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CHAPTER I
INTRODUCTION

About fifty years age Sommer and Lipman (1926)
established the essentiality of sino in the nutrition of erxops.
Since then the subjeoct of sino nutrition has attracted many
workers and during the past one deoade oonsiderable volume of
literature with respect to rice orop has accumulated. Due to
the most favourable climatic conditions for the growth of riece
orop India stands foremost in total rice area of the world,
Inspite of the main emphasis given to the orop doth by the
scientists and farmers, the per hectare yield of rice is
comparatively low in India. It is the constant endeavour of
those concerned with rice research to inorease the per unit
yield of rice through various means such as varietal improve-
ment, better management practices, optimal fertilisation and

efficient plant protection measures.

With the fast spread of new and better high yielding
varieties, use of more and more of high analysis fertilisers
and reduced use of farmyard manure and compest, the miero-
mtrient requirement of the orops as well as the depletien
from the soil have been all the time on the inoreasing side.
Henoe the study of mioronutrients, deserves special attention

from the point of view of maximising rice yields.



A clese analysis of the micromutrient regquirements
of rice reveals that with respect to iron and manganese
the toxioity rather than defieieney is a prodblem in mest
eases. Copper, boron and molybdenum are not likely te bdeoome
liniting in view of their comparatively meagre requirements.
It is therefore reasonable to agsume that in rice oulture it
is sine which often bdecomes limiting and warrents special
attention. It is perhaps for this reason that in the mutrition

of rice sine is considered next only to nitrogen.

A plethora of evidences hawe aceusulated to show that
rice is physiologically more alapted to flooded conditions
(Jegsujinda, 1976). It is well reecognised that the pPhysice~
chemical and biolegical systea under conditions of submergence
irldiffor'nt from what is observed under norsal oonditieas,
The investigations into the chemistry of submerged seil brought
to light both advantages and disadvantages im relatien to the
nutrition of the rice plant. While on the one hand the avail-
ability of most of the nutrients vis., P, X, Ca, Mg, 3, Fe and
Mn inoreased the availability and uptake of sine on the ether
band deoreased (Ponnsaperuma, 1972).

Differences in the nagnitude of susceptibility te the
deficiency of a nutrient can be attributed to the differences
in the ability to absorb the element in question frem the soil
and /or translosate it to the shoots or to the differenses ia



the concentration of the element needed in the tissues for
healthy growth (Vose, 1963). Varietal differences in the
responses to the application of sine with respect to rice
have been investigated in several ocentres of India. In Tamil
Nadu, certain amount of preliminary work had been done and
detailed investigation for a olear understanding of genetie
variability employing the popular varieties of the State have
not so far been attempted. Most of the work carried out
earlier confined to the study of grain and straw yield dut
the influence of ginc fertilisation on reoot growth, shoot
growth, grain yield and uptake of nutrients have not been
thoroughly studied yet. The first phase of the work was
therefore aimed at to assess the relative responses of
genetically variable popular rice varieties of the Tamil Nadu
State for graded levels of sinc fertilisatioenm.

The availability of sinc in the soil is contrelled by
several factors. Aimong the micronutrient elements, sine is
very unique in that it can behave both as cation and anion
and the activity of sinec ien im the ambient soil solution
nourishing plant roots is the net resultant of several
simultaneous oompetitive chemical equilibria detween its varic
foras. The availability of sine which showy preneunced inter-
action with the s0lid matrix of the soil is determined by the
mutual intersction of gquantity, intensity and kinetiec



parameters. Nineralogiocal composition, soil texture, seil
PH, soil temperature and organic matter have been known to
influence the quantity intensity relationships of sine ions.

Responses to the application ofnlioronntricnt depends
not only on its availability in the soil bdut also among other
fastors such as the availability of other mutrients. Sinee
the requirements of misronutrients are modified by the pre-
sence of other macro and miocro nutrients and as the eomposition
and conoentration of nutrient ions in the soil sclution are
governed by the soil conditions it is necessary to study the
responses of a misronutrient in relation to varying soil
eonditions. Hence the s0il plant relationship under varying
soil oonditions such as soil with and without ocaloium carbdemate,
soil with high organic matter content, high sodieity sondition
and submergence with particular reference to sine natrition
was thought te be of interest and formed the seeond and third
pPhases of investigation.

The recognition of widespread sine defioiensy ereated
oonsiderable interest in the materials that would be suitadle
as sine fertilisers. Though sino sulphate was found te be a
satisfactory material for correoting the deficienoy there are
several reasons why other materials should not be investigated.

Pirstly sine from a highly soludble material 1ike sine sulphate



may be rapidly converted in the soil to forms not availabdle
to plants. There is need for development of a material
which ean release sinc slowly thus reducing the rapid
conversion. Secondly sinc sulphate possess high solubility
and poor physical form, Hence the farmers experience d4if-
ficulty in applying it. Thirdly there is the possidility

of cheaper material giving satisfactory control of deficiency.

A cheap and effective method of amending the sine
deficiency of soil is of parsmount importance. Apart from
solubility differences as & result of accompanying anions,
the absorption and uptake of sinc has been found to be in-
fluenced by mode of spplication such as seed soaking, seed-
ling aipping eto.

A myriad of chelating agents even at very low
oconcentration are quite effective in overcoming the rate
limiting steps of solution, desorption and diffusion which
often limit the transport of sinc ions to plant roots.
Natural and synthetic chelates, when applied also co-extract
native forms of sinc and other micronutrients and it is the
ultimate ionic dalance of these ions within the confines of
the laws of simultaneous chemical equilibria that govern its
ultimate availability to plamnts. Finally how the plant uptake
of sine ococurs by differences in physical and chemical form
as well as different methods of application is worthy of



scientific enquiry. Hence the fourth and final phase of
the study involved an investigation of the efficaoy of the
different szinc carriers and different methods of application.

With the foregoing points in view investigations as
detailed below were undertaken for a clearer understanding
of the influence of ginc on the growth and nutrition of

rice:

i. Influence of ginc fertilisation on the growth and
nutrition of genetically variable popular rice
varieties of Tamil Nadu.

i1. Growth and nutrition of rice as influenced by soil
conditions end zine fertilisation.

