nutrition there ia an optimum number of 
seedlings which can produce a definite number of panicles 
as well as number of filled grains per panicle. An 
Increase in the seedling number does not proportionately 
increase the paniclo number or grains per penicle probably 
because fertility Is the limiting factor there. A lower 
number of seedlings is definitely inferior since under 
this limited fertility conditions sufficient panicle 
production as well as number of grains per penicle cannot 
be ensured.

& • 3* 1000 Grain weight

The results of the data cn 1000 grain weight 
(Table 33 a# b# c 6 d) show that the fertiliser levels#
age of seedlings end number of seedlings could not influence

/

the thousand grain weight in most of the seasons.

Thousand grain weight# generally regorded as a 
varietal character is not influenced by agronomic 
attributes such as number# age of seedlings etc. Even 
the fertilizer application has been reported to be effective 
only.upto a particular level. Further,in the present 
investigation#.the difference in fertilizer levels tried
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Table 33 a. Thousand grain weight (g) as influenced by fertilizer levels, age and
number of seedlings hill Virippu 1982

Fertilizer Age (Days) Number of seedlings hill 1
(% of
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

P 1 (50) 20.73 20.74 20.81 2 1 .12 20.47 20.67 20.76

F 2 (75) 20.29 20.74 21.23 20.37 20.84 21.08 20.76
Mean 20.51 20.74 21.02 20.75 20.66 20.38

Age Number of seedlings hill- 1
■ Mean(Days)

N1 N2 N3 C.D.(0.05) for F NS (0.157)
, 2 4 6 C.D.(0.05) for A 0.392 (0.193)

(0.193)C.D.(0.05) for N NS

A1 25 20.65 20.13 20.76 20.51 C.D.(0.05) for FA NS (0.272)
30 20.59 20.81 20.83 20.-74 C.D.- (0.05) for FN 0.554 (0.272)

*3 35 21.00 21.03 21.03 21.02 C.D.(0.05) for AN NS (0.333)
Mean 20.75 20.66 20.88

■
Table 33 b. Virippu 1983 *

Fertilizer Age (Days) Number of seedlings hill-1
Mean

recommended
dose*) A1

25
A2
30

A3 . 
35

N1
2

K2
4

N3
6

F1 ( 75) 20.36 21.33 20.98 21.28 20.52 20.87 20.89
F? (100) 21.16 21.07 21.33 20.98 21.27 21.31 21.19
Mean 20.76 21.20 21.16 21.13 20.89 21.09

Age
(Days)

Number of seedlings hill- 1 Mean

N1 N2 K3
C.D.
C.D.

(0.05) for 
(0.05) for

F
A

NS
HS

(0.164)
(0.202)

2 4 6 C.D. (0.05) for N NS (0.202)

A1
A2
A3

25
30
35

21.05
21.32
21.02

20.33
2 1.10
21.25

20.88
21.18
21.20

20.76
21.20
21.16

C.D.
C.D.
C.D.

(0.05) for 
(0.05) for 
(0.05) for

FA
FN
AN

0.579
0.579
NS

(0.285)
(0.285)
(0.349)

Mean 21.13 20.89 21.09

* 90: 45: 45 kg NPK ha-1
Values in parenthesis are S.Em. +/-



1G3

Table 33 c. Thousand grain weight Cg) as influenced by fertilizer levels, age
and number of seedlings hill MundaXan 1982

Age (Days)
■ Number of seedlings hill- 1

Mean
{ %  of
recommended
dose*) A1

25
A2
30

A3
35

N1 K2 
2 4

N3
6

Fj (50) 
F2 (75) 
Mean

20.16
20.84
20.50

21.23
20.77
21,00

20.59 
20. 54 
20.56

20.54 20.96 
20.97 20.36 
20.76 20.66

20.47
20.82
20.64

20.66
20.72

Age 
(Days)

Number of seedlings hill- 1
Mean

N
1

2
N2
4

N3
6

C.D.(0.05) for F 
C.D.(0.05) for A

NS (0. 
0.421 (0. 
NS (0.

169)
207)
207)

A2 25 
A 30 
A3 35 
Mean

20.70
20.93
20.64
20.76

20.58
2 1.0 1
20.40
20.66

20.22 
21.06 

' 20.65 
20.64

20.50
21.00
20.56

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

0.595 (0. 
0.595 (0. 
NS (0.

292)
292)
358)

Table 33 d. Mundakan 1983

Fertilizer
<,% of
recommended
dose*)

Age (Days)

"1
25

2
30

3
35

Number of seedlirigs hill-1 Mean

T  ( 75) 
P2 (10 0 ) 

Mean

20.62
21.53
21.08

20.98
21.57
21.27

20.84
21.18
21 . 01

21.08
21.53
21.31

20.80
21.27
21.03

20.57
21.48
21.02

20.81
21.43

Number of seedlings hill 1
A g e ---------------------(Deys) K - N n1 2 J

2 4 6

25 21.23 20.97 21.03
30 21.35 21.30 21.17
35 21.33 20.83 20.87

21.31 21.03 21.02

Mean_
C . D . (0.05) for F 0.421 (0.207)
C . D . (0.05) for A NS (0.253)
C . D . (0.05) for N NS (0.253)

21.08 C . D . (0.05) for FA NS (0.358)
21.27 C . D . (0.05) for FN NS (0.358)
2 1.0 1 C . D . (0.05) for AN NS (0.439)

_1* 90: 45= 45 Xg KPK ha
Values in parenthesis are S.Em +/-
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was only by 25 per cent and hence not much difference 
in 1000- gfain weight could be expected*

3. Grain yield

The highest level of fertiliser recorded more 
greiri yield in all the four seasons (Table 34 a# b, c 
and d)* Thirty five days old seedlings recorded the 
highest grain yield while 25 days old seedlings produced 
the lowest grain yield in virippu in both years (Pig.7) 
even though in the second year it was not significant.
2n contrast# in roundsk»n store grain yield was associated 
with 30 days old seedlings (Pig.6). Th© number of 
seedlings is also a crucial factor in deciding the yield. 
Two seedlings per hill recorded th© lowest grain yield in 
ell the four season®. String th# first year ia both the 
seasons the highest number of six seedlings produced more 
grain yield while in the second year four seedlings per 
hill topped in grain production. The combination didr 
not show a definite trend.

Eventhough Hi 42 is a low fertilizer responsive 
Variety# the dog© of fertilizer applied is only 90*45*45 kg
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Table 34 a. Grain yield (kg ha ) as influenced by fertilizer levels, age and
number of seedlings hill . Virippu 1982

Fertilizer Age (Days) Number of seedlings hill 1 Mean
(54 of
recommended
dose*) A1

25
A2 • 
30

A3
35

N1
2

N2 n3 
4 6

F1 (50) 3359 3583 3629 3382 3488 3701 3524
F, (75) 3709 3891 4015 3694 3949 3973 ' 3872
Mean 3534 3737 3822 3538 3718 3837

Age
(Days)

Number of seedlings hill- 1
Mean

N1
2

«2
4

N3
6

A1 ' 25 3455 3562 3585 3534

A2 30 3669 3838 3704 3737

A3
Mean

35 3490
3538

3755
3718

4222
3837

382 2

Table 34 b. Virioou 1983

C.D.(0.05) for F 155.2 (76.2)
C.D.(0.05) for A 190.1 (93.5)
C.D.(0.05) for N 190.1 (93.6)
C.D.(0.05) for FA NS (132.2)
C.D.(0.05) for FN NS (132.2)
C.D.(0.05) for AN 329.3 (163.9)

Fertilizer 
(% of
recommended
dose*)

Age ' (Days)

1
25

2
30

3
35

Number of seedlings hill-1
Mean

*1 ( 75) 4172 4140 4218 4020 4331 4179 - 4177

F2 (100) 4460 4576 4508 4348 4800 4396 4515
Mean 4316 4358 4363 4184 4566 4287

Age
(Days)

Number of seedlings hill- 1

N1
2

N2 N3 
4 6

A1 25 4281 4509 4158 4316
A, 30 4172 4610 4292 4358
N 35 4100 4578 4412 4363
Mean 4184 4566 4287

* 90: 45: 45 kg NPK ha-1
Values. in parenthesis are S.Em +/-

C.D.(0.05) for F 124.4 (61.2)
C.D.(0.05) for A NS (74.9)
C.D.(0.05) for N 152.4 (74.9)
C.D.(0.05) for FA NS (105.9)
C.D.(0.05) for FN NS (105.9)
C.D.(0.05) for AN NS (129.8)
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Table 34 c. Grain yield (kg ha"1) as influenced by fertilizer levels, age and

number of seedlings hill 1 . Mundakan 1982

Fertilizer 
( %  of
recommended
dose*)

Age (Days) Number of seedlings hill -1
Mean

1
25

2
30

3
35

F! (50) 3420 3673 3343 3360 3541 3535 3479

F2 (75) 3559 3983 3610 3610 3751 3791 3717
Mean 3490 3828 3477 3485 3646 3663

Age
(Days)

Number of seedlings hill- 1
.Mean

N1 N2 N3 C.D. (0.05) for F 73.2 (36.0)
2 4 6 C.D. (0.05) for A 

(0.05) for N
89.7
89.7

(44.1)
(44.1)C.D.

A1 25 3390 3546 3533 3490 C.D. (0.05) for FA _ NS (62.3)
30 3746 3995 3743 3828 C.D. (0.05) for FJJ>' '  NS (62.3)

Mean
35 3319

3485
3397
3646

3714
3663

3477 C.D. (0.05) for^AN 155.4 (76.4)

Table 34 d. Mundakan 1983

Fertilizer 
(?£ of

Age (Days) Number of seedlings hill- 1 Mean
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

F1 ( 75) 5089 5039 4915 4828 5180 5035 5014
F? ( 100) 5362 5474 5188 5168 5516 5342 5342
Mean 5226 5257 5052 4998 5348 518&

Age
(Days)

Number of seedlings hill- 1 Mean
N1 N2 N3 C.D. (0.05) for F 110 .0 (54.1)
2 4 6 C.D. (0.05) for A 134.3 (65.9)

C.D. (0.05) for N 134.3 (65.9)
A1 25 5025 5273 5379 5226 C.D. (0.05) for FA NS (93.4)
A? 30 5068 5497 5205 5257 C.D. (0.05) for FN NS (93.4)
A3 35 4901 5274 4961 5052 C.D. (0.05) for AN NS (114.6)
Mean 4998 5348 5188

* 90s 45 : 45 kg NPK ha- 1
Values in parenthesis are S,Em +/-
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HPK he which 1* far below the optimum. . Even in such 
a lover doae of fertiliser# it has given a grain yield 
of 4*5 to 5*3 t ha*1. It ia further noticed that at 
SO per cent of the recommended dose of fertiliser I.e. 
with 45s 22«5i 22*5 leg KPK ha*1# the grain yield varied 
from 3*48 to 3*52 t ha*1* This highlights the adaptability 
of this variety under low levels of fertilisers. The 
suitability of this variety tinder low levels of fertility 
was reported earlier (IRR1# 1078? 1979a? Khush et al., 1979# 
Ponnamperuma# 1979).

The grain yield is related to the performance of 
the yield attributes by the respective treatments. The number 
of penlclea m (Table 33 a, b, c & d) showed that the 
youngest seedlings (25 days old) produced the lowest number.

i

Thirty five days old seedlings produced more number of 
«*2panicles dr in virinou season of the second yoer. During 

the same season of the first yoer# 35 end 30 days old 
seedlings wars comparable. In rouridakan season of the first' 
year 30 and 35 days old seedlings produced more number of 
panicles m • With respect to 1000 grain weight# highest 
value was observed in 35 days old seedlings in vlrlnpu end 
30 days old seedlings in mundakan. This variety being a
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late maturity one (140-145 day®) planting 35 day® old 
seedlings is better during vlrlppu while 30 deya old 
seedlings porfonnad better in mundakan* This is because 
during mundakan the duration of the crop ia lesser end as 
such the vegetative growth period especially for tiller 
production ia reduced end henc© younger seedlings ere 
preferred*

The difference in the fertiliser doo© given might 
b© the responsible factor for-the differential response of 
the number of seedlings noticed*

It is further evident from the number of filled 
grains par panicle (Table 32 a# b# c & d),thot sIk seedlings 
per hill gave more number of filled grains in mundekan 
season of the first year while four seedlings per hill 
produced higher number of filled grains in both seasons of 
the second year* Curing mundakan season of the first year#s(* 
seedlings per hill recorded more filled grains per panicle 
while in tii© second year almost the acme number of filled 
grains was produced by four seedlings per hill* This shows 
that the available photosynthateo were distributed 
uniformly among all the panicles in the first year even with 
a low level of fertiliser dose. This again indicates tha 
adaptation of the variety to lower fertility conditions
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wherein every panicle was made to produce maximum number 
of grains in a hill which received the highest number of 
seedlings (Khush et el., 1979/ Ponnemperuraa, 1979).

* Straw yield kg ha~^

Higher levol of fertiliser recorded more straw 
yield in vlrlppu end mundakan seasons of both years end 
it was significantly superior to ths lower levels tried 
(Table 35 a# b, c & d).

It may be seen from the results of tiller production 
(Table 27 a, b, c & <3 and 28 a, b, c & d) end LAI (Table 
29 a, b, c fit d) that these two characters which are 
directly contributing for straw yield have given higher 
values than the lower fertilizer dose thereby, resulting in 
higher straw production. It may be pointed out in this 
connection that the recommended dose of fertilizer is 
90s 45s 45 kg HPR ha-1 and the major component is H.
The influence of N in enhancing the vegetative growth is 
well known.

During virlppu season of the first year 35 days 
old seedlings gave higher straw yield then others end was 
comparable with 30 days old seedlings. In the second year 
also 35 days old seedlings gave more straw production though
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Table 35 a. Straw yield (kg ha-1) as; influenced by fertilizer levels, age and number
of seedlings hill-1. Virippu 1982

Fertilizer Age (Days) Number of seedlings hill-1
Mean

{ %  of
recommended
dose*) A1

25
A2
30

A3
35

N1 N2 
2 4

N3
6

F 1  (50) 3545 3765 3810 3522 3707 3890 3707.
F (75) 3890 4004 4158 3797 4135 4119 4017
Mean 3717 3884 3984 3660 3921 4005

Age
(Days)

Number of seedlings hill-1
Mean

N1
2

N2
4

N3
6

C.D.(0.05) for F 
C.D.(0.05) for A 
C.D.(0.05) for N

156.0
191.1
191.1

(76.7)
(93.9)
(93.9)

Ax 25
A2 30 
A3 35

3585
3783
3611

3813
4000
3950

3754
3870
4391

3717
3884
3984

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

NS
NS
331.1

(132.9)
(132.9) 
■162.7)

Mean 3660 3921 4005

Table 35 b. Viripou 1983

Fertilizer 
(% of
recommended
dose*)

Age (Days) Number of seedlings Mean

A1
25

A2
30

A3
35

N1
2

N2
4

N3
6

(75) 4336 4291 4371 4170 4487 4342 4333
F_ (100) 4661 4714 4703 4501 4973 4605 4693
Mean 4499 4502 4537 4336 4730 4473

Age
(Days)

Number of seedlings hill-1

124.1 (61.0) 
NS (74.7) 
152.0 (74.7)

B1
2

N2
4

N3
6

C.D.
C.D.
C.D.

(0.05) for F 
(0.05) for A 
(0.05) for H

Aj 25 
A2 30 
A3 35

4422
4292
4294

4700
4757
4733

4376
4458
4586

4499
4502
4537

C.D.
C.D.
C.D.

(0.05) for FA 
(0.05) for FN 
(0.05) for AN

NS (105.7) 
NS (105-7) 
NS (129.5)

Mean 4336 4730 4473

* 90: 4 5.: 45 kg NPK ha 1
Values in parenthesis are S.Em +/-
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Table 35 c. Straw yield (kg ha-*) 
of seedlings hill-1.

as influenced by fertilizer 
Mundakan 1982

1 levels. age and number

Fertilizer Age (Days) Number of seedlings h 111 1 Mean
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

F 1 (50) 3549 3766 3492 3473 3661 3672 3602
F2 (75) 3646 4099 3772 3715 3900 3902 3839
Mean 3597 3932 3632 3594 3781 3787

Number of seedlings hill- 1
Age Mean
(Days)

N1 N2 N3 C.D.(0.05) for F 80.6 (39.6)
2 4 6 C.D.(0.05) for A 98.8 (48.5)

C.D.(0.05) for N 98.8 (48.5)

Ai 25 3467 3682 3642 3597 C.D.(0.05) for FA NS (68.7)
1

A9 30 3838 4093 3866 3932 C.D.(0.05) for FN NS (66.7)
2

A3 35 3477 3567 3853 3632 C.D.(0.05) for AN 171.2 (84.1)
Mean 3594 3781 3787

Table 35 d. Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill- 1

(% of
re commended 
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

Fj (75) 5202 5169 5023 4942 5287 5165 5131
f2 (100) 5478 5639 5382 5284 5686 5528 5500
Mean 5340 5404 5203 5113 5487 5347

Number of seedlings hill- 1
Age
(Days) N1 N2 N3 C.D.(0.05) for F 116.0 (57.0)

2 4 6 C.D.(0.05) 
C.D.(0.05)

for A 142.-1 (69.8)
for N 142.1 (69.8)

A1 25 5098 5389 5532 5340 C.D.(0.05) for FA NS (98.8)
A2 30 5168 5648 5396 5404 C.D.(0.05) for FN f\SS (98'8)
A3 35 5073 5»23 5112 5203 C.D.(0.05) for AN NS (121.08)
Mean 5113 5487 5347

* 90: 45: 45 kg NPK ha"1
Values in parenthesis are S.Em +/-
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not significant* In vlrippu. But In mundakan 30 days old 
seedlings produced more strew In both years. A perusal of 
the date on tiller production shows that during mundakan 
in both years* 30 days old seedlings gave the highest tiller 
number. The reason for increasing the tiller production 
by this treatment was discussed elsewhere. In tho case of 
height also# 30 days old seedlings have recorded teller 
plants in raundekan season in the first year while in the 
second year it was similar to 25 days old seedlings which 
produced teller plants.

So from the point of view of straw production it may 
be pointed out that in virippu. 35 days old seedlings and 
.In the roundekan. 30 days old seedlings or© the best.

