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INTRODUCTION
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lie® Is the staple food of more than half the 
world’s population* With 76 million acres onder this crop 
laola contributes 32 per eeafe of the total area under rice 
in the woril* Bice is grown on about 30 per seat of the 
cultivable area in India end it is by far the major crop 
in this country* Respite fcho vast area under this crop, 
it is c o m m  knowledge that the procuctioa of rice in India 
falls short of h^r requirements, The obvious reason for 
this deficit is thea the average yield of rice In India is 
very low compared to seet other countries of the world*

la Kerala* the fooa situation is worse than in 
any other State in India* The area under rice is approxima­
tely 2 million acres m d the annual production is of the 
order of 20 to 11 million tons* This quantity is totally 
inadequate to meet even the bare minimum requirements of 
the population which is currently about 17 million, The 
deficit in food is as high as SO per cent and Kerala has, 
therefore* to depend largely on other States to feed her 
people*

Pood is thus the major problem in Korala today 
and aa all out effort is being made to bridge the wio® gap 
between production and demand for rice in the State* In
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phosphorus and potassium nutrition of Tainan 3 and Taichung 
Hatlve 1 was carefully planned and carried out at the Agrl- 
cultural College and Research Institute, Vellayani* Three 
post graduate students collaborated in this study and each 
of them had to deal with one of the major nutrients* The 
work assigned to the author related to potassium*

bike nitrogen and phosphorus, potassium plays a 
unique role in plant nutrition and is of critical importance 
in metabolic and photosynthetic activities in the plant* 
nevertheless, relatively little attention has been paid so 
far in India to the potash requirements of a major crop 
like rice and, in fact, of most other crops as well* £his 
Is largely due to the general belief that Indian soils are 
well supplied with this plant nutrient and there is no 
potash problem in this country* The data now available on 
the response of rice to potash manuring in India is, conse­
quently, very inadequate* As far as Kerala is concerned, 
it is an established fact that large areas growing rice ar© 
deficient in this nutrient* Tho positive response to the 
application of potash to these soils unmistakably indicates 
that to ensure better yields it is imperative that this 
nutrient be included in the manuria! schedules for rice*

The present investigation was therefore under­
taken with three main objectives, viz*,

x
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REVIEW OF LITERATURE



nmilM OF UfERAibRiS

The IXiQmtwe pertaining to the role of potassium 
in plant nutrition and crop production is voluminous* Host
of it relates to crops other than padoy* An excellent 
review of the work don© on various aspects of this problem 
is given by bawton and Cook (19b4)•

Th© present investigation was confined to paddy# 
Consequently, the literature reviewed below is concerned 
matoly with this crop* however, relevant findings in respect 
of crops other than paddy ar© also cited where such references 
are helpful in th© interpretation of the data obtained in the 
study reported here*

A* Influence of potassium on growth characters and yield 
components of crons

(a) Paddy

V&dytmathan (1933) review*! the results of 82 
experiments eonaucted up to 1930 to stucy the response of 
paddy to potash and reported that application of this nutri­
ent gave an average negative response of 4*76 lb of paddy 
per pourm of potash* Alyar (1948) furnished dfeta which 
showed a depressing effect when phosphorus and potassium 
wore used together*

Sethi nl (1952) summarise© the results of



experiments m&mtzMm until 1949 md pointed m t the paucity 
of relevant information on potash fertilisation of paddy*

Abdul Bma& and Sahadevan <19@£) oiMteed the 
results of field experfiBenbg carried oat at the Agricultural 
Ummwdh station, Pattaabi, and recorded an Increased grain 
yield of 15 per cant when wood ash (4*1 dgQ) was applied at 
4000 lb for acre along with gromdaut ©ate at €10 lb per aero 
as basal dressing*

ffeguehi and Sngawara (2008) investigated the offset 
of potassim on the growth, health and productivity of paddy* 
Xhey observed lesser number of tillers in the plots that 
received no potash and a decrease in both grain and straw 
yield with Incremental doses of this nutrient*

Singh (W&B) obtained better stand and yield of 
paddy by the application of potash together with nitrogen 
and phosphorus and stressed the necessity for balanced fer­
tilisation*

ItekerJee ^  (19S©) reported an average response
of 1*95 to a *5 ©aun&s par acre for potash application at the 
rato of 40 lb £gO per acre in cultivators* fields in Bihar 
and attributed this poor response to faulty experimental 
technique*

mmod Bavappa and HiunnQantha Bao (ISM) working
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that potash had little influence on ginning percentage, seed 
anfl lint indices, ©can fibre length, mean fibre weight, 
maturity coefficient and bundle strength,

<J agate (2B63) obtained significant increases in 
the quality and yield of lint in cotton by the addition of 
potash, the effect being ©ore pronounced in long and medium 
staple varieties, The application of potash at the rate of 
200 to 226 lb &g0 per acre to potato resulted in increased 
yield, larger sise of tubers and Increased mineral, carbo­
hydrate and starch contents (Jagate 1964)#

Patnaik and fsrooqui (3B64) working on Brinjal 
reported significantly earlier flomring and better fruit 
set, whereas Kajput and Yadava (39645 recorded a decrease in 
flower production in roses with incremental doses of potash#

Thoms and Hack (194D observed that certain in­
fections were associated with low level of potash nutrition 
and aggravated by high levels of nitrogen#

Kelson et j^# (1945) and 3mm and Potter (3949) 
obtained significant increases In the oil content of both 
soybeans and tung fruits with increased doses of potash and 
Mulder (1949) recorded an in v e r s e  r e la t io n s h ip  between  

potassium supply and free tyrosine content in potato tubers#



Oovindaralan (1955) reported that the use of potash 
m s  beneficial as it improved grain sotting and reduced the 
percentage of chaff in paddy. He also recommended the appli- 
cation of potassium as a UPK mixture for ragl, cottonf maize, 
3ewar, tobacco, potatoes, c h ill ie s , onion, ginger and other 
vegetable and plantation crops in Mysore State#

Sircar and Batta (1987), in a study on the physio­
logical role of potash in the nutrition of paddy, obtained 
higher nitrate and nitrite nitrogen In tho leaves of low 
potassium plants# they also noted that potassium deficient 
plants dried up prematurely due to amnonium poisoning#

In water culture stunics at the International Bice 
Beaeareh Institute, Manila (1B64), f&inan 3 Uapoaica) recor­
ded a remarkable increase in panicle wight with increase la 
potassium level from 0 to SO ppm the increase above 90 ppm 

being gradual* Th® increase in the panicle weight of Feta 
Cinulca) was continuous up to 300 ppm of potassium solution 
and then slackened# &hilo Hainan 3 appeared to control its 
nutrient content under low and high levels of nitrogen and 
potassium, Feta absorbed very large amounts of these nutri­
ents under high levels at the same time showing low effici­
ency of the absorbed nutrients#