114, Growth and nutrition of risce in sodic soil attendant

upon reclamation and sinc fertilisation.

iv. Sources and methods of application of sginc on the

growth and nutrition of riece.
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CHAPTER IIX
REVIEW OF LITRRATURRE

A drief review of literature pertaining to the various
Phases of investigation contemplated in the study is presented
in this ochapter.

A. Area and produoction of rice

The position of Tamil Nadu and India in rice area and
production in relation to the global picture is presented in
Appendix I.

The above tadble reveals that while India stands foremost
in rice area the per heoctare yield is not even fifsy per cens
of the world average yield. Compared to the per heotare yield
of 6485 kg in Korea, €185 kg in Japan and 5326 kg in Egypt we
have to go a long way to matoh them if not to excel them.

Katyal (1975) reported that about 8 million heotares

oaunt

of rice growing area in India is defioient in 2n.
B. Zino in the nutrition of rice

Tanka and Yoshida (1970) from their survey of rice erep
in several Asian countries gave & generalised pioture of
eritical levels for deficiency as well as toxieity for various

nutrient elements (Appendix.II).



A consideration of the micronutrient requirements of
rice would reveal that with respect to Fe and Mn in most ocases
the toxicity rather than deficiency is a prodblem. Cu, B and
Mo are not likely to bdecome limiting in view of the compar-
atively meagre requirement of orop. Therefore the micro-
nutrient Zn alone often becomes limiting and warrants special
attention. A shoot concentration of 10 ppa at tillering stage
and straw concentration of 1500 ppm at maturity stage were
fixed as critical respectively for defisiency and toxiocity in

rice.

According to Kanwar (1969) one hectare of rice orop
Yielding 6.5 tonnes of grain and 9 tonnes of straw remeves
640 g of Fo, 64% g of Mn, 191 g of Zn, 76 g of Cu, 56 g of B
and 3.6 g of Mo.

The analysis of rice plants from different rice growing
areas of the world as reported Sy Tanaks and Yoshida (1970)
is presented in Appendix III.

FProm the above table it can be seen that rice plants
in India are poor in X, P, Mn and Zn but rich in K, Oa and
Mg when compared to the rice plants grown in Korea and Japan,
the two countries which stand foremost in per hectare yield

of riece.



0. Role and funoctions of Zino in riece

The indispensable nature of Zn in the nutrition of
rioe has been well brought out through solution culture and
field experiments.

1. Zino - related to the growth of rice

Tokuoka and Gyo (1939) in their water oculture experi-
ments observed the addition of 1 ppm of Zn to improve the
growth, yield and quality of rice. Pillai (1962) in Tamil
Nadu, Nene (1962) in Pantnagar, Murthy et al. (1969) in Andhra
Pradesh, Randhawa and Takkar (1975) in Punjad have alse reported
beneficial effects of Zn application.

Tanaka and Yoshida (1970) reported the effeot of
application of 40 ppm of Zn on rice (Appendix IV). Inereased
oonoentration of ginc and higher dry matter yield were found

t0o accompany Zn fertilisation.

Gangwar and Mann (1972) observed that Zn applieation
inoreased the dry matter produotion of rice under flooded
ocondition. Badrachalesm (1971) ebserved poor growth of reots
in Zn deficient plants. The retardation of reot growth under
defioiency of Zn was also reported dy Sharma and Rathore (1970).

2. Zing related 3o oell division

Brown ¢t al. (1966) observed a sharp deorease im the
level of RNA and ribosome centents of eells in the course



1n

of 3n deficiency. An essential involvement of ZIan in eyte-
Plasaic ridbosomes has also been indicated by Prask and Plocke
(1971). Polycorpochicuia and Khavekin (1972) considered In

as essential for cell division. The retardation of cell 4if-
ferentiation and modifieation of plastid struocture was ebserved
by Butler and Bailey (1973). Porekhnevich (1973) observed 2Za
application to favour preferential ascumulstion of chlorephyll
b and decrease chlorophyll a/ehlorophyll » ratie. The

necessity of Zn for grana formation was also indiocated.

3. Zino - related to the engyme agtivity

Skoog (1940) observed Zn deficienoy to be assooiated
with deficiency of auxin., Nason gt al. (1951) indicated a
depression of tryptophan synthesis, under conditions of Za
deficiency. Wallace and Walker (1970) oconsidered Zn to be an
essential component of ensyme functioning in earbohydrate and
protein metabolism vis., dehydrogenases, proteinases and
peptidases. They listed out Zn metalleensymes in plants vis.,
sarbonic anhydrase, alcohol dehydrogenase, glutamic dehydro-
gonase, lastic and malic dehydrogenase and aldolase.

The effect on RNA agtivity in two varieties of riee
(Jaya and NM 484) in a Zn deficient soil showed reduction in
sotivity due to Zn fertilisation (Anonymous, 1973).



4. Zino relsted to the snergy velus ef oerssl grein

Direct and indirect relationship ef In to ensyme
system in the plant is naturally reflectegd in ockanges of
energy values of cereal grain. Reed (1939), Vesk g% al.
(1960) and Thompson ¢t al. (1962) showed evidence for the
role of 3n in starch metabolism. 3Singh and Jain (1964)
observed an inocrease in erude protein of rice grain.
Saigusa gt al. (1972) registered an inorease in amides and
free amino aocids in Zn deficient plants as compared te the
control. They observed poor nitrate reductase and protease

activities in the 2n deficient rice plants.

Dwivedi and Randhawa (1975) frem their pot and
field experiments observed that addition of 5 ppm of 2n
caused a significant rise in carbohydrate, protein and fat

oontent of rice.
D. Effect of sinc deficieney in rice

Due to the introduction of high ylelding varieties
in rioce the most striking feature was %a deficiensy. 4As a
result of higher yields obtained with inoreased fertiliser
use, ineidences of In deficienscy in rice have bdecome more
frequent in many developing countries. Omns third ef the
aorage under rice in India is planted with high ylelding



varieties (Carmey, 1977). 2Zn defiolency in rice in Imdia was
first reported by Nene (1966). About two million hectares in
Japan and 8 million hectares in India (Katyal, 1975) have been
reported to suffer from Zn deficiency. The Zn deficiency wes
reported to bde widespread in Asian countries.

Zn deficiency symptoms in rice both under field anmd
solution culture have been indicated by Karim and Vlamis (1962),
Yoshida and Tanaka (1969) and Tanaka and Yoshida (1970).