Data on LAI (Table 29 a, b, c & d) and tiller number 
(Table 27 a, b, e & d and 28 a, b, c 6 d) have already 
indicated that four and six seedlings were comparable in 
most cases. In the straw yield also* almost the some trend 
is noticed in most of the seasons.

The combination effect was significant only in virippu 
season of the first year. No definite trend could b© noticed 
in other seasons.
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S> Harvest Index (HI)

HI was unaffected by the treatments in oil seasons 
except vi.rJ.pgu season of the fi-ys'6 year (Table 36 a* b*c & d).

The difference between fertiliser level tried was 
only 25 per cent in both years* Within that narrow range* 
there is a corresponding increase in both grain and straw 
yield with Increase in fertilizer doses thereby resulting 
in the IqcX of significant difference in HI.

in the case of groin yield during the virippu season 
35 days old seedlings gave the highest value while 30 days 
old seedlings in the roundehan season. With respect to 
strew yield as wall* the som® trend was observed* An 
increase in grain yield was followed by a corresponding 
increase in straw yield. Hence it Is quite natural that a 
significant increase in HI is not obtained.

The number of seedlings per hill also followed the 
same trend as that of the above two characters. 2R 42 
being a high tillering variety* has the inherent capacity 
to adapt to varying plant densities. Saba (1959) and 
Yoshide andLGSok (1971) have stressed the adaptability ot1 
high tillering genotypes to varying plant densities. Hence

st

for the levels of fertilizer tried no drastic change in 
grain straw ratio Is expected.
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Table 36 a. Harvest index (HI) as influenced by fertilizer levels, age and
number ,of' seedlings hill . Virippu 1982

Fertilizer Ag'e (Days) Number of seedlings hill- 1
C5S- of
recommended
dose*) A1

25
A2
30

A3!
35

N1 N2 
2 , 4

N3
6

F1 (50) 48.76 48.65 48.73 48.98 48.44 48.73 48.71
F2 (75) 49.28 48.82 49.13 49.30 48.83 49.10 49.08
Mean 49.02 48.73 48,93 49.14 48.63 48.92

Age
(Days)

Number of seedlings hill-1
- Mean

N1 N2 N3 C.D.(0.05) for F 0 i 278 (0.136)
2 4 6 C.D.(0.05) for A NS (0.167)

A1
A2
A3
Mean

25
30
35

49.24
49.07
49.10
49.14.

48.93
48.30
48.67
48.63

48.89
48.83
49.02
48.92

49.02
48.73
48.93

C.D.(0.05) for 
C.D.(0.05) for 
C.D.(0.05) for 
C.D.(0.05) for

N
FA
FN
AN

6.340
NS
NS
NS

(0.167)
(0.236)
(0.236)
(0.289)

Table 36 b. Virippu ,1983

Fertilizer Age (Days) Number of seedlings hill-1

recommended
dose*) A1

25
A2
30

A3
35'

K1
2

B2
4

N3
6

Mean

Fi t75> 49.10 49.02 49.10 49.07 49.11 49.03 49.07
F  (100) 49.25 48.88 49.92 49.14 49,. 10 48.82 49.02
Mean ' 49.18 48.95 49.01 49.il 49.11 49. S3

Age
(Days)

Number of seedlings hill- 1

N1
2

K2
4.

N3
6

C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for

F
A

NS.
NS

(0.080)
(0.097)

A 25 49.29 49.21 49.03 49.ie for FA NS (0.138)
A2 30 49.18 48.96 48.72 48.95 C.D.(0.05) for FN NS (0..138)
A3 35 48.85 49.15 49.03 49.01 C.D.(0.05) for AN NS (0:169)
Mean 49,. 11 49.11 48.93

* 90: 45: 45 bg Np k  ha 1
Values in parenthesis sre S.Em +/-
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Table 36 c. Harvest index (HI) as 
of seedlings hill-*.

influenced by fertilizer levels, age 
Mundakan 1982

and number

Fertilizer Age (Days) Number of seedlings hill- 1
( %  of '
recotnmended
dose*)

A1
25

A2
30

A3
35

N1 N2 
2 4

N3
6

---  Mean

Pj (50) 
F2 (75) 
Mean

49.07
49.25
49.16

49.37
49.26
49.32

48.90
48.89
48.89

49.17 49.13 
49.27 49.01 
49.22 49.07

49.05
49.13
49.09

49.11
49.14

Age
(Days)

Number of seedlings hill- 1

N1
2

H2
4

N3
6

C.D.(0.05) for P 
C.D.(0.05) for A

NS
0.236

(0.094)
(0.116)
(0.116)
(0.164)
(0.164)
(0.201)

Aj 25 
A2 30 
A3 35 
Mean

49.43
49.39
48.84
49.22

49.05
49.39
48.77
49.07

49.01
49.19
49.08
49.09

49116
49.32
48.89

C.D.(0.05) for N 
C.D.~(o.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

NS
NS
NS
NS

Table 36 d. Mundakan 1983 -

Fertilizer Age (Days) Number of seedlings hill- 1
1% of
reconmended
dose*) A1

25
A2
30

A3 
35 .

H1 N2 
2 4 H3

6

—  Mean

Px (75)
f2 (100)
Mean

49.45 
49.47
49.46

49.33
49.24
49.29

49.45
49.08
49.26

49.41 49.46
49.41 49.25
49.41 49.35

49.36
49.13
49.25

49.41
49.26

Age 
(Days)

Number of seedlings hill- 1

H1
2

N2
4

N3
6

HGon
C.D.(0.05) for F 
C.D.(0.05) for A

NS (0 
NS (0

.081)

.099)

Ax 25 
A, 30 
A3 35 
Mean

49.63
49.47
49.13
49.41

49.45
49.30
49.31 
49.35

49.30
49.09
49.35
49.25

49.46
49.29
49.26

C.D.(0.05) for N 
C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

NS (0 
NS (0 
NS (0 
NS (0

.099)

.140)

.140)

.172)

* 9 0 !  45: 45 kg NPK ha-1
Values in parenthesis are S.Em +/-
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Gl . Chemical analysis
1. Plant, analysis
1*1 Protein content of grain

Maximum level of fertilizer ha* given the highest 
protein content in nil the four seasons (Table 37 a* b« 
c & <3t) * Generally in cereals# the protein content is low 
end the transformation of carbohydrates to protein telco 
place after attaining a certain level of carbohydrate 
production* An increase in protein content beyond a 
certain level of N was gsnerelly^followed by a decline in 
grain yield (XRHI, 1974). This explains the reason for 
Xowor protein content in treatments receiving low fertiliser 
doses particularly N. UtLĉ cktiL efc al • (1972) and Singh end 
Hodgol (1978) reported higher protein content with increased 
rate of N application.

Protein content was found to be unaffected by 
different ego level® tried in all the four season*. Protein 
content le more or loss a genetic factor influenced by 
nutrition only to a certain extant.

Higher number of seedling® produced more protein 
content in all the seasons. Under low fertility condition 
both grain end straw yields wore increased with air 
seedlings per hill and the applied fertiliser would have
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Table 37 a. Protein content ot grain M  »  Inflo.ncea by fertlllrer 1ml.. age
and number of seedlings hill-1. VlrlpEH 1982

Fertilizer 
(54 Of
re conmended 
dose*)

Age (Days) Number of seedlings hill Mean

Age
(Days)

Number of seedlings hill

Ni
2

N2
4

N3
6

Aj 25 8.4 9.0 8*9
A2 30 8.3 9.0 9.3
A- 35 8.8 9.2 8.9
Mean 8.5 9.1 9.1

Mean
C.D.(0.05) for F 0 .21 (0.103)
C.D.(0.05) for A NS (0.126)
C.D.(0.05) for N 0.26 (0.126)
C.D.(0.05) for PA NS (0.178)
C.D.(0.05) for FN NS (0.178)
C.D.(0.05) for AN NS (0.219)

Table 37 b. Virippu 1963

Fertilizer 
{ %  ofrecommended
dose*), 1

25

Age (Days)

2
30

3
35

Number of seedlings hill Mean

2
Mean

(75)
( 100 )

8.2

8.4
8.3

8.3
8.8

8.5

8.3
8 . 8
8.5

7.9
8.2

8 . 0

8.4
8.9
8.7

8.5
8.9
8.7

8.3
8.7

Age
(Days)

Number of seedlings hill Mean C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for P 
for A 
for N

0.20
NS
0.24

(0.098)
(0.118)
(0.118)

N-1
2

N2
4

N3
6

C.D.(0.05) for FA NS (0.165)
25 8.0 8.5 8.5 8.3 C.D.(0.05) for FN NS (0.165)

1
A_ 30 8 .1 8.7 8.8 8.5 C.D.(0.05) for AN NS (0.203)

2
A3 35: e.o 8.9 8.7 8.5
Mean 8.0 8.7 8.7

* 90: 45i 45 kg NPK ha-1
Values in parenthesis are S.Em +/■
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Table 37 c. Protein content of grain as 
and number of seedlings hill •

influenced by fertilizer levels, age 
Mundakan 1982

Fertilizer Age (Days) Number of seedlings hill *------------------ Mean
(% of -
recommended
dose*) A1

25
A2
30

A3
35

H1 K2
2 . 4

H3
6

(50) 
F2 (75) 
Mean

8.4
8.6
8.5

8.3
8.6
8.5

8.4
8.8
8.6

8.1 8.5 
8.4 8.9 
8.3 8.7

8.5 8.4 
8.8 8.7
8.6

Number of seedlings hill * .MeanAge
(Days) N1

2
N2
4

N3
6

C.D. (0.05) for S’ 
C.D.(0.05) for A

0.16 (0.078) 
NS (0.095) 
0.20 (0.095) 
NS (0.135) 
NS (0.135) 
NS (0.166)

Aj 25 
A. 30 
A* 35 
Mean

8.3 
8.2
8.3
8.3

8.5
8.7
8.8 
8.7

8.6
6.5 
8.7
8.6

8.5
8.5
8.6

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

Table 37 d. Mundakan 1983

Fertilizer 
(% of Age (Days) Number of seedlings hill * Mean
recommended
dose*) A1

25
A2
40

A3
35

H1 N2 
2 4

N3
6

Ft (75)
f2 (100)
Mean

8^3
8.4
8.3

8.6
8.7
8.6

8.3
8.9
8.6

8.2 8.4
8.3 9.1
8.3 8.7

8.5 8.4
8.6 8.7
8.6

Age Number of seedlings hill ^ Mean
0 .21 (0.103) 
NS (0.127) 
0.26 (0.127)

(Days)
N1
2

N2
4

N3
6

C.D.(0.05) for F 
C.D.(0.05) for A 
C.D.(0.05) for N

Aj 25 
A2 30 
Aj 35 
Mean

8 .2
8.3
8.4 
8.3

8.4
8.9
8.9 
8.7

8.4 
8.7
8.5
8.6

8.3
8.6
8.6

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

NS (0.182) 
0.37 (0.182) 
NS (0,220)

* 90s 451 45 leg NPK ha-1  

Values in. parenthesis are S.Em +/- *
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bean first utilized for grain end straw production. 
Consequently, no significant difference could be noticed 
in the protein content between the two higher levels i,e, 
four and six seedlings per hill. In the second year fcur 
seedlings per hill gave more grain end straw yield. It Is 
attributed to the higher level of fertilisation in the 
second year* The higher dose of fertilizer application 
favoured th© grain and straw production snd no exccse 
nutrition was usually available to increase the protein 
content thus resulting in the lack of significant difference 
between four end six seedlings per hill•

In both years higher number of seedlings gave more 
protein. In the first year six seedlings per hill with 
low fertilization produced more protein while during the 
second year the highest protein content was produced by 
four seedlings per hill with the application of more 
fertiliser compered to the first year. This shows the 
efficiency of four seedlings hill"1 in producing more grain 
yield as well as synthesis of more protein compared to 
planting six seedlings hill"1.

1.2 H uptake
The data on the uptake of N (Table 30 a, b, c fit d) 

reveal the superiority of higher levels of fertilizer in 
all the seasons. ■
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Table 38 a. uptake (kg ha"1) as Influenced by fertilizer levels, age and
number of seedlings hill 1. Virippu 1982

Age (Days) Humber of seedlings hill" 1 Mean
CK of
recommended
dose*) * 1

25
A2
30

A3
35

N1
2

H2
4

N3
6

F„ (50) 67.37 72.52 72.78 63.56 71.84 77.27 70.89
1

F_ (75) 78.61 83.64 88.32 76.90 87.26 86.42 83.53
2

Mean 72.99 78.08 80.55 70.23 79.55 81.85

Age
(Days)

3
Mean

Humber of seedlings hill

N_

-1
Mean

25 67.11 76.01 75.86 72.99
30 72.28 81.33 80.63 78.08
35 71.29 81.31 89.05 80.55

70.23 79.55 81.85

C.D.(0.05) for F 3.336 (1.640)
C.D.(0.05) for A 4.086 (2.009)
C.D.(0.05) for H 4.086 (2.009)
C.D.(0.05) for FA HS (2.841)
C.D. (0.0.5) for AH HS (2.841)
C.D.(0.05) for AH HS (3.480)

Table 36 b. Virippu 1983

Fertilizer Age (Days) Number of seedlings bill ^ - Mean
(S of
recommended
dose*) A1

25
A2
30

A3
35

Ni
2

N2
4

N3
6

Fj (75) 80.80 82.82 83.27 75.05 86.94 84.90 82.30
F„ (100) 92.54 92.81 94.69 84.41 101.46 94.18 93.35
Mean 86.67 87.82 88.98 79.73 94.20 89.54

Humber of seedlings hill 1 - MeanAge
(Days) N1

2
H2
4

h3
6

A1 25 78.61 92.41 89.00 86.67

A 30 81.88 94.00 87.58 87.62

A3 35 78.71 96.18 92.04 88.98
Mean - 79.73 94.20 89.54

* 90s 45i45 kg NPK ha" 1

Values in parenthesis are s.Em +/—

C.D.(0.05) for F 3.278 (1.612)
C.D.(0.05) for A HS (1.973)
C.D.(0.05) for H 4.014 (1.973)
C.D.(0.05) for FA HS (2.791)
C.D.(0.05) for FH N5 (2.791)
C.D.(0.05) for AN NS (3.419)
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Table 3B c. ' . uptake (kg ha )■ ®s Influenced by fertlllzerl levels, age and number
of seedlings hill”1. Mundakan 1982

Fertile 
(X of 
recomm< 
dose*)

Lzer Age (Days) Humber of seedlings hill” 1

jnded A1
25

A2
30

A3
35

N1
2

N2
4

N3
6

—  Mean

F1 (50) 67.66 72.03 66.98 63.92 70.98 71.76 68.89
P2 (75) 72.03 82.21 75.71 71.29 79.29 79.37 76.65
Mean 69.84 77.12 71.35 67.61 75.13 75.57

\

Age
(Days)

Number of seedlings hill-1

C.D.(0.05) 
C.D.(0.05)

for F 
for A

1.900
2.327

(0.934)
(1.144)

N1
2

N24 N3
6

C.D.(0.05) for N 2.327 (1.144)
A1 25 65.70 71.44 72.39 69.84 C.D.(0.05) for FA 3.291 (1.618)
A2 30 72.31 82.33 76.71 77.12 C.D.(0.05) for FN NS (1.618)
A3 35 64.81 71.63 77.60 71.35 C.D.(0.05) for an 4.031 (1.982)
Mean 67.61 75.13 75.57

Table - 38 d. Mundakan 1983

Fertilizer 
(X of

Age (Days) Number of seedlings hill-1 Mean
recommended
dose*) A1 A2 A3 N1 H2 H325 30 35 2 4 6

(75) 99.95 102.06 97.35 92.63 104.25 102.47 99.78f2 (100) 106.21 113.29 109.08 101.16 107.83 109.59 109.53Mean 103.08 107.67 103.21 96.89 111.04 106.03

Age
(Days)

Number

N1
2

of seedlings hill-1

N2 N3 4 6

Mean
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for

F
A

2.250
2.756

(1 .110)
(1.358)

for N 2.756 (1.358)
A1 25 96.14 105.15 108.95 103.08 C.D.(0.05) for FA NS (1.915)
A2 30 98.66 116.09 108.26 107.67 C.D.(0.05) for FN N5 (1.915)
A3
Mean

35 95.87
96.89

112.89
111.04

102.87
106.03

103.21 C.D.(0.05) for AN 4.773 (2.346)

* 90: 45: 45 kg NPK ha”1
Values in parenthesis are S.Em +/-
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Thirtyfive days old seedlings wore found to ba 
bettor for virippu and 30 days old seedlings for roundeksn 
with respect to the uptake of H*

Planting six seedlings per hill was better In the 
first year while four seedlings per hill in the second year*

On perusal of the data on grain and strew yield 
(Tables 34 o, b# c & d end 35 e# b# c & d) It is seen that 
higher level of fertilizer was giving bettor yield of 
both groin end strew* This has probably led to higher 
Uptake of H In the higher level of fertilizer*

BJ uptake was higher in older seedlings (30 and 35 
days.old) when compared to 25 days old seedlings* Maximum 
utilization of nutrients starts immediately after the 
establishment of seedlings* In the older seedlings, the 
wastage of fertilizer is lesser due to the well developed 
root system* Between seasons# 30 days old seedlings were 
better suited for mundakan while 35 days old seedlings 
coem to bo ideal for virippu season. As the duration of the 
crop is lesser in mundakan, slightly younger seedlings ere 
to be preferred for achieving maximum vegetative growth. 
Twantyfive days old seedlings ere inferior in all the seasons*

Planting two seedling® per hill was definitely 
Inferior to planting four and six seedlings* This is
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because as the number of seedlings ia more# higher will 
be the foraging capacity and hence an increased uptake. 
Lesser number of seedlings probably need more time to 
attain the same dry matter production as that of the higher

fanumber of seedlings*

1.3 P Untake

Almost the seme trend of N is obtained in the uptake 
of P also. Higher dose of fertiliser gave more uptake, 
irrespective of the seasons (Sable 39 a, b, c fit d).

Twentyfive days old seedlings gave significantly 
lesser uptake of P in all seasons except mundakan season 
of the second year.

Pour and six seedlings were similar and ware superior 
to two seedlings per hill in all seasons.

The above results reveal that higher P uptake was
associated with highsr levels of fertilization which
naturally received more P. Moreover, the grain and straw
yield were also mors with higher levels of fertilizers.