Sickstein al# (a$3?) have reviewed comprehen­
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sively symptoms o f  potash deficiency o f caisson crops*

According t o  fteleoa &« (3345) th© most striking 
symptom # f  potash d eficien cy  4a co tton  4© ”cotton rust”, 
Bsuaily yellow ing o f t ip s  ana margins o f leaves 4s followed  

by the appearance o f necrotic spots* $h® leaves finally 
become relish brorn, curl up sad fall off* fbe lint becomes 
tw isted  and Is  o f poor quality*

Chapman &  & •  (2M?3 ©bservea a 1m content of  

loaf potassium and reeuoed fruit sis© la oranges tinder low 
potassium levels*

l a  cereals t tCaHeee (3053) reported a bluish-green 
colour o f young loaves, ©xoessivs tillering aad sh riv elled  

and immature grain s in cases  o f potash deficiency*

S irc a r  and batta (308?) studied the e ff e c ts  o f  

potassium deficiency on the growth and n itrogen  metabolism
i s  paddy* ro tash  starved  plants were slender, showed reduced
height and Increased succulence and withered la a  few weeks* 

Brown streak s appeared on the sleaaer stem s, the phenomenon 
being known as  ’’coppering”* th e  leaves wart̂ dssll green to  

yellow in  colour, some of the® showing red patches on the  

edge probably due to  the devolopieat o f aathocyanina* Older 
leaves were f i r s t  a ffe cte d  by potassium deficiency, g ettin g  

’’scorched” and ro lle d  up fro® t ip  downwards* Leaves a t  emer­
gence were green but become ahlorotle l a te r *



fakahashi (1061) observed faulty carbohydrate m& 

protoln metabolism for potash deficient paddy along with mal­
functioning of physiological processes and scorching of 
leaves*

According to Srivasthava (3068) banana leaves 
became necrotic froa margins leading to the yellowing of 
leaves in a very short time followed by th© production of 
stunted suckers when the potash supply was inadequate* fhe 
same worker (3063) also noted a tendency of irregular ester- 
gence of leaves ana early necrosis leading to premature death 
of plants in pineapple due to potash deficiency*

At the International Pice Research Institute* Manila 
(3064) water culture studies revealed significant differences 
in potassium deficiency symptoms which were characterised by 
dark bro%® spots* more in fainaa 3 (japonlea) than in Peta 
(indlca)*

&* Influence of *oa.1or nutrients on the us take of potassium.
(a) Mltroeen

Bichard (1938)* as qwoted by Sircar and Batba (1967)» 
observed the failure of plants to reach maturity when grown 
In high ammonium salt solutions with low potassium due to 
ammonium toxicity* In cereals full utilisation of nitrogen 
was reported in the presence of potassium* According to
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Sircar ©ni Bafeta when potassium is applied with
aaronlua salts y mmm&km accumulation occur which might re­
sult in toxicity* tb© rola of potassium In bh© synthesis 
of raimo ©elds and proteins has also been stressed*

Von total5# <1959) pointed out the antagonistic 
role of pot as slnn to nitrogen and eiapfessised the importance
of balanced fertilisation* 2he physiological disorders caused 
by excess of nitrogen can often be corrected if the plant re­
ceived sufficient potash*

Maxiaaa ©eonoale return was reported by Govlnd and 
Sbadha <105®) when incremental doses of nitrogen ware applied 
la conjunction with higher dosos of potassium*

Cb> FM m asm

dcwl© (1S4S) observed enhanced posassiuat deficiency 
la potatoes whan only phosphorus md nitrogen were applied*

4 reduction in the potassium percentage in legume 
hay m s  noted by hmtou Mt al.ClBSg) when superphosphate
was applied to soils containing added potash*

4 combination of 30 lb of nitrogen and 60 lb of
pQ0g m s  reported to be the ©ptSmuss for the maximisation of 
paddy yields by blgar (1060)*
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Ohin and hi <1068) failed to obtain any response to 
phosphorus alone bub when applied with potassium there was an 
Increase la yield of 76 per cent in paddy. It was also ob- 
served that the application of phosphoric acid increased the 
content of this nutrient in the pleat*

<©> Potassium
increase in the potassium content of plant parts 

has been reportm  by several Investigators working on different 
crops* viz** Boynton and Burr©! (3044) in apple leaves, Bear 
ana Prince (1945) In alfalfa, Melaon jefc al* (1943) la soybean, 
Snider (3047) in wheat and oat straw* Sunn and host (1948) la 
potatoes* Basse! (1930) in grass hay and fucker and Smith (1952) 
in red clover*

Dajl (1966) observed 2-0 per cent increased grain
yield in paddy due to the application of nitrogen and phospho­
rus and 12-72 per cent increase due to nitrogen, phosphorus 
and potassium* thus indicating the necessity of applying 
balanced fertilisers for obtaining the maximum benefit*

Chin and hi (1966) found a positive correlation 
between the added potassium and the number of grains per ear- 
head* Higher potassium content was obtained only In the straw 
which was attributed to the incremental doses of potassium*



MATERIALS AND METHODS



KAflHIALS AID METHODS

As stated earlier, this investigation was carried 
out at t m  Agricultural College and Research Institute, 
V&Uayani* It m s  a pot culture study and it was con­
ducted in the open on a site adJoining the Agricultural 
Qaemistry Laboratory*

A* ôt culture study

Cl) Growth stadias
Cement concrete pots of dimensions 100 cm x 100 cm x 

IS cm were used* Th© growth medium was river sand collected 
from the Thiruvalltam river bed* The pots were filled with 
sand to a hel^it of 10 era.

(2) Coeds and sowing

Two high yielding, non-lodging strain© of paddy, 
vis;*, Hainan 3 (Japonica) and Taichung Hative I (Indica),
were used in this study* Both those are hybrid strains 
obtained from the International Bice Research Institute, 
Manila. Tainan a is a cross between Kvan Fb 401 x 
CJunk 38 and Taichung Native 1 is a eros6* between a 
spontaneous dwarf mutant in Dae-Oeo-lfoo»0an and 
Tsal-yuan-chung*



Twantyfive holes were made la each pot with a 
spacing of SO cm either way and 4 seeds dibbled per hole. 
The seedlings were thinned to two per hole after 10 day®. 
The remaining seedling® were cat into bits and Incorporated 
into fcne sand in th® respective pots. Thus each pot had 
25 hills with 2 seedlings per hole. Basal dressing of 
fertilisers for all the treatments was applied on the 
day previous to sowing and the pot® were irrigated eo as 
to maintain adequate moisture in the growth medium for the 
germination of seeds.

(3) Layout and treatments

Eight treatments with 2 varieties and 4 levels of 
potassium were arranged In a randomised blocte design with 
3 replications. Details are furnished below.