1. Yisual symptoms of deficiency

Deficiency of Zn in rice is supposed to cause khairas

disease (in India), Hadda disease (in Pakistan), Taya-taya
disease (in Phillipines) and Akagare-type II disease (in Japan).
The disease is characterised by midrid bleaching of third and
younger leaves. Brown spots, blotch or streaks will be observed
on the second or third leaves. The roots of affeoted plants

are scanty and brown and the severely affected ones dies
(Badrechalsa, 1971).

Thorne (1957) desoribed Zn deficiency as drsmatic
beoause of combination of chlorosis, resetting, dieback and

depression of vegetative growth.

Karim and Vlamis (1962) conducted elaborate solutien
oculture experiments to study the effeot of miocronutrient
deficiencies in rice plant (Appendix V).
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In Zn defioient plants the midribs of the youngest
leaves especially at the base became yellowish white, the
intensity of which deoreased with length upward. The dark
brown necrosis then appeared on the upper part near the tip
of the third leaf of the Zn defioient plants during the second
week after transplanting. The top growth was suppressed as a
result of whioh the last emerging leaf grew very little. The
whole leaf became neorotic and rolled from sides near the tip.

Tillering was completely absent and no seeds were formed.

Murthy et al. (1969) and Krishnamurthy and Venketeswaralu
(1971) observed Zn deficienoy to cause bleaching of midribs
at basal portions of young leaves and appearance of dark drown

spots in affected leaves.

Forno et al. (1975) observed a faint interveinal
ochlorosis at the base of the young emerging leaf followed by
the appearance of reddish brown spots on lower leaves. The

chlorosis of young leaves at base became more severe and

extended up to midveins.

2. Physiologioal effeots of deficiency

Polyoorpoochkina and Khavekin (1972) observed inhibition

of protein synthesis and accumilation of free amine acids
accompanied by decrease in the activity of glutamate dekhydre-

genase due to Zn defigienocy.
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Epstein (1972) felt the marked effect om growth em
acoount of 7Zn defiociency was due to the influence of 2a on
the auxin level. He indicated that concentration of the
auxin and indoleacetic acid in Zn deficient tissues drops well
before visual symptoms. The requirement of IZn for maintenance
of auxin in an active state was also observed by 3Skeog (1970)
and Butler and Bailey (1975). Salami and Kenefic (1970) moted
the essentiality of Zn for the synthesis of tryptophan. A
severe effeoct on ochloroplasts under oonditions of Zn defieiency
was reported by Thompson and Wier (1962). Nieholas (1961)
suggested the need for ensymic assay (aldolase) to detect In
deficiency. Saigusa ¢t al. (1972) observed 4 to 8 feld inerease
in amides and free ammino acids in Zn deficient plants as com-
pared to oontrol, Sharma and Rathore (1970) ebserved lower
rates of necleotide synthesis and P’z incorporation inte
1ipids and nucleic acids in Zn deficient plants.

3. Nutritional effects of deficiency

Nene (1962) has indicated the ooncentration of nutrient
elements in the normal as well ag Zn deficient rice plant

(Appendix VI).

The above table reveals that a Zn starved plant tends
40 accumulate much less amounts of most nutrient elements and
this sccounts for the indirect effect of In deficienoy in
depressing growth of the rice plant,



E. Effect of sgine toxicity oxr riece

Beyond a ocertain level Zn produces undesirable effeots
both directly and indirectly.

Tokuoka ¢t al. (1939) ebserved in their solutiom oulture
experiments the effect of inoreasing additions of Zrn en grewth
of rice. Hindrance to flowering at 10 ppm level and poisonous
effects at 20 ppa level were observed. But such a phenomensn
seldom ocourred in seil. Tanaka and Yoshida (1970) observed
direoct toxie effect only beyond 1500 ppm in the rice plant.

Indirect effects include the influence om the utilisation
of other elements. Mills and Williams (1971) observed that
excess Zn modified or inoreased the requirement of Cu and Pe.
Maynard (1969) observed Zn to be toxic only beyond 900 ppm.
Andriano et al. (1971) found that high levels of Zm in the
growth medium lowered the conoentration of P and Fe in plant

tissue.

F. Factors influencing sino nutrition of rice

The total Zn gontent of the soil in general varied from
2 to 1204 prm and available In varied from nil to 22 ppm.
(Randbawa and Takkar, 1975). In most oases the deficiency is
one associated with soil and plant factors interacting with
absorption and translecation eof the element.
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1. Plant factors
Differences in the susceptibility to the deficiensy

of a natrient ean be attributed to the differences in the
ability to absord the element from the soil and /or translocate
it to the shoots or to the differences in concentration of the

element needed in the tissues for healthy growth (Vose, 1963).

Seats and Jurinac (1957) studied the relative ability
of 26 different orops to utilise native soil Zn and classified
them into three groups (i) Sensitive group - beans, soybeans,
oorn, grapes, limabean, castor and flax, (i1i) wmoderately
sensitive group - potato, tomato, onion, alfalfa, sorghum,
sudangrass and sugarbeet and, (iii) insensitive group - eereals,
peas, asparagas, mustard, carrot and sunflower.

From the experiments oonducted under All Indfa Co-
ordinated Scheme on mioronutrients and model agronomic experi-
ments, the relative susceptibility of rice varieties for In
defiolency were indicated as follows. (1) High - Pusa 2-21,
Jamuna and Jaya, (ii) Medium - IR 8, Padma, Vijay, Cauvery,
?%¥ - 1, Karuna, 7-9, Bala and IR 20, (111) Low - Sabarmathi,
Rathna, Kanchi and Annapoorna (Kanwar, 1972).

Poonamperuma and Castro Rudy (1973 ) tested thirty twe
varieties of rice on a Zn deficient so0il. Twenty nine of tlui
perished within 5 veeks after transplantation. IR 5, IR 20 amd

34 survived. IR 20 amd l!4 were the best.



Rashid ot al. (1976) attriduted the differences in
responses t0 Zn fertilisation in rice to the differences in

their absorption mechanisas.