•

Tha higher P uptake in older seedlings'might be 
due to the better absorption of P by more efficient root 
system of the older seedlings.
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Table 39 a. P uptake (kg ha-1) as influenced by fertilizer levels, age and
number of seedlings hill”*. Virippu 1982

Fertilizer Age (Days) Number of seedlings hill-1 Mean(% ofrecommended
dose*) A1

25
A2
30

A3
35

N1 H2 
2 4

N3
6

Fj (50) 27.98 31.33 31.05 27.33 30.37 32.67 30.12
F2 (75) 33.89 35.31 39.27 32.60 37.70 38.18 34.16
Mean 30.94 33.32 35.16 29.97 34.03 35.42

Age
(Days)

Number of seedlings hill-* Mean
N, N- N, C.D.(0.05) for F 1.718 (0.845)
1 2

4
36 C.D.(0.05) for A 2.104 (1.034)

C.Di(0.05) for N 2.104 (1.034)
Aj 25 
A2 30 
A3 35

29.20
30.05
30.65

31.58
35.00
35.52

32.03
34.93
39.31

30.94
33.32
35.16

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

NS
NS
NS

(1.463)
(1.466)
(1.792)

Mean 29.97 34.03 35.42

Table 39 b. Virippu 1983

Fertilizer Age (Days) Number of seedlings hill-*
(54 of
reconsnended
dose*) A1

25
A2
30

A3
35

H1 N2 
2 4

H3
6

Fj (75) 33.28 35.42 35.56 30.83 36.63 36.80 34.76
F2 (100) 37.93 39.38 40.99 34.46 43.07 40.77 39.43
Mean 35.60 37.40 38.28 32.64 39.85 38.79

Age(Days)
Number of seedlings hill-* .Mean
H1 N2 N3 C.D.(0.05) for F 1.366 (0.671)
2 4 6 C.D.(0.05) for A 1.673 (0.823)

C.D.(0.05) for N 1.673" (0.823)
Aj 25 31.44 38.30 37.07 35.60 C.D.(0.05) for .FA NS (1.163)
A2 30 33.95 39.76 38.49 37.40 C.D.(0.05) for FN NS (1.163)
A3 35 32.54 41.50 40.80 38.28 C.D.(0.05) for AN NS (1.425)
Mean 32.64 39.85 38.79

* 90: 45:45 Kg NPK ha-1
Values in parenthesis are S.Em +/-
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Table 39 c. P uptake (kg ha-1) as influenced by fertilizer levels, age and
number of seedlings hill-*. Mundakan 1982

Fertilizer 
(% ofrecomnended
dose*)

Age (Days) Number of seedlings hill-1
Mean

A1
25

A2
30

A3
35

N12 N2
4

H3
6

Pj (50) 24.54 27.54 24.77 22.89 26.84 27.12 25.62
F2 (75) 26.62 31.41 27.87 25.83 30.14 29.73 28.57
Mean 25.58 29.47 26.22 24.36 28.49 28.43

Humber of seedlings hill-*

ft
Cfl N1 N2 H3 C.D.(0.05) o’ •4 1.036 (0.500)

2 4 6 C.D.(0.05) for A 1.269 (0.624)
C.D.(0.05) for H 1.269 (0.624)

A1 25 23.33 26.48 26.95 25.58 C.D.(0.05) for FA NS (0.882)
A .30 27.28 31.94 29.19 29.47 C.D.(0.05) for FN NS (0.882)
A3 35 22.47 27.05 29.14 26.22 C.D.(0.05) for AN 2.199 (1.081)
Mean 24.36 28.49 28.43

Table 39 d. Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill-1 Meanof
recommended
dose*) A1

25
A2
30

A3
35

H1 N2 
2 4 N36

F1 (75) 43.54 42.94 42.14 37.63 45.55 45.44 42.87
F? (100) 46.86 49.20 47.17 44.41 50.07 46.73 47.74
Mean 45.20 46.07 44.66 41.02 47.81 47.09

Number of seedlings hill-1
MeanAge

(Days) N1 H2 N3 C.D,(0.05) for F 0.861 (0.423)
2 4 6 C.D.(0.05) for A 

C.D.(0.05) for N
1.055 (0.521)

(0.521)1.055

A1
A2
A3

25
30
35

41.18
41.45
40.44

47.09
49.30
47.04

47.33
47.45
46.49

45.20 
46,07 
44.66

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

1.492
1.492 
NS

(0.733)
(0.733)
(0.900)

Mean 41.02 47.81 47.09

* 90: 45: 45 kg NPK ha"1
Values in parenthesis are S.Em +/-
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Higher the number of seedlings per hill better 
the nutrient absorption os the total foraging capacity 
of roots are more,

1*4 K uptake
The data on K uptake (Table .40 a. b. c & d) show 

that higher level of fertilizer is giving higher values 
of K uptake*

Though age levels shoved significant effect only 
in two seasons of the first year* youngest seedlings 
(25 days old) gave the lowest values in three reasons out 
of four. Planting two seedlings per hill was always 
inferior to four and six seedlings per hill.

Prom the above results, it is seen that higher 
the fertilizer level, more the uptake of K because at thes 
level of fertilization raor® K is applied*. Further, the 
grain and straw yield also Rare more at higher fertilizer 
level* Lowest K uptake was observed in two seedlings 
per hill* Both grain end strew yields were also lowest 
with two seedlings per hill.
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Table 40 a. K uptake (kg ha”1) as influenced by fertilizer levels, age and number
of seedlings hill-1. Virippu 1982

Fertilizer 
(* of
recommended
dose*)

Age (Days)

A125 2
30

3
35

Humber of seedlings hill-1
Mean

2
Mean

(50)
(75)

87.19
94.69
90.94

92.64
92.21
92.43

94.27
103.04
98.65

86.60
92.04
89.32

91.60
97.77
94.69

95.90
100.12

98.01

91.36
96.65

Number of seedlings .hil'l-1 
Age    Mean
(Days) N1 H2 N3 C.D.(0.05) for F 4.941 (2.429)

2 4 6 C.D.(0.05) for A 6.051 (2.975)
C.D.(0.05) for N 6.051 (2.975)

A1 25 84.46 93.23 95.12 90.94 C.D.(0.05) for FA NS (4.208)
A2 30 93.52 95.67 88.10 92.43 C.D.(0.05) for FN NS (4.208)
A3 35 89.99 95.16 110.80 98.65 C.D.(0.05) for AN 10.482 (5.154)
Mean 89.32 94.69 98.01

Table 40 b. Virippu 1983

Fertilizer 
{% of
recommendeddose*)

Age (Days)

1
25 230 3

35

Number of seedlings hill

N,

-1
Mean

2
Mean

(75)
( 100)

98.52
109.69
104.10

103.36
113.97
108.66

104.75
112.83
108.79

90.50
100.87
95.68

109.67
121.84
115.76

106.46
113.78
1 10 . 12

102.21

112.16

Age
(Days)

Number of seedlings hill-1 Mean
N1
2 «24 N36

A1 25 91.88 114.21 106.22 104.10
A2 30 100.10 116.36 109.53 108.66
A3 35 95.07 116.70 114.61 108.79
Mean 95.68 115.76 110.12

C.D.(0.05) for F 4.212* (2.071)
C.D.(0.05) for A NS (2.537)
C.D.(0.05) for N 5.159 (2.537)
C.D.(0.05) for FA NS (3.587)
C.D.(0.05) for FN NS (3.587)
C.D.(0.05) for AN NS (4.393)

* 90: 45: 45 kg NPK ha-1
Values in parenthesis are S.Em +/-
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Table 40 c* K uptake (kg ha-1) as Influenced by fertilizer levels, age and
number of seedlings hill Mundakan 1982

Fertilizer Age (Days) Number of seedlings hill”^
- Mean

(% of
recommended
dose*) A1

2 5
A2
30

A3
35

H1
2

N2
4

N3
6

Fj (50) 65.21 92.17 83.87 81.78 88.00 91.47 87.09
F2 (75) 90.35 99.91 94.08 92.79 96.23 95.33 94.78
Mean 87.78 96.04 88.98 87.29 92.12 93.40

Age
(Days)

Number of seedlings hill~^ Mean
N. N_ H, -C.D.(0.05) for F 2.336 (1.148)

1
2

24 3
6 C.D.(0.05) for A 2.861 (1.406)

C.D.(0.05) for N 2.861 (1.406)

Ax
A2
A3

25
30
35

83.69
91.92
86.25

88.85
100.82

86.68

90.80
95.38
94.00

87.78
96.04
88.96

C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for
for

FA
FN
AN

NS
NS
4.956

(1.989)
(1.989) 
(2.437)

Mean 87.29 92.12 93.40

Table 40 d. Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill-^
<% of
recommended
dose*) A1

25
A2
30

A3
35

N1 N2 
2 4

N3
6

F 1 (75) 120.65 122.68 118.21 106.14 128.47 126.93 120.51
F2 (100) 136.13 139.33 131.05 126.22 143.39 136.90 135.50
Mean 128.39 131.00 134.63 116.18 135.93 131.91

k

Number of seedlings hill- 1 MeanAge
(Days) H1

2
H2
4

N3
6

C . D . (0.05) for F 
C.D.(0.05) for A 
C.D.(0.05) for N

4.740
NS

(2.333)
(2.858)
(2.858)5.816

Ax 25 117.92 132.38 134.87 128.39 C . D . (0.05) for FA NS (4.041)
A2 30 116.44 142.73 133.85 131.00 C.D.(0.05) for FN NS (4.041)
A 35 . 114.20 132.68 127.02 124.63 C.D.(0.05) for AN NS (4.951)
Mean 116.18 135.93 131.91

* 90s 45: 45 kg NPK ha- 1
Values in parenthesis are S.Em +/-
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6*2 Soil analysis

2*1 Residual nutrient status of soil

The data'on residual organic carbon, P and K 
content of soil after cropping (Tables 41 a, b, c fit- d#
42 a# b, c and d and 43 a, b, c and d) show that H, P 
and K contents of soil were affected by fertiliser 
treatments only. Zn ell seasons higher level of fertiliser 
has resulted in better residual status of the above 
nutrients* This might be because at higher levels of 
fertiliser# H, P and K contents were elso more*
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Table 41 a. Residual organic carbon content of soil (%) as influenced by fertilizer,
age and number of seedlings hill-*. Virippu 1982

Age (Days) Number of seedlings hill-* Mean
[ %  of
recommended
dose*)

A1
25

A2
30

A3
35

N
•1

2
k 2
4 6

Fj_ (50) 1.60 1.62 1.61 1.58 1,63 1.61 1.62
F (75) 1.64 1.62 1.59 1.64 1.61 1.61 1.61
Mean 1.62 1.62 1.60 1.61 1,62 1.61

Number of seedlings hill""*
(Days)

N1
2

H2
4

N3
6

C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05) 
C.D.(o 05)

for
for

F
A

NS
NS

(0.041)
(0.049)
(0.049)
(0.070)Ai 25 1.65 1.62 1. 58 1.62

for
for

N
FA

NS
NS

1
30 1.61 1.62 1.64 1.62 C.D.(0.05) for FN NS (0.070)

2

A3
Mean

35 1.57
1.61

1.62
1.62

1.60
1.61

1.60 C.D.(0.05) for AN NS (0.086)

Table 41 b. Virippu 1983

fertilizer 
(St of
recommended
dose*) "1

25

Age (Days)

2
30

3
35

Number of seedlings hill

N.

-1
Mean

Fj (75) 1.51 1.52 1.50 1.52 1.52 1.50 1.51
F2 (100) 1.66 1.67 1.64 1.64 1.66 1.66 1.65
Mean 1.58 1.60 1.57 1.5B 1.59 1.58

Number of seedlings hill-*
Age  Mean
<D*y,)

A 25 1.58 1.61 1.56 1.58
A? 30 1.60 1.59 1.60 1.60
A3 35 1.56 1.57 1.58 1.57
Mean 1.58 1.59 •1,58

C.D.(0.05) for F 0.069 (0.034)
C.D.(0.05) for A NS (0.042)
C.D.(0.05) for N NS (0.042)
C.D.(0.05) for FA NS (0.059)
C.D.(0.05) for FN NS (0.059)
C.D.(0.05) for AN NS (0.072)

* 90: 45: 45 kg NPK ha-1
Values in parenthesis are S.Em +/-
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Table 41 c. Residual organic carbon content of soil (%) as influenced by fertilizer»
age and number of seedlings hill Mundakan 1962

Fertilizer Age (Days)
_1Number of seedlings hill Mean

{ %  Of '----
re commended 
dose*) A1 A2 

25 30
A3
35

Nj N2

2 4
N3
6

Fa (50) 
F2 (75) 
Mean

1.53 1.51 
1.69 1.67 
1.61 1.59

1.54
1.62
1.58

1.54 1.52 
1.6 8 1.6 6  
1.61 1.59

1.52
1.64
1.58

1.53
1.6 6

Number of seedlings hill . MeanAge(Days)
N1 N2 
2 4

N3
6

C.D.(0.05) for P 
C.D.(0.05) for A

0.060
NS

(0.029)
(0.035)

i NS (0.035)

Ax 25 
A2 30 
A 35

1.63 1.61 
1.62 1.57 
1.59 1.59

1.60
1.57
1.57

1.61
1.59
1.58

C.D.(0.05) for FA 
C.D.(0.05) for FN 
C.D.(0.05) for AN

NS
NS ■ 
NS

(0.051)
(o.ogj) 
(o . o & z )

3Mean 1.61 1.59 1.58

Table dl d. Mundakan 1983
■

Age (Days) Number of seedlings hill- 1 --- Mean
( %  ofreoommended
dose*) A1 A2 

25 30
A3
35

H1 N2 
2 4

N3
6

S1 '75) 
P2 (100) 
Mean

1.53 1.54 
1.64 1.62 
1.58 1.58

1.57
1.65
1.61

1.56 1.54 
1.64 1.63 
1.60 1.59

1.53
1.64
1.59

1.55
1.63

■

Age Number of seedlings hill- 1 . Mean
(Days) N N„ N-s C.D.(0.05) for F 0.040 (0.019)

“l 2 
2 4

3
6 C.D.(0.05) for A NS (0.024)

C.D.(0.05) for N NS (0.024)
Aj 25 1.60 1.57 1.57 1.58 C.D.(0.05) for FA NS (0.033)
A 30 1.57 1.58 1.60 1.58 C.D.(0.05) for FN NS (0.033)
A- 35 1.62 1.61 1.59 1.61 C.D.(0.05) for AN NS (0.041)
Mean 1.60 1.59 1.59

* 90: 45: 45 kg NPK ha"1
Values In parenthesis are s.Em  +/-
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Table 42 a. Residual P content of soil (kc 
and number of seedlings hill-*

I ha ) as influenced by fertilizerL Uyj.tr , 
. Virippu 1982

I

.age.

Fertilizer Age (Days) Number of seedlings hill-*
(% of
recommended
dose*) A1

25
A2
30

A3
35

N1
2

N2
4

N3
6

Fj 150) 15.50. 15.35 15.76 15.88 15.50 15.22 15.53
F2 (75) 19.08 19.13 17.73 18.63 18.60 ie.75 18.65
Mean 17.29 17.24 16.75 17.25 17.05 16.97

Number of seedlings hill-* Mean
(Days)

N1
2

H2
4

N3
6

C.D.(0.05) 
C.D.(0.05)

for F 
for A

1.039
NS

(0.511)
(0.625)

C.D.(0.05) for N NS (0.625)
Aj 25 
A, 30 
A3 35

17.52
17.42
16.83

17.34
17.33
16,48

17.01
16.97
16.94

17.29
17.24
16.75

C.D.(0.05) 
. C.D.(0.05) 
C.D.(0.05)

for FA 
for FN 
for AN

NS
NS
NS

(0.885)
(0.885)
(1.083)

Mean 17.25 17.05 16.97

Table 42 b. Virippu 1983

Aqe (Days) Number of seedlings hill -1

(*. of
recommended
dose*)

A1
25

A2
30

A3
35

N1
2

N2
4

N3
6

Mean

F 1  (75) 16.10 15.33 14.54 15.12 15.35 15.50 15.32
f2 (100) 19.08 19.47 18.91 19.62 19.31 18,53 19.15
Mean 17.59 17.40 16.72 17.37 17.33 17.02

Age
(Days)

Number of seedlings hill-*
C.D.(0.05) 
C.D.(0.05)

for F 
for A

1.223
NS

(0.601)
(0.736)* 1

2
N2
4

H3
6

C.D.(0.05) for N NS (0.736)
A1 25 17.41 17.13 18.22 17.59 C.D.(0.05) for FA NS (1.041)
A2 30 17.72 18.11 16.37 17.40 C.D.(0.05) for FN NS (1.041)
A3 35 16.98 16.73 ■ 16.46 16.72 C.D. (0.05) for AN NS (1.275)
Mean 17.37 17.33 17.02

* 90: 45: 45 leg NPK ha-1
Values in parenthesis are S.Em +/-



Table 42 c. Residual P content of. .'soil (kg ha-1) as influenced by fertilizer ttytls , «3«-
and number of seedlings hill Mundakan 1982

Fertilizer Age (Days) Number of seedlings hill -1
Mean

( %  of —
recommended
dose*) A1

25
A2
30

A3
35

K1
2

N2
4

N3
6

Fj (50) 16.5 15.8 16.0 16.4 15.8 16.1 16.1
P2 (75) 18.8 19.5 19.2 19.9 18.9 18.7 19.2
Mean 17.6 17.6 17.6 18.1 17.3 17.4

Age
(Days)

Number of seedlings hill"""* Mean
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for
for
for

F
A
N

1.225
NS
NS

(0.602)
(0.737)
(0.737)

H1
2

H2
4

M3
6

Ai 25 18.07 17.26 17.66 17.6 FA NS (0.043)
1 C.D.(0.05) for FN NS (1.043)A_ 30 17.75 17.54 17.77 17.62

A1 35 18.76 17.28 16.93 17.6 C.D.(0.05) for AN NS (1.277)

Mean 18.1 17.3 17.4

Table 42 d. Mundakan 1983

Fertilizer 
(% of
recommended
dose*)

Age (Days) Number of seedlings hill'-1
Mean

A1
25

A2
30

A3
35

Hi
2

H2
4

S3
6

F2 (75) 15i63 15.58 15.61 15.74 15.58 15.50 15.61
f2 (100) 20.59 20.02 19.21 20.24 19.95 19.63 19.94
Mean 18.11 17.80 17.41 17.99 17.77 17.56

■

Number of seedlings hill~^
age
(Days)

N1
2

N2
4

N3
6

C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for F 
for A 
for N

0.923
NS
NS

(0.452)
(0.554)
(0.554)

