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INTRODUCTION



INPRODUCRION

Rice ia the ataple food of the teauning millions

of South Zast Ania whomse nuwibers are inereasing at an alarming
rate. It, thus being the basis of nutrition for a large
seation of the human race, bears a large influsnce on their
1ife and economic condition. Inapite of o large acreage

under rice in India, grain production falls below oux estimated
requireasnts. Thus the problem of stepping up rice production
in every conceivable way 1s one of supreme iuportance to our

country.

Considerable emphasis has been given to the stepping
up of rice production in our agricultural programues. Now,
fertilizer reaponsive, high-yielding varieties of rice have
boen introduced and apérooiablo yield increases have been
obtained. But the cultivation of puch varietiecs with the
application of only the major fartiliser clcuents had led to
nutritional iubalaﬂgea in the g0il resulting in nicronuatrient
detioienoien. During the 1960'c visible syaptous of deficiency
of one or the other micronutrients bezan to be uanifested in
field orops in many of our States and aince the last decade,
micronutrient impuis to field oxrops are beocuming
necessary to maintain crop yiclds at oatiafactory lévela.



2inc was first definitely shown %o bes one of the
esgential micronutrienty for plant growth by Sommer and
Lipman (1926). Experience accumlated dufing the pest fow
years indica%e that of the various wileronutrients essential
for plant growth, the deficiency of zine is uore wide-spread
- in rice, The work done in India celearly reveals that the
application of zinc to rice has gained considerable attention
after it was shown that the 'Khaira' disease of paddy is due
to the deficiency of zinc (Nene, 1965).

Zine plays an iwmportant fole in orop production,
It performa many important physiological funcitions in plants.
It is now recogﬁiaed to be an essential component of several
plant engynes = carbonie anhydr;ae. ribonuclease and
peroxidase, dehydrogenase and proteinases., It catalyaes the
procass of oxidation in plant cells and is vital for the
tranaformation of oarbohydrates. It also regulatea the
consumption of sugars, inereases the source of energy for
tho ﬁraduotioh of chlorophyll, aids in the formation of

auxines and promotss the absorption of water.

Kene and Sharma (1969) have desoribed ‘the deficiency
ayuptom of ginec in paddy and suggested wethods of sino appli-
oation. It is possible that certain kinds of yellowing
notioed in rice in Xerala noils may be due to the deficienoy



Rige plants growing under conditions of ginc

of zince.
soverely stunted ond the leaf size is conpider-

deficienoy are
ably reduced. The older leaves ghow a rusty brown, dis=

coloration which in preceeded by chlorosis of the leaves.
Phie dipeoloration is seen in naxrrow patches on the leaves
‘and actually results from the coalescence of uinute neorotic

spots. Such leaves finally dxy out and die.

Pertility investigations carried out in Kerala in
regent years (Prascedon, 1970; Varghese, 1971; Valsaji, 1972)
have snown tha@ in usny Keralg solls the 1@#&13 of gine uay
be margingl. In such soils the indiscrimipa%e ugse of N2K
fertilizers wmay result 'in acute zine deficiency. Am a matter
of fact, zine deficlency has been noted in asome regiong of zhe
State and the application of gine has regulted in the recovery

of the crops involvad,

Hore than ninety per cent of solls of ieralm are
aclidie ;n reaction, Henee liaing has becons an indigpensablise
- and widewgpread practice iq the aeld riee seils of the State.
But the application of lime, if it results in spprecisble
increase in the pH, day induce wicronuirient defieiencieg
especially that of zine. Hgnca thls stidy was undertaken with
a view to finding out how far the applisation of ming in coubie
nation with lime will affect in the plmt growsy and yiéld

characieriatics of rige.



" 0of zinc. Rice plants growing under conditions of ginc
daficiency are severely atunted and the leaf size is conalder~
ably reduced, The older leaves show a rusty brown, dise
coloration which is preceeded by chlorosis of the leaves.

This digcoloration is seen in narrow patches on the leaves

and actually reéulta from the coalescence of wminute neaerotic
apots. Sugh leaves finally dry out and dies

. Fertility inveatigations carried out in Kerala in
regent years (Prascodom, 1970; Varghoae, 1971; Valsaji, 1972)
have shown thet in wany Kerala soils %he 1eiels of zinc may
be warginal. In such soils the indiseriminate use of NoX
fortilizers may result in asute zino deficiency. As a mattor
of fact, zine deficienoy ham heen noted in some regions of the
State and the application of zine haas resulted in the recovexry

of the orops involvad,

Tore than ninety per cent of soils of Kerala are |
acidic in reaction. Hence liming has become an indigpensable
. and widé-apread practice in the acid rice aclls of'the Statao.
But the application of lime, if it results in appreciable
increase in the pH, may induce mioromutrient deficiencies
especially that of zinc. Hence this study was undertaken with
a view %0 finding out how far the application of sino in' coubi-
nation with lime will affect in the plant growth and yield

characteristics of rice.



REVIEW OF LITERATURE



REVIZW OF LITERATURE

The role of zine in the nutrition of plants has
been well recognlsed in recent years. laze (1919) fu;ninhcd
the firat convincing evidence of the egsentiality of zine for
higher plants. However, lts essential nature was not generally
accepted until Sommer and Lipman (1926) and Sommer (1928)
showed that zZinc is indispensable for plant growth., It is,
therefore, nccossary that the soil contain a pignificant
level of ginc for the proper growth dr planta. |

Distribution of zine in the goil

he zine content of soils varies widely from place
$0 place. Halr and Mehta {1953) found that the total zine
content of Gujarat soils varied from 2 to 95 ppr and the

aveilable gine content from 0.5 0 6.1 PP,

Aecording to Lal et al (1960) the total zine ocontent
in the alluvigl, black and laterite soils of India are in
the range of 34 to 60 ppm, 69 'to 76 ppu and 24 ze 30 ppa

reapectively,.

Band&opadnya and Adhikafi (1968) have reported that
the total zing content of the rice soils of West Bengnl varied
between 30,8 ppm and 76.8 ppm. They have algo reported that
the exchangeable zine ranged from 0.51 t0 6.2 ppm in these souils.



Gupta and Singh (1972) found that the total zine
content of the surface goils of Indore district ranged fron
40 to 131 ppa.

In Tamil Nadu, Balasundaran gt al {1970) noted that
their soils contain on an average 8.2 ppm of total zine.

Agcording to Pramsesdom (1970) fﬁe total zino
eontent of the typical moils of Kerala vary from 3.5 to 100
ppm. In the alluvial soils of {erals the total zinc content
varied from 50.0 to 92.5 ppm with an average of 40.4 ppu.
Valsaji (1962) noted that the total zinc content varied from
12,6 to 106 ppm in the surface sauples of Annravila series
and from 25.4 40 119.2 ppm in the Marukil seriea of Trivandrum
district, In the ﬁaat goils of Xerala, Gopinath (1973) noted
that total zine varied £rom 12.5 o 41.6 ppa in the murfacs
layers and from 10,8 to 42.5 ppa in fhe gub-gurface layors.

Available sinc is usurlly deteruined by the Ammoniuan
acetate~=Dithizone extraction method as sugzested by Shaw and
Jean (1952). Frasad ard Sinha (1969) noted that the dithizone
extracteble zine ranged from 0.5 to 6.7 ppm withlén average of -
2.2 ppm in the slluvial moils of Bihar.

Tripathl gt al (1965) reported that the available
zine eontent ranged froz 0,9 %o 8.8 ppm (5 to 15 per osnt of
total zinc) in the soils of Uttar Pradeshe



Grewal gt al (1969) obtained an availablce zine
content of 0.24 to 1 ppu in some soilps of Punjab by exiracting
the avallable zine with neutral Horwal Aumnonium acectaie

golution plus Q.01% Jithizone in Carbon tetrachloride.

Agarwala et al (1970) reported that the avallable
zine content ranged from 0.02 %o 1.82 ppm in the eastern
regiong of ULtar Pradosh.

Presgeedon (1971) has reported that the availablo
zinc content of the different poils of Kerala varies £from
0,25 to B8 ppm. In the alluvial soila of this state Varghese
(1971) noted that the available mine content varied from 1.2
$0 645 ppm. Valsaji (1972) obmerved that the avallable zinc
content varied from 1.2 to 4.8 ppa in thoe Auaravila serles
and from 1.2 ©o 5.5 ppa in the Marultll series of Trivandrup
distriet. In a study of the keri soils of Kerala, Gopinath
(1973) noted that the available zine content varied fronm
0.8 to 1.6 ppm with an average of 1.4 ppa in the surfaee
layers and from 0.7 to 1.8 ppm with an average of 1.4 ppo

in the sub=purface layers.

5011 reaction and zine availlabillty

'*horne (1957) found that zine deficiencies ocecurred
Zenerally in the range of pH 6.0 to 8,0 under conditions of
minioum zZing avallability.