The studies on the performance of 10 varieties of rice
at Ludhiana (India) revealed the following order of suseepti-
bility for Zn defieiency vis., Jaya > Palmar 579 > Ratna )
IR 8 > HM 95 > Padma > Basumathi 370 > HM 484 > Jhona 549.
(Anonymous, 1973),

2. Soil faoctors

a. Mineralogical gompositiont
Elgabaly (1950) indiocated the possibility of sub-

stitution of Mg by Zn. The possibility of fixation in the
unfilled holes of cotahedral layer of aluminium silicates was
indicated. 2Zn onoe fixed could not be replaced by ammonium
acetate. Demumbrum and Jackson (1956) gave inareased abarpPiqn
evidenoe for adsorption of Zn by montmorillonite beyond its

CEC. Reddy (1973) observed fixation of signifiocant amounts

of 3n by bentonite and illite and very little fixation by

kaolinite.

Chatterjes (1974) considered that the mineralogieal
ocomposition of the soils was very important in determining
available 3Zn in soils. Rmo % al. (1974) conducted In sorptiem
studies employing red, dblack and laterite soil clays. Ian the Ca



18

saturated system, clays dominated by kaolinite and 1llite
had higher sorption capacity than montmorillonite, while the

order was reversed for H-olay system.

Nelson and Melsted (1955) studied the chemistry of 2n
added to soils and clays. They observed a rapid conversion
of added Zn to forms extraotable only with ammonium acetate
or dilute acid. They also showed that 0.1 N HC1l Zn inoreased
and asmonium acetate Zn decreased with time during twelve weeks

of equilibration.

b. Soil ¢ u
Kalyanasundaram and Mehta (1970) ebsexrved decrease

in the availability of added Zn with increase in clay centent.
Prasad and Pagel (1970) indicated the availability of Zn to be
direotly proportional to tho.unount of silt, clay and humus,
Murthy and Mehta (1973) conducted fixation studies. Clayey
soil fixed 71 per ocent, sandy oclay loam 38 per oent and

loamy sand 38 per cent after 72 hours of Zn additien. S3en
and Deb (1975) observed mobility of Zn irrespestive of
textural difference,

o. Soil pH
Anong many fagtors whioh govern the availability eof

gn in the 201l pH assumes the foremost importance. This has
been well Brought out by several investigations,
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Camp (1945) concluded that ZTi was utilised most
effioclently in soils having a pH between 6.0 to 6.5. Wear
(1956) and Lagnin gt al. (1962) indioated soil reactien as
the most important faector influenocing Zn availability in
soils. The former reported that 92 per ocent of variationm
in the Zn uptake from applied fertiliser was attributable
to s0il pH values. Steward and Berger (1965) observed in

many cases negative correlation between pH and extractable 2n.

Scharrer and Hofner (1958) observed that as the pH
changed, 2Zn transformed from one hydrolysed foram to another,
the various forms of Zn do not reaoct equally with soil. Guinn
and Joham (1962) found that decreasing pH strongly imhibited
the absorption of iIn.

Okunev (1968) gave the scheme of hydrolysis of 3n
ions in dilute solutions. In acid and weakly acid medium Zn
occurs in the main ioniec form (Zn**). It hydrolyses as the
PH increases so that several of its hydrolytic forms can cxilf
eoncurrently in the solution. Doubly charged molecules of
basic salts form in an alkaline medium. When the solutien is
stored these molecules gradually transform te In (On)2
00lloids because of adsorption of OH  maximum amount of

eolloids at pH 9 to 10.
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Lindsay md Norvell (1969) suggested a very useful
and important relationship of Zn** soludility in soil vis.,
(3n**) » 106 (H*)z. Sharpless st ;;. (1969) observed formation
of poorly soluble Ca zno2 at higher pH. Tanaka and Yoshida
(1970) recorded a hundred fold decrease in the solubility of

Zn for each unit inorease in pH.

Jurinak and Inouys (1962) suggested the possibility
of increase of Zn in solution as a result of peptidation of
hydrous Zn0 at relatively high pH values ~ however they 4id
not observe it in case of acid solls low in organic matter

and oalcareous soil.

Saeed and Fox (1977) investigated the effect of
suspension pH on Zn solubility. A linear relationship was
observed up to pH 7.0 for acid soils. As the system passed
t0 neutrality a general increase was noted in the amounts
of Zn in solution for the soils high in organic matter due

to dispersion of organic matter.

The usual pH - solubility relationship for Zam in soil
in the presence of a chelating agent is modified dy the
simultaneous equilibria of competing cations at a given pH.
The competition of Fe at low pH values and that of Ca at

high pH values was observed.
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The pH-negative log of 2Zn relationship for ealoareocus
soil wes non-linear. 3%n solubility changed very little as
the pH varied within the acidic range. High solubility upder
low pH oonditions was asoribed to partial dissolution of seil
mineral including adsorption sites. When tﬁo pH of the soil
was increased above G.Q/Zn in soil solution disappeared
rapidly. As the pH approached 7.0 almoest all of the added
Zn disappeared.

d. Other nutrient ions
Absorption both in concentration and total uptake

inoreased with inocreasing ooncentration of N in oculture
solution. 2Zn requirement of rice increased with inoreasing

N application (Anonymous, 1968). Forno et al. (1975) observed
urea application to intensify the Zn deficiency.

Soils with a high content of available and water soludle
P have low concentrations of water soludle Zn regardless of pH
or the content of total or available Zn. Pathak ot al. (1975)
studied Zn~P interrelationship in rice. 2Zn and P applied in
optimum combination increased dry matter yleld. There was
adverse effects of higher levels of P on the content of Im
in the plant and vice-versa. The studies on Zn-P intersction
at ralietrager laboratory of Hyderabad employing 6 levels of
Pao5 (initial to 1600 ppa) and 5 levels of Zn (initial to 8 pm)

revealed no adverse effects of high doses of P on ZIn uptake



in both red and black soils (Anonymous, 1973). Jamisom (1943)
studying the possidility of Ou and Zn forming inscludle
phosphates, found that i{norganic soil surfaces form stronger
bonds than are found in the P precipitates.