C.D.(0.05) for FA NS (0.784)
A1 25 18.47 17.92 17.94 18.11 C.D.(0.05) for FN NS (0.784)
A2 30 17.80 18.05 17.57 17.80 C.D.(0.05) for AN NS (0.960)
A3 35 17.69 17.35 17.19 17.41
Mean 17.99 17.77 17.56

* 9 0 :  45: 45 kg NPK ha-1
Values in parenthesis are S.Em +/-
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Fertilizer *9® (Days) Number of seedlings hill- 1
( %  of — ------------------------------------   Hean
reconrnended A A A H H N
dose*) 1 2 3 1 2 3

25 30 35 2 4 6

Fx (50) 212 203 193 . 205 205 198 203
F z  (75) 277 274 272 274 274 275 274
Mean • 245 238 233 240.1 2*0 236

Table 43 a. Residual K content of soil (kg ha-1) as influenced by fertilizer Mvcla  ̂ e^cl
number of seedlings hill-1. Virippu 1982

Number of seedlings hill-1 MeanAge C.D.(0.05) for F 14.8 (7.31)(Days)
N1 N2 n3 C.D.(0.05) for A NS (8.95)
2 4 6 - C.D.(0.05) for N NS (8.95)

C.D.(0.05) for FA NS (12.67)
A1 25 247 244 243 245 C.D.(0.05) for FN NS (12.67)
A2 30 234 246 235 23B C.D.(0.05) for AN NS (15.51)
A3 35 238 229 231 233
Mean 240 240 236

Table 43 b. Virippu 1983

Fertilizer 
(* of
recommended
dose*)

Age (Days)

3
25

2
30

Number of seedlings hill-1
3

35

Mean

2
Mean

(75)
( 100)

202
277
239

175
269
222

174
265
220

189
275
232

181
269
225

180
266
223

184
270

‘ Number of seedlings hill- 1
Age    Mean
(Days) N N N1 2 “3

A1 25 248 238 232 239
A? 30 227 220 219 222

s 35 223 218 218 220
Mean 232 225 223

* 90:45: 45 kg NPK ha-1
Values in parenthesis ere S.Em +/-

C.D.(0.05) for F 9.955 (4.895)
C.D.(0.05) for A NS (5.995)
C.D.(0.05) for N 12.192 (5.995)
C.D.(0.05) for FA NS (8.478)
C.D.(0.05) for FN NS (8.478)
C.D.(0.05) for AN NS (10.384)
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Table 43 c. Residual K content of soil (Kg ha-1) as influenced by f e r t i l i z e r W s  , ̂
and number of seedlings hill *• Mundakan 1982

Fertilizer 
( .% of
recommended
dose*)

Age (Days) ' Number of seedlings hill * —  Mean

A1
25

A2
30

A3
35

N1
2

»2
4

N3
6

F. (50) 190 171 169 179 177 174 176
1

P5 (75) 199 213 211 209 208 206 208
Mean 194 192 190 194 192 190

Number of seedlings hill-* MeanAge C.D. (0.05) for F 10 .2 (5.0)
(Days) N 1 H2 N3 C.D.(0.05) for A NS (6 .2)

2 4 6 C.D.(0.05) for N NS (6.2)
C.D.(0.05) for FA 17.8 (8.7)

A1 25 199 195 190 194 C.D.(0.05) for FN NS (8.7)
A2 30 197 190 138 192 C.D. (0.05)' for AN NS (10.7)
A3 35 lap 193 191 190
Mean 194 192 190

Table 43 d. Mundakan 1983

Fertilizer Age (Days) Number of seedlings hill - 1
Mean

1 %  of --
recommended
dose*) A1

25
A2
30

A3
35

»!■
2- ‘ V4 n3

6

Fx (75) 177 171 168 174 172 170 172
F- (100) 217 199 194 208 200 201 203
Mean 197 185 181 191 186 185

Age
(Days)

Number of seedlings hill-*' Mean

H1
2

N2
4

H3
6

C.D.(0.05) 
C.D.(0.05) 
C.D.(0.05)

for
for

F
A

12.26
NS
NS

(6.0)
(7.3)
(7.3)for N

Ai 25 204 200 188 197 C.D.(0.05) for FA NS (10.4)
1

30 187 183 184 185 C.D.(0.05$ for FN NS ( 10.*)
2

A3 35 182 175 185 181 C.D.(0.05) for AN NS (12.7)
Mean 191 186 185 '

* 90s 45: 45 kg NPK ha-1
Values in parenthesis are S.Em +/-



196

Trial III • Evaluation of azolla as a law coat: 
biofartillger in rice variety IR 43

1* Growth and growth characters
1.1 Height of plants

During the numdah an season of the first year
treatments showed significant influence on height st ell .
stages except at active tillering. Full recommended dose
of fertiliser produced the tallest plants and was superior
to all the other fertiliser levels at ell stages (Table 44 e
end b, 45 a and b)• At panicle initiation stage all the
higher levels of fertiliser were superior to the next lower
levels while at flowering and at harvest 75 and 50 per cent
of the recommended dose of fertiliser were comparable.
With regard to esolla levels. 20 t he"1 recorded the highest
value and was superior to ell the other levels of esolla from
panicle initiation to harvest while 15 and 10 t of azolla 

—1ha were similar. Though 50 per cent of the recommended dose 
of fertiliser along with esolla • 20 t ha"* gave the highest 
value It was comparable with full dose of fertiliser in 
combination with azolla f 10 t ha"*.

Treatments showed significant effect on height 
from active tillering to harvest in the second year es 
well. Among fertilizer levels, full dose of fertiliser
recorded the highest value end was superior to others et ell

atstages except harvest. At harvest 100 and 75 per cent



Table 44 a. Height of plants (cm) at panicle initiation stage as Influenced byfertilizer and azolla levels* Mundakan 1962

Fertilizer Azolla levels (t ha"IfV OXfl
(% of
recommended
doss*)

A1
5 A2

10
a 3
15 20

Mean
\

*0 * 0 50.7 51.4 52.8 56.1 52.8 C.D.(O.OS) for F 1.60 (0.82)
». - 50 56*3 53.0 54.5 57.5 55.3 C.D.(0.05) for A 1.43 (0.70)

S
1 

1 75
100

56.7
61.1
56.2

56.0
58.2
54.7

56.7
59.4
55.9

59.4
69.3
58.1

57.2
59.5

C.D.(0.05) for A I 
within same F levels X
C.D. (0.05) for A I 
between F levels X

NS

NS

(1.42)

(1.48)

Table 44 b. Mundakan 1984

Fertilizer Azolla levels (t ha"1)XLVwH
(% of
recommended
dose*)

A1
5

A2
10 A3

15
A4
20

Mean

- 0 43.0 40.8 40.3 44.4 42.1 C.D.(0.05) for F 0.45 (0.21)
P1 - 50 42.5 49.1 50.2 50.1 48.0 C.D. (0.05) for A 0.57 (0.28)
'2 '
r3 - 
Ksen

75
100

49.3
51.3 
46.5

: 55.0
51.1
49.2

50.1
49.7
47.6

42.6
52.9
47.6

49.5
51.3

C.D.(0.05) for A I 
w ith in  seme F le v e ls  X
C.D.(o.05) for A X 
between F levels X

1.14

1.07

(0.57)

(0.53)

*90* 45* 45 kg NPK ha"1Values in parenthesis are S.Sai +/*



Table 45 s. Height of plants (aa) at harvest as influenced by fertilizer andazolla levels. Mundakan 1982

fertilizer levels < Azolla levels (t ha"1)
(% of
reconxcended
dose*)

A1
5 A2

10 A3 A4 
15 20

Mean

ro - 0 60.6 60.6 65,6 64.8 63.0 C.D.(0.05) for F 0.90 (0.42)
Tl - 50 69.6 69.4 69.9 75.7 71.2 C;D.{0.05) for A 1.49 £0.73)
P2 " 75 71.3 70.7 70,6 72.0 71.2 C.D.(0.05) for A (1.47)Fa - 100 72.7 73.7 71.3 71.9 72.4 within aerce F levels
Mean 66.6 66.6 69.4 71.1 C.D. (0.05) for A 

between F levels 2.70 (1.34)

Table 45 b. Mundakan 1984

Fertilizer Azolla levels (t ha"1)
(% of
recommended
dose*}

*1
5 A210 A3 A4 

15 20
Mean

h3 o 1 0 62.3 63.7 65.2 64.6 64,0 C.D. (0.05) for F 0.83 (0.38)
rl - 50 68.5 75.8 76.1 75,0 73.9 C.D.(o>05) for A 0.94 (0.46)
S2 ~ 75 76.3 78.8 78,2 69,9 75.8 C.D.(0.05) for A 1.88 (0.93)
*3 - 100 72.5 77.8 77.7 77.4 76.4 within same F levels
Mean 69.9 74.0 74.3 71.8 C.D.(0.05) for A 

between F levels 1.80 (0.89)

* 90* 45* 45 Jcg HTK ha"1
Veluea in parenthesis are S.En +/—

CDOO
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of the recommended dose of fertilizer were similar^ and 
were superior to lower levels. At active tillering end 
flowering stages, 75 end 50 per cent of the recommended 
dose of fertilizer were comparable while at panicle 
initiations stage# each higher level of fertilizer vao 
superior to the next lower level of fertiliser tried.

Azolla 9 10 t ha*1 produced taller plants at all 
stages upto flowering while at harvest azolla • 15 t ha"* 
gave taller plants and was similar to azolla 9 10 t ha-1. 
Full dose of fertilizer in combination with azolla 
® 10 t ho recorded more height both at active tillering 
and flowering stages while at harvest# 7S per cent of the 
reccRsrended dose off fertilizer along with azolla 9 10 t ha”1 
recorded the highest value. However# full dose of 
fertilizer in combination with azolla © 10 t ha"1 was 
comparable with letter.

From the above results# it is seen that during 
first year full dose of fertilizer end azolla 9 20 t ha"1, 
respectively were needed for achieving maximum height.
But whan the combination effect is examined it is sa&n that# 
full dose of fertiliser along with azolla ® 10 t ho"1 and 
50 per cent off the recommended doa© of fertilizer in 
combination with azolla 9 20 t ho"1 are similar in their
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performance. In second year# full dose of fertilizer and 
azolla f 10 t ha“* were the boat with regard to individual 
performance. With respect to combination effect full dose 
of fertilizer along with azolla $ 10 t ha”'* gave comparable 
values with 75 per cent fertilizer end 10 t of azolla ha”1.

The effect of fertilizer on height is mainly due
to the effect of K. The role of N in increasing the
vegetative growth is wall known* At the highest level of
fertilizer, there was no need of increasing the azolla 

•1beyond 10 t ha * But when the fertilizer level was reduced 
to zero, the quantity of azolla could go upto 20 t ha”*.
Then the entire requirement of N of the crop was met from 
azolla* This is in conformity with the findings of 
Balasubrsmaniam (1980). Sathesivan (1960) end Padalia(1961). 
They observed a linear increase in plant height with 
graded levels of fertilizer N while Singh (1977 b, d) 
recorded increased plant height with azolla application*
The Increased availability of both organic and inorganic 
fertilizer nutrients resulting from the combined application 
of both also might have contributed to increase in height* 
The H supply through combined application of organic end 
Inorganic fertilizers is reported to be more steady and 
long lasting (Hauang Dongilflai.
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Pillai and VonadeV&n (1978) and Hesse (1984) hove 
atrnBBed the beneficial offset of application of organic 
manure in conjunction with inorganic fertilisers.

1*2 Chamber of tiller* m*2

During the first year of the experiment (Table 46 a 
and b and 47 a and b) full dose of fertilizer recorded 
the maximum number of tillers end was superior to other 
levels of fertilizer at all stages. At harvest though full 
dose of fertilizer gave the highest value it vss comparable 
with 75 per cent of the recommended dose. Azolla ® 10 and 
15 t ha”* gave the highest tiller number at active 
tillering and at harvest stages, respectively, with regard 
to combinations full dose of fertilizer along with azolla 
$ 10 t ha gave the maximum value at all stages.

Pull dose of fertiliser gave the highest number 
of tillers during the second year also end was superior to 
other fertiliser levels at all stages except at harvest.
At harvest, full dose, 75 end 50 per cant of the reconmended 
dose of fertiliser were similar in their performance.
The levels of azolla except 5 t ha"1 were comparable in 
their effect at all the three stages. As to combinations, 
full dose of fertilizer in combination with azolla f 10 t ha~* 
recorded the highest -tiller number at all stages.



2Table 46 a* Number of tillers a at panicle initiation stages as influenced by
fertilizer and asoils levels, Mundakan 1982*

fertilizer 
levels 
(% of
recommended
dose*)

Azolla levels (t ha"1)

A1
5

*3
10

A3
15

A4
20

Mean

?o - 0 507 585 625 647 591 C.D,(0.05) for P 14.3 (6.5)
Fi - 50 574 663 677 698 653 C.D.(0,05) for A 9.8 (4.8)
'2 *F -3
Mean

75
100

591
655
582

685
732
666'

698
714
679

707
712
691

670
703

C.D.(0.05) for A 
within same 1* levels
C.D,(0.05) for A 
between F levels

I
I
I
I

19.6

21.5

(9.7)

(10.6)

Table 46 b. Kundaken 1984

fertiliser Azolla levels (t ha"1)
a®v6.lb ■
{% of
recoaxended
dose*)

A1
5

A2
10

A3
15

A4
20

Mean

po “ 0 491 505 514 523 508 C.D.(0.05) for F 12.5 (5.7)
P1 * 50 588 650 660 665 641 C.D.(0.OS) for A 5.0 (2.4)
P2
r3 - Mean

75
100

596
620
574

670
692
629

676
680
633

658
669
629

650
665

C.D.(0.05) for A 
within seme F levels
C.D.(0.05) for A 
between F levels

I
X
I
I

10.0

14.5

(4.9)

(7.2)

* 90i 45x 45 kg HPK ha*1Values in perentheais are s. Ebb •*/- ro
CDro



_ Table 47 a. —2KuxSber of tillers so at harvest os azolla levels. Mundakan 1932
influenced by fertilizer and

Fertilizer 
levels 
(% ofrecoiRExenfied
dose*}

Azolla levels (t ha“*)

Ai5 *210
*315

A4
20

Meen

Fq - 0 363 403 434 442 422 C.D.(0.05) for F 22.2 <10.2)
F, - 50 452 507 510 515 496 C.D.<Q.0S) for A 9.8 ( 4.9)
?2 - 75 
F3 - 100 
Kean

470
493
447

521
552
496

529
522
499

505
432
487

506
514

C.D.(0.05) for A within sasott F levels
C.D.(o.QS) for A 
between F levels

j| 19.7 

i)23-5

( 9.8) 

(11.1)

Table 47 b. Mundakan 1984

Fertilizer , , —l *Azolla levels (t ha )
levels 
(% ofrecorajr,ended 
do*®*)

*1
5

A2
10

A3
15

A4
20

Mean

F0 - 0 367 384 400 426 394 C.D.(0-05) for F 22.3 ( 9.6)
F - 50 462 507 536 516 505 C.D.(o.OS) for A 13.6 ( 6.6)
F2 . 75 
F3 - 100 
Mean

465
507
450

531
554
494

523
512
493

516
520
495

509
523

C.D.(0.05) for A 
within same F levels
C.D.(0*05) for A 
between F levels

\ 27-3 
| 30.8

(13.6)

(15.3)

* 90s 45* 45 kg NPK ha"1Vtluts In perentheais are S.Sa +/-
noo
CO
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As in the case of height# tiller, number is also a
vegetative character and is influenced by the fertilizer
component end azolla* Accordingly# the highest fertilizer
level has given the maximum tiller number• However# the
interaction effect shows that full dose of fertilizer in

to *combination with a soil a $ t ha A is favouring maximum
/V

tiller production* This means that at 100 per cent of the 
recommended dosa of fertilizer# azolla can be restricted to 
10 t ha*** It may be recalled that in height also the seme 
combination was found to be optimum. Increased availability 
of nutrients due to the combined application of both orgenic 
and inorganic '*£rmyr*»« might have resulted in increased 
tiller production (Huong Dcng-mai eJ: . /9S- i) • Jeikucsaran (1901) 
also recorded higher tiller number with combined application 
of fertilizer and esolla*

1*3 Leaf area index (LAX)

During the first year of the experiment fertiliser 
as well aa azolla had no significant effect on the LAI at 
active tillering stage* At panicle initiation stage full 
dose of fertilizer gave the highest value end was similar 
to 75 per cent of the recommended dose (Tables 48 a A b) •

m ,|!JAzolla levels had no significant effect* Among combinations# 
full dos® of fertilizer combined with azolla © 10 t ha"*



Table 48 a. Leaf area index (LAI) at panicle initiation Stage as influenced byfertilizer and azolla levels. Mundakan 1982

fertiliser Azolla levels (t ha”1)
<% of
recoascended
dose*)

*1
s

A2
10 *3

15
A4
20

i4ean

Fo - 0 4.44 5.09 5.32 5.51 5.09 C.D.(0.05) for F 0.548 (0.251)
*1 - 50 5.29 ^.11 5.80 6.87 6.02 C.D. (0.05) for A H3 (0.260)
F2 -
*3 -
Mean

75
100

6.17
6.80
5.68/

6.34
6.97
6.25

7-85
6.05
6.26

6.17
. 6.63 

6.30

6.78
6.61

C.D. (o.05) for A 
within ease F levels

■ C.D*(0.05) for A 
between F .levels

XX
J
1.040

1.039

(0.522)

(0.617)

Table 48 b. Mundakan 1964

Fertiliserlevels Azolla levels (t ha”1)
(fc Ofrecommended
dose*) A1

5
. A2 

10
A3
15

A4
20

Keen

Fo - 0 4.40 5.13 5.36 5.93 5.21 C.D.(0.05) for F 0.429 (0.196)
5  - 50 5.68 6.14 6.21 6.43 6.12 C.D.(o.05) for A 0.261 (0.230)
*2 ' -
*3 - Kean

75
100

6,03
6.51
5.66,

6.66
7.30
6.31

7.00
6.54
6.28

6.00
6.43
6.20

6*42
6.70

C.D.(0.OS) for A x within Hfsae F levels X
C.D.(0.05) for A X 
between F levels I

0.523

0.601

(0.260)

(0.299)

* 90s 451 45 Kg BFK ha”1Values in parenthesis are G.Em +/-
t\5OfCJl
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recorded the maximum value* At flowering stags full dose 
of fertiliser was superior to all the other levels of 
fertiliser* Azolla 9 10 t ha*1 gave the highest value end 
was similar to the higher levels* Among combinations full 
dose of fertiliser in combination with azolla C$ 10 t ha* 
recorded the highest value end was superior to the rest*

Curing second year of the experiment full dose of 
fertiliser recorded the maximum LAI et ell stages and was 
on per with 75 per cent of the recommended dose of 
fertiliser* Application of o sol la at 20 t ha*1 gave the 
highest value at active tillering and was comparable with 
10 and 15 t ho*1* At panicle initiation stagd 10 t of 
esolla recorded the highest value which was similar to the 
higher levels of ezolla* As to combinations* full dose of 
fertiliser together with asolla 9 10 t ha*1 produced the 
highest LAI value at panicle initiation whereas at 
flowering stage asolle levels end their combinations had 
no significant effect*

Thus the overall trend of the individual effects 
of too years seams to be in favour of full dose of 
fertilizer end ezolla © 10 t ho • When the combination 
effect was examined full dose of fertiliser along with 
asolla # 10 t ha*1 appears to be better* It may bo
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recalled that both in the case of height as well as 
number of tillers, this combination was giving better 
performance* 01nce leaf area is influenced by-these two 
characters. It la quite natural that the seme combination 
is beneficial with regard to LAX also*

i

In both years LAI increased upto panicle initiation 
stag© end declined thereafter. At panicle initiation stage 
a valuo around six was recorded* This is In accordance 
with the finding of Murate (1969)• According to him LAI 
increases with increase in N application especially before 
panicle initiation. The LAI of rice plants showed an 
increasing trend with increase in the level of 13 (Tanaha,
1972; Yogeswora Rao ©t al*, 1972; Remafiwamy, 1975* Râ Ju, 1979 
and Sath©Given, I960). Mathewfcutty (1982) also recorded 
maximum LAI with combined application of fertiliser and esolla.