Rair and Meohta (1959), however, obperved a signi-
ficant 9031tivé correlation between the pH and the 0.1 N HOl

goluble zine content of Gujarat 80ilg.

Chatterjoe and Dass (1964) reported that there was
more Aumoniwan acetate extractable zine in golla of pH below

6,0 and that 1ts oontent deoraaaéd as the pH rose above 7.0.

Bandyopadhya and Adhikari (1968) obtained a signi=
ficant negative corrslation between pH and extractable zinu
in the rice soils of West Bengal. |

Eswarappa st al (1969) reported a signizioant
positive corralation between pH and the aVailable zine

content in {ropieal aoila.

Tisdale and Nelson (1370) have indicated that tha
- greateat uptake of zino. both native and;uppliga. ocaura at
the lowest pH values. Asm a general rule, umost pH induced
zine deficlencies ocour within the range of pi 6.0 to‘a.d.

' Phosphate fertiligation and gzing availability

Weat (1938) reported that zine deficiency symptous
of eitrus ocourred on superphoaphato %reated plote in
Australia, espparently being indueced by the phoaphate iona

Boawn et al (1954) found that the application of
phosphate fertiligers for rice had no effect on the uptake of



gine from either applied or native zine present in the soll.
Barlemon and Page (1967) found that when phogphate was added
firét, zine increased total P in the lower and upper roots
and deereased total phoasphate in the topas; when zine was

applied first, phosphate increased total zine in the tops.

Garv ot al (1968) suggested that in soyabean high
phosphate levels decrceased ginc concentrations in leaves wost,

and in roots leant,.

Brown et al {1971) reported that phosphorus increased
gine deficiency in umaize.

Rajagopel and Mehta (1971) found thad phOEPﬂ&tG
application reduced the concentration of zine by 34.3 per cent
but it had no effect on the totgl upialke of zinc by plants.
They also reported that there wus a beneficial effect on the
uptake of wmoss of the elementé with %he coubined application

of zine and phosphate,

?ram an experiument to gtudy the response of maige
to different levels of phogphorus and gine, different methode
of zine application and their effect on the contents, and the
uptake and inter-relationships of thcse nutrients, Zatel and
Yiehta (1975) obaerved that zinc application increased the
zine content and itas uptake by the erop while it depreased
the uptalke of phosphorus. Inerzase in the rate of P application

decreased the zine concentration in planta.



Boswn and Rusmussen (1572) reported that zinc was
not direotly toxie to plents but that it upset P uetabolisn
resulting in the stunting pyuptoms of 2 deficisnoy.

Organic matter and sinc availability

Himes and Barber (1957) reported that organic
matter reacted with divalent metallic ionas in a manner similar

to chelation.

Rair and Mehta (1953) obaervad a significant ooxrree

lation between organio mattor and acid soluble zino.

De Remer and Smith (1964) have reported that
decomposing plant residucs may immobilize zinc in en unaveile

able form,

fandhawa and Broadbent (1965) have suzgested a
dofinite indication of the binding of the monovalent fora of
zino on the véz} aocidic exchange aifes on huwoie acid, weakly
acidic sites retaining zino in the divalent foru,

Sharma and lotiramani (1969) obtained a poaitive

correlation for zine with organic carbon in soils.

Tripathl ot El (1969) obtained a non=-mignificant
relationsnip betwesn organic Ratter and aveilable zine in
Uttar Pradesh soils., 3alakrishnan (1970) and Prascedomn (1970)
also observed a non-gignificant pogitive correlations between:

'o:gan;o mattor and available zine in Kerala soils.
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Deb and Sharma (1973) reported %hat orgenic matter
aontent showed significant positive relationship with availe
able zinc as determined by three extractants in pearl-nillet
maize soils, whereas suoh relationship was found non-eigﬁi-

fioant in riece soila.

Retention of zinc in soils

Zine is adgorbed in amall amounts on the oolloidinm
in most solls. Zlgabaly and Jenny (1943) investigated the
adsorption and fixation of zinc on wontmorillonize clays.

Piwari and iisra (1964) suggested that the retentioh
of gino tended to inecrease with the depth of soil and avout |
half of the adsorbed sinc remained in the fixed forw which
could not be deasorbed by 0,1 N HC1.

Agcording to Basu gt al (1964) the adsorption of
m**t, cu™ and Zn** for U* of hunle neid takes place in the

order Zn > n > Cu.

Wigra and Tiwari (1966) found that sine retention
in goil is affecceted by eacos. soluble carbonates and the pHd
of the soil,

Sharpless at sl (1963) reported that approxiwatoly
75 per cent of the zine added was accounted for in the
exchangeable form within tho first winute, ‘They alao reported
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that the rate of conversion from exchangeamble 0 acid

extractable form varled widely among soila.

2inc and plant growth

Ag regards the requirenent of riee for zine
Pokuoke and Gyo {1939) reported that adding 1 ppm in culjure
solution increascd the yleld of rice while 5 ppm produced
toxle effect. o

Kerunakar (1952) obgerved an increase of 20 o 28
per cernt in rice yiecld conscquent on the spraying of zinec

falts.

Ial and Subharao (1953) discussed the role of zine
in crop production and reported that mine deficliency syuwpnoms
appeared in rice when zine concentration in the solution was

less than 0.2 ppm and growth was optinue at 0.5 DPPl.

Nair and Mehta (1958) analysed the maturse loaves of
'different plani specles and reported that the average eing
gontent was 36.6 ppm in fruit erops, 36.0 ppu in cash erops
and 18.5 ppu in grasses.

According to Naik and Asana (1961) zine deficiency
regulted in reduced rate of protein gynthesis snd inereased

accuarlation of non-protein interuedlates on cotton plants.
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Inhizuka and Tanaita (1962) rceported that the
deficient and exceas eritical levels of zine in the shoots
of rice was 15 ppa and 600 ppu reapectively where the yield

of rice was meintained constant.

. DBao (1962) noted that the major portion of zine
required by rice was at the milk stage.

Harayan and Vasudevan (1962) found that 2n us =
spray in razi and maize increazed the nuaber of grains per
enr hesd which was due to the inoreass in the number of

fertile apikeleta per oar,

By cohdunting replicated field triala .for gtudying
responges to soil application of gine in acid tem soils for
three years, {anwar and Joshi (1964) found a siznificant

reaponge o this element.

Fagerajan and Vadivelu (1964) observed that soil
application of Zn304.7H20 distinetly 1mpr6ved grain yield
under field conditions in rice.

Singh and Jain (1964 ) reported that for iice. goil
application of 2.5% kg/ha of gine inereased tillering and the
production of dry weight, and that when applied as spray at
higher levels appreciable increases in grain yield were
obtained,
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Niranjen end Srivastava (1965) reported that the
application of zins led %o an increase in the amount of %otal
leaf ohlorophyll.

?i;lai (1965) asudled the reaponse of riecse %o the
applicasion of Zn, Cu and fn and found that the effect of “n
wag more heneficial than that of ! and Cu.

!

Roy and Jhua {1967) reported good response to paddy
by the application of zine sulphate (upto 10 1b/acre) on a
sandy loam. Lower rates signifieantl& innreaaéa the ylelds
and increasing rates {ospecially no sprays) progrespively
depressed the ylelds. ' |

Shuicla and Morria (1967) reportcd that Zns%iﬁﬁé

more efrective than Znd . or chelate for corne.

Reddy (1968) reported that foliar appliecation of
Zny a3 well as Zn and Cu chelates t0 3 weak old rige aegdlings
had pronounced effeets on the distribuation of rhigoaphers .

mierorlora.anq,tho}propartion of certain aoil fungi.

Samboornaraman ‘gt al (1968) reported that soil or
spray application of zine was more effective in inereasing

the hoight, number of. tillers and dry weight of wheat grain.

Mortvedt end Giordano (1969) reportecd that

chelated zine was the wont offective gource of thias eleuent,
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‘ THz ©
and that the efficiency of granular Zn304nwas net atfected

when it was banded with fertilizer zranales.

Singh and Vyas (1970) reported that the yield of
grain gorghum increaszed by 13.9 per cent in the presence of

zineg,

éadhi {1971) suzzested %¥hat the application of Gn,
Mn, Zn end 3 inereased the grain yield of rice crop in certain
regions but not univergally, and that the keaponae depended'
largely on several soil factors such as ifts reaction, texture,

organile matter content, mlorobial activity and availability

of micronutrientas.

Sharma gt al (1972) reported that zine auenducnta
in =oil iumproved growth, prevented the onset of mine defieleney
gymptons and inecreased tissue concentration of mine and dwy

weight and graln yield of wheat.

Gangwar and Menn {1972) suggeated that zine appli-
cation generally inereaased the dry amatter, significantly
under flooding condition and narginally under irrigation %o
£ield capacity.

Bokde {(1973) reported that sine sulphate sprays at
10 1lb/acre increased paddy yields from 10 to 283 per cent

over control at Coiubatore.