Treatments Variety and levels
1 V1 S100P80S0
2 V1 S100P8#40
3 Vi %OOp8#SO
4 VX N100?80K12G
5 ?2 %00%0K0
6 V2 fl100p80S40
7 V2 ̂ HX^SO^O
a ?2 %00P8OK12O

Vi - Tainan 3 Vs - Taichung Native 1



 ̂ 9

(4) Application of fertilisers

§0 organic manures were used la this investigation* 
Ammonium sulphate (gif ff)t Superphosphate (36$ &>g05) ana 
muriate of potash (60$ KgO) were applied la five split doses 
as per the schedule given below* All the treatments in­
cluded a uniform basal dose of a commercial product known 
as ‘Spartan’ at 25 g per pot to supply all the necessary 
microautrieata*

%00F80% ^loo^so^^iod^eo^eo ®100P8G^12G
Basal dose H10P2#G % G ?20K1O i10P20K10 N10P2#10
Top dress­ing 15th day % 0 P3#G ^30^30%) % 0 P3#30
30th day K30?20K0 h30p20K10 830i>20K20 % 0 f2#30
45th day % > P10K0 % 3 ?1g£o ^20^10^10 g20?101C20
60th day H10P0 Ko N10P0 K0 N10P0 E10 H10P0 K30

(5) Irrigation

She crop was irrigated with tap water* A constant
level of 3 cm of water was maintained above the surface of
the sand throughout the growth period*
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(6) Crop protection

Th© experim&nfcaX area was enclosed toy bird proof 
coir netting. Spraying with ladrin and dusting with BHC 
10$ were done whenever required.

(?) Observations

The following observations were recorded to 
determine the influence of the different treatment© on 
the growth and yield character© of the two varieties of 
rice under study.

i. Plant height
Measurements of plant height were recorded 

regularly at fortnightly intervals from the date of sowing 
until harvest, The length of shoot from the surface of the 
soil to the tip of the longest leaf was taken as the height,

li. Vegetative tillers

filler counts were also made at fortnightly
intervals,

ill. Productive tillers
The number of productive tillers was recorded 

on the day of harvest.
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fhe crop was harvested on 3-4-1967? S3 days 
after flowering* The weights of grain and straw were 
noted separately after cleaning and drying.

Measurements of other ancillary yield chara­
cters, viz*9 length of panicle* weight of panicle, 1000 

grain weight and chaff percentage were also recorded* 
ihe roots left in each pot were carefully removed, washed 
thoroughly to remove sand particles, dried and weighed,

B. Laboratory Studies

The laboratory studies comprised analysis of 
(i) growth medium (sand), and (ii} grain and straw. 
Standard methods as outlined by blper (i960) and Jackson
(1962) were adopted.

The growth medium was analysed to determine 
both its mechanical and chemical composition. Mechanical 
analysis was done by the International pipette method* 
Hitrogen was estimated by KJeldahi method. Total °20g 
and KgO, CaO, MgO, Fe2Qg and KgOg were determined in 
the HG1 extract, ^IgGg was obtained by difference. pH 
was determined with a Beckman pH meter.

Grain and straw were analysed separately for 
nitrogen, P2O5 and i£gO content with a view to assessing

x v .  m e i a



the amounts of each of these nutrients assimilated by the 
two varieties of rice under different treatments. Nitrogen 
was estimated by Kjeldahl method. PgOg and KgO were deter­
mined in the extract of the material with triple acid 
mixture made up of nitric, perchloric and sulphuric acid 
in the ratio of 4 : 1 % 1 , P2O5 was estimated eolorl- 
metrically using a Kiett Summerson colorimeter to measure 
the intensity of the molybdic blue colour developed. KgO 
was determined by the sodium cobaltiaitrite method.

C. Statistical analysis

The data obtained were statistically analysed 
using the analysis of variance method.



-r *• -v- ^r  * * j.
- * . / ■  * 4

* * 4 i

f«n

-sj^.
Site* *

"5rf a? , *•<\rfv % - *  *

"■-̂ fK- -V y-y • •.̂ 'S3K#
}f»wv- -;••
t f c : -'y 

f v  . . . .
■WispS

Sa&SSBS

*C%&88



•g ©tq®£ op bab

‘sxe&seqtrf SxVjPV^XQS- 3® pepA©»©A *A3qismz A©xtfq pu® aq§p©q 
*»sja qtmtd uv*%£®s 04 Sttjqoia*

wansmwpr 

nt»o aod sr£*Q ©% pa^ano®»

A&q<i©3©4 seppto ttnfronShm pw wnp&TO *t̂eAX^P»ds®j %mo asd 
9000*0 P«® 3*»o *®d 800*0 *40®® a®d 90*0 ®tsf@q 0% pas ®©*<£ 

<a#So^tttr aqj sent®A eqg. Met «>**̂ sqaBpxqnn qtratd aops 
tt* jo ®t®A©t *%l *W9& <*ed £9*0 *w* %m%m̂ •ppcaftibses 
i«l£ *qa&a a@cl §§*g0 O) ftrponowe qS-pi XaroA »a®& eotq^tos 

-up ppew eqj *g*9 jo gi b ptiq ssnppo® f&noxP »<&

•̂XBApqp&dtooa 4«bp aed g»e pow quoo Add 0*t 3«P®q «*mt«A 
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TABLE 2

Height of plants at four stages of growth

Moan - height (cm)
Treatment .

15th day 30th day 45th day 60th day

V o 17.5 32*8 52.2 62.4

V i 18.9 34.9 56.3 64.2

Vs 19.5 35.8 57.4 65.5

V s 21.7 37.6 58.7 66.9
Mean 19.4 35.3 56.1 64.8

V > 24.2 36.0 45.7 50.9

V i 26.7 38.3 48.4 51.4

V s 25.6 38.2 48.2 50.4

% 25.9 36.5 47.0 52*4
Mean 25.6 37.3 47.3 51.3

% # • • * • 9 #0
Mean K, * # • « * * • 9
for A 

levels Eg • * # • • • 9 *

% * • • • • * • •
0 0 (0.01)
Varieties 2.95

1.08
(0.05) mm 2.3

C D Levels # * 9 • • m • m
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Plant height tanged from 70*? c» to 83*0 cm in 
fainan 3* There was practically no variation to  height In  

Taichung Native l9 the values lying Between 65*3 m  and 65*8 
ca* The maximum height was recorded fey Tainan 3 for potassium 
application at ISO leg K^o/ha*

Taichung ffatlve 1 was significantly superior to 
Tainan 8 in plant height to the early stages of growth* 
Kowevex’i from the 45th day onwords Tainan 3 recorded signi­
ficantly greater height end this superiority was maintained
until harvest*