1.4 Cry matter production at harvest

Pull dose of fertiliser recorded the highest value
of dry matter production and was superior to other fertiliser
levels during the first year of study (Table 49 a). Eeeh
higher level of fertiliser woo superior to the next lower
level* Asolle f 15 t ha”  ̂recorded the highest value end

•1was comparable with esolla 9 20 t ha •



Table 49 a. Dry matter production of rice < leg ha*1) ao Influenced by fertilizer
Mid azolla levels* Mundakan 1962

fertilizer ' Azolla levels (t ha*1)
level® “ 
i% of
raccesTt&nded
dose*)

*1
5

*2
10

*3
15

*4
20

Mean

p0 0 4648 6005 6701 6933 6122 C.D.(0.05) for F • 246*3 (113.0)V
ri - 50 6792 7389 7689 7707 7394 C.D.(0.05) for A 214.9 (106.9)

*2 '
r3 *Moan

75
100

7314
8323
6944

8063
8535
7498

8342
8342
7768

7754
6189
7646

7993
8347

C.D.(0*05) for A 
within same F levels
C.D.(0.05) for A 
between F levels

X1

i

429.8

436.1

(213.6)

(216.9)

Table 49 b. Mundsken 1934

Fertilizer Azolla levels (t ha*1)
levels 
(% of
recommended
doae*)

A1
5 10

*.
15

A4
20

Mean

ro -
P1 -

0 5320 5702 5820 6349 5798 C.D.(0.05) for F 313.9 (144.1)
50 6264 6782 7023 7324 6848 C.D.(0.05) for A 166.5 ( 82.8)

4  -F —3Mean

75
100

6978
7237
6455

7521
7861
69.39

7703
7604
7038

7615
7340
7157

7472
7510

C.D. (0..05) for A 
within sane F levels
C.D.(0.05) for A * between F levels

X
X
1

332.9

408.7

(165.6)

(203.3)

* 90* 45* 45 leg H8K ha*1Values in parenthesis are S.Sra +/- to
C DOO



Full dose of fertilizer together with azolla 
f  10 t he*1 registered the highest dry matter production 
which was similar to 75 per cent of the recommended dose 
of fertiliser in combination with esolla # 15 t he*1.

During the second year of the study es well* full 
dose of fertiliser recorded more dry matter production 
but was comparable with 75 per cent of the recommended 
dose (Table 49 b). Though azolla © 20 t ha*1 obtained the 
highest value it wes similar to esolla 9 15 t ha whereas 
no significant difference was observed between 15 and 10 t 
of azolla ha*1. Full dose of fertiliser combined with 
•soils 9 10 t ha*1 registered the maximum dry matter 
production which was comparable with the combination#
75 per cent of the fertiliser along with azolla # 15 t ha*1

Full' dose of fertilizer and azolla 9 15 t ha*1 
individually were found to give the highest dry matter 
production.

Full dose of fertilizer combined with azolla 
© 10 t ha*1 was found to be the beat in both the years.

On perusal of the data on the yield of grain full 
dose of fertilizer had recorded the highest value in both
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yaara• with respect to ezolle levels, asalle 9 15 t he*1
was seen to be better* On considering the effect of
combinations, full dose of fertiliser combined with ezolle 

•1® 10 t ha end 75 per cant of the recommended dosa of 
fertilizer along with azolla 9 15 t ha were similar In 
their performance with the former topping the list. Almost 
same trend was observed with the yield of straw also so es 
to make dry matter production go in line with the groin 
yield* The reason for the batter performance of 75 per cent 
of the racofiE&endad doso of fertilizer in combination with 
azolla d 15 t ha"1 is discussed elsewhere*

2. Yield attributes
2*1 Humber of panicles nf®.

In both years fertilizer end azolla levels had 
significant effect on the number of panicles (Table 50 a fit b). 
2*ull dose of fertilizer registered the highest number end 
was comparable with the next two lower levels in the first 
year. In the second year of study full doss of fertilizer 
obtained the highest number* Seventy five per cent of the 
recommended dose was similar to full dose as well es 
50 per cent* Kith regard to azolla during the first year
no significant difference was observed between 10 and 15

-1 —1 or 20 t he tbTough 15 t ha registered the highest number



Table 50 a* Number of panicles Q as influenced by fertiliser and azolla levels.Mundakan 1982

Fertilizer Azolla levels (t ha )
levels 
<% ofrecommended
dose*) > is

A,
15 A4

20
Keen

F0 - 0 261 281 330 334 302 C.D.(0.05) for F 24.1 (11.1).
F -. 50 341 396 402 409 387 C.D.(0.05) for A 12.1 ( 6.0)
P2 - 75
f3 - 100
Mean

362
388
338

412
341
383

422
416
393

389
376
377

.396
405

C.D.(0.05) for A x 
within satae P levels X
C.D.(0.05) for A , | 
between F levels X

24.2

27.4

(12.1)

(13.1)

Table 50 b. .Mundeken 1984

Fertilizer levels _
Azolla levels (t ha"*)

i% of
recommendeddose*)

A1
5

A2
10

A3
15

A4
20

Mean

po - 0 262 276 289 320 287 C.D.(0.05) for F 19.0 (8.7)
- 50 354 391 404 410 390 C.D.(0.05) for A 6.8 (3.3)

P2 " 75 
r3 “ 100 
Mean

361
388
341

409
432
377

417
422
363

409
411
.388

399
413

C.D.(0.05) for A I 
within sente P levels X
C.D.(0.05) for A x between F levels I

13.6

21.2

(6.8) . 

(10.5)

*90 » 45* 45 kg NPK ha-1
Values In parenthesis are S.Ea + / -
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of panicles* In the second year# azolla 9 20 t ha~*
produced more panicles than 15 t h*"^ though the difference

•1was not significant* Azolla 9 15 and 10 t ha were also 
comparable in their performance* though the combination 
of full dose of fertiliser along with azolla 9  10 t ho**1 
gave the highest number of panicles# it was similar .to 
75 per cent of the recommended dose with azolla t 15 t ha“* 
in both the years*

From the above results it is observed that number 
of panicles could be increased with esolla levels* But 
when tile azolla levels were increased beyond a certain level 
along with fertilizer levels# panicle number was reduced 
indicating that the crop had an optimum requirement of both. 
At aero level of fertilizer# though there was increase in 
panicle number with increase in azolla levels# the Increase 
was not proportional* This reveals that azolla at higher 
levels are not that good even in the absence of fertiliser* 
Shis might be because of the alow availability of the 
nutrients in azolla due to the high content of lignin 
(Shi-Shu-lian et el** 1983).

2*2 Number of filled grains per panicle

The treatments showed no significant effect on 
nuirbor of filled grains per panicle during the first year



of study (Table 51 a). However* during the second year 
fertilizer as well on azolla levels showed significant 
effect on .the number of groins* Full dose of fertilizer 
recorded more number and vas comparable with 75 per cent 
of the recommended dose of fertilizer (Table 51 b)* Among 
combinations 75 per cent of the recommended dose along

awith azolla 9 15 t ha gave the highest value and was on 
par with azolla © 10 t ha“* with 75 and 100 per cent of 
the recommended dose of fertilizer*

From the above results it is noticed, that with no 
fertilizer# the nuitibor of filled grains was found to 
increase with increase in azolla levels whereas in combination 
with fertilizer levels# filled groins were increased only 
upto a certain level of azolla beyond which there was 
reduction in the number*

The above result is in agreement with the findings 
of Kulaaoorya end Dcsilva (1977 ^)# Singh (1977 a) and 
Jaikumaron (1961). They could record an increase in the 
number of filled grains with a combination of fertilizer 
N plus azolla* The increased availability of nutrients 
from both organic and inorganic sources due to the combined 
Application might be the reason•



Table 51 a. —1Humber of filled grains panicle as Mundakan 1982
influenced by fertilizer levels.

Fertilizer Azolla levels (t ha*1)levels ■**< 
{% of
recommended
dose®)

Ai5
A210

ft3
15

V
20

Mean

F0 "  0 62.7 S1.4 67.1 62.5 58.4 C.D.(0.05) for F HO (2.67)
Fj -  SO 59.3 59.7 63.3 56.2 59.6' C.D.(0.05) for A K3 (2.15)
F9 ~ 75
f3 -  , 100
Mean

58.6
60.1
6C.2

50.4 
60.3
57.5

60.7 
53.5
58.7

53.9
62.0
58.7

57.9
59.0

C.D. (0.05) for A I 
within seme F levels I
C.D.(0.05) for A I 
between F levels- Xf »

m  (4.29) 

HS (4.58)

Table 51 b. Mundakan 1984

Fertilizer Azolla levels (t ha*1)
1 QV̂ »13 
(% Ofrecccsaended
dose®)

A5
A2
10

A3
15

A4
20

Mean

F0 -  0 51.5 51.9 55.4 62.5 S5.3 C.D. (0.05) for F 2.74 (1.21)
Fj - SO 49.4 51.0 S3.6 54.6 52.2 C.D. (0.05) for A 1.61 (0.79).
F2 - 75 
P3 -  100 
Mean

52.6
64.2
54.4

60.8
66.4
59.5

69.6
65.0
60.9

65.7
63.3
61.5

64.2
64.7

C.D.(0.95) for A X 
within same ?  levels X -
C.D.(0.05) for A I  
between F levels X

3.22 (1.59)
*

3.76 (1.87)

* 90: 45* 45 kg HPK h©"1
Values in parenthesis are 2.2m +/-
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2.3 Thousand grain weight

During firat year off the experiment fertiliser 
an<3 asolla levels had no significant effect on thou send 
grain weight though there was a decreasing trend in weight
with decrease in fertiliser levels (Table 52 «). In the

«
second year full dose of fertiliser gave the highest value 
end was comparable with 75 per cent of the recommended 
dose (Table 52 to) • Fifty and seven tyjflve per cent of the 
doses were similar in their performance. The azolla levels 
end the combinations were not significant in both the 
seasons.

From the results it is seen that while asolle 
es such had no effect on increasing the thousand grain

i
weight, fertiliser had only « slight effect. This being 
a varietal character# much influence is not expected also. 
However, some off the investigators iiSce Ahmed and - 
Abdul Fsia (1969), Lsnke (1969) did get on increase in 
thousand grain weight while others like Sunaus end Sade^ue 
(1964); SunderarcJan (1976) did not observe any increase.

2.4 Sterility percentage

During first year of the experiment neither 
fertiliser nor azolla levels showed any significant effect 
on sterility percentage (Table 53 a). But in the second



Teble 52 a. Thousand grain weight <g) as influenced by fertiliser and azolla levels
Mundakan 1982

Fertiliser Asolle levels (t ha"*)
(* of
recommended
dose*) 5

NO »»
15

A4
20

Mean

®*0 “ 0 19.90 20.00 19.90 20.04 19.96 C.S.(0.05) for F 133 (0.374)u
*1 - 50 20.00 20.10 20.46 20.14 20.18 e.D.'Co.OS) for A HS (0.305)
F2 *
r3 -Mean

75
100

20.60
21.64
20.54

20.48
20.44
20.26

20.34
19.94
20.16

20.14
20.74
20.27

2Q.39 
20.69 '

C.D.(0.05) for A x 
within seme F levels X
C.D.(0.05) for A X 
between F levels X

HS (0.611)

S3 (0.648)

■ Table 52 b. Mundakan 1984

Fertiliser
4Asolla levels (t ha )

levels ..
1% of
recommended
dose*)

A1
S

*2
10

A3
15

A4
20

Mean .

»0 - 0 17.99 18.02 18.42 18.82 18.31 C.D.C0.05) for F 0.413 (0.109)
Kjf
F1 - SO 18.92 19.06 19.05 19.30 19.09 C.D. (0.05) for a HS (0.179)
r2 -
*3 -
Mean

75
100

18.94
19.34
18.80

19.67
20.05
19.20

19.56
19.72
19.19

18.85 
19.43 
19.11 .

19.26
19.64

C.D.(0.05) for A
within sesm F levels
C.D.(0.05) for A toatween F levels\

HS (0.359) 

KS (0.364)

* 90* 45* 45 kg KFK ha“1Values in parenthesis ar© S.&a +/-



Table 53 a. Sterility percentage as influenced-by fertiliser and asolle levels.Mundakan 1982

Fertiliser Asolla levels (t ha"1)
-

X€vV£X5 mmmm
i% of
recoomandeddose*)

A1
5

A2
10

A3
15

A4
20

Mean

*n - 0 17.66 19.20 22.84 19.56 19.63 Ci», (0.05) for F HS (1.193)
*t - 50 18.64 16.32 21.40 19.10 18.87 C.D.(0.r5) for A HS (1.209)
F2 -
e3 ~
Mean

75
100

21.86 
' 19.14 
19.33

18.94
21.22
18.92

20.54
19.06
20.96

25.18
23.60
21.86

21.63
20.76

C.D.(0.05) for A 
within same P levels
C.D.(0.05) for A 
between F levels

US

m

(2.439)

(2.421)

Table 53 b. Mundakan 1984

Fertiliser Azolla levels (t he"1) -

(% of
reccusnendsd
dOSQ*)

Ain
' A. 2

10
A315 A420

Kean

* _0 0 22.60 20.8B 19.36 17.90 20.19 C.D.(0.05) for F 1.721 (0.7S9)
»i - 50 21.36 20.98 19.90 .18.34 20.15 C.D.(0.05) for A HS (2.199)
P2 -
*3 - Mean

75
100

22.62
22.28
22.22

20. 84 

21.41 
21.03

20.55
25.17
21.25

26.90
23.44
21.65

22.73
23.08

C.D. <q.05), for A X 
' within sarae F levels I
C.D.(0.05) for A X 
fcatwaen 7 levels <Xl

NS

HS-

(2.398)

(2.222)

* 90: 45: 45 kg NPK ha"1
Values In parenthesis are S.£» +/-
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year# fertilizer level* alone showed significant affect 
on sterility percentage (Table 53 b)* Highest sterility 
was associated with full dose of fertiliser* When the nuwber 
of spikelets increases consequent to application of higher 
levels of K# photooynthates may not be sufficient to fill all 
the splkelets* The above result is in conformity with the 
finding of Jaikurceren (1981) and Sreekusiaren (1981)*

3* Grain yield
The pooled analysis of data on groin yield for two 

seasons (Table 54) revealed that higher levels of fertilisers 
were similar in their effect though highest grain yield was 
produced by full dose of fertiliser* Both these treatments 
were superior to other lower levels of fertiliser* Azolla 
0 15 t ha"1 gave the highest yield* Application of asolle 
either 10# 15 or 20 t ha”1 result*^ in similar yield. A» to 
combinations full dose of fertiliser in combination with 
esolla 0 10 t ha”1 recorded the highest yield end was comparable 
with 75 per cant and 100 per cent (full dose) of the recoorcended 
dose of fertiliser# respectively in combination with azolla 
• 15 t ha”1*

From the results it is seen that 100 per cent (full 
dose) of the recommended dose of. fertilizer gave more yield 
even though it was similar to 75 per cent* IB 42 is classified 
as e variety which gives a fairly high yield at low fertility 
conditions according to Khuah et al, (1979). Even with no 
fertiliser and with esolla 0 5 t ha”1 tills variety has given



Table 54. Grain yield (kg ha"1) as influenced by fertilizer and azolla levels(Pooled data for Mundakan 1982 and 1984)

Fertilizer Azolla levels (t ha*1)
(% Of
recommendeddose*) A1

5 A210 A3
15 A420

Mean

** o 1 o 2524 2913 3115 3304 2964 C.D.(0.05) for F 110.7 (35.9)
Fj 50 . 3218 3462 3609 3694 3501 C.D.(0.05) for A 61.8 (20.0)
F2 - 75
F3 - 100

Mean

3590
3830

3291

3e50
4039

3571

3951
3919

3fi4e

3784
3750

3633

3794
3884

C.D.(0.05) for A | 
within same F levels j
C.D.(0.05) for A I 
between F levels I

123.6

154.0

(61.5)

(76.7)

* 90* 45 a 45 Kg NPK ha"1 
Values in parenthesis are S.Em +/—'



220

a fairly good yield of 2.5 t ha*1. In peeing trial also, 
this has given almost the asms yield without any azolla 
or fertilizer (Table 13 m, b, c £ d)• This again proves 
the potential of the? variety to perform under low fertility 
conditions. Similar reports on the performance of this 
variety under such conditions ere available (Anon, 1981}•

i

Comparison of the respective individual effect of 
azolla and fertiliser shows that the fertiliser has given 
a better response than azolla. By application of 20 t of 
azolla the yield could be Increased to 3*3 t under zero 
fertilizer level whereas the yield could go unto 3.6 t 
with 100 per cent of the recommended dose of fertilizer.
The low yield in plots jrtiich received higher doses of azolla 
might be due to the high lignin content of asolla. According 
to Shl-Shu-lian et al. (1981) the lignin content of azolla 
is about 20.2 per cent which Is responsible for the low 
availability of the nutrients in azolla compared to 
inorganic fertiliser. Talley and Pains (2980} also reported 
low availability of H with excessive application of azolla 
aa green manure.