Mehta et al (1973) observed positive and signi-
ficant response %0 sine gpplication at either 5 or 10 ppu
levels in wheat.

t

Singh and Tripathi (1974) reported that the

. application of ¥ onhanced the uptake of both indigenous as
well as applied Zn, the effect being more pronounced when
nitrOgen was applied along with 2n. Phoaphorua Iertiliﬁation
depressed Zn uptake, Potasaium application withoutlphosbhordé
depregsed the zino uptake aubatantiallj wﬁilo with phosphoriis
ita application inorsased the uptake by 7;1 0 3.5 per cent.

Symptonms of ziune defiglency

i

Viete ot al (1954) reported that plante suffering
froz zinc deficisnoy showed poor growth and gencrally had

interveinal chlorosis and necrosis of lower leaves.

Lloyd et gl (1957) reported that the typical
gymptoms ox Zn déticianqy in nogt field orops is chlorosis

- of the lower leaves.

Thoiha-(1957) pointed out that lack of zino results
in distinotive plant syaptoms associated with rotardation
of normal plant growth and laolk .of ehlorophyll. '

Raik and Asana (1961) sugzested that typical

caloretic pattern of mine deficient leaves appeared after
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Lifty days in rioe and that the 2Zn content of deficient
leaves after 28 pnd 52 days wag 17 and 12 ppan respectively.

Kariw and Viamis (1962) reported that the deficiency
of zine affected root dsvelopuent, pravented waturation and

failed to produce sced in rice.

Nene and Srivastava (1967) showed that in rice the
‘Khairat disease was caused by zine doficiency and tnat it
could be eapily ideantified in field by the discoloration on

the older leaves.

]

Hene and Sharma (1969) reported that in rice zinc
deficiency°f1rst shows itself as yellowing at the base of
- the leaves wnich is quickly followed by the appearance of
very fine reddish brown specka that join each other and

fora patcheas,

Krighnamoorthy et al (1971) suggestoed that zine
deficieney in rice waag cured by sonil application of ZnSO4

upto 100 kz/ha with responses upto 25 per cent in soume cases.

Shirotori (1974) reported that under paddy field
conditiong traensplanted upland rice seedlings siowed greater

registance to Zn deficicncy.

Wells et al (1974) atudying the effect of zine
and other umicronutrients on rioe growing on alkaline silt

»
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loaa soil showed that only zinc was of value for praventing
seedling chlorosis and inereasing yield. They have also
raported that the use of gine fortilizer for rice growing in
suoh soils, coupled with delayed flooding and timely draining,
largely eliminated seedling chlorosis.

Iiming and plant growth

The goncapt of liming acid solln to induce the
availability of plant nutrients is an accepted procedure.
Application of lime to many soils prodused strilking incroases
in plant growth. |

Albrecht and Smith (1952) indicated that the
principal effect of 1ining acid soil was the supply of
calciud as nutrient for plants.

Florell (1956) ohtained evidence to show that
caloiua favoured the formation of increased protein contont
of mitoghondria. In view of the role of uitochondria 1in
acrobic respiration and henoe malt uptake a dirsot relatione
-ghip batwaen cnloium‘ahd uptake of ions in general was
indicated, | | g

Degochi et al (1953) reportcd that heavy basal
lining improved tillering and decrensed yield.

Gupta (1958) reported that the boneficial effects
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of liming was a mzyxinun.ad enrlier gtages of growth and a

minimum at the flowsring stagae.

Ageording to Gutierres and Gonzalez (1965) liming
resulted in inereased fixation of P and slight increases in

the golublility of potassium and sodium,

Borlan and “ilitescu (1966) suzgested that liming
inoreaged the mobility of nitrogen and phosphorus and

decreased that of potassiwa and boron.

Dgvilliers and Dakerm (1966) noted that the
previous application of lime stimulated the. upinke of
phosphorus by corn except at the firgt harvest when the

detrimental offeet of lime on éinc uptake curtailed growth.

#Mandal et al (1966) guggested that liwing, not only
supplied adequate amounts of Ua to the plants but also
induced larger uptake of Ca and P from the soils end fertie

lizers.

‘Peribhare and Wal (1967) reported that availabdle imn
decreased with increasing amountg of 0a005 and that the

relationship was stastistically significante.

In a greenhouse experiment Srown gt al (1968)
observed that the application of lime depressed the growth

of sugarbeet,
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Borthalkur and Mazumderl(1968) reported that liwming,
generally decreaged the total nitrogen of the soils under
waterlogzged conditions, but inoremsed it under low moisture
level when compared with the corresgponding unlimed treatuents.
Nitrogen upiake by paddy scedlings was significantly correw
lated with the mineral nitrogen content of soila only under

lined waterlogged situations.

Lonerogan et al (1968) have reported that on
laterite gravelly sand the caleiun concentration of the topa
of 21 species of annuals wé; reagonably well correlated with
published figures forqthe Ce.deCe of rootg. “icotyledonous
plants tended to héve high oalecium concentration and Cedel.

values, whereas monocots had low valuesg.

According to Sekiya (1968) prolonged caleilua
deficiency affects adversely the development of tillexr buds.

Saith (1963) reported that the initlal application
of dolomite at the rate of 3 tons/acre reduced the movement

and availability of the nuirient metals in goila.

Kabearathwaae, (1969) reported a notable increage in
the uptake of the major nutricnts by rice with inercasing

doae of liﬁe in Kusttanad soils,

Mahapatra (1969) sugzested that liming reduced all

fractions of native and added inogcgmnic ? except Ca-P fractions.
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ﬁonsequently ﬁhs-extrantabla ? was alao‘rgﬁucea i#-aér;dﬁy
and waterlogged nolls, | ' |

Rana and Sherman (1971) suggested thas alr-drying
alone did not improve the productivity of a hydroil humio
latosol and a forruginous latosol and that liming in some .
forn was esmential for Ca nutrition and piant growth,

Line 1nteraotibng in soils

In an investigation %o astudy the efect of the
;ree line status of goils on the various soil charactoriatics
aund on the uptake of 2, ¥n and Ca by jowar aﬁd paddy, Shor
gt 2l (1970) noted that the prasence of free lime in the
soil 1ncreésed the dry mattor production upto a.oertéin
limit. It had a pignificant effect on The upinke of P and
e in both test eropa. The uptake of caleliun by plant was
obgerved to be directly proportional to the lime content |
of the soil. | |

Glyde and Xemprath (1970) reported that liming
inexreased the growth of corn in a mineral soil when the

gluninium gaturation was greater than 70 per cent.

tiate et al (1971) suggestaed 4$ha% liming increased
ooil pH, decreased hydrolysie aoidiﬁy end inoreased oxchenge~
able calcium and base saturation; but it did not significantly



21

atfect organic uatter, available P and K and insoluble ¥o
and Al compounds.

Morelll at al (1971) reported that liming deorcased
the salt and exchsnzeable and titrable acidity and influenced .
the pHd upto 100 ¢n in depth.

Uaesh gt al (1971) suggested that liming to a
pH of 5.6 and above reduced the availability of Mn and Zn
in the soil. They alao reported that the dry matter yleld
nf forage increased significantly with succcsaive ihcreaaau
in lize upto pH 6.6 and with each inereuent of fertilization.

Solankey et al {(1972) obgerved that the availability

of N, X and Mg inereassd with tho dose of lime added excmpt

at the highest dose (300 and 400 ug Cal0,/100 g of soil).

They found that the amouni of available Me, Mo, Cu and Zn
Qcoreaaed with an inersase in the amount of added 0aCl;. On
an averags the dose of line requirad to mralse the pH of the
8011l 10 642 = 6.3 resulted in the msximum avatilability of
_wacxrconutrients and optiaus avallability of nicronuirients

in the soil.

Hatﬁ st a1l (1972) suggested that Zn.levélu in the
tops and roots of alfalfa, and the Mg content of tops
declined duze to liming, whereaﬁ Ca and o léfala in both
plant parts iucreased. He alzo reported that liuwing brought
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about favourable cffects in plant growth. Thisg was related
$0 changes in goil properties effected by lime application.
Reduction of alwsinium and uanlganese toxleities were the

majbr factors respongible for the increaned yieldsiand the

decreased growth period required to recach the harvest stage.

Asit gt al (1973) obgerved a decrease in awaonium

fixation due to liming,.

Bhubla and Poonia (1973) roported that the
availability of Ca from added 03603 deereased gradually in

all cropa in regponsge to 52,

Hoelyar and Anderamon (1974) reported that addition
of 0a003 caused decrsases in soll selution concentration

of Al, Mn, Na, K, Mg, HO, and H2P04 and inereames in the

3
coneentration of Sﬂg and Ya, The plant growth responacs
i
were explained as effeets of aluminiuwa toxieclty at low pH

and 7 deficiency at higher pH values.

Kriphnagamy and 8aj (1974) reported that the
caleiun content as well as the uptake of ealeium, were
cnhanced by the avplication of lime along with Fertilisers

and organic matter to rics, variety IR 8.