Ded and Zeliang (1975) studied the effects of Zn and
Fe , each applied at 0, 10, 20, %0 kg/ha on dry matter, 2In,
Fe and P oontents of rice. Ko signifioant effeot of Pe/Zn
ratio on dry matter was found. Venkatasubramanyam and Mehta
(1975) in their incubation experiment observed application
of Fe to decrease the availability of Zn and vice-versa.
Brar and Sekhon (1976) from their solution oculture studies
reported that increasing concentration of Fe decreased the
absorption and translocation of Zn. When Fe concentration
increased from O to 60 /4m, Zn uptake decreased to 85 per cent
and this effeot was more pronocunced at lower concentration
of Zn. The inhibition was nonocompetitive. Translocation of
Zn decreased with increasing levels of Fe from 0 te 20 Am.
The ratio of Zn uptake by roots to ZIn uptake by shoot showed
that up to 20 im Pe, translocation of Zn decreased with in-
oreasing consentration. Beyond 20 4m concentration, both

absorption and transloocation were affected indicating disturded

metabolism in the plant. The availability of Za may be reduced

as a oonsequence of either incressed availability ef Fe as a
result of flooding or addition threugh a carrier to the riee
nursery. Ohaudhry and Wallace (1976) indioated a eompetitive

22



23

inhibition of Pe on Zn absorption in solution oulture. Pe
also was indicated to have a competitive effect on trans-
looation from roots to shoots. Chelated Fe alleviated the
inhibitory effect to a large extent.

Ishiguka and Ando (1968) in their solution culture
studies observed a gonsiderable reduction in Zn absorptiem
by rice plants with inoreasing Mn concentration in the solution.
Venkatasubremanyam and Mehta (1975) observed Zn applioationm to
increase the availability of Mn.

Chaudhry et al. (1973) found an antagonistio effeot
of Zn on Cu and suggested that Zn application could reduce
rice yields 1€ available Cu is marginal in seil. Strong

B s

doprocaion&cf Zn on Cu uptake was also observed by Kausar

et al. (1976).
Rashid et al. (1976) studied the effeoct of different

ions on the absorption of Zn from soil selutienm.

They observed a progressive depression in Zn absorption
by rice with inoreasing Ca ooncentration. They also pointed
out that in submerged calcareous soil increasing Oa sonsen-
tration could accentuate Zn deficiency even in soils of

eptimum Zn. A similar effect for Mg was also observed.

Xausar et al. (1976) studied comparstive Ou and Ia
deficiency and their mutual interastion in rice. Applied iIn



reduced Cu uptake but Cu had little effeoct on Zn uptake.
Lowland rice responded to Zn and Cu fertilisers on soils
containing muoh higher content than considered deficient

for most orops.

Porno (1970) felt that the 2Zn deficiency in flooded
rice was due to bicarbonats retardation of Zn uptake.
Ponnamperuma (1972) pointed out that in oaloareous soils
bicarbonate concentration in excess of 10 mM was observed
commonly following submergence. Forno ¢t al. (1975) in
solution oculture studies observed that bicarbonate reduoced

the transport of Zn to shoot by more than 70 per cent.

G. Zinc nutrition relating to soil conditions

The supply perameters of Zn determined by various
pools vis., water soluble, exchangeable, specifioally adsorbded,
chelated and complexed Zn and Zn in primary and secondary
minsrals is modified markedly depending upon the physico-
chemiocal ocharacteristios of the soils. Apart from inherent
differences in the physico-chemical characteristios the
calgcareous soil, soils enriched with organic matter and sodio
soil produce marked differences in the physico-chemical en-
vironment of plant roots upon intermittant or full sub-
mergence to which rice cultivation is subjected to. The
agtivities of En ions in the ambient s0il solution bathing
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the plant roots is controlled Dy the simultaneous equilibria
of several competing reactions such as surface exchange,
specific bending lattice penetration, precipitation reactions
and the processes leading to the desorption of surface and
lattice bound ions. (Sidhu et al. 1977). The desorption of
in from exchange complex to solution, release of 2n from
organic matter, orystalline minerals and other precipitates
to the solution phase are th; Processes that contrel the
availability and mobility of Zn. The following review gives
an idea of the Zn nutrition of rice as influenced by varying
soil conditions.

1. Caloareous soil
Jurinak and Thorne (195%5) indiocated c-znoz t0 be an

important factor in decreasing the solubility of Zn in soils
at higher pH values. Sikharulidge (1973 ) stated that in
carbonate rich soils Zn was strongly bound and socarcely
available. Peterson et al. (1974) observed the application
of 2n to areas whioh had been limed and areas froa where top
801l had been removed to increass orop yields. Application
of sine (40 ppm) to oaloareous soil was found to aggravate
Fe deficiency (Chaudhry and Wallace, 1976). More adverse
effect of carbonate ion as compared to sulphate ions was
observed in a pot experiment with rice. (Anonymous. 197%).
Misfre and Pandey (1977) indicated that high CaCOy content
made 3n unavailadle due to formation of insoluble Cain0, .
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Navrot and Ravikovitoh (1969) observed presence of inereasing
amounts of cwo, (< 2 /A particles) to inhibit available 2Zn
in soils. Philips gt al. (1972) suggested that Zn in a
Ca-dominsted soil dffused predominantly inte the adsorbed
phase. Frasad et al. (1976) reported low diffusion of

In in oaloareous soil due to intense competition between Ca
and Zn. Udo et al. (1970) and Trehan and Sekhon (1977)
indicated the adsorption of Zn by 01003 in caleareous soils.
They also opined that when 2Zn was added in excess of adsorp-
tion maxima it was precipitated as carbonate rather than as

hydroxid. .

Badrachalam (1969) observed Zn treated plots to give
an yield of 5.4 to 5.6 t/ha as against only 1.8 t/ha for

oontrol on a Zn defioient caloareocus alkal{ seil.

2. Organig matter
Makhonina and Malchanova (1961) odserved 2n adsorption

to be dependent on content and gquality of organic matter.