The combination effect soma to be better than the 
Individual effect. Full dose of fertilizer in combination 
with azolla 9 10 t ha"1 has given the highaat yield of
4.03 t ha 1 closely followed by 73 per cent of the recommended
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dose of fertilizer along with azolle ® 15 t ha"1 which 
ho© given about 3.95 t ha"1. However# these two 
combination© were similar to full dose of fertilizer 
together with azolle © 15 t ha"1 oa wall. Full dose of 
fertilizer gave the best performance with 10 t of esolla.
But# whan the fertilizer doaa was reduced to 75 per cant#
It wa© requiring 15 t of azolla to produce similar yield.
This means that when the fertilizer dose is increased to 
100 per cent# azolle can bo reduced to 10 t ho"1. At the 
some time Increasing azolla level© from 10 t to IS t in

i,conjunction with 100 per cent recommended dose of fertilizer
does not give a proportionate increase in production.
Further# it is numerically inferior to the combination
75 per cent of the recommended dose of fertiliser ©long
with azolla 9 15 t ha"1. This show© that ■- 1t
level of fertilizer# increase in azolla from 10 to 15 t

•1or at 15 t of azolla ha * increasing the fertilizer from 
75 to 100 per cent doaa not give any additional benefit.
It is# therefore# assumed that 75 par cant fertilizer with 
15 t of &20lla ia optimum for this variety, h combination 
of the inorganic plus organic sources of H has baen 
reported to bo bettor then either of tha sources of H 
(Filial and VfiracdeQysu, 1978). It has also been proved 
that fertilizer in combination with azolla is the best
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(Hesse# 1984), This might: be because by an integrated 
application system involving both organic and inorganic 
fertilizer will increase the mineralization of the organic 
form end reduce the immobilization of the inorganic form# 
thus enhancing the total nutrient availability to the crop. 
Moreover# th© beneficial effect of organic matter in the 
development of superficial roots which are directly involved 
in the root respiration and nutrient absorption in rice was 
reported earlier (Kawataa«&fc$u'Sis*-1976). Further# the 
quinonee# degradation products of humic acid is reported 
to have nitrification inhibition property thus enabling the 
nutrient especially H more available to the plant. Moreover 
the phenols produced by the degradation of lignin act es 
phytohormonas and possess a favourable Influence on plant 
mat aboil era (Flaig#' 197Sii^&$£her© aro also considerable 
reports to the effect that fertilizer H could be saved to 
the extent of 20-50 per cent by incorporation of azolla 
(Kannciyen et el.# 1962; Mathewkutty# 1982; Mondol and 
Bharati# 1983). Since azolla is a low cost input every 
effort should be made to popularise its use and thereby 
reduce the fertilizer dosage.

However# increasing the dose of azolla from 15 to 
20 t does not give any additional grain yield. At the same
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timo it results in © decreased grain production es is
evident frora the Table 54. Azolla response per 100 kg of
azolla applied, also showed a decreasing trend when azolla
level was incrossed along with increase in fertiliser 1avala
(Table 55)* This might be because of several reasons.
Beneficial effect of organic matter application is masked
by its higher rates of application along with the full
recommended dose of fertilizer. The shorter interval between
incorporation of azolla and transplanting might have resulted
in C0« accumulation during the initial stages of growth of £
the crop. Since higher concentration of CO^ is injurious 
for root development# in the present investigation tiller 
cumber was found to be lower in the treatment receiving 
full dose of fertilizer end highest level of azolla 
(Table 46 a & b and 47 a & b)• Incorporation of organic 
matter like azolla might have resulted in immediate reduction 
in redox potential of soil releasing a number of organic 
es well as inorganic reduced components such es organic 
acids# HaS# phenols# Soluble Fe, Kn, Al which are toxic for 
the growth of the rice plant. Reduced organic compounds 
are reported to compete with rice roots for respiration 
(Pcnnamperuma# 1978) thus inhibiting root respiration as 
well as nutrient uptake. A perusal of the data on nutrient
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uptake (Table 57 a fit b# 60 e fit b# and 61 a £ b) 
substantiates it. Further# the quinonss - the degradation 
products of huraic acid# produced in large quantities 
were reported to have urease Inhibitory activity (Bundy 
end Brenner# 1973) • The soluble urea might have either 
bean washed out of the aoil or leached down beyond the 
root tone.

With regard to the beneficial effect of the 
particular combination# the data on panicle number (Table 
50 a & b) show that the combination 75 per cent of fertiliser 
plus azolla 15 t ha had givan the highaat number ̂panicles.
The number of filled grains panicle (Table 51 a fc b) and 
thousand grain weight (Table 52 a fc b) also show that this 
combination is batter. The beneficial effect of all these 
yield attributes would have resulted in giving higher grain 
production by this combination.

It may be further seen from the Table that# there 
seems to exist an optimum combination of azolla for a parti­
cular level of fertilizer. At zero level of the fertiliser#
20 t of azolla has given the highest yield while at 50 per cant 
fertiliser dose# 15 t of azolla seems to be significant 
whereas at 75 per cent level 10 t of azolla appears to be
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necessary for highest yield. This shows that as the 
fertility level increeses, the optimum dose of ezolle 
required for grain production, is reduced. But a combination 
of ezolle end inorgonic fertilizer is always found to be 
better* With reference to fertiliser saving also the seine 
trend is recorded. At 5 and 10 t of esolla, 100 per cent 
fertiliser dosa is required while at 15 t of azolle 75 
per cent of the recommended dose of fertiliser ia enough.
At 20 t of azolla 50 per cent of the fertilizer dose is 
sufficient. This means that azolla can substitute ferti­
lizer upto SO per cent even though there ia a numerical 
reduction in yield of around 300 kg. from the economics 
(Table 55) it ia seen that the combination 75 per cent of the 
recommended dose with azolla 0 15 t ha”1 has given a net 
return of 8s, 6330 end 100 per cent of the recommended dosa 
of fertilizer with azolla © 10 t ha"1, Ss. 650B. This shows 
that the difference is only less than rs. 200. At the seme 
time the benefit cost ratios were almost equal i.e. 2.12 and 
2.13 in the former and latter combinations, respectively.
Out of these two combinations, the return per rupee invested 
on fertilizer was more in the former. Thus it can be seen 
that 75 par cant'of the recommended dose of fertilizer with 
15 t ©f azolla ha"1 seems to be optimum from the economic 
point of view also.
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Table 55. Economics of trial III ;(Azolla trial)

Treatments
Grain yield 
kg ha-1

Straw
yield
kg ha- 1

Gross
return
Rs.ha-1

Cost of 
cultiva- 
tion , 
Rs. ha~

Net
return
Rs.ha” 1

Benefit
cost
ratio

Azolla 
response 
per 100 5tg 
of azolla 
applied

Return 
rupee-1 
invested 
on ferti­
lizer

F0 A1
2524 2580 7628 4744 2884 1.60 50.48 -

F0 A2 2913 2941 8767 4858 3909 1.80 29.13 -

F0 A3 3115 3146 9376 4972 4404 1.88 20.76

F0 A4 3304 3347 9955 5102 4853 1.95 16.52

P1 A1 3218 3310 9746 5217 4 529 1.86 64.36 10.57

F1 A2 3482 3603 10567 5331 5236 1.98 34.82 12.06

F1 A3 
F1 A4

3609
3694

3747
3822

10965
11210

5445
5575

5520
5635

2.01

2.01

24.06
18.47

12.67
12.91

F2 A1 3590 3816 10996 5416 5580 2.03 71.80 9.30

F2 A2 3850 3966 11666 5530 6136 2.10 38.50 10.13

F2 A3 3951 4072 11974 5644 6330 2 .12 26.3'4 10.41
i# J

F2 A4 3784 3901 11469 5744 5695 1.98 18.92 9.47

F3 A1 3830 3950 11610 5615 5995 2.06 76.60 7.88

F3' A2 

E3 A3

4039
3919

4159
4054

12237
11892

5729
5843

6508
6049

2.13
2.03

40.39
26.12

8.47
7.94

F3 A4 3750 3935 11435 5973 5462 1.91 16.75 7.27

Fertilizer levels

F0

F1
F2

F3

s 0

50% 
= 75% 
= 100%

of 90! 45 
of 90: 45 
of 90: 45

: 45 kg 
: 45 kg 
: 45 kg

NPK ha-1  
NPK ha-1  
NPK ha” 1

Azolla levels

A1
A2
A3

5 t
= l o t  

15 t

ha- 1
ha-1
ha” 1

Price of 
Price of

rice= Rs. 2 
straw = Re

kg-1  
.1 kg-1

A4 20 t ha'1
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4* Straw yield

On pooled analysis of the data on straw yield 
(Table 56) it can be seen that full doss of fertilizer . 
recorded the highest straw yield and was compersble with 
75 per cent of the recommended dose of fertilizer* Both were 
superior to lower levels of fertilizer* Azolla $ 15 t ha“* 
gave the highest value and was similar to 20 t he"** Both 
of them were superior to the lower levels of azolla* Full 
dose of fertilizer along with 10 t of azolla recorded the 
highest straw yield which was ccwp arable with azolla 
$ 15 t he*"* in combination with 75 end 100 per cant of the 
recc&nendsd fertilizer dose* At zero level end at 50 per cent

i

of the recommended dose of fertilizer/ there was a progressive 
increase in straw yield with increasing levels of azolla 
upto 20 t ha"** At 75 per cent level of fertilizer straw 
yield increased only upto 15 t of azolla whiie at 100 per cent 
level of fertiliser increase In yield of strew was only 
upto 10 t ha"**

A perusal of the data on height/ tiller numbor and 
itAI (Tables 44 to 48 a & b) indicates that the treatment 
combination of full dose of fertilizer along with azolla 
$ 10 t ha"* recorded uniformly higher values in all these 
attributes* The role of fertilizer especially H in increasing 
the vegetative growth and thereby increasing the straw yield



Table 56* Straw yield (kg ha-1) a3 influenced by fertiliser and azolla levels(Pooled data for Mundakan 1982 and 1984)

Fertiliser levels Azolla levels Ct ha*1)
{% ofrecommended
dose*)

A1
5

A2
10

A3
15

A4
20

Mean

*0 - 0 2580 2941 3146 3337 3001 C.D.(G.OS) for P

rl - SO 3310 3603 3747 3822 3620 C.D.(O.OS) for A
F2 “ 75 3816 3966 4072 3901 3939 C.o*(0*05) for A X

within same P levels X5*3 100 3950 4159 4054 3935 4025 C.D*(0.05) for A I
Maan 3414 3667 3755 3749 between T levels I

111*43(36*2) 
70*24(22*7)

J 140*47(69*8)

* 90s 45« 45 kg NPSC ha"1 
' Values in parenthesis are S.Em ♦/-
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with increasing levels of H end azolla were reported by
Ky\s U.i'VA.yŝ jft.vv cLwdMathur at al. (1981) *A Bel asubrenenian (1963)# Kanrjaiyan 

et al. (1963)# Tahmide end Abdul Kader (1963)*

From the above results it is observed that higher
#values of strew yield were always associated with higher 

levels of fertiliser• A decrease in strew yield at-higher 
levels of azolla especially in combination with higher levels 
of fertiliser was observed* The harmful affects, of higher 
doses of azolla In conjunction with full dose of fertilizer 
are discussed elsewhere.

5. Harvest index (HI)

During first year# treatments had no significant 
effect on HI while during the second year high HI values 
wore associated with zaro level of fertilizer (Table S7 a 6 b). 
Azolla levels had no significant effect.

The above results reveal that the H^Xo in fertilized 
plots’ were lower than that of the unfertilized plots.
The high HI values associated with zero level might be 
because in the absence of fertilizer application* there will , 
be reduction In grain as well as straw yield. Conversely# 
as the fertilizer level Increases# N being the major 
component of fertilizer# both grain and straw yield increases. 
The increase may not be proportionate. N favours more straw



Teble 57 a* Harvest index as influenced by fertilizer and azolla levels*Hundckan 1982 ,

Fertilizer Azolla levels (t ha"1)levels   L
(% of
reccsLTendeddose*) A1

5 A2
10

*3
15 A4 . 

20
Mean

01oto 49*54 49.74 49.75 49.74 49.69 C.D. (0.05) for F 0.119 (0.055)
Fj - SO 49.25 49.26 49.28 48.97 49.19 C.D.(O.OS) for A US (0.054)
ra 75
Fg - 100

49*26
49.26

49.25
49.26

49.25
49.25

49.21
49.26

49,24 
49. 2S

C.D. (0.OS) for A 
within same F levels

Ij US (0.108)
Mean 49.33 49.38 49.38 49.30 C.D.(O.OS) for A 

between F levels * HS (0.109)

Table 57 b. Mundakan 1984

Fertilizer Azolla levels (t ha"1)
(* of
re contended 
dose*)

A1
5

A2
10

A3
15

A4
20

Mean

hj
o

1 o 49.75 49.76 49.75 49.74 49.75 C.D.(0.05) for F 0.402 (0.165)
Fj - SO 49*34 49.02 48.82 49.32 49.13 C.D.(0.05) for A KS (0.201)
r2 - 75
r3 - 100

47.62
49.19

49.26
49.26

49.23
49.01

49.26
49.24

48.64
48.93

C.D.(0.05) for A 
within earns F levels | 0.809 (0.403)

Mean 49.00 49.33 49.20 49.14 > C.D.(0.05) for A 
between F levels J 0.793 (0.394)

* 90a 45* 45 kg NFK ha"1
Values in parenthesis are S.Eai +/—
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production and as such the HI Is reduced. This Is In 
agreement vith ̂ tho findings of several worker* llks 
Sreedharan {1975)# Sahu «t al. (1980)•

6* Chemical analysis
6.1 Plant analysis
6.1.1 Protein content of grains

The pooled analysis of the dete on protein content 
reveals that among fertiliser levels# full dose of 
fertilizer recorded the highest value (Table 58). Bach 
higher level of fertilizer was superior to the next lower 
level. Azolla %  20 t he"* recorded the maximum value which 
was superior to all other lower levels of azolla. Bven though

OPnot significant# the combination dose of fertilizer
along with azolla f© 20 t ha"* gave the highest protein content.

The above results reveal that both fertilizer and 
azolla at the highest level Individually or in combination 
gave more protein content.

It may be recalled that th« grain yield was highest 
at the full dose of fertilizer in combination with azolla 
d 10 t ha"*'. When the azolla levels were increased to 15 
and 20 t ha"1 along with full dose of fertilizer# there was 
a reduction in grain yield. This reduction in the later 
combination was significant. This means that the fertilizer



Table 58* Protein content of grain as influenced by fertiliser end azolla levels.
(Pooled data for Mundakan 1982 and 1984}

Fertilizer levels 
(% of
retcGSSBsaded
dose*)

Azolla levels (t ha"1)

A1
5 **10 h

15
A4
20

Mean

*o - 0 6.70 7.33 7.69 7.80 7.38 C.D. (0,05) for F 0.160 (0.052)
Fi - 50 7.94 8.32 8.55 8.85 8.42 C.D.(0.05) for A 0.162 (0.053)
P2 '
*3 -
Bean

75
100

8.38
8.74
3.94

8. S3 
9.06 
e.3i

e.ae
9.36
8.62

9*05
9.92
8.91

8.71
9.27

C.O.(C.OS) for A X 
within same F levels X
C.D. (0.05) for A X 
between P levels X

0.325

0.323

(0.162)

(0aloO)

* 901 45* 45 leg BPS ha" 1 
Values in parenthesis ore s.Era +/-
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requirement especially of N for giving highest grain yield 
is not the seme for recording highest protein content.

& higher nutrition seems to favour a higher protein 
content oven though# the yield vjae decreased et this level.
This may be due to the fact that the balance in the synthesis 
of carbohydrate shifts in favour of protein et higher level 
of nutrition especially 15. This is because azolla gives more 
H compared to other nutrients. Similar reports of a shift 
in emphasis from carbohydrate synthesis to protein synthesis 
at higher level of H has been reported by several investigators 
(De Datta et al. 1964# Rego, 1973).

It. la further noted that the grain yield was lowest 
in the combination receiving full dose of fertilizer with 
the highest dose of sxolla than treatments receiving full

r

dose of fertiliser with lower doses of azolla. The number 
of panicles was also lowest in the former combination 
thus enebling more concentration of N in grains leading to 
increased protein content.

$•1.2 NF& uptake

-K uptake was more In treatments receiving full dose of 
fertiliser in both years (Table 59 a £t b). During the second 
yocr full dose end 75 par cent of the recommended dose of 
fertilizer were comparable.. The lowest N uptake was noticed



Table S9 a. B uptake (kg ha**) as influenced by fertiliser end azolla levels.
Mundekan 1982

Fertiliser Azolla levels <t ha"*)»CV Cub B(» of
recommendeddoss*)

*2
5

A2
10

*3
15

A4
20

Keen ,

Fq - 0' 35.60 51.58 58.80
y

63.61 52.40 C.D, (0*05) for F 4.069 (1.867)0Ift1fe* 62.33 72.03 74.17 78.13 71.67 C.D, (0.05) for A 2.893 (1.439)
*2 “ 75 
f3 - 100
Kean

72.66
82.32
63.23

©0.61
95.73
74.99

79.98 
85.07 
74. SO

74.71
81.87
74.58

76.99
86.26

C.D.(0.05) for A
within sense P levels
C.D.(Q.05) for A 
between P levels

5.787

6.261

(2.879)

(3.115)

Table 59 b. Hundekan 1984

Fertiliser Azolla levels (t ha"*) - -
J L c V u l a(% of
recoBKsended
dose*)

A1
5

*2
10

A3 ' 
IS

A4
20

Kean

F0 - 0 39.94 49.64 54.06 ©0.25 50.97 C.D. (0.05) for F 4.764 (2.186)
F1 - 50 68.54 67.40 70.38 74.40 67.71 C.D.(0.05) for A 2.418 (1.203)
F2 - 75 
F3 - loo 
Mean

67.73
72.56
59.72

77.6© 
©S. 97 
70.92

*

80.63 
GO.05 
71.28

75.04
70.00
69.92

75.27
77.90

e.s.(G.05) for a  I within same F levels X
C.D.(o.05) for A , 
between F levels t

4.836

6.071

(2.405)

(3.020)

* 90s 45s 45 kg NFK h®“*
Values in parenthesis are 3.e« +/-* c\:a:
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in azolla § 5 t h a A l l  the higher levels of ssolla 
were similar. 'Though full dose of fertiliser in combination 
with azolle $ 10 t ha"^ recorded highest uptake it was 
comparable with 75 per cant of the recommended done of 
fertiliser along with azolla © 15 t ha"1.