Zine availability and liming

Zine deficicncies are communly obhaorved on calearcous

s0ils mnd the liming of acld soilp has also produced zino



23

deficient plants. Results of geveral studies have shown
that zine is ddaorbsd by the carbonates of caloiun and
magunesiun, It is most sirongly adsorbed -by magnesite
(Mg 003) to an 1ptermediate gograe by dolomite énﬂ least
of all by caleite (Call;).

Jurinskc and Bauer,(1956) reported that 4n waa
adsorbed on the crystel sunfaces of dolounite and aagnesite
" by replacing Mg in the lattice. S

Naix and Menta (1959) indicated that in a numder
of instances the availability of zinc decreased as the lime

content increaaed,

_ Erown and Jurinak (1964) obgerved that Jithizone
extractable zinc in the soil decreased sowmewhats éq a peault
of linming.

Tiwari and Misra (1964) reported that with higher
doses of caco3 the retention of applied zino inaiaased
gradually in all socils due %o the physical adsorption of
ione at the colloidal surfaces and fqrmat;on of goma basic

. 2ing carbonates.

Daler (1967) reported that lims reduced the upiaike
-0of applied zine from the top s0il by aluoat 50 per cent.

In tho sub=~goil lime had a much smaller effect on pH and
did not degrease sine uptake,



~ Navrot gt al (1967) atudied the zinc fixation and
the avallability of nmative and added ging in two caloarsous
golls « a rendzina and a loess. They obgerved that zino

" fixation was Vvery rapid and almost complefe in bBoth soila.

Pauli and Hosser (1968) found that Call,

water extractable zine as well as its trénslocation.

deecreased

¥pom an experiaent conducted in Finlaad, Sauchelli
(1969) found that the adsorption of zirc deorcased as the
Zn conpentration inereased on unlimed soil wherces on heavily

- 1imed soils adsorption inereased to a congtant level,

-

Melton ¢t al (1970) found that liming induced
zine deficiency in pea beans.

Aydenis, (1970) reported that the Zn ovntent of corn
pléntu inoreased<with inereasing rate of Zn and deereased with

increasing rate of 03003 application. .

Meuer gt al (1972) sugzgested that zinc deficiencien
in Zea umaine occurred at soil pil values of 6.3 or greater and
independently. of the rate of ? application. |

Safaya at al (1974) suggeated that sine deficiency
may oecur in calcarcous soil. 2Zinc availability 18 A minizua
when tho soll pH is in the rapge 0 5.5 %0 7.5,



MATERIALS AND METHODS



MATAATALS AND i130H0DS

A pot enlture experiment was depigned to study
the effect of sinc and linme application, alone and in-
combination, on the growth, yield and composition of a high
yiolding variety of rice, Annppurna. The details of the

experiment are given below:

1. The soi

H

The soil umed wag collected from the kayal land
~attached to the ﬁgricnlturél College ¥arm, Yellayani. The
mechaniecal and;ohamical gompogition of the z0il are given
in table (I), " '

Table I

The meohanical and chemical gompoaition of soil
{ On oven dzry bosia)

Coarae mand - - 37.8%
Fine pand - 13.65%
Clay - 340235 -
pH - 4'03
Hoisture - 1.72:%
Loga on ignition - 1.52:6
Total N .- 0.1%:6
Total ?205 - 0. 02:6

Total KZO ~ Oa 56%




Potal Cad - 0.18%
Total 1g0 - 041356

ILime requiraeuent. = 2000 kz/ha
Availmble Zn - . 4«2 ppm

2. Zine
The gine was supplied in the form of zinc sulphate,
. 4nS0; 4,0 (. Moxok). '

Levels of aino Zn,, 2080, TH,0  at O kg/ha
4ty 10 ..
an 20 ..
Zn, ' 40 e

3. Lime

The lime usad was oarbide msh containing 43.0
per cz2at Ca0d digtributed in Kerala under the trade name

'Geolime’,

Levels of lime Iy lize of O kzg/ha

LH 250 ..
Bz - 500 ..
33 1000 ..

Experimental design
A Randomized blogk Design with three replications
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wag uascd for the experinent. Thoe 4different treataent

combinations ware as followa:-

1. 50 zﬁo e Lz Zno
2. Iy Zn, - 10, I, dny
30 Igdmy . 1. Iy 2n,
4. Dy Zng 12, L, 7ng
5. Ly Zn, 13. L, ing -
" Dae LQ 3n1 : 14. 33 En1
Te Dy Zna. 15 Lj any
8, I, Zng : | 16, Dy Zng

5e Sxperimental procedure

. Zarthonwara pots of uniform nige, viz., 107 x 157
were used for the experiuont. Ten kg of the ground,
air-dried soil.was weighed into oasch pot and mixed well
with the lice at the speoifiad rates, Sutzicieﬁt'wazer wag
then added %o cach pot to bring about effeotive wuixing of
the soil with lime and also puddling. '

falf the doge of nitrogen and full doae of 2 2y 5

and K20 were also added o each pot ln thae rorm of urca,

auperphosphate and nuriste of potash reapaotively.



After mixing the soil woll with lime and the Ni{ fertillzers,
sinc aulphatq wag added to each pot at the apecifiad raten ’
in aqueous golution. Twenty day old scedlings of rice,
variecty Annapurna, wore then planted at tho rate of 3 plants
per pot on 26~6+1974.

Controlled irrigation was givan to tho potz at a
unifora rate and optinum moisture levels were maintained‘

throughout the oropping period.

The remaining half of nitrogen was applied.on the
20th day after planting.

The pots were kept free of weads. The planip were
aprayed with endrin twica as a prophylé?io measure againost

ptem Dorsr attack.

A few grams of polil were removed from each potl
on the 20th day and afser harveat for pﬂldeterminazion‘in

the composite samples corresponding to each treatuent.

The orop was harveated on 17-9-1974 (103 daya).

The grain and ptraw from each pot were plrced
in separate papsr baga.and dried in an air oven at 70%0.
The yields of grnin and straw wexre recorded separately.
. The ptraw was ground in an electric grinding wmill. The
- ground straw and the grain were stored in plastic contniners
for chemical analyzig.
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G. Obscrvations

The following obaservations were noted regarding

the growth and yield oharaetexistics.

1. Number of %tillers per plant one uonth after planting

2. Humber of productive %tillers as on the 70th day aftor
+ planting

3¢ ileight of the plant as on the 35th day after planting
4+ Length bf paﬁiale

5. Number of grains/panicle

6, Yield of grain/pot

7. Yield of straw/pot

é. Grain-gtraw ratio and

9¢ Weight of 1000 grains

7. Laboratory studies

Standard analytical procedurss were followed for
the cheumical analysis of the grain and straw.

Hitrogen was estimated by the Micro-ijeldahl
method as given by Jagcltson (1967 ).

For $he eatiuation of 2, X, Ca, Mg and Zn triple
acid digestion ‘as suggested by Piper (1950) waz followed.

Phosphorus was estimated by the Vanadophospho=-
wolybdate method using a Klett Summerson photoelectric .
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‘golorimeter. Potasglum was eatimated usling an E5L flaue

photometoer.

Caloiun ond magnesium were deteriined by the
vergenate titration usthod as deseribed by Jaeksoﬁ‘(196?).

Zinc was deterained eolorimetricelly as
dlthimonates using the method deseribed by Black (1955).

Grain and straw wore analysed for all eongtituents
other than pine in all the replications and the means
caleulated. Zine wan eptimates only in the compoasite

straw sauples.



RESULTS
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REQULTS

The experimental raaulta relating to the influence
of differont levels of zino and lime on the growth, yiold

[
v

and composition of rice are giveh below:

/

Ae. Growth |

The . data relating to.the effect of oine and lime
applioation on the growth charactern such as the number of
tillera. nuznber of productive tiliers and height of the
piant are prosented in table IIL,

1. Huabgr of tillers

It may be nobed from table II that the application
of zine has slightly asupprespsd the number of tillers per
plant. Thus the nuwber of fillera per plant is 14.1 for
gero zino application which has decreased to 13.4 rﬁr an
applieatién of zino gulphate at 10 kg/ha and to 12.8 and
13.2 for applications of 20 and 40 kg/ha respectively. The
effect, hoﬁaver. hrs not been statlstically significant.
Limo, on the othor hand, has helped to incrcase the nnmber‘l
of tillera pexr plant. The application of lime has 1ncrease&
the nuaber of tillers per plant froa 12,5 for no lime treat-

ment to a maximum of 14.2 for an application of lime at



Table II  Influsnce of different levels of zine and lime

~
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on the growth characters of rice, variety -

Annapurna.