De Remer (1963) and Smith ot al. (1965) studied the effeet

of ground sugarbeet tops on the fate of added Zn. There was
deorease in water soludble, acid soluble and exchangeable In
and inorease in 2Zn asscciated with organio fraction, samd

and silt fractions of the seil., A similar effect with groumd

alfalfa was recorded by latter workers. Mangaroo g% al.
(1965) observed increased Zn adsorption by soils when seludle
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organic matter was removed by NaOH extraction. Randhawa
and Broadbent (1965) observed adsorption on organic matter
to be more in basic than scidic conditions. Mistra and
Pandey (1977) obtained a highly significant negative core
relation between organic carbon and DTPA extractadle Za in
central Utter Pradesh,

5. Submerged soil
Jackson (1967) observed high available Pe in low land

rice to aggravate In deficienoy. Badrachalam (1969) indieated
that Zn deficiency might occur under flooded oonditions in
rice when available 2n in so0il is £ 1.5 pps. Tanaka et al.
(1969) observed that the soils which differed greatly in
their initial scil solution oconcentrations (0.8 to 180 im)

on prolonged submergence, tended tcwards a common value within
the range of 0.5 to 0.5 Am. BEstepp and Keefer (1969) found
that keeping the soil moist caused groator'flxation ef Zn on
the inorganic soil fraction. Shafi and Ha}id (1971) reported
that many areas of low land rice in Pa‘ﬂ&-tnn suffered from
Cu and Zn defioclency. Gangwar and Mann (1972) considered
khaira disease of rioce as Fe and Mn induced Zn deficlienecy.
Ponnamperuma (1972) indicated Zn and Cu deficiency in plants
grown on flooded conditions and this was related to chemiocal
and eleotrochemical changes associated with soeil submergense
wvhiok adversely affeot In and Ou uptake. He further focussed

-



in 1975 that the Pe toxioity and Zn defioiency in submerged
anaerobic soils as the main limitation for the growth of rice.

Rahamatullah ¢t al. (1976) stated that inoreased
contents of various ions in the s0il solution as a major
cause for Zn and Cu deficienscy in rice. Jugsujinda (1976)
observed higher Zn uptake under aerobic conditions. The
studies on the influence of three water regimes vis.,
saturation, 5 om standing water and flooding and drying
(Anonymous, 1973), indicated a large reduction in the con-
centration and uptake of Zn by Jaya and HR 19 varieties of
rice in both red and black soils. This was attributed te
lower availability of Zn under submerged conditions. The
manifestation of 2n deficiency in rice under sudmerged and
highly reduced environmental conditiﬁnl even in soils well

supplied with Zn was brought out.

Aymond (1972) observed that flooding decreased the
congentration of Zn in plant dbut not uptake. He emphasised
that the Zn effect on dry matter depended on water, lime
treatment, rice variety and soil. Reddy md Patriek (1977)
studied the effects of redox potential on the stablility of
Cu and 3n chelates. They Observed a reduction in the per-
centage of added In that remained in the solution with
deoreasing redoex potential apparently due to their physical
adsorption and microbial decempesition of metal chelate cemplex.
The greenhouse studies on the effeet of submergence on the



kinetics of Zn** and pH in oaloarsous sodie and slightly
caloareous alkaline soils revealed that zn(OH)z and 2n00,

are the iumediate reaction produots of applied Zn. In
oaloaresous sodic soil different systems regulated soil Zn
during different periodl, Zn system having higher solubility
than the system Zn(0H), - zn** ana 2n00, - zn** defore 2/5
days, the Zn(0H),) - 2n** and 2n00, - Zn** detween 2/5 te

+4

14/21 days and predominantly by ZnC0y ~ Zn"" system there-

after (Anonymous. 1977).

4. Sodio soil

Miller et al. (1964 ) reported Zn deficiency to de
very common in plants grown under alkaline soil oconditioms.
Bingham et al. (1964), Reddy and Perkins (1974) indicated

naere
inoreased adsorption of 2n in bdasic than in aocidiec media.

Viets (1967), Wells ef al. (1973) and Tiwari g% al.
(1976) gave evidence for IZn deficiency in sodic soils
especially under waterlogged conditions. The application of
gn was found to oorrect chlorosis and inorease rice yields.
In moderately acid to slightly alkaline soila the availability
of Zn and Cu would not be limited by the instability of

ZnEDTA (Norwell and Lindsay, 1969).

Singh and Sekhon (1977) studied adsorption and
desorption of In by Punjad alkaline soils. At a higher
oonocentration of applied Zn, the possibdility of precipitation
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of Zn as hydroxide was indicated. They reported although
clay functioned independently, 0300‘3 and organic matter
interacted with one another for adsorption of 2n.

H. Evaluation of soil and plant fer sinc fertilisationm .

1. Soil analysis
Badrachalam (1969) suggested the oritical limit of

available Zn under flooded conditions as 1.5 ppa of EDTA
Plus (NH4 )2 005 extractable 2Zn.

Cox and Kemprath (1972) exanined soil test methods
to evaluate oritical levels of micronutrients. They suggested
the following ranges for oritical levels for the various
extractants vis., 1.0 to 7.5 ppm for O.1 N HCL, 0.5 to 2.5 pmm
for Dithiosone + ammonium oxalate extract, 0.5 to 1.0 ppm
for DTPA + Ca 012.

Stewart et al. (1972) proposed grading of DTPA soil
test values vis., 0.0 to 0.8 ppm-very low, 0.8 to 1.4 ppa-low,
1.4 to 2.0 ppa-borderline and 2 ppm as adequate. htor/hﬁase,wn*
(1 974)they confirmed DTPA as the best extractant for assessing
Zn availability for rice. The ratings also appeared quite
satisfactory through soil test orop response studies. Hewever
in oases of high soil pH and organic matter, borderline

rating also became defieient.
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Katyal and Ponnamperuma (1975) suggested a oritical
limit of 1 ppm for soil available Zn extractable by 0,005 M

DTPA extraction prooedure.

Workers in the radiotracer laboratory, Rajendranagar,
Hyderabad (Anonymous, 1973 ) suggested the following oriteria
for the plant and soil vis., <0.85 ppm DIPA Zn-lowj > 0.85
ppa-sufficient (for soil) and < 10 ppm-deficient; 10 to 18
ppa-intermediate and > 15 ppa-high (for plant).

2. Plant analysis
Yoshida and Tanaka (1969) considered 15 ppm in rice

shoot as oritical limit for Zn. This was later confirmed

by Katyal and Ponnamperuma (1975). An average soncentration
of 27 ppm Zn in rice leaves was suggested asg oritical limit
for Zn deficiency at the 15 to 20 days growth stage
(Anonymous, 1973). Kausar et al. (1976) conducted exhaustive
experiments and suggested 17.4 ppe in shoot as oritieal limit.