The results revealed a progressive increase in 
plant height with increasing supply of potassium only to the 
ease of Tainan 3# But this increase was not significant for 
the different levels of this nutrient applied*

<fc> ■tlllgMMfe.l
Taichung lative 1 maintained superiority over 

Tainan 8 in the production of tillers throughout the growing 
period* On the 60th cay the mean nuafeer of tillers to Tai­
chung Native 1 varied from 21*3 to 22*4 and to Tainan 3 
fro® 16*? to 22*0 . * At harvest the values ranged feet- 
ween 14*6 and 15*3 in the former variety and 10*? and
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TABLE 3

T i l l e r  counts a t fo u r  stages o f growth

Ifean number o f  t i l l e r s
Treatment

15th day 30 th  day 45th day 60 th  day

V o 2.0 8 .4 16.6 16.7

V i 2.0 9 .3 16.2 17.2

V s 2.0 9 .4 16,9 22.0

V a 2.0 10f 9 16,8 17,4

Mean 2.0 9 .6 16.6 18.3

vs !£o 4 .8 16.1 21.0 22.4

¥ i 6 ,0 17.1 ' 20,9 21.9

% 5,0 16.8 21.5 21.6

V s 5 ,5 16.2 20,9 21.3

Mean 6 .3 16.5 25.1 21.8

% • « * m « • * .

Mesa K, * • * * . .
fo rlevels Kg • • ♦ • • • • *

% * • • *
(

• • . .

S D (0.01)
Varieties 1.81 1.5 1.6 3 .1

C h Levels • • # * * * • #



2S

TABLE 4 
Height sad proanetiv© tiller® at harvest

MP5m  Mean Ho. ofTreatment man nciem proactive
{cm' tillers

79.7 11.3
¥XICX 81.2 30.7
V^Kg 82.3 11.3
VjKg 83.9 11.3
Mean 81.7 11.1
VgK^ @5.8 14.0
VgK^ 66*3 15.3
¥gKg 86.6 14.6
VgKg 66.6 14.9
Mean @5*6 14.9

*0 ** ••
Mean Ki .. ..
for x
levels Hg •• ••

Kg • # . •
0 0 (0.01)Varieties 2.4 1.1
0 4) Levels .. *.



29

11*3 in the la tte r*  In both varieties the tiller counts 
did not show any s ta t is t ic a l  significance for the different 
levels of potassium applied*

It may b© noted her® that the plants in all the 
treatments had a uniform flowering duration of 70 days* fh©
crop was harvested 33 days after flowering*

fata in respect of th© various yield characters, 
vis*, grain yield, straw yield, root weight, length of pani­
cle, weight of panicle, WOO grain weight and chaff percen­
tage mm fiven la fables S to 8*

(a) Iisa3AJ&©i&

drain yield ranged from 243 g to 289 g per pot 
i s  Tainan 3 and 274 g to 300 g pm  pot la Taichung Native 1* 
the maximum value was recorded by Taichung native l at 0 
level of potassium* there was not significant difference in 
yield between the two varieties*

the data for fa tnan 3 indented that increased 
coses of potassium tended to increase yield* In Taichung 
Hativ© 1 on the other hano, a negative effect was observes, 
the yield being depressed with increasing supply of potassium*



TABLE 6 
Moan yield expressed as g per pot

Treatment Grain Straw Boot

Vi*0 270 465 318

V i 243 490 253

V s 289 526 274

vi% 280 672 277
He® 273 613 270

V o 300 423 332

% 286 440 266

% 274 455 297

V s 200 476 299
Mean 288 448 299

% • ff * ,4M.âftins 324
Mean E1 #** 465 259
for A

levels Kg t •# 480 285

% * • * 523 288
0 B Varieties fM (0.01) 26 (0.05) 14
J B Levels (G.01) 36 (0.01) 28



FIG 1 HISTOGRAM SHOWING THE Y IE LD  OF RICE GRAIN
AND STRAW FOR D IF FE R E N T  POTASSIUM TREATMENTS

550 -

° AO 80 iao
r— TAINAN 3
1 I TAICHUNG NATIVE \

O 4 0  QO 120
LEVELS OF K ^Kq /H a )
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urns e
Mean yield expressed as leg per hectare

Treatments Grain Straw Root

VA 2700 4650 3XS0
V'A 2430 4900 25®
TA 2890 5250 2740
■iK3 2890 5720 2770
Mean 2730 51130 2780
Vo 8000 4280 33®
% 2860 4400 26®
% 2740 45® 2970
% 2900 47® 2990
Mean 2880 4480 2990

*0 * 9 4440 3240
Mean ft. * 9 46® 2590for Levels Kg • 9 4000 28®

k3 #9 52® 8880
3 1> Varieties * 9 (0.02) 2® (0.05) 140
o i> Levels ®9 (0.0D 3® (0.030 280
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Application of potassium at all levels had no significant 
effect on grain yield*

m

The values for straw yield varied from 469 g to 
572 g per pot in Tainan 3 and 423 g to 475 g per pot in 
Taichung Native 1* Straw weight increased with increasing 
doses of potassium in both varieties, Tainan 3 being superior 
to Taichung Native 1* la Tainan 3 application of potassium 
at 120 kg KgO/ha gave the maximum yield followed by treat* 
meats supplying 80,40 and 0 kg KgQ/ha* Taichung Native 1 
showed similar behaviour except that the values for the 
three h!$iest levels of potassium were statistically identi­
cal* The results were highly significant both for variety 
and treatment*

Co)

The weight of root ranged from 253 g to 315 g per 
pot in Tainan 3 and 266 $ to 332 g per pot in Taichung Native 1* 
In both the varieties the maximum weight was recorded at 0 
level of potassium, the values being 316 g per pot (3150 kg/ha) 
for Tainan 3 and 332 g per pot (3320 kg/ha) for Taichung 
Native 1* The data indicated that both variety and level of 
potassium had significant effect on this yield character*
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ca>

Panicle length ranged from 80*2 cm to 20*6 ess in 
Tainan 3 and 39*4 cm to 20*2 cm in Taichung Native 1. Th© 
differences in this yield character due to variety and 
treatment were not statistically significant*

Co)

Tainan 3 and 1*34 g to 1*30 g in Taichung Native 1* Tainan 3 
recorded a higher mean panicle weight (1*93 g) than Taichung 
Native 1 (1*43 g) • This yield character was significantly 
influenced hy variety hut not by treatment*

23*01 g to 33*95 g in Tainan 3 and 20.59 g to 23*64 g in 
Taichung Native 1* Tainan 3 was superior to Taichung 
Native 1 in this yield character* Potassium application at 
all levels gave almost identical results in Tainan 3 while 
in Taichung Native 1 the values for treatments Eg and K^f 

and Kg and Kg and Kq were statistically equal* The 
effect of variety and level of potassium on 1000 grain 
weight was significant*