I? uptake also followed almost the above trend, full 
dose of fertilizer and 75 per cent of the recommended dose 
of fertiliser were similar in both years (Table 60 a & b)• 
Azolla ® 15 t ha registered more P uptake in the first 
year which was comparable with azolla 9 10 t ha*1. But 
during the second year szolla 9 10 t ha*1 recorded the 
highest value which vaasinilar to the higher levels of azolle 
tried. The combinations associated with higher H uptake 
recorded more ? uptake aa well.

Th© trend in the uptake of N and P could be noticed 
in the case of K uptake aleo* Full doc© of fertilizer ' 
recorded more uptake of K in both years (Table 61 a tt b) 
and was comp arable with 75 per cent of the recommended dose 
of fertilizer only in the second year. Azollo 8 20 t ha*1 
recorded the highest uptake in both years end was similar 
to azolla $ 10 end 15 t ha*1 in the first year. During the 
second year azolla ® 10 and 15 t ha"1 were comparable. The 
combinations wherein the uptake of N and P wa® higher topped 
in K uptake also.



Table 60 a. P uptake (kg ha"1) as Influenced by fertiliser and azolla levels-
Mundokan 1982

Table 60 b. Mundakan 1964

Fertiliser
levels
(54 ofreceraaasnded
dose*)

4
Azolla levels (t ha" )

2
10

3
15

"4
20

Fertilizer Azolla levels (t ha"1)
(% ofrecossitended
dose*)

A1
5

A2
10

A3
15

A4
20

Mean

v - 0 10.81 13.49 16.00 16.62 14.23
u
F1 - SO 17.23 18.96 19.01 20.21 18.85
1 75 19.55 21.25 25.13 19.64 21.392

*3 * Mean
100 20.64

17.06
24.85
19.64

23.20
20.84

19.54
19.00

22.06

Mean

C.D.<0.05) for F
C.D.(0*05) for A
C.D.(0.05) for A I 
within s«m© F levelsi
C.D.(0.05) for A I
between F levels X

1.682 (0.771) 
1.305 (0.649)
2.610 (1.298) 

2.741 (1.363)

3Mean

• 0 12*35 14.44 15.55 17.46
- 50 16.27 16.31 19.30 20.27
- 75 17.94 21.61 21.64 19.96
- 100 19.26 23.20 20.10 16.65

16.46 19.39 19.15 19.14

14.95
18.54
20.29
20.35

C.D. (0.05) for F 
C.D.(0.05) for A
C.D. (0.05) for A X
■within seise F levels X
C.D.(0.05) for A X
between F levels X

1.259 (0.576) 
0.759 (0.377) 
1.519 (0.756)

1.755 (0.873)

* 90# 45* 45 kg HFX ha"1Values in parenthesis ere S.SJa -ty­
roco
CD



Table 61 a. K uptake (kg ha*1) as Influsnced by fertiliser and azolla levels.
Mundakan 1902

fertilizer Azolla levels (fc ha*1)
levels “  
(» ofrecosssended
dose*)

A1
5

A2
10

A3
15

A4
20

Mean

po * 0 56.53 68.69 73.80 84.77 70*95
u
F1 - 50 78.33 84.89 69.00 92.04 86.07
X

- 75 86.80 93.62 99.07 92.42 99.98

P3 * 10Q 100.77 105.44 100.70 93.44 100.09
lit

Dean 80.61 88.16 90.64 90.67

C.S.(0*05) for F ,
C.D.(0.05) for A
C.D. (0.05) for A X
within same F levels X
C.D. (0*05) for A X
between F levels I

4.903 (2.250) 
4.100 (2.039)
8.199 (4.079) 

@.4i9 u.iee)

Table 61 b. Hundakan 1904

Fertilizer Azolla levels (t ha*1)
{% ofiracosimcsnded
dose*)

*1
5

A2
10

A3
15

*4
20

Kean
-

Fn - 0 59*42 66*11 67.31 77.99 67.71 C.D.(0.05) for F
0F2 - 50 73.15 80.46 84.21 90.64 82.12 C.D.(0.05) for A .

T2 - 73 84.57 91.49 97*23 94.02 91.92 C.D.(0.05) for A 
within same F levels

F, -100 87.60 98.99 94.81 91.91 93.33 C.D.(0.05) for A
Kean 76.19 84*26 85.89 88.64 between T levels

5.649 (2.592) 
2.429 (1.206)
4.@5@ (2.416)

*90* 45# 45 kg KPX, ha-1
Values in parenthesis are 3.Em +/*
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The above result** revealed that, treatments receiving 
full dose of fertiliser has given the highest values for H,
P and K uptake followed by th© lower levels in the 
descending order. With respect to acoZXa, higher levels 
of oeolle were always giving more uptake of th* above 
nutrient. But, no significant difference was observed between 
10, 15 and 20 t Indicating that osolla ® 10 t ha"1 is 
sufficient for the crop. Further, a reduction in the uptake 
of H, P & K was noticed with the application of higher doses 
of azolla at full dose of fertilizer. By the combined 
application of both, a good part of the fertiliser H would 
have been immobilized resulting in * reduction in the uptake. 
Findings of Broadbent and Hekashlraa (1970), Vbahide and 
Padre (1974) also showed e reduction in N uptake due to the 
immobilisation of significant amount of fertiliser H when, 
applied in combination with large amounts of organic eaterlels 
undsr flooded conditions.' This further affects th* P and K
uptake. Full dose of fertiliser in combination with asolla

• 1  v® 10 t he was found to be favouring the N, P end K uptake.
Both grain and straw yields were higher in th* above 
combination. Further the percentage content of the above 
nutrients were also higher. Both these aspects might have 
contributed to high values of N, P end K uptake. Similar 
results ware reported by Gopelaswemy and Raj (1977) end Reju 
(1976), Higher values of H, P end K uptake with the combined



application of azolla with 100 or 75 per cent of H 
fertilizer was reported by Jeikusaaron (1931) under Kerala 
condition.

6.2 Residual nutrient status of soil after cropping
6.2.1 Organic carbon content of soil

Organic carbon content of soil was influenced 
significantly by the fertilizer as well so azolla treatments 
in both yaora. Treatments which received full dose of 
fertilizer recorded more residual organic carbon (Table 62 
a fit b) • During first year each higher level of fertiliser

i
was comparable with the next lower level while in the second

/

year each higher level was superior to the next lower level* 
Azolla levels also followed the same trend as in the case 
of fertiliser in the respective years. Combination effect 
was not significant in the first year though full dose of 
fertiliser in combination with azolla I 20 t ha*1 recorded 
the highest value and was superior to other combinations 
in the second ye or.*

From the results it la evident that treatments which 
received full dose of fertilizer and highest level of 
azolla i.e. #  20 t ha"1 recorded the highest value of 
organic carbon. Even though treatments which received full 
dose of fertilizer resulted in highest dry matter production



and azolla levels. Mund&kan 1902
\ <

62 a. Residual organic carbon content (94) of soil os Influenced by fertilizes

Fertilizer Azolla levels (t ha"1)
i% of
recommended
dose*)

\5 ft
10

A3
15

*4
20

Mean

?0 - 0 1.45 1.48 1.50 1.58 1.50 C.D.(0.05) for F 0.064 (0.035)
*1 - 50 1.48 1.48 1.62 . 1.61 1.55 C.D.(0.05) for A 0.057 (0.029>
V  r
P3 -
He an

75
100

1.46
1.59
1.50

1.59
1.60 - 
1.54

1.59
1.62
1.58

1.61
1.63
1.61

1.56
1.61

C.D.(0.05) for A 
within same F levels
C.D.(0.05) for A between 7 levels

NS

NS

(0.058)

(0.061)

Table 62 b. Kundaksn 1984

Fertilizer Azolla levels (t ha )
{% of
recommended
dose*)

A1
5

s A2 
10

A3
15

A4
20

Mean

po " 0 1.48 . 1.52 1.55 1.62 1.54 C.D.(0.05) for P 0.030 (0.013)
F 50 1.60 1.61 1.61 1.62 1.61 C.D.(0.05) for A 0.024 (0.012)
*1 . 2
*3 *
Mean

75
100

1.57
1.57 
1.56

1.62
1.62
1.59

1.62
1.70
1.62

1.68
1.77
1.67

1.62-
1.67

C.D.(0.05) for A within same F levels
85.0.(0.05) for A 
between F levels

I
X
X

0.047

0.046

(0.023)

(0.022)

* 90* 45s 45 kg NPK ha-1
Values in parenthesis, are S. Em
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still some quantity of nutrient fro® the fertilizer night 
have been loft in the soil. In the case of azolla also# 
at the highest level# the uptake could not have been to the 
fullest extent thereby leaving more residual organic carbon 
in the soil. The slow eve liability of azolla N due to the 
high lignin content might have resulted in higher residual 
organic carbon in the soil# Slow availability of nutrients 
of azolla is attributed' to the high lignin content 
(Shi Shu lien et ol.# 1981). Further# higher residual organic 
carbon with the application of higher levels of fertilizers 
were reported by Singh (1979 a) and Arunacholan (i960).

6.2.2 F and K content of soil

During first year# full dose of fertilizer gave the 
highest P content (Table 63 a) and wee comparable with 75 
per cent of the recosssended dose of fertilizer and superior 
to other lower levels. But in the second year# though 
75 per cent of the recommended dose of fertiliser produced 
the highest value# it was similar to full dose and 50 per cent 
of the recommended dose (Table 63 b) • Azolla ® 20 t ha"^ 
gave the highest value and was comparable with azolla 
* 15 t heT1 in both years. Azolla • 15 and 10 t ha-*1 ware 
equal in the first year whereas they were similar in th« 
second year. But azolla $ 10 t ha"^ end 5 t ha“* wera



Table 63 a. ' Reaiduel content of soil (kg be”’*) as Influenced by fertiliser and
axolla levels* Mundekan 19U2

Fertiliser Aaollev ■i levels (t ha“*) -

levels 
{% of
recommended
doee*)

A1
5

A2
10

A3
is

A4 , 
20

Mean

a I © 10*96 10.67 11*84 12.73 11.61 CiD.(©.05) for P 0.990 (0.454)
F. - 50 14.29 . 16.73 17.86 19.94 17.21 C.B.(0.05) for A 1.569 (0.830)
F2 - 75
f3 - 100
Mean

16*49
17*60
14.94

18.02
18.78
16.10

18.85 
18.53 ' 
16.77

19.62
19.22
17.87

16.24 
IS. 54

C.D.(0.05) for A within seme F levels
C . (0.05) for A 
between F levels

\ ss 

i 88

(1.660)

(1.473)

Table 63 b. Mundakan 1984

Fertilizer Azolla levels (t he“l>
(* of
recommended
dosa*)

A1
5

*2
10

A3
15

A4
20

Mean
/

Fo " 0 ■ 12*21 13.29 14.10. 16.65 14.06 C.D.(0.05) for P 1.951 (0.895)
ri - 50 18*50 19.15 19.88 20.56 19.52 C.D.(0.05) for A 1.453 (0.723)
r2 - ,75 
F3 - 100 
Mean

18.96
19.46
17.20

20.97
20*36
18.44

22.13
20.55
19.16

21.01
22.19
20.10

20.76
20.64

C.D.(0.05) for A 
within same F levels
C.D.(0.05) for A 1 
between F levels

j| NS 

i HS

(1.446)

(1.404)

l * 90a 45s 45 kg UPK ha-1
Values in psrcnthasis are S.Ero +/- to

to



comparable only In the second year. Though combination 
effect was not significant full dose of fertilizer with 
azolla $ 20 t ha"* recorded highest value in the second year.

Highest K content was associated with full dose of 
fertilizer in both years (Table 64 a fit b) followed by the 
next lower levels intho descending order. Full dose, 75 
end SO per cent of tho recommended doses of fertilizer ware 
comparable only in the first year* In the second year full 
dose eiid 73 per cent of the recommended dose were similar 
while 75 end 50 per cent of the recosR&nded dosa ware also 
comparable. Azolla levels followed the sane trend as in the 
case of P content. Azolla @ 20 t ha"* recorded more 
residual & con tan t which was similar to azolla 10 and 
IS t ha"* in both years. Though not significant, full dose 
of fertiliser in combination with azolla 20 t ha“* gave 
more residual K content.

The above results reveal that more residual P and K 
status were associated with the application of highest dose 
of both the fertilizer and azolla individually as wall as 
in combination. Higher the application, more will he the 
contribution to the soil reserve. Azolla itself contains



Table 64o. Residual K content of soil (kg ha*1) os influenced by fertilizer andazolla levels. Mundaken 1982

Fertilizer lavelf) .
Azolla levels (t ha"1)

(* ofrecomended
dose*)

A1
5

A2
10

*3
15 20

Maan

F0 - 0 126 135 146 140 137 C.D.(0.05)-for P 16.3 (7.5)u
F1 - 50 137 149 148 157 148 C.D. (0.05). for A 12.8 (6.4)
4*

P2 *
3Mean

75
100

140
138
135

146
166
149

149
173
154

177
175
161

152-
163

C.D. (0.05) for A I 
within same F levels 1
C.D.(Qo05) for A I 
between P levels X

HS (12.7) 

&S (12.2)

Table 64 b. Kundakan 1984

Fertilizer Azolla levels (t ha"1)
{% ofrecomendad
dose*)

A1
5

A2
10

A3
15

A.4
20

Mean

F0 " 0 129 136 142 143 138 C.D.(0.05) for F 11.01 (5.051)
P1 “ SO 140 159 164 170 159 G.D. (o.05) for A 8.29,(4.125)
*2 "
*3 " 
Mean

75
100

141
1S2
141

159
169
156

164
171
160

173
191
170

160
171

C.D. (0.05) for A I 
within satne F levels X
C.D.(0.05) for A X 
between F-levels I

83 (8.251) 
as (7,980)

*90» 45i 45 kg HPK ha"1Values in parenthesis are S.Em */-
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about 0*24 per cent P end 2 per cent K* Further# the 
high lignin content of azolla (Shi ohu lian et el.# 1981) 
resulted in slow availability thereby encouraging more 
residual nutrient status. Residual effect of P due to 
azolla application has already been reported by 
MoheneJcrishnan (1983) under Kerala conditions.
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SUMMARY

A series of investigations war* carried out 
at the Regional Agricultural Research Station# Patttsbi# 
Kerala* India to evaluate some of the low cost agronomic 
techniques for sustained rice production in XR 42/a rice 
variety suited to low fertility conditions* during the 
period from ,1982 to 1985*

The results obtained from tn«*e tilale ere 
summarised hereunder.

Trial I

In this trial* the performance of XR 42 vas 
studied undsr four levels of fertilizer (aero* 50* 75 and 
100 per cent of the recommended dose of 90* 458 45 kg 
HPK ha"*) and six .spacing® (20 sc 20* 20 sc 15r 20 x 10*
20 x 5, 15 x 15 and 15 x 10 cm). The trial vas laid out 
in split plot design with five replications.

During both years in vlripou and mundakan 
season# full dose of fertiliser produced tallest plants 
with more number of tillers end leaf area index.
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Irrespective of the yaer sod season the widest 
spacing# 20 x 20 era (25 hills m"2) recorded the tallest 
plants while the closest spacing 20 x 5 cnt (100 hills ra" ) 
produced the shortest plants, in most of the stages.
A reverse trend was noticed with respect to number of 
tillers and leaf area index1.

Dry matter production was also more in treatments 
.which received full dose of fertiliser in all th© seasons. 
The spacing# 20 x 15 as recorded the maximum dry matter 
production whereas the spacing# 20 x 5 era gave the lowest 
valua. The combination of full dose of fertiliser with a

9spacing 20 x IS cm (33 hills » ) gave more dry matter
production.

Held attributes such as number of panicles# 
number of filled grains and thousand groin weight ware 
highest/maximum with full dose of fertiliser only during 
virippu season. Sterility percentage was not much 
influenced by fertiliser levels. Humber of panicles end 
sterility percentage were more in the spacing 20 x 5 cm 
(100 hills m } while number of filled grains panicle 
and thousand grain weight were more in the wider spacing*

n 9of 20 x 20 cm and 20 x 15 cm (25 and 33 hills m" ) •
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Grain and straw yields were also influenced 
slgnificently by treetiaints* Tull dose of fertiliser#
90» 45a 45 leg NPK he"1 combined with a plant population 
of 33 hills m~2 (spacing 20 x 15 aa) gave the highest 
grain yield of 4.24 t he"1 in yirlppu and 3.20 t ha-1 in 
roundakan. The straw yield wee 4.39 t he*1 in virlppu 
as against 3.46 t he"1 in mundaken. The highest net 
return of B. 6913 end £s* 3690 were obtained frexn the 
vlrlpou and mundakan crop# respectively from the above 
ccxsbination* The benefit cost ratio was also mere in both 
seasons in the combination.

with respect to protein content of groin as 
well# the abovo combination topped th® list.

Pull dose of fertiliser end the spacing 20 x 15 cm 
individually or in combination recorded the highest H# P 
end K uptake.

Residual nutrient status with respect to organic 
carbon# P and K content of soil was more in the treatments 
which received full dose of fertiliser. The lower values 
were associated with saro fertilisation and highest plant 
population of 100 hills aa"2 (spacing 20 x 5 cm).
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Trial IX
The affect of saddling age (25, 30 and 35 days) 

and planting density (2# 4 end 6 seedlings hill~*,)were 
studied at fertility levels of 50 end 75 por cent of 
90* 45* 45 kg HPK ha"* in th© first year end 75 end 100 
per cent of the g a m  in th© second year* The trial vas 
laid out in fee tori el RBD with three replications*

Fertilizer had no influence on the height of\
plants in all seasons* During viripou seasons, age had 
no effect on haight of plents whereas during mundakan 
25 days old seedlings were found to produce teller plents. 
Plant height was not much influenced by the number of 
seedlings hill"*,

Higher level of fertilizer recorded more LAX 
and tiller number.