I. Zine fertilisation studies for riae

Pillai (1967) observed beneficial effeots of 2n30,
applioation to rice. Badrachalam (1969) observed that Zn
treated plots gave an yield of 5.4 to 5.6 t/ha as against
only 1.8 t/ha for contrel on a 3In defioient oaloareous
alkali soil. In the experiments in Tamil Nadu relating to
the reclamation of alkali soils, a combinatien of 25 kg/ha



of 311804 with gypsum was found to give better ylelds
(Anonymous, 1973). Reocent reports from Karnal, (Abrol g% al.,
1973) also indlcated the beneficial effeot of 3n80, in
inoreasing rice yields in alkali soil. An application of

45 kg Zn804/ha is recommended to improve rice yields. Bora
et al. (1977) observed responses in both kharif and rabi
seasons to the application of 50 kg/ha ZnSO4 in Sibsagar

area of Assam.
J. Sources and methods of application of sine for rice

Giordano and Mortvedt (1973)_ltudiod sources and
methods of Zn appliscation to rioo.;hlttfoot was similar with
ZnoO, zxx,BO4 and ZnEDTA. Uptake of Zn in the immature plant
was in the order of 2n0 > Zn304 > ZnEDTA. They alse observed
no adverse effect of coating the rice seeds with low rates
of ZmSO4

maixing of m04 with soil or applying it to the water at

(=79
and reported that it was equally effeotive to the

planting for flooded rice.

Beawn ¢t al: (1957) considered Zny (PO, ), to de both
a good Zn and a good P fertiliser when finely ground and

mixed with the soil.

vPhillipl et al. (1972) indicated that 2n in a Ca
dominsted soil diffuses predominantly in the adsorbed phase
and that the presence of chelating agents could modify i%.



Barlier in 1969, Nerwell and Lindsay recorded very slow
rate of equilibration between the solution and solid phases

in the presence of chelating agents.

Sedberry et al. (1971) suggested appliocation of one

kg of Zn chelate per heotare to prevent Zn deficiency.

Mikkelson and Brandon (1975) observed sulphates,
ohlorides and nitrate forms to be equally effective in Zn
deficient osloareous soils. Oxide was less effective but
cheap. Effeotive rate was indiocated as 9 kg/ha. Murphy
and Walsh (1972) from their review of literature conoluded
that the seed treatment with 2n solutiom or Zn powders can
not prevent Zin deficiency in various upland orops. Yoshida
et al. (1970) observed znSO, application either as soil or
foliar to be as effective as dipping of seedlings in Zn0
suspension for oaloareous soils of West Pakistan. Sedberry
gt al. (1976) obtained higher yields of rice with Zn0 than

or ZnEDTA.

with ZnCl,, Zn80

2 4

Segars (1973) indioated ZnEDTA to be more effective
in supplying 2n than ZmS0, when the pH exceeded 6.0. The
materials were similar in Zn supplying power when the soil
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pH was 6.0, Elgawhary et al. (1970) also reported enhanced

diffusion of Zn in soil on addition of EDTA and attributed
this to the transformation of solid phase iIn in the soil

into soludble Zn complexes.



Prasad ot al. (1976) studied the effect of DIPA,
EDTA and FA on the self diffusion of Zn in an alkaline and
caloareous soil. They observed increased co-efficient of
diffusion of Zn due to the addition of DTPA, EDTA and PA
and the increase was attributed to the conversion of solid
phase s0il Zn into soluble Zn complexes. Their studies
revealed that both natural and synthetio chelating agents
play an important role in overocoming rate limiting steps
of solution and adsorbed phase diffusion which are mainly
responsible for the movement of Zn ion in alkaline amd
calcareous soile. They oconcluded that organic amendments
and chelated ZIn fertilisers could be expected to be mere
effective than soluble Zn salts in alleviating its deficieney
in suoh soil. Kang and Okoro (1976) in their studies on Zn
mobility observed & greater movement of 2n from ZnEDTA than
fritted 2Zn. While all of applied Zn as fritted 7Zn remained
within 0.1 om depth, movement up to 10 om was observed with
ZnEDPA. Under flooded condition Giordano and Mortvedt (1972)
also observed greater mobility of Zn frem EDTA as compared

to Zn0 and 8nSo,.

Kang and Okero (1976) compared nS0,, InRDTA, metallie

Zn powder and fritted Zn at 2, 4, 6 and 8 ppm In, levels with
IR 20 as test crop. While the 4ry matter yleld showed no

significant differences, In from water soluble sources was



more available to the plant than the two non-soluble sources.
Soaking of the seeds with ZnEDTA resulted in enrichment of
(Beodu with Zn through diffusion, while a sudbstantial smount
of Zn was found to be attached to the seeds on scaking in
suspension of Zn fruits. 3Soaking of seeds with ZrEDTA at a
conocentration of > 0.1 per oent Zn delayed germination and
depressed early growth.

In the field experiments, on alcali soils in Punjab
(Anonymous, 1977), broadcast application of 7.5/10 ppm Zn gave
cent

/ the highest response. Dipping of seedling roots in 4 per, 2n0

suspension was equally effiocient and was on par with 5 ppm

of Zn as ZnS0, though both treatments were inferior to

4
broadcast application of 10 ppm of Zn, Foliar application

of ZnSO, proved inferior. Singh and Jain (1964) observed

4
soil applioation of 2.53 kg/ha of Zn to inorease dry weight
and tillering. At lower levels foliar spray was superior

to soil appliocation.
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CHAPTER III
MATERIALS AND METHODS

The details of experiments carried ocut and the analytiocal
techniques employed for the analysis of soil and plant samples

are presented in this Chapter.

A. Experimental details

1. Experiment 1. _Studies on the influence of Zn fertilisation
on the growth and nutrition of popular rice varieties of
Tamil Nadu

/M}

Thil/\oxporinont was conduoted with the main odjective
of studying the nutrition and relative tolerance of popular
and genstiocally variable rice varieties of Tamil Nadu for Im
deficienay. The particulars of varieties investigated are
presented in Tabdle I.