Panicle weight varied from 1*62 g to 2.30 g in

The values for 1000 grain weight ranged from

<g>
The percentage of chaff varied from 16*5 to 26*7
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Moan ehaff percentage

?ABL E 8

froatsen t

YA> 26.S

VXKX ei.s

Y* 23.7
YA 26.?
Peas 21.9

Y* 13.8

v# x 16.6

Y* so.s

% 23.2
Mess 28.5

so 16.2
Kean K« 19.0
for xLevels Kg £2.0

K3 84.5
C I) (0*01) ¥arieti©s 1.8
C if (0.02) Levels 1.3
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Isa Tainan 3 and 13.8 to 23.2 per cent in Taichung Native 1.
In both varieties the maximum amount of chaff was recorded 
for the highest level of potassium application (ISO kg 0/ 
ha) via., 25.? per cent and 23.2 per cent in Tainan S and 
Taichung Native 1 respectively. It uas observed that the 
percentage of chaff increased pxogressively with increasing 
supply of potassium in both the varieties. The results 
showed that variety and treatment significantly influenced 
the percentage of chaff.

4. Influence of ,variety and .level of potassium on nutrient
uptake bv grain ana straw

Bata showing the influence of variety and different 
level of potassium application on nutrient uptake as Indi­
cated by the nitrogen, phosphorus and potassium content; of 
grain and straw are reported in Tables 9 to 12.

(a) Nitrogen 
(i) urain

The nitrogen content of grain varieci from 0.79 
to 1.10 per cent. Tainan 3 assimilated nor© of this element 
than Taichung Native 1 for equal amounts of potassium appli­
cation. In both varieties the maximum absorption %as recor­
ded for potassium supply at 80 kg KgO/ha* It may also bo 
noted that the uptake of nitrogen was lowest for the highest 
level of potassium applied. The aata revealed that the
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m s  9

Hutrienfc content of grain

Treatment tS\ P2°6
W) (jt) m

VA 0.79 0.77 1.73

h Ki 0.82 0.68 1.81

V s 0.97 0.76 1.91

h K3 0.79 0.74 1.98
H 0m 0.85 0.74 1.85

w > 0.86 0,80 1.09

v* 0.94 0.75 1.24

% 1.16 0.73 1.35

V s 0.84 0.71 1.48
Kean 0.95 0,76 1.29

*0 0.S2 ©• 1.41
Mean &, for A 
levels Kg

0.88
1.07

® * 
* 0

1.51
1.63

% 0.81 m m 1.72
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Hutrlent content of szm v

Treatment 0
m

F2%
(JO

h °
m

VA 0*46 0*26 2.29

viKi 0*4? 0.36 2.51
VxKg o«&@ 0.39 2.81

vf t 0.33 0.28 2.97
Mean 0.40 0.32 2.65

% 0.44 0.24 2.14

V x 0.46 0.23 2.78

% 0.92 0.30 2.8?

% 0*46 0.25 2.99

Mean 0.5? 0.2? 2.69

*9
0.45 0.24 2.22

Moan Kf 0.4? O.DS 2.65
for A

Levels Kg 0.80 0.34 2.84
K3 0.40 0.26 2.9?

0 0 (0.01)
Varieties 0.01 0.008 0.020

0 D (0*01) Levels 0.02 0.030 0.002



■/ V

I
f

f
f

 
f

 
I

f
f

#

$ 
t 

k 
i

 
I

 
I 

s 
s 

s

I *n H- Cf £ cfr © O' ««

CO O



SA*A11*039*1V8&H
19*221*0m*x%
m*iS8*0m*z8S%
m*i08*088*1XA
8fr*93A*03S*tVa

>3U88*0es*iTO8g
39*818*096*0%
SX*8cm£6*t%%
60*988*0$T*TVa

SI *989*0ts*tVa

m/a m/3 m/3
crs 11

Aq &stôn qt&iagtyg

st nm

0^



N
U

TR
IE

N
T 

C
O

N
TE

N
T 

IN 
G

R
A

IN
O

O
 

N
U

TR
IE

N
T 

C
O

N
TE

N
T 

IN 
S

TR
A

W
&

O
FIG 3  HISTOGRAM SHOWING NUTRIENT CONTENT IN  RICE GRAIN  

AND STRAW FOR DIFFERENT POTASSIUM TREATM ENTS
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influence of variety and level of potassium on the nitrogen 
content of grain was highly significant. There was also 
significant interaction between these factors#

(11) Straw

The amount of nitrogen in straw ranged from 0*33 
to 0*92 per cent* As in grain, in both the varieties studied 
the maximum assimilation of this element was observed for 
potassium application at SO kg KgO/ha* In Tainan 3 the up­
take of nitrogen was lowest for the highest level of pota­
ssium applied* In Taichung Native 1 the nitrogen content 
was minimum for the 0 potassium treatment* The differences 
observed in the level of nitrogen in straw due to variety 
and treatment were statistically significant*

<fc> H m & ffl,m
(1) Grain

The amount of PgOg in grain varied from 0*68 to 
0.77 per cent In Tainan 3 and from 0*71 to 0*80 per cent 
in Taichung Native 1* In both varieties the maximum assimi­
lation of this element occurred when no potassium was applied* 
The variation in the phosphorus content of grain due to 
variety and treatment was narrow and the data were not stati­
stically significant*
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Sho PgOg content ©£ s t r a t i  ranged from 0«2S to 0*89 
per cent is  Tainan 3 and from 0*28 to  0 * 3 0  p e r  cent in T&i- 
chung llative 1* Potassium application at 30 fcg KgO/tia recor­
ded the ^laximura uptake of this elements The le v o l  of phos­
phorus la stra^ was significantly Influenced Both by variety 
and level of potassium*

( c )  Efttaaalum

(1 )  Q iaiq

The c o n te n t o f  p otassiu m  i n  g ra in  was h ig h e r th an  

t h a t  o f  n itro g e n  and phosphorus, The l e v e l  ©f Kg® v a r ie d  

from 1 .7 3  to  1 *9 6  p e r  c e n t l a  Tainan 3  and from 1 *0 9  to  X*48 

p e r  c o s t  In  Taichung N ative 1* In  both  v a r i e t i e s  th e re  m s  

p ro g re s s iv e  lucre© s©  i s  th e  uptake o f  t h i s  n u tr ie n t  w ith  

in c re a s in g  levels o f  p otassium  a p p lic a tio n *  The d a ta  In d i­

ca te d  t h a t  v a r i e t y ,  a s  w e ll a s  vr@htmmtf had s i g n if i c a n t  

e f f e c t  on th e  amount o f  p otassiu m  In g r a in ,

(11) tltm M

P otassiu m  was found so accu m u late  in  sv fa v  in  su ch  

g r e a te r  amounts th an  n itro g e n  and phosphorus. The l e v e l  o f  

KgQ ranged from 2 .2 9  to  2 * 9 7  p e r s e a t  in  ftaisan  3  and from  

2 * 1 4  to  2 *9 9  p e r  s e n t l a  Taichung ifativ©  1* The a s s im ila t io n  

o f  t h i s  n u tr ie n t  by s traw  fo llow ed  th e  same p a t te r n  a s  l a