Growth charactera

Levels of Laovels of | Kumber of Nugber of ifoigznt of
lime kg/ha zino kg/ha tillers/ productive lant
S plant tillers cu)
0 130 11.6 54.3
10 11.7 11.3 543
40 . 12.7 123 ‘5140
Hean 12.5 11.7 51.6 .
0 1400 12.0 5246
10 "15,5 14.6 '19,6
250 20 t12.7 11,0 /5348
40 11.0 2.3 5340
Mean 13.2 1.7 5242
10 12.7 11.0 527
500 ) 20 12.7 . 1.6 938
40 14.3 11.6 5346
' Mean 13.8 1.9 5249
0 14.7 13.0 49,2
. 19 14.0 | 13.0 53.8 .
1000 20 153 12.0. 551
40 14.7 . 13.0 5540
Mean 14.2 12.8 5343
0 1441 12.5 51e9
10 13.4 12.5 526
All 13?@15 20 12-8 11-6 52-4 ‘
@iE. for coupsrison’ ) o
batween levels of 51!13/ 0.90 HeSe 1.1
ﬁme ab 0.05 13731 ,
Jols for gouparison 1,90 NS T

batween conbinations of
Eine and line a¥ 0.05
level ‘



33

1090 kg/ﬁa. The affeot of lime on the number'or tillors is
algo found to be siznificant at the 5 per cent level.

2. EProductiva tillers

The affeot of gino and lime on the numbsr of
productive tillers per plant has not been statistically
significant. ‘Mowever, the trend was for zinc to decrease
the nunber of productive tillers and for lime %0 increase-it.
Thug for an #ppliaation of zino sulphate at O and 10 kg/ha
%he number of productive tillers was found %o be 12;5 per plant,
which decreased $0 11.6 at the higher rates of apélieationm
of 2zinc sulphate at 20 and 40 kg/ha. As for liue, th; nuabor
of productive tillers per plant has increased from 11.7 for
applications of O and 250 lg/ha to 11.9 for an application
of 500 kg/ha and 12.8 at 1000 kg/ha. ‘

Jo Height of plant

The height of plant han uteaﬁily increased with
inereaged application of zino from 51.9 em for O zinc appli-
. eation %0 53,2 om for zing sulphate at 40 kg/ha'through
5?.6 ca and 52.4 em for appilcations of sine sulphate at
10 and 20 kz/ha respectively. 3ut this effcct also has nog
been_statistieally significant. Lime has gcnerally helped
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-t

%o inorease the height of plants and the effect was found.

to be algnificant statistically. The maximun Height (53.5 cm)
was obtained for a lime treatment of 1000 kg/ha as coumpared

to 51.% om for the no lime treatment. The interaction
batween lime and ging wan also found to be significant.

Be Yield

The results relating to the effect of different
levels of zine and lime on the yiold oharaotera, such an
length of paniele, weight of grain, weight of atraw, grain-
strav ratio, the numbar of grains/panicle and the Qeighﬁ of
1000 grains are presonted in tables III and IV.

(#,) Lenzth of paniole
The application of zine has resulied in slightly

insreased length for panicles, although the effect has not
been statistically significant. $he mean lenzth of panicles
for zino applications of O and 10 kg/ha of sine sulphate

ig 29.8 and 22.1 ca respectively whieh has incroased t0 22.4
and 22,3 oan reapectively for applications of zine sulphate

at 20 and 40 kg/ha. Application of lime has also helped %o
inereane the lengih of panicles and the effect has been
'statigtically ;ignixinant at the 5 per cent level., The

mean length of panicles has ingreased Irbm 21.T om 10 22.7 cn
when line was applied at 0 and 1000 kg/ha respectively.
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Table IIl. Influence of different levels of zinc and lime on
the yleld characters of rice

Levels of Lavale of

Yield characters

lime kg/ 2ine Longtn of panicie “aber of groins
ha. kg/ha - {em) per panicle

"o " 20,6 92.6
10 21.6 : 10943
0 20 22.7 110.0
40 - 21.7 ' 104.6
Mean 21 07 10401
| 10 ':  ‘ f22.0 . 111.0
250 20 . . 219 110.3
40 . 22.2 101.6
fean T 22,0 106.7
0 22,2 101.3
. 10 . 22.1 103.0,
500 20 . . ;22.2 ’ 99,0
40 2249 106.6
Mean 22.3 ) 102.4
0. 22,8 113.6
_ - 10 .. © 22.8 | 116.3
1000 20 © . ©.22.8 | 120.0
! 40 o ' 22.5 . '117.3
Mean - 22,7 - 116.8
A1l o - 21.8 102.9
avels 10 2241 109.9
20 .. 224 109.8

C«D, for comparison betwaen
levels of zino/liue at '
0.05 level _ 0.5 65

CeDs for comparison'betweén
combingtiong of zine and :
lime at O, 05 level 1.0 13.1
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(2) Humber of prains/panieic

Both szine and lime have helpsed to inerease the
number ot grains per panicle and thia effeoct was also found
0 be statintically asignificant. 9“he mean number of grains
per panicle for thoe zero gine treatnent was 10é.9 which
%ncreaaed 0 109.9 when zinc sulphate was applied at 10 kg/
ha. !Higher rates of zine application had a slightly
deprassing effect on the nuaber of grains/panicle, but the
dlfferonces were noi gignitioant. The higheat nuasbep of
graing/panicle viz., €16.8 wag obtained for a lime application
of 1000 kgz/ha which was much above the figure of 104.1 for
the no lime treatument.

(3) Waelgnt of grains/not

The application of zino and lime has not resultod
in any significant effeot on the yield of grain. The effect
of zino on the weight of grain/pdt has been inéonuiétent.
wihereas lime has shown a tendency to inarease the yield.
Thus the waigﬁt of grain per pot has inorensed from 40.2

for the no lime treatment to 42.1 g for lime at 500 kg/ha
and 42.9 g for liume at 1000 kg/ha.

(4) Yelght of strew

The effest of zine and lime on the yield of straw
is similar to their sffect on grain and is founi %o be
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Table IV. Influence of dirferent levels of zihc and liue on
- yield characters of rice, variety Annapurns

Levels of Levels of Yield charactera

line ginc Wal
ght of Weight of Gratn- Waeight of
kkg/ha kg/ha ., graln atraw) atraw 1000
 g/pot z/pot ratio grains (g)
0 . 45T 0.1 1.13 24.9
10 38,6 5243 0.74 - 2%.5
0 20 33.7 33.6 1.00 23.3
40 4247 F 47T 0. 89 2443
Hean 40. 2 43 . 4 '0. 94 24. o -
0 43.3 39,7 1.09 2447
10 45.8 46,0 0.99 23.7
250 20 3401 . 400 0.85 = 24,0
40 26,9 . 32.0 0.84 . 2442
Mean - 3T.5 - 39.4 0.94 242
0 4.4 4009 1.01 - 24.0
10 43.7 . 45.3 0.96 24,7
500 20 . 413 47.3 0.87 2445
40 41.8 39,7 1.05 25.0
Mean 42,1 43,2 0,27 . 2446
0 395 * 400 0.93 23,6
1000 20 40,8 #2.0 0.99 2%.9
40 517 . 40,0 1429 238
 Hean 42,9 - 4048 1.05 234
' . 10 1 42.0 46.2 0-91 : 23-8
evels 40 . 40.8  39.9 1002 2443
CeDa for ;;mpariacn' : v a
between levols of =~ 1*Se HeSe NeSe HeSe

gine/line at 0.05
level

C.Ds for comparinon :

between combina=- HeSe Ne3e HeSe HeSe
Yiong of zinc and

lime a2t 0,05 level
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inconmisgtent and ssatistically ingignificant.

(5) Grain-gtray ratio

Zinc and lime have not given any statistically
significant effeat on the grain-straw ratio. Howevoer, zine
appears to have plighitly decreased the ratio of grain to
gtrawe Lime, on the other hand, has a benoficial effsnt on
this ratio. Zhe graine-gtraw ratio of 0.94 for liue appli-
cations of mero and 250 kz/he has linereased to 0,97 for a
lime appliocation of 500 kg/hm end +to 1.05 for lime at
1000 kg/ha.

(6) 2housend grain woight

The influence of sine and lime on the thousand
grain welght also has not boen statistieally significant,
Both at 0 and 40 kg zinc sulphate per heptare the weight of
1000 grains is found %o be the game viZ., 24.3 go A% the
interuediate levels of zing application the thousand grain
weight ig fo;nd to be alightly lesa, vig., 23.8 and 23¢9 g.
Lime, on the other hand, has influenced the thousand grain
weight to a greater cxtent. From 24.0 g for O lime appli-
cation the thousand grain welght hag increased to 24.2 g
for a lime application of 250 kyz/ha and t0 24.6 g for an
application of 500 kg/ha. At 1000 kg/ha, however, the thousand
grain welght is a wininun vizg., 23.4 ge
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Cs Compogition of grain and straw

‘?he data persaining o the couposition of grain
and straw for the various treatuents of zine and lime are

prescnted in sables V and Vi
; Graln

(1) Hitrogen
he nitrogen content of grain 1ls influenced

significantly by the application of zine and line. As the

level Of zine siulphate application inereases froa 0 to 10,

.20 and 40 kg/ha the nitrogen contens of the grain inersases

ateadily from 1.54 per cent to 1.58 per cent, 1.60 and 1.67
per cent respectively., Lime, on the 6ther hand, has a
slizhtly depressing effecet on the nitrogen content of the
grain, As the level of lime application is increased froa
250 lkg/ha to 500 kg/ha and 1000 kg/ha the nitrogen content
of the grain is deecreaned from 1.69 per cent to 1.54 per cent

and 1.47 per cent respectively.