Age of seedling can go upto 35 days in the 
virlppu season and 30 days in the mundakan season in 
registering higher tiller production. Highest LAX was

V

associated with 30 days in both seasons of th© first year 
and 35 days in the second year where «n increased fertiliser 
level was given*

■ ,iFour seedlings hill were needed for higher 
tiller production and LAX values* The lowest values for
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[Unbar of tillers end I*AI were found in treatments
wiwhich had two seedlings hill *

The dry matter production et harvest Wes more 
et the higher level of fertilizer in both years*
Thirty five days old seedlings recorded maximum dry matter 
production in virinou season and 30 days old seedlings in 
mundakan season* Six seedlings hill"1 produced snore 
dry matter in the first year while four seedlings were 
superior in the second year*

Higher fertiliser level produced more number 
of panicles in both years. Humber of filled grains per 
panicle was influenced by this treatment only during mundSkan 
season* Thousand grain weight was not influenced by 
fertiliser levels in most of the seasons*

Seedling^? age showed significant effect only 
•2on number of panicles m wherein thirty and thirty five 

days old seedlings produced more panicles •

Six and four seedlings hill produced comparoble 
number of panicles m"2 and filled grains panicle"1 while 
1000 grain weight was not touch influenced by this treatment.

Higher grain and straw yields-were associated 
with higher level of fertiliser in both years* Thirtyfive



days old’seedlings produced more of these attributes 
in vlrlppu season end 30 days old seedlings in raundeken 
season* Six seedlings hill”* recorded maximum production 
in first year while four seedlings hill”* was hotter in 
the second year*

Protein content was elso more at higher levels
of fertilizer in both years. But age did not Influence
protein content* Pour and six seedlings hill gave
similar protein content and were higher than with two 

—1seedlings hill •

The uptake of 13# P and K was more at higher level 
of fertilizer in both years* Seedlings of 25 days old 
recorded lowest uptake of nutrients* Planting two seedlings 
was always inferior to four and six seedlings*

Residual nutrient status of the soil after 
cropping was more at higher level of fertilizer*

Trial 111

The biofortilizer azolla wes evaluated eg a 
lowcost orgenic source of nutrition in XR 42* The treatments 
consisted of four levels each of azolla 5# 10# 15. and 
20 j't; ha”* and fertilizer (0# 50# 75 and 100 per cent of
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90i 451 45 kg NPK ha"*) fifctad in e split, plot design 
with five replications*

Fertiliser and azolla had significant influence 
on vegetative characters like height of plants, tiller 
production and leaf area index* The combinations of full dose-op 
fertiliser with 10 t of azolla ha"1 end 75 per cent 
fertiliser with 15 t of esolls ho""* wore comparable and 
produced taller plants in both seasons. Tiller production 
and LAI were however# move in the former treatment in 
most stages.

The above two combinations were superior with 
respect to dry matter production at harvest in both seasons.

Full fertiliser with 10 t of asolla end 75 
per cent fertilizer with 15 t of asolla produced higher 
number of panicles then the rest. Humber of filled grains 
per panicle was also more in the above treatment combinations*

A reduction in thousand grain weight was noticed 
at lower fertiliser levels in both years.

Grain and straw yields were more and comparable 
in combinations of full fertiliser with 10 t of asolla end 
75 per Cent fertiliser with IS ^ o f  azolla ha"1. Thus a 
saving of about 25 per cent of fertilizer could be achieved
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•mliff an extra dose off S fc of azolla lift * was given with 
75 p«r cant fertilizer* The benefit coat ratios were 
almost equal in both the combinations while the return per 
rupee invested was more in the latter combination*

Protein content vas. increased with fertiliser end 
03011a levels* The combination receiving full, dose of 
fertiliser end azolla © 20 t ha"1 recorded the highest 
protein content*

The residual organic carbon* F and K contents of 
soil after every crop were more with the highest dose of

i

fertilizer and azolln.

Conclusion

The results of these experiments led to the 
following conclusions*

XR 42 the rice variety known for its better 
performance under low fertility conditions* can respond to 
higher doses of fertilisers than 90i 45s 45 kg MPK ha"1 
as wall. Xn the present investigation highest levelQi of 
fertilizer tried wes only 90s 45s 45 kg NPK ha"*, Xt is 
the recommendation for high yielding medium duration group of 
rice under Karftla condition* This variety is having a 
duration of 140-145 days in Kerala* Hence it requires



higher amount of fertilizers to express its full yield 
potential•

It is Interesting to note that the variety has 
given reasonably good yields of above 2 t ha without 
fertilizer* in ell the seasons. This shows the potential 
of the variety even under low fertility conditions.

Despite the variety being a late maturing type*
increasing number of seedlings hill**1 from two to four
was found to be advantages. Especially at low levels of

•1fertility six seedlings hill were found to give more 
grain yield.

The age of seedlings can go upto 35 days in 
vlripnu and 30 days In mundokon. This enables the farmers 
to get more time for land preparation of the main field.
The variety will suit well with large number of ordinary 
farmers who cannot.strictly follow the rigidity of nursery 
age of 20 or 25 days reccmnended for other modem varieties.

Application of azolla f IS t ha**1 with 75 per cent 
fertilizer c m  save about 25 per cent of the recommended 
fertilizer dose thereby reducing the fertiliser bill of 
the farmer.
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APPENDIX I. Weather data during the. cropping period

Standard weeX and month
Mean temperature(°C) Meansun shin|

Mean RH («) Total Evapora-
rainfall tion

Max. Min. hours d-*- 0720 h 1420 h (mm) rand-1

1 2 3

1982
28 9-15 July 29:6 23.2

29 16-22 28.9 22.8
30 23-29 29.9 23.5

31 30-5 August 27^8 22.9

32 6-12 ■3 28.5 22.7

33 13-19 ~ 28.6. 22.9

34 20-26 29.6 23.3

35 27-2 September 30.9 23.9

36 „ 3-9 31i2 22.6
37 10-16 30.7 23.4

38 17-23 31.2 23.7

39 24-30 31.2 22.1
40 1-7 October 33.2 23 .0

41 8-14 33.5 23.4

42 15-21 32.5 23.2

43 22-28 32.9 23.1

44 29-4 November 32.5 23.1

45 5-11 32.1 23.3

46 12-18 32.7 23.6

47 . 19-25 33.8 23.0
48 26-2 December 33.7 23.9

49 3-9 32.9 21.9

50 10-16 ' 32.7 21.8> ,
51 17-23 33.5 22.2

\

52 24-31 33.0 21.5

1983
1 1-7
2 8-14
3 15-21
4 22-28
5 29-4
6 5-11
7 12-18
8 19-25
9 26-4
10 5-11
11 12-18
12 19-25
13 26-1
14 2-8
15 9-15
16 16-22
17 23-29
IB 30-6
19 7-13
20 14-20

January

February

March

April

1.5
2.3
4.8
0.9
3.2

4.5
9.2
8.6 

7.1 
5.6
7.0
7.5 
7.4
6.6 

6 . 8  
6 . 8  

6.3 
7.2
9.1
7.6 
8 .8  

9.2'
9.2
7.7

97
97
95
96
96
97 
97
96 
95
95 
94
97
96
94
95
97 
93 
95 
91 
82
77 
76
78 
75 
74

77
80
75 
83 
82 
80
76
67 
61 
66 

71 
61 
63 
62
68 

71 
60 
65 
59 
50 
47 
46 
45 
38 
37

May

33 ̂ 4 19.8 9.2 75 36

34.1 17.3 9.9, 74 31

33.9 21.1 9.1 74 37

34.6 21.8 9.6 73 39

35.4 21.4 9.3 81 40

34.5 21.1 9.5 84 40
36.1 22.4 9.4 86 38

36.1 22.3 9.9 93 42

,35.9 21.5 9.8 91 39
!36.7 22.1 9.7 92 33

37.3 24.5' 9.5 B9 44

,35.9 24.3 9.2 88 45

37.3 23.7 9.9 90 40
37.8 24.1 9.5 87 42
36.5 24.8 9.3 90 43
36.4 24.6 8.9 85 46
37.0 25.5 9.9 83 46
36.6 25.9 8.7 78 46
36.0 25.2 9.4 83 49
35.4 26.1 6.2 86 60

185.1
186.5
48.4 
260.4
196.6
119.6
69.8 
18.0

26.4
44.8

2.2

8.2
31.8 
6.5

117.4 
206.0 
208.0

0 .8

0 .6

6.4
93.6

3.9

3.5'
4.7 
4.5
4.7
4.8 
4.4
5.1
4.2
3.7

3.7
4.0
4.0
4.0
5.0 
5.9
6.8
7.2 
6.6

5.8
6 . 0
6.9 
6.5
6.2
5.4 
6.5;
5.5
7.2
7.2 
7.8
7.0
7.2
7.1
6.7 
7.0
8.2
6 .8  

6.2 

6.7
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1

•J

2 3 4 5 6 7 8

21 21-27 34.8 25.5 8.7 88 53 0.6 6.3
22 28-3 June 34.4 25.9 9.0 89 58 27,3 6 .1

23 4-10 33.9 25.6 7.6 90 60 1 . 1 8.6

24 11-17 31.6 24.3 2.8 92 76 - 87.B 4.1
2 5 18-24 30.9 24.0 3.6 93 83 100.6 2.0

26 25-1 July 30.2 24.1 2.3 95 79 205.0 2.6

27 2-8 32.0 23.9 7.7 96 68 20.9 2.4
28 9-15 29.4 23.7 3.2 98 88 230.2 -
29 16-22 28.6 22.6 1 . 8 98 87 253.8 -
30. 23-29 29.4 23.6 2.0 96 79 .92.2 1 .2

31 3-5 August 29;. 7 23.9 4.0 96 77 104.8 2.0

32 6-12 28.5 23.6 0.9 98 85 146.1 -
33 13-19 28.9 23.6 1.7 . 99 88 170.4 -
34 20-26 29.6 23.9 2.8 97 80 49.6 -
35 27-2 September 30.4 24.5 5.1 98 77 11.7 -
36 3-9 - 30.0 23.4 3.1 97 78 174.6 -
37 10-16 29.0 23.5 2.4 99 82 142.9 -
38 17-23 28.1 22.7 2.3 99' 86 180.4 -
39 24-30 30.0 23.4 5.1 97 78 38.4 -
40 1-7 October 29.8 23.7 5.4 99 79 53.4 -
41 8-14 31.2 22.0 9.2 96 63 - 4.8
42 1S-21 31.5 23.0 6.9 96 67 25.2 -
43 22-28 32.5 23.5 6 .1 95 66 83.2 -
44 29-4 November 32.3 23.4 5.6 97 65 61.4 -
45 5-11 32T3 2 1 .8 -> 9.0 92 58 15.0 -
46 12-18 33.1 20.0 10.3 85 50 - 3.7
47 19-25 32.1 21.7 7.5 96 63 31.7 2.9
48 26-2 December 32.4 21.9 8.7 88 50 - 3.9
49 1-9 32.7 23.0 8.2 83 48 4.0 4.8
50 10-16 34.0 23.0 9.6 83 4 1 - 5.5
51 17-23 31.7 23.3 3.8 82 63 1 .0 4.3
52 24-31 31.8 22.9 3.0 91 64 38.5 1 . 1

1984
1 1-7 January 33.0 22.9 8.8 77 45 r _ 5.5
2 8-14 32.2 23.0 6.8 72 45 - -
3 15-21 33.7 ,22.0 7.0 90 51 14 3.4
4 22-28 33.7 19.5 9.8 86 43 - 5.8
5 29-4 February 34.1 22.7 8.2 74 39 - 5.5
6 5-11 34.3 24.5 5.5 79 49 - 6 .1

7 12-18 34.9 24.9 8.8 86 48 - -
8 19-25 35.7 23.1 9.4 94 37 - 4.9
9 26-3 March 35.6 24.7 7.3 65 33 - 5.5

10 4-10 33.2 23.2 4.8 89 59 12T0 3.9
11 11-17 36.1 23.3, 9.4 93 47 6.0 4.5
12 18-24 37.5 *23.6 ,9.1 93 36 - 4.9
13 25-31 36.9 24.8 8.6 89 47 - 6 .1

14 1-7 April 34.7 24.9 5.8 94 60 32.0 3.9
15 8-14 35.4 24.3 8.5 92 59 24.2 3.8
16 15-21 34.4 23.8 6.5 93 65 14.4 3.3
17 22-28 34.2 25.0 8.2 92. 58 9.4 4.3
18 29-5 May 35.9 26.1 9.6 68 53 - 5.7
19 6-12 36.2 25.9 9.6 92 60 5.0 5.6
30 13-19 35.8 25.5 8.9 89 56 15.7 3.9
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1 2 2 3 4 5 - 6 7 8

21 20-26 35.5 25.2 9.9 89 51 16.6 5.6
22 27-2 June 32.3 24.0 5.4 97 71 227.0 2.5
23 3-9 28.9 22.8 2.2 93 83 88.4 1.2
24 10-16 29.7 23.5 1.5 92 92 . 229.6 0.2
25 17-23 28.7 23.1 2.1 95 89 172.0 0.5
26 24-30 28.6 22.5 2.3 94 85 201.6 1.2
27 1-7 July 28.9 22.9 2.1 96 78 201.4 0.2
28 8-14 28.5 23.3 3.3 94 82 119.1 1.1
29 15-21 27,2 22.3 0.6 97 83 264.8 0.1
30 22-28 29.3 23.6 6.2 96 71 61.6 1.8
31 29-4 August 29.1 23.4 4.6 94 74 76.9 0.6
32 5-11 28.8 23.2 3.9 95 69 57.4 2.1
33 12-18 28.8 23.1 6.2 95 77 ‘ 64.0 1.3
34 19-25 29.0 23.4 6.0 93 74 18.4 2.0
35 26-1 September 28.1 22.8 4.4 95 76 38.2 1.8
36 2-8 29.5 22.8 7.7 92 72 3.0 3.5
37 9-15 29.7 22.8 5.8 96 67 8.6 3.8
38 16-22 31.3 23.6 7.7 94 64 4.0 4.4
,39 23-29 31.2 23.6 4.9 95 73 49.8 2.3
40 30-6 October 29.6 22.9 1.5 93 86 155.8 -
41 7-13 28.8 23.1 4.2 1 92 70 95.4 1.8
42 14-20 30.1 18.9 9.4 92 53 - 3.7
43 21-27 31.0 22.8 7.4 92 68 40.8 3.1
44 28-3 November 32.7 22.2 9.6 91 50 48.4 2.9
45 -4-10 31.9 23.0 6.8 93 59 - 4,1
46 11-17 33.0 22.5 7.2 94 54 - 3.2
47 18-24 32.5 22.9 6.1 85 58 12.8 3.7
48 25-1 December 31.2 20.5 5.5 91 60 17.6 2.3
49 2-8 32.4 21.6 8.2 85 49 - 3.9
50 9-15 33.0 18.1 10.1 85 42 - 3.7
51 16-22 31.9 17.2 9.8 84 47 - 4.4
52 23-31 33.9 20.9 9.9 93 50 - 3.5
1985
1 1-7 January 32.1 23.8 6.0 89 76 56.2 2.8
2 8-14 32.2 20.7 9.4 91 62 - 4.5
3 15-21 32.7 22.6 8.8 77 49 — 5.7
4 22-28 33.5 21.6 9.9 83 40 - 6.6
5 29-4 February 34.7 20.7 9.7 82 43 - 6.2
6 5-11 33.6 20.1 7.4 95 50 - 4.2
7 . 12-18 34.6 22.4 9.3 98 51 - 4.9
8 19-25 35.5 21.7 9.9 83 42 - 6.0
9 26-4 March 36.2 22.1 7.1 93 48 - 3.2
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ABSTRACT

Three field experiments were .conducted at 
the Regional Agricultural Research Station, Pattambi,
Kerala to evaluate some of the low cost agronomic

■ i
techniques for sustained rice production during the period 
from 19S2 to 1985* ' In the first experiment the performance
of XR 42, e rice variety suited to low fertility conditions

\

was assessed under varying levels of nutrition and spacing. 
Fertilizer, age of seedlings and planting density, for 
XR 42 were the experimental variables for the second 
experiment. Xn the third trial, azolla was evaluated as

i
a low cost biofertilizer for XR 42. The first end third 
trials were laid out in split plot design while the second 
trial in factorial RBD,

The rice cultivsr IR 42 proved its mettle
under the low fertility conditions. Xn fact, it gave an

—1 -1average yield of 2.78 t he in ylrippu and 2.32_ t he
in mundakon without any fertilizer application.

A plant population of 33 hills ra (spacing 
20 x IS cm) in conjunction with full dose of fertilizer



of 90i 45a 45 kg NPK ha”* recorded substantially more 
grain yield of 4*24 end 3.20 t ha"1 in vlrlppu and 
roundakan soesone, respectively. Relatively lover grain 
and straw yields were registered by the treatment 
100 hills ra“2 (spacing 20 x 5 an) at all levels of ferti­
liser application. The net return and benefit cost ratio-^ 
were more in the former combination.

Increasing the seedling number hill”* from two 
to four or six was also found to be beneficial for this 
variety. At lower levels of fertilizer six seedlings hill”* 
recorded higher grain yields. However# at higher levels 
four seedlings hill” *«©«.; found to be superior.

Curing vlrlppu season planting of 35 days old 
seedlings was found to perform bettor compared to 30 and 25 
days old seedlings whereas in mundakan season# 30 days old 
seedlings were found preferable in terms of grain yield.

Recommended dose of fertilisers (90* 45* 45 kg HFK ha”*
with azolla & 10 t ha”* and 75 per cent of the same with
azolla I 13 t ha”* recorded similar grain yields indicating

—lthat an extra dose of 5 t of azolla he could substantially



reduce the chemical fertilizer requirement and save as 
much as 25 per cent of the fertilizer. The benefit cost 
ratios were almost equal in both the combinations while 
tha return per rupee invested was more in the latter 
combination. The finding appears to caution against 
excessive use of aeolla expecting better exploitation of 
all the benefits attributed to it. Nevertheless, data 
on the residual fertility of the soil after each crop 
indicate that residual fertility was higher in the plots 
receiving full dose of fertilizer along with the highest 
level of azolla, ?Q t ho"*.