(II) bferaw
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DISCUSSION

According to Pawar (i960) most of th©
experiments conducted at various research stations in 
lae&a have given very little or no response t6 potash* 
hut Baheia fit (1968) have reported that simple trials 
carried out in recent years in cultivators* fields shoved 
without doubt that the application of potash was imperative 
to get maximum benefit from optimum doses of nitrogen and 
phosphate in several States in India including Kerala*
Large areas in Kerala which grow rice are deficient in 
potash cue mainly to the heavy rainfall in the State. The 
problem of potash manuring of rice has assumed considerable 
importance in the context of the serious deficit in food 
production in Kerala* Precise data on the influence of 
potash on the growth and yield characters of rice, espe­
cially high fertility strains, ia therefor© urgently needed. 
The work reported her© was an attempt to meet this need 
to some extent and relates to the performance of two strains 
of rieo recently introduced into Kerala, vis*, Tainan 3 
and Taichung Native 1, which are reputed to give heavy 
yields of more than 4000 kg per hectare. The results of 
this stuay are discussed hereunder*



Plants of Taichung Native 1 which is a evarf 
variety m m  superior in height to pleats of Tainan 3 in th© 
early stages of growth* But from the critical tillering 
stage until maturity Tainan 3 plants grew faster and attained 
greater height* Bamiah (1953) has pointed out that plant 
height in rice is a varietal character governed by genes 
and this accounts for the observed differences between the 
two strains*

The results also indicated that in both the vari­
eties studied potash had little influence on plant height*
The application of this nutrient even at the highest level 
of 3S0 kg KgO/ha had no significant effect on this character* 
This is not surprising as vegetative growth is promoted only 
by nitrogen and in the present study all the treatments 
induced a uniform level of this nutrient*

Taichung Native 1 showed much higher tiller count 
than Tainan 3 at all stages during the growth period. Vari­
ation in tiller number according to Bamlah (1963) is cue 
to difference in the genetic make up of individual strains*

In both the varieties potash at all levels had 
no significant effect on tiller number. This may be attri­
buted to the fact that the production of tillers in cereals
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Is a fraction of nitrogen and to a leaser extent ©f phos­
phorns i heraas potash has hardy anything to m  dfeh it*

Yielu eharaetera

The alfferonce in grain yield between the two 
strains sfended was not statistically significant* The 
noan values of 2730 kg/ha Tainan 3 and 2880 kg/ha for 
falchnnK Native 1 clearly showed that there ms little to 
choose between those varieties fro® the point of yield*

it is also evident fro® tho data that the appli­
cation of potash ©von at high levels had no significant 
effect on the yldo of grate* Vaicyanatfean (1933) and 
Paw<.r ot &1* (1960) sac© the 3as© ©fô ervotlon In reviewing 
the redts of ©xpesImoats carded out in India to otucy the 
response of paficy to potash* Potash applied at 80 kg KgO/ 
ha ana IS) kg KgO/ha t© Tainan 3 gave identical ylolas which 
were only slightly higher than the control# In Taichung 
flative 1 there was a urmrar© trend in grate yiola with 
increasing- supply of this nutrient* Pause ,gi a l » (1945), 

Tseng and Wang (1958) and hubay and Bas (1961) have also 
recorded depression in yield in cereals with higher levels 
of potash application# la tho present study the response 
of both tho strains to potash was erratic one nerlto Further 
investigation# Crop response to potash, as with other
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major nutrients* is best determined by field experiments#

As regards straw yield* Tainan 3 proved signi­
ficantly superior to Taichung Native 1# This 1s to be ex­
pected as the latter is a short sfcatured and loss succulent 
variety than the former*

There was a linear increase in straw yield in 
both the strains with increasing doses of potash# This 
finciag is in agreement with the results obtained by 
Sugawara (1952) and Singh (3953)*

Root weight was significantly Influenced by 
variety and Taichung Native 1 prooucea more roots than 
Tainan 3 for equal doses of potash. This appears to be due 
to the higher tiller count in the former variety as Ramiah'i
(3953) found a close-correlation in rice between the number 
of tillers and the number of roots per plant#

The effect of potash on root weight was striking# 
It was foyna that the throe graded doses of potash (viz#*
40 kg, SO kg and 120 kg EgO/ha) gave increasing weight of 
roots whereas the value recorded for 0 kg level was the 
maximum#

There was little difference in panicle length 
between the two variables* It was also noted that potash
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at all levels had no marked effect on this plant character. 
Miamed Eavappa and Banu&antha Bao (1966) obtained Increased 
length of panicle when potassium was applied In conjunction 
with lime*

Tainan 3 being a ‘panicle weight type* recorded 
h ig h e r panicle w eight than Taichung Hativ© 1 which is a 
•panicle number type*. This confirms the observation made 
earlier by Tanaka <1964) at l.B.B.l#, Manila*

There was marked difference in 1000 grain weight 
between the two strains* Tainan 3 gave a higher mean value 
as It is a ‘panicle weight type* variety# In respect of 
this character, both the strains showed significant posi­
tive response to potash applied at vax'lous levels# This is 
to be expected as potassium plays an important role in 
grain formation and gives plump heavy kernels. Cuthbertson 
(1960) obtained similar results in water culture stuaies 
on the nutrition of paddy#

Tainan 3 recorded considerably higher percentage 
of chaff than Taichung lativ© 1 for equivalent doses of 
potash# The influence of potash on chaff percentage was 
very marked# In both varieties there was a linear increase 
in the percentage of chaff with increasing doses of potash. 
This is contrary to the widely held belief that potash 
tends to reduce the amount of chaff in cereals# The
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observation made la the present stuay is therefore noteworthy* 
This anomaly is difficult to explain satisfactorily and can 
only bo attributed to a possible Imbalance between potassium 
and other major nutrients*

*J2££iĝ L..up,i$lift j

The percentage composition of the crop grown for 
the present study was determined with a view to assessing the 
WPK requirements of the two strains* The data showed that 
grain of Taichung Native 1 was richer in nitrogen but poorer 
in potash than Tainan 3* There was but little difference 
between the varieties in phosphorus content* As regards 
the composition of straw, Taichung Native 1 recorded higher 
values than Tainan 3 for both nitrogen and potash but a 
lower concent of phosphorus*