(2) Phoaphorua

the effect of zine ‘and lue on Tie phosphorus
content of grain is also found to bs signifleant, With the

increasing levels of zince applied, there is a slight decrease
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Pgble V. Influecnce of different levels of ginc and lime
on the conposition of rice-grain
Lovela of ) Bevala-;f T .
liae gino N P205_ Kzo tal g0
kg/ha kg/ha Per cent
0 1.56 0.33 0.20 0.13 0.06
10 1,69 0,37 0.22 0.11 0,09
0 20 1.66 0.34 0,22 0.11 0.09
40 1. 0.31 De22 0.14 0,07
Mean 1.65 0.34 0.22 0.12 0,07
0 1.67 0.36 0.20 0.18 0. 07
10 1.7T1  0.35 0.23 0.14 0,08
250 20 1.66 0.37 0.21 0.13 0.07
40 173 0. 342 De23 0e12 0. 09
HMean 1.69 0,37 0.22 0.14 0.03
0 1.55 0439 0.19 0.12 0.09
10 1.49 0.41  0.21 0.18 0,07
500 20 1.53 0.39 0,20 0e12 0.08
40 1.61 0.43 0:.23 0.12 0,09
Mean 154 0.41 0.21 0.13 0,08
0 1.39 0.45 0.235 0.12 0.10
10 143 0.4% 0.28 0.19 0,05 '
1000 20 1.56 0. 35 0.20 0.12 0.08
40 153 032 0.18 0.13 0. 08
flcan 1.47 0. 38 0.22 0.14 0. 08
0 1.54 0.38 0,21 0.14 0,08
A1 10 1.58 0,39 0.23 Q.15 0.07
levels 20 1,60 0.36 0,22 0.12 0,08
40 167 0.36 0,22 0,13 0,08
Cele for couparison -
between levels of zinc/
lime at 0,05 level Q.07 0.03 Haide NeSe HeSw
Ce.Je for comparison _
between combinations 0015 0,07  HeSe HeSe 0,02

of zinc and lime at
0.05 level
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in the P'ao5 content of the grain. 3ut with increaged
applications of lime the tendency is for the phospliorus
content of the grain alaso %o inerease. As the lime applied
ig increased from zero to 250 and 500 kgz/ha the P205 content
of the grain increanes from 0.54 per cent to 0.37 per centg
and 0,41 par cent regpsetively., 3Bug at 1000 kg/ha the

Pé°5 content of the grain is agaln lowered to 0.38 per cent.
The interaction between lime and mine is also found to be

significant at the 5 per cant level.
(3) Potassiun

The level of potasaium in the grain is not signi-
ficantly influenced Ly the applications of zine and lime.
_For the different levels of zine and lime, the K?D content

of the grain remaing fairly asteady at 0.21 to 0.23 per cent.

(4) Cpleiuwm and wmasnesium

* The calciun and nagnesiun levels of the grain
are algo little affected by the applications of zine and
lige. The Cad content of the grain rewaines fairly steady
in the rangs of 0.12 to 0.15 per cent for the various treat=
mente. Slmilarly the NMgD content alse rexaing appreclsbly
congtant in the range of 0.07 - Q.08 per cent, irrezpective

of the treatuent.
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(¥) Hitrogen
the nitrogen contont of gitraw is found €O be

1arluenced significantly by the various treatnonts. As in
the case 9f grain this conatituent shouws é tehdenqy to
decrease with inereasing levels of lime applied. For gero
application of 1lims the nitrogen content of straw ils found
_ 50 b9 1.34 per cont which decroanes t0 1.29 per cont, 1.2
per cent and 1,235 per cent for 1lime applications of 250:
500 and 1000 kg/ha respectively » Unlike in thé caze of
grain the effeot of gzino on the nitrogen content of the

ptraw ig found to be inconsiatent.

(2) Ehosphorug

Phe effect of minc and lime application on the
phosphorus gontent of atraw is found to be nonegignificant.
ilowever, the applications of liue toand to inerease the level

of phogphorus in the atraw over that of the conirol treatiasnt,

(3) Zotasgiun

The potagsiwn eontent of the gtraw is influenued
gignificantly by applications of mine and lime, Ths‘variation
- in this content is in the range 0f 1.4 0 1.6 per cent for |
the different treatments, but the voariations do not follow
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Pable VI, Influence of different levels of zinc and lime
on goupoaition of rilce-atraw
Lovels of  hovels of W . B0 K,0 Ca0 g0 “n ppm )
lime kz/ha sine kz/ha Pop cant
0 122 Q414 1.67 0.52 035 52=4
10 1e63 0a94 1383 0,50 0.42 48.0
0 20 1.23 0,10 1.62 0Ged5 0s34 59.0
40 1 029 ) 0.11 1 043 00 65 00 33 6307
HMean Me34 0412 1452 0,53 0.36 55.2
0 1622 0,10 1.67 0e65 0.42 46.0
10 1.28 013 1.87 059 Guo37 49.0
250 20 7 1¢22 0414 137 0.6T7 039 55.%
40 1.29 0.18 1.56 0,74 0.28 51.8
Hean 1.25 . 0.14 10 62 0. 66 0. 36 ’ 50- 5
\ i
9] 122 D22 1428 _0.56 O.41 51.8
10 1.05 011 1433 0.64 0433 5345
500 20 1425 0016 1429 0,67 0.43 3947
40 1¢29 018 153 054 0¢335 523
Mean 1421 0617 1436 0,60 0.37 493
0 1 . 34 0;12,— 1 051 0- 57 Ol 35 40.8
10 117 Qa1T 14T 0:95 0645 4148
1000 20 1697 015 144 04T Q31 438
40 1¢23 0atd 181 Q.76 0.42 45.5
Hoan 1.23 0,15 1.56 0.69 0.33 42.9
0 1.25 015 1453 0,57 0.38 47.8
All levelﬂ 10 1.28 0014 151 0:67 0-39 48.1
20 1¢23 0a14 1243 057 0.37 4943
40 128 015 1953 0.08 0634 53.5
Cels TFor cumpariasg - -
between lavels of zinc/ HeBa HeSe 0419 HeSe HeSe
lime at 0.05 level
Ceds for comparison : .
batwaen combinations 0e22 lie3e 037 Hu3 Ne3e

of zine and limc at

0.05 lavel



any regulawr pattern.

(4) Caloium

The cffoct of minc and lims on the Uad content
of straw im not found to be significant, although ths level
of this conatituent tends 4o increase with application of
lime, For the no lime treatucnt the Cal content of siraw
is 0,53 per cent which increases %0 0.66 per cent and V.60
per cent and 0.69 per cent respectively for lime applications
of 250, 500 and 1000 kg/ha. 3Iinc applications, neveribhslens,

hed no gonsistent effoct on the ealeoium content of atraw.

(5) Haznesium
The level of g0 in the grain in little affectad

by treatasents with zine and lime. For the various levels
of gine the Mgl content varies irrogularly betwéen 0e34 and
0,38 per een% and for the different treatuenis with lime
it reurins fairly asteady between the mean valuea of 0.36 %o
038 por cent. |

(6) Zino

The zino content of straw increased with incremsed
applications of ging. As the lgvels of applicationas of zing
sulphate inorenged from O to 10, 20 and 40 kz/hn, 'In content
of straw 1ncreéoed from 47.8 t0 4841, 49.3 and 53.3 ppo
respectively. Line on the other hand, had an antagonistic



NMITROGEN CONTENT OF GRAIN AND STRAW MITROGEN CONTENT OF GRAIN AND STRAW

[
EFFECT OF ZINC ON THE P,Og, K 0 AND I EFFECT OF LIME ON THE P,0g, K,0 AND

- G N "L sTRAW
P RAIN
POy — N —
Kgo._"_"_"_. k’.o [ .
1.8 1.8
B L——-
e | eI~
b - st - » Pt
¢ ey, =" - - . M
T, P ~ e -
-4 | — T t- 4 |— . I
4 L
, ) \
“l ] z ‘L' -\._-——————___-___-_————- ] 2 . — ° L ]
2
(o 1.0 |— -0 |—
z
0
(-] N 0. I
M 8 8
']
n 006 S o'é ppr—
0.4 et o.4 |— g mmme=- e
e r g e ———— - — g po
o'z _._"—"-'°._"_"-'"—"-.—--—--—-.-—--—---—--—o-—. O-?— "—':'—'.—-—'“'—.—--—--_-...—-.—---—u—--—--—.._.._..-—.
| ol T e e et e 2 = = = — e mmm § o e e e - ——————— -8
Y oo | l | | oo 1 1 l ]
o to 20 30 40 o 250 500 50 1000
e ieve ] ] ,
LEVELS OF Z(NC Kg/ha LEVELS OF LIME kg /bha FiG: 4.




effect on the absorption of zinc. Thus as the level of
lime application is increased from O to 250, 500 and
1000 kg/ha the level of 7n deercased from 55.2 to 50.5,
49.3 and 32.9 ppa respectively in the straw,

Uptake of nutrients

The total Quantitivs of the various nuitrients
‘regoved from one pot by the grain and straw are given 1in
table VII, There 13 significant variation only in the
case of nitrogen and phosphorus removed wherezs in the
case 0f the other nutrients the effeet of treatument on the

total quantitieg removed per pot is found t0 be nonsignificant.