A careful scrutiny of the results revealed that 
the total mean uptake of nitrogen by Tainan 3 during its 
entire period of growth was 37*7 kg/ha as compared to 43*4 
kg/ha by Taichung Native 1* The absorption of phosphorus 
by the two strains was almost equal, the mean values for 
Tainan 3 and Taichung Native 1 being 39*0 kg/ha and 29*6 
kg/ha respectively* As compared to nitrogen and phosphorus, 
the total uptake of potash by the crop was very high*
Tainan 3 assinilatcd 121*5 kg KgO/ha ana Taichung Native 1, 
114,2 kg KgO/ha* There is apparently not much difference
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in th e  potash requirements o f  th e se  two s t r a i n s ,  tt is 
evident th a t  h ath  Tainan 3 and Taichung n a tiv e  i are capable 
o f  removing la r g e  amounts of t h i s  nutrient, th e  greater 
p a r t  o f  i t  accumulating in  th e  s tra w , This high uptake 
o f  p otash  by th e  crop  was, however, n ot manifested in 
h ig h er g ra in  ylelu in  th e  present stu d y , this is presuma­

bly t o  to  imbalance o f  m ajor nutrients brought about by 
luxury consumption o f  p o ta sh , B eeeat experiments carried 
out a t  Coimbatore on Tainan 3  and Taichung iatlwe X showed 
that balanced application of 1* F and J£ gave maximum res­
ponse as :ln other v a r i e t i e s  of r ic e #

The uptake o f  th e  m ajor nutrients was influenced 
considerably by th e l e v e l  o f  a p p lied  p o ta sh . The assimila­
tion of nitrogen and phosphorus in general was maximum for 
potash treatment at 80 kg K^O/ha, Absorption of potash 
generally increased with increasing doses of this nutrient# 
However| f o r  optimum uptake of a l l  tho th re e  major n u tr i­

e n ts  th e  a p p lic a tio n  o f  p otash  a t  SO kg :<20/ha appeal’s  to  

be most fa v o u ra b le , Higher doses may paove uneconomic and
wasteful.

Potash de: leieacy.jHamfcana

Potash deficiency symptoms In cereals ar© less 
in many other crops and are often unnoticed.striking

The most cobbboki symptoms of deficiency of this nutrient
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la rice are ^coppering* and “scorching® described by Sircar 
and Patta (19®7) sad  Takahashi (2S 61) and th e  appearance o f  

dark brown s p o ts  ©a the leaves rsportoa by 1*E*R*I** M anila 

(1 9 S 4 )*  These symptoms, howeverf a r e  sometimes masked* 
logn eM  ana Sugauara <1932) re p o rte d  th e  non-appearance o f  

brown spots unacr potassium deficient eonoitlons and attri­
buted it to the lack of iron and others elements in th® soil*

lone of the plants grown in connection with the 
present study exhibited any of the typical potash deficiency 
symptoms. It is strange that m m  th© plants that vJLd not 
receive any potash at all were quite normal* It is possible 
that in this case the trace of potash present in the growth 
medium (sand) ms  adequate to meet th© minimum requirements 
of the crop for this nutrient*

The results of this investigation on the response 
of Tainan 3 and Taichung ffafclve 1 to graded doses of potash 
point to the mad io i further work to re**exanim© some of the 
important observations mad© in th© present study* The find­
ings that merit special attention are the following?

MoiX-ue,
(1) The negatiw response of Taichung^ to incre­

mental coses of potash# and
(11) Th© significant linear increase in chaff per­

centage vith increased levels of potash application in both 
th© varieties*
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APPENDIX 2

A nalysis of variance for height on the 15th 4&y

Source ss DP Variance F ratio

Pofcal 374.32 23 — • .

Beplication 34.02 2 12.01 2.04

Treatment 267.76 7 38.25 6.49**
V 230.02 1 230.02 39.06**
& 27.42 3 9.14 1.55
VK 10.32 3 3.44 0.68

Frr or 62.53 14 5.89 —

** Significant at level



A?m m % 2

i& alysis of variance for h el$at on the 30th day

Soarce SB DF Variance F Ratio

'fatal 132.87 23 ..

Replication 1.51 2 0.756 0.182

freatjpsnt 73.18 7 10.454 2.52

V 24. SO 1 24.200 8.82*

K. 29.23 2 9.743 2.34

m. 19.76 2 6.583 1.68

Error 58.18 14 4.165 «•

* Significant at 5$ level



Analyst© of variance for height on the 45th day 

Source SS DF Variance F ratio

APPEHDIX 3

Total 636*62 23 — —

Bepllcation 0.72 2 0.36 1

Treatment 54.99 7 7.86 1

V 46.46 1 46,46 1.12

& 6.30 3 2.10 1

VS, 2,23 3 0.74 1

Error 580.91 14 41.49



APPENDIX 4

Analysis of variance for height on the 60th day

Source ss DF Variance F ratio

Total 1185.98 23 — —

Replication 10.18 3 5.06 1.45

Treatment 1126.86 7 160.98 45.99**

V 1088.10 1 1088.10 310.89**

K 27.42 3 9.14 2.61

m 11.03 3 3.78 1.08

Error 49.01 14 3.50 l

** Significant at 1% level



APPENDIX 5

Analysis of variance for height at harvest

Source ss DF Variance F ratio

Total 1674.46 23 ...

replication 4.44 2 2.22 1

Treatment 1613.51 7 230.50 57.19**

V 1534.38 1 1584.38 393.16**

£ 13.03 3 4.34 1.08

m 16.10 3 5.36 1.33

Error 56.51 14 4.03 ..

** Significant at 1% level



APPBWDXX 6

Analysis of variance for tiller counts on the 15th day

Source ss W Variance P ratio

fetal 83*60 23

implication 2,38 2 1.160 0.272

freatmenc< 69,09 7 23.030 5.396**

V 66,83 1 66.830 15.518**

K, 1.37 3 0.456 0.107

VS 1.49 3 0.496 0.116

Error 59.75 14 4.268 —

** Significant at 1$ level



APPENDIX 7

Analysis of variance for t i l le r  counts on the 80th day

Source ss DF Variance F ratio

Total 334.06 23 — ..

Replication 3.03 2 1.515 0.99

Treatment 309.62 7 44.221 **28.91

V 297.51 1 207.51 194.45**

K 5.63 3 1.88 1.23

m 6.48 3 2.16 1.41

Error 21.41 14 1.53

** Significant at 1% level



APPENDIX 8

Analysis of variance for t i l le r  counts on the 45th day

Source SS DF Variance F ratio

Total 146.47 23 . . —

Beplication 0.11 2 0.55 0.31

Treatment 120.79 7 17.25 9.85**

V 119*86 1 119.26 68.14**

X l.Sfc 3 0.41 0.23

VK o.?o 3 0.10 0.57

Error 24.67 14 1.76 —

** Significant at 1* level



APPENDIX 9

Analysis of variance for t i l le r  counts on the 60th day

Source SB DF Variance F ratio

Total 234,00 23 ...

Replication 10.56 2 6.28 1

Treatment 129.64 7 18.62 2.76*

V 71.76 1 71,76 10.71**

K 24.98 3 8.32 1.24

?K 32.90 3 10.96 1.64

Error 93.80 14 6.70 —

* Significant at 5$ level
* »» » 1% level



APPENDIX 10

Analysis o f variance fo r  oroductive t i l l e r  counts

Source ss DF Variance F ratio

Total 96.86 23 .. ~
Reo11cation 0.12 / 2 0.06 1

Treatment 85.46 7 12.21 is^e*0

¥ 83.63 1 83.68 104*64**
K 0.10 n 0.33 1

VK 1.76 8 0.68 1

Error 11*26 14 0*80 «...

** Significant at 1# level



APPENDIX 11

Analysis of variance for grain weight

Fource 8S W Variance F ratio

Total 32656.33 23 . .

Replication 7651.08 2 3775.54 2.87

Treatment 6674.00 7 953.43 0.72

V 1261.48 1 1261.43 0.958

K 2168.83 3 722.77 0.549

m 3244.24 3 1081.41 0.821

Error 18430.25 14 1316.45



APPENDIX 12

Analysis of variance for straw weight

6'ource SS DP Parlance P ratio

Total 60715.62 23 ~

Explication 6043.75 2 3021.87 7.01**

Treatment 48632.29 ? 6947.47 16.10**

¥ 25026.04 1 25026.04 58.01**

li 20911.45 3 6970.48 16.16**

VK 2894.80 3 898.26 2.08

Error 6039.58 14 431.39

** Significant at 1$ level



APPENDIX IS

Analysis of variance for root wight

Source ss DP Variance F ratio

Total 21238,6 23 ..

Replication 2817.7 2 1408.86
**6.61

Treatment 14839,8 7 2119.97 8.29**

V 2166,0 1 2166,0 8,47*

& 12683.5 S 4194.6 16.39**

VK ©0.3 8 aoa 0,12

Error 3681,0 14 266.8 —

* Significant at 8$ level
**  S ig n ifica n t a t  i t  le v e l



APPENDIX 14

Analysis of variance for percentage of chaff

Source SS 9F Variance P ratio

Total 379.74 23

Replication 17.27 2 8.635 7.779s

Treatment 360.91 7 51.658 46.448s

? 68.84 1 68.340 61*567

& 286.70 3 95.567 86.096

VK 5.86 3 1.963 1.759

Error 1.56 14 0.111 ....

* *  Significant at if level



A»PENDIX 16

Analysis of variance for length of panicle

Source BP Variance F ratio

Total 49.42 20 — —

implication 41.64 2 20.7? 56.12**

Treatment 2.66 7 0.38 1.03

V 1.30 1 1.30 3.70

K 0,46 S 0.15 0.41

VK 0.90 3 0.30 0.81

Error 6.22 14 0.57 --

** Sipnifleant as 1$ level



APPENDIX 26

Analysis o f variance fo r weight o f panicle

Source ss m Variance P ratio

Total 2.48 22 — —

Replication 0,17 2 0*005 0.38

Treatment 2.00 ? 0.286 1.29

¥ 1,43 1 1.430 6,47*

K 0.20 3 0.067 1

Vk 0.37 3 0.123 1

Error 0.31 14 0,221 2

* Significant at 55© le v e l



APPENDIX 1?

Analysis o f variance fo r 1000 grain weight

Source SS DP Variance F ratio

Total 55.88 23 — —

implication 0.08 8 0.040 —

Treatment 30.53 7 4.361 3.006*

? 4.33 1 4.330 2,986

K " 84.54 3 s.ieo 5.640**

VI 1.66 8 0.55? 1

Error 20.23 14 1.450 —

S ig n ific a n t at 5f  le v e l



APPMD1X 18

Analysis of variance for nitrogen in grain

Source SS OF Variance F ratio

Total 0.3484 28 — . .

Pen11cation 0.0071 2 0.0006 8.6

Treatment 0.3268 7 0.0466 46.7**

V 0.0683 1 0.0688 ‘ 68.3**

£ 0.2488 3 0.0828 82.2**

¥£ 0.0102 3 0.0034 3.4*

Error 0.0146 14 0.0010

0 Significant at Sf level

** Significant at 1$ level



APPENDIX 19

Analysis of variance for PgOg in grain

Source ss DF Variance F rafcie

Total 0.3510 23 « —

Replication 0.0006 2 0.0003 0.013

Treatment 0.0322 7 0.0046 0.810

V 0.0032 1 0.0032 0.140

K 0.0222 3 0.0074 0.320

V£ 0.0068 3 0.0023 0.100

Error 0.3182 14 0.0227



APPENDIX 20

dialysis of variance for KgO in grain

Source SB OF Variance F ratio

Total 2.253S 23 ... . .

Replication 0.0066 2 0,0083 1.74

Treatment 2.2201 7 0.8172 166.96**

V 1.B848 1 1.8848 ©92.00**

K 0.8246 3 0.1082 66.96**

IK 0.0108 8 0.0036 1,89

Error 0,0271 14 0.0019 —

** fignifleant at 1$ level



APPENDIX 21

Analysis of variance for nitrogen in straw

Scarce SB DP Parlance P rati©

fetal 0.7372 83 —

Replication 0.0026 2 0.0012 13.00**

Treatment 0.7327 7 0.104? 1047,00**

? 0*0449 1 0.0449 449.00**

K
S'

0.6151 3 0.2050 %cm .of*
m 0.0727 3 0.0242 242.00**

Error 0.0019 It 0.0001 —

** Significant at level



APPEHBIX 22

Analysis of variance for P2O5 in straw

Source SS DP Variance F ratio

Total 0.0651 23 — —

Replication 0.0009 2 0.0004 10.0

Treatment 0.0637 7 0.0091 227.S**

V 0.0171 1 0.0171 427.5**

K 0.0409 3 0.0136 340.0**

VK 0.0067 3 0.0019 47.5**

£rror 0.0005 14 0.00004
4

** Significant at if level



APPENDIX 23

Analysis of variance for Kgo In straw

Source ss DF Variance F ratio

Total 2.1113 23 — —

Hep 11 cat ion 0.0078 2 0.0039 18.5**

Treatment 2.1009 7 0.3001 1600.6**

V 0.0113 1 0.0113 66.6**

K 1.9502 3 0.6601 3250.5**

VK 0.1394 3 0.0465 232.5**

Error 0.0026 14 0,0002 —

** Significant at if level