D, Variations in'soil pH

The variation in the goil pH during the course
of the experiment is given in table VIII., ©he treatument
with line hap raised the pH of the alredriecd soil from
4.3 to the level of 4.6 to 4.7 in the course of 20 days.
- But this value has agnin fallen to0 4.3 = 4.4 by the tinme
of harveat. The pHd of the soil, before air-drying iz
found to be slightly higher than the pH afier air-drying.

The zine, apparently, has not influenced the goil reaction.
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Table VII. . Influence of different levele of zinc and limce on
the uptake of nuirients by rioce

iy o wm - -

Uptake of nutrienis

Lgvels of Levels of N 9205 K20 Cal Mg0
lime kg/ha zine kg/ha (g/pot)

0 1.16 0.19 0,80 0,28 0.17

10 118 0s 29 0.77 0.3%2 0.25

0 20 0.97 0.14 0.62 . 0,18 0.14

40 1.31 0.18 0.74 0.37 0,18

Mean ' 1415 0.18 0.73 0,29 0.19

0 ‘ 1.20 0.20 0.79 0.33 0.20

10 ' 1.37 0. 21 0.95 0.37 0620

250 20 - 0.99 0.183 0.60 0. 32 0.18

40 . 0.86 De15 0.55 0.25 0.11

Mean 1.10 0.19 0072 0.32 017

0 1.12 025 0.59 0,29 0.10

500 10 1.04 Qs 22 Q.77 0. 37 0.18

20 1.20 0.24 0.68 0. 37 0e 23

40 1.15 0.25 0.70 0.28 0.17

Mean 1¢45 0.24 .69 0.33 0.17

0 1M 0.23 0.73 0.28 0.18

10 1405 0.23 0.69 0. 46 0.20

1000 20 . 1.12 0.19 0.56 0.25 0.16

40 1.28 0.25 0. 81 0437 0.20

Hean 1-14 0. 22 0.72 0- 34 0018

0 ‘ 1.15 022 0.73 0.29 0.16

A11 10 1.16 0422 0.80 0. 38 0.21

levels - 5y 1.07 0.19  0.64 028  0.18

40 1.15 0.21 0.70 0¢31 D17

CsD.for compariagon Letwoesn
levols of zinc/lime at 0.05 ] .
18?91 HOS. 0. 03 HJSQ No-’S. NS

Cad, for coaparison betwaen
coabinations of zine and '
line at 0.05 lavel 0.29 0.07 el HeSa N-S
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‘Pable VIII,

Variation in the pH of the soil

(Originel pH4o§)air dried soil

47

Tieveln Tevels

-5a$e of oolleation of soll

of line of sine
“kg/ha kg/ha

20th day aftex

After narveat

planting . ]
PH imnme pH after pH imme~ pH after
diately aly dry- diately ale drye
aftor ing afttexr- ing
¢ollaec=- ¢olleg=
tion .tion
0 5¢2 AT 443 4.2
10 4.9 4e4 fe1 4.2
0 20 55 46 42 4.0
40 5.1 4.6 4.4 4.3
Hean 52 } 4.6 ‘ 403 442
0 504 ; 4'5 L 404 4'3 ,
10 5¢7 2.8 4.3 444
250 20 542 4ed 442 441
40 : 542 4.9 4.4 444
Hean I 50 : ‘ 4.7 . 4-3 © 43
0 5.3 , i 4.5 - 405 403
10 . 5¢4 4T 4¢3 4.2
509 20 546 4T 4e4 4.4
40 ' S5e4 45 44 4.1
Mean ‘ 544 4-6 4.4 4¢3
0 5T 4.8 447 45
10 5.0 4.6 445 4¢3
20 Se 4T 4.4 42
1600 40 5¢5 4.8 4e5 4e4
Mean 5.3 4T 4e5 4o
' ' o ' 5¢4 { 4:-5 B 445 4.3
%%%el 10 T 543 4vb 4.3 4.3
8 20 | 5.4 4.6 4.3 4e2.




DISCUSSION



4%

DISCUSSION

‘The present study has revealed some of the
beneficial offeots of zine apﬁlioqtion to rice even under

conditions of apparent autticiqncy.

| Zine hag served %o increase the height of plants,
the length of panicles and the number of grains/panicle.
Although these beneficial effects have notlbeen reflected
“in a correscponding increase in the yield of grain and stiaw
i3 beneticial effcot on the nitrogen content of the grain
has been noteworthy. Am inerease in the nitrogen content
of grain mesns an ineruase in iis protein content and

therefore algo a higher nutritive valus.

The fact that a;no hzs not inercased the yield 61
grain statistienily is not surprising, because this eleusent
was not poagibly a limiting‘ractor in tﬁe goil used in the
present study. 'The soil already contained an available
éinc eantenﬁ of 4.2 bpm which 1s ﬁgch above the threéhéld
value of 0.5 ppu sugzested by Brown ég al (1962).. Nevertheleas
this soil‘waa uzed in this atuﬂy beecause thers are raports
from different parts of India that even goils which are
apparently well supplied with sine may also respond to
applications of zine for various remsonas. The zine nutrition -

of the rice plant is a coaplex phenocuenon which is conditioned
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by several anvirsnsental fmetors. Yor inatance, an inorcase
in the soil pH consequent on the application of lime may
result in a deficiency of thig clement., Siuilarly the
indiperininate use of phosphatic fertiliscrs may rasult

in reduced avaeilability of %n due %0 the formation of
ingoluble sine phosphates. Again, too much of exchangeable
alusinium, iron or manganepme in the 0il can aloo result in
reatricted availability of this miéronu;rient elenent, The
submerzed acid rice soila of Kerala as represented by the
#6il used in this study are prone to all those adverse
conditions and hence one cannot be sure of the plant avall=-

ability of axtractable sinc in the solil.

As wost of the soils in Xerala are acidic in
roaction, liming has becowme a regular eultural practice in
the 3tate. In the present case liming has not effected any
appraclable increase in the goil reaction, 2hig is what is
generally obaserved in many experiments on liwming and may be
due to the fact that wmuch of the added lime im leached into
the lowar horisona of the zoll or loat in seepage. However,
iime helps to correot many adverse poil environmental fastors
and thereby iwprove the plant performance. Lime enhances
ulerobial activity which results in acoelerafed decompogition
of the goil organic matter whiech, in tuarn, results in the



inereanad avallability of umany nutrients. Liwe itaslf in

a msource of matrient cnleium in nighly acid and deficient
anilm, Farther, lime helps to reduce toxic concenitrations
of iron, aluniniuxa, manzenege efo. and alao ‘to incrense

the availability of native and added phosphorus. It must

be ona or more of these beneficial effects which has been
roflaected in many of the iuproved growth and yield charzeters
noted in the present gtudy. . |

Idning haa significantly inereased the numbexr of
tillers, height of planta aud length of panicles, although
sone inconsistencies have basen noted at ocertain levelp of
appligation., The nunber of productive tillers, thq number
of grains per panicle, the grain-straw ratio, the thousand
grain weight and the séos content are also lnoreased by
lime application, though not significantly. The yield of
grain has not been significantly inereased by lime appli-
cations, but the trend has besn for the yield to ihprové

as a result of lining,

It is to be noted that the applioation of lime at
the raies ugaed in'thie study has not ralged the pH to guch
a level as to result in a deficieney of gine. The avail-
ability of zine is known to ba supproosed as the soil
reaction is raised from the extremely acid range to a pH of
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about 6.0 3But in the present case the inersase in pi
obtained as a result of liming even at the rate of 1000 kz/ha
was not very appreciable. Hence it is to be cdncluded that
there is very little denger to #ine avallabllity consequent

on the liming of our soils at the rates ordinarily recomsended
in the State, viz., 500 ka/aa.

Phe interaction between zine and other clements is
80 complex that it is often ditricuit to foretell when a
deficieney of thip element way, or may not, OCCUYr.
Phosphorus=zine interaction ox Pe 1ndﬁce& zine deflcionoy is
said to occur in soilg containing high levels of availabls
P or with application of high doges of » to the goil.
(Menta 1974)s But ai the sane time Millikan (1963) and
some other Russian workers feei that mipc ia cassentlial foxr ?
utilization. The work done by Aabler and Brown (1969), on
the other hand, indlcates that an optinum balance 5étweaq
Fey” Zn and ? is essential for proper growth of plants. As
pointed out by Warnoelk (1970) !n way also be invariably
related to the mobility of Zn ingpite of the antag&niam
botween Fo and Mn. The posaibility of Zn - Cu antagonism
has also been indicated by some workers lilte Gilbay of al
(1970). All this points to the delicate nature of the

balance between the various wmicronutrient eleuonts in the
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a0il. Hoderate amounts of lime may help the availability -
of n to crops by suppressing higher concentration of ¥e '

and Mn, although indimeriminate use of lime may result in

the deficiency of sino.

2ino application chould be an indispensable
cultural praciice in defiociency aress, but in other places
it nay be applied if deficlency symptous are noted. Acoording
to Hene and Sharuwa (1954 ) rice plants sxposed to zinc
deficiency remain short and a reddish brown discoloration
appeary 'in the older lecaves. Phe leaves firast show yellow
oolour at the bgse and this 1s quiekly followed by the
apéaarance of very fine xrcddisgh brown apenka.which Juin
each other and form patches. The digease appearas in the
nurgery or in.the field after transplanting within 45 days
of geeding. Zinc may be applied in the fora-of foliar
sprays or by soil application. Foliar sprays nay give
better results in some cases whereas soll application uay
be better in other instances. In euergency cases and for

paddy -foliar sprays arge to be recoumended,

With the growing use of NPX fertilisers for
increased crop production using high yielding varietica of
oereals misronutrient deficiencies are bound %0 arise in the

future. The results of the present study are only indloative
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and noi: oonalusive. A detailed agystematie ;aurvay of the
solls of Kemla— for thely —mioronutrient gtatus, Lollowed by
pot culturo studios and field tricls on an extensive scale,
is neceasary to arrive at more defintte conclusions regarding
the responase of rice to micronutrient eleuments including

2ine,



SUMMARY AND CONCLUSIONS
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SUIMARY AND CONCLUSIONS

‘A pot oulture experiment was carried out so
assess the effect of different levels of mine and 1liue on
the growth, yield and chouwical couposition of rice, véfiety
Annapurnae The soil uged wans collected from the Kaval
land attached to the College Farm, Vellayani. The lovels of
ging .and lime applied ;u the study were 0, 10, 20 and
40 kg/ha of zine sulphate and 0, 250, 500 and 1000 kz/ha
of 'Geolime? reaspectively. A Randowined Blook Deaign with
16 treatuent ocoubinations and 5 replications were used in

the experiment, [he results obtained are sumuarised below.

(1) The height of plant was inereased by zino
application but the effect was not significant. Caleiun
produgsed asignificant positive offect on this growth enaracter,

{2) ©The number of tillers por plant increased
significantly with applications of lime. Zinc tended to
reduce the nwaber of 4illera, but the offcct was not aigni-
ficant. |

-

(3) The number of produstive tillers deoreased
with applications of gine and increased with applications
of lime, but both these results were not esignifiecant.



(4) The length of panicles was inoreased by both
gino and lime applioationa. In the case of ginc its offect
was not signifiocant bub for calclum it was aignificant.

(5) Ths number of graina per paniocle inoreased
with inoreased-applications of zinc and lime, but the
results were signifiocant only in the case of lime.

(6) Zine had no effect on the yield of grain but
lime tended to increase grain ylelds. The yield of siraw
was practically unaffected by the applications of sinc and
1lime,

(7) Graine-straw ratio and the thousand grain
waelght were not affeoted gignificantly by sinc application.
But the application of lime tended to iuprove both these

characters.

{(8) The nitrogen content of grain was increased
significantly by sino but 1t had no effeot on the nitrogen

ocontent of straw. -

(9) The nitrogen aontent of grain was reduced
signifioantly by applicationa of lime.

(10) 2Zinc tondad to decrease, and lime tended to
1hcreasa. the ?205 oontent of both graln and straw. 3ut
this offect was signifiocant only in the cage of grain,
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(11) The K,0 ocontents of the grain and straw
were little influenced by the treatments and tended to remain
fairly asteady.

(12) ‘Phe Ca0 and MgO oontents of both grain end
gtraw were practically unaffested by the applications of
gine and‘lime. However, there was a trend for Cad and Mgl -
$0 inerease in the plant material with inereased applioationb
of lime. |

{13) 7The zine content of the pPlant uaterial
inereased with inereased rate of zine abplicationu but line

ghowed an antagonistic effect on the absorption of sinc.

(14) The application of lime increased the pH
. of soll slightly but zine produced no such effoct.
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APPINDIX I

Statistical analysis of data on the growth

characteristics of rice

Source 55 Height of No. of ) Ho, of
. Plant tillers produc-
per plant tive
. $illera
Me3a 1eSe HMeSe
Total 47 |
Replication ' 2 & 26 134 1.39
Treatuents 15 16,03 4.35 4.39
aine 3 2.56 3436 3.36
Dime 3 6,53 5,30 2.41
%ine x Lime 9 23.57" 422 5439
Epror 30 1.67 151 4+51

¥Signifiocant at B level
##3ignificant at 1% lovel



APPENDIX IT

Statistionl analysis of the data on yield
characterigtics of rice

gouroe S 4 Length of -Numbe;-cr'
paniclo graina poxr
] panlole
HeSe . HeSs
Total - 47
Replieation 2 - 0.92 18.25
Troatnont 15 1.01" - 159.72"
Zine ' T D03 o 129.80
Line | 3 t.68" 489.53""
Z4no x Idme 9 - 111" 594 T7
drror 30, 0.43 61458

*Jignificant at 5 lewvol
*43ignificant at 14 level



. 8tatistical

A S S A i i A e S

characteriatics of zice

APPENDIX IIT

analyasis of the data on yield

Yield of Yield of

Source ) 4 Orain=ptraw Welght of
RS TN ™. maine ms

Potal 47 .

Replication 2 2302  210.64 04061 0.25
Troatmont 15 96.T5 7786 0. 044 0.87

4ine 3 6017 107.69 0.058 " 085

Lime 3 68.28 48.81 0. 032 Te45

4inc x Lime 9 118443 7738 0.042 0.68
srrop 0 7877 64.82 0.043 1.14

ol alp cip W Ay



APPINDIX IV

Statigtioal analysis of the datma on the
chenieal oouposition of rige-grain

Source i, 4 for gent Per neni Pgp ceni fay cent fexr cent
nitrogen 2,0 K20 Cald Hg0
M8, 22
e B3, .5, M5 BB
Total 47
. »%
Replication 2 0.,035"% 0,005 o0.o04"* 0002 0.0018
Troataent 15  0,051°°" 0.005"" 0,002 0.002 0.0005**
44no 0.030° 0,002 0.001  0.005 0.0003
Lime 0.113"" 0.010"" 0.001 0,001 0.000%
Zine x Line. 0.037"% o0.008% 0.002 0.002 0.0007""
srror 30. 0,003 . 0,002 0,001 0,001 0.0002

ol - ey

' #34gniticant at 5% level
#5ignificant at 1% level




ATPIRDIX ¥

Statigtical analysis of the data on chemical
conposition of rice=-atraw

~

Pexr cont ar cent DPer cent Per oent er cent

Source i o

nitrogen ?éos ~ xao Ca0 HgO0

C Me3. T MaS. M5, .S, HeSe
Total 47
Replication 2 0,100  0,0400 0.019 0,005  0.057"
Dreatment 15 - 0.043°  0,0033 0.118° 0.047  0.007
Zinc 0,005  0,0003 0,089 0,040 0,006
Lige 0,043 0.,0086  0.150'T 0,060 04001
ding x Ldme 9 0.057 0,003 0,115 0,045 0,001
Epror 30 0,017  0.0020 0,050 0,042 0,049 -

#Signifioant at 5% level
wwoignificant at 15% level



APPIHDIX VI

Statintioal analynais of the data on the uptake
of nutrients by rice '

Source b, 4 Hitr;gen

e .
MeS o HeSe TR MeSe MoSe
Total 47
Replication 2  0.115° 0.00% 0,075"F 0.002  0.001
Treatment 15 0.078"  0.0031 0,031 0,013  0.003
Z4no 3 0,062  0.0056 0.047 0,020 0,004
Lime 3 0,042 0,008 0,010 0,003 0,00
Zine x Lime .9  0.096°  0.0012 0,083 0.013 0. 004
Error 30  0.032  0,0022  0.021 0,010 0,004

*3ignitionnt at 5% lovel
t«gignifticant at 1% lovel