An alluvial soil oontaining 0.8 ppm of DTPA extractable
Zn having a pH of 7.3 was used for the experiment. Twenty five
to thirty days old seedlings were transplanted (at 12 seedlings
per pot in four hills) into polythene lined earthen pots
oontaining 8 kg of soil. Pour levels of Zn viz., 0, 5, 10 amd
15 ppm in as Zn804'7320 and three replications were adopted.
A oommon dressing of 120160360 kg/ha N, 1’205 and K0 vas
applied to all the pots. N as urea was applied im twe splits
(planting and tillering) while P, K snd Zn were applied in ene
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TABLE I. PARTICULARS OF RICE VARIRTIES INVESTIGATED

S.No. Variety Common name 2:§;n Parentage
(aays)
1. ©Co 39 Amaravathy 9% Culture 3540 x Kannaki
2. GCo 37 Yaigai 11% ?T.N.1 x Co 29
5. THNAU 658 .o 115  ASD 1 x Padma
4. IR 20 oo | 130 IR 262 x Thadukkan
5. RP 4-14 Prakash 130 IR 8 x[90
6. Ponni Masuri 135 Taichung 65 x Mayang
ESP 80
7. Bhavani Bhavani 135 Peta x BPI - 176
8. IR 8 .o 140 Peta x Dee Gee VWoogen
9. 0Oo 38 Bagavathy 140 IR 8 x Co 25

10, TNAU 13493 Rajarajan 165 IR 8 x Co 25

-]



single dose as ammonium phosphate, muriate of potash and

Znso4 at planting. Analer reagents were used for each of the
above nutrients. The experiment consisted of a total of 120
pots representing ten varieties and four Zn levels under three

replications.,

The plants were grown up to harvest. Grain, straw and
root dry matter yield at harvest stagze were recorded. The
grain, straw and root samples collected for each of the treat~
ments were analysed for the concentration of nutrients and

uptake values computed based on dry matter yield.

2. Bxperiment 2., Growth and nutrition of rice as influenged
by soil conditions and Zn fertilisation

Thi-f‘iperinent was oonducted with the main objective

of studying the availability of nutrients under the influence
of varying soil conditions and Zn fertilisation and consequent

effect on dry matter yield and nutrition of rioe.

The experiment involved 12 treatments as detailed

below.
No Zn addition

3n at 10 ppm (As ZnS0,.TH,0)

Normal soil
Calgareous soil

Soil enriched with

organic matter ZnED?A (0.5 kg/ha)

z
s
)
i

Subamerged soil



A noncalcareous soil having a pH ef 6.8 celleated from
wetlands of Tamil Nadu Agrioultural University Fars was placed
into polythene lined earthen pots at 8 kg per pot. Oaleulated
quantities of analar grade 0.003 wers added so as to represent
& 6 per ocent calcareous soil. Glyricidia leaves at 200 g per
pot was added to represent the treatment of soil enriched with
organic matter. Vater allowed to stand to a height of 5 om
throughout the orop growth after puddling to represent sud-
mergence treatment of soil. The above treatments were given
& week prior to planting. Soil samples were eollected from
each of the treatments and twenty two days 0ld seedlings of
RP 4-~14, one among the high in responsive varieties were
transplanted at the rate of six seedlings in three hills per
pot. Prior to planting all pots were manured uniformly at
120:60:66 kg/ka. N was applied as urea in two splits (Planting
and tillering). P and K were applied in the form of ammonium
phosphate and muriate as basal dressing. 7Zn fertilisers were
2lso applied as per treatments just defors planting. Analar
resgents were used for all the above sourees. There were 48

pots representing four replications x four soil conditions x

three In levels.

One among the four replications was utilised for
¢ollecting soil and plant samples at tillering phase amd the
rest continued up to harvest. Biometric observations at tiller-

ing and harvest stages and individual dry matter yield of shoot
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and root at tillering and grain, straw and root at harvest
were recorded for the different treatments. The soil

samples were also collected for the above stages.

The soil samples representing tillering and harvest
stages were analysed for an appraisal of nutrient availability.
The grain, straw and root samples were individually examined

for their nutrient content and uptake values computed.

e iment Y4 and nutrition of rice in sedi oll

attendant upon appligation of emendments and 7n fertilisation
Thisjiyxpcrinent was gonducted with the main aim of
studying the influence of organic and inorganic amendments
and Zn fertilisation in sodic soil on the yleld and nutrition
of the rice plant. [The sxperiment consisted of 12 trestments
of the rice plant] The experiment consisted of 12 treatments
as per the following details.

Gypsum (as per Gypsum
requiresent) 1.e. 12 t/h 0
2.
FIM (30 t/ha) x : Z ppa of Zn
Green leaves (30 t/ha) ; 7.8

A total of 48 polythene lined earthen pots were filled
up with a typical air dried sodic soil (pH 8.95 and ESP 24)
at 8 kg soil per pot. These pots represented four repliocations.
Oaloulated quentities of amendments were theroughly mixed im
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respective pots, puddled and allowed to remain for a week.

The pots were manured at 120160160 kg per heotare of N,

P2°5 and xéo as was done for the other experiments. Caloulated
quantity of Zn804.7520 was added as per the treatments
scheduled. Six seedlings of IR 8 at the age of twenty eight
days were transplanted in esach pot in three hills.

One among the four replications was utilised for
collecting soil and plant samples at tillering phase. Bio-
metric data on plant height, tillering and Adry matter yleld
of shoot and root were collected. The other three repli-
cations were continued up to harvest and soil and plant
sanmples to represent this stage were also collected.
Individual dry matter yleld of grain straw and root for each

pot was also recorded.

The soil and plant samples collected as above were
analysed in detail for the availability of nutrients in soil
and related concentration and uptake of the above by plants.

4, erimen Sources and methods of 7Zn ilisation
for rice
This experiment was conduoted with the objeotive of
comparing the efficacy of different sources and methods of
applieation of Zn for rice and to fix cheap and efficient
method of in application for rice. The details of treatments

are presented in Table II.
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TABLE II. DETAILS OF TREATMENTS

Treatment
nusber

Particul ars

- er o e e @ WSan PO GSan AP D OGP P P W qp T AP B en G T " gy @b - e o - - - -

-t

Control (No addition of sine)

Zino sulphate ( 5 ppm of Zn)

Zine chloride (5 ppm of 2Zn)

Zinoe phosphate (5 ppm of 3n)

Zinc acetate (5 ppm Zn)

Seed soaking in 1 per cent Znso‘ (24 nhours)
Dipping of seedling roots in 2 per oent Zn0
Fursery fed seedlings (%5 ppm 2Zn)

2ine EDPA (0.5 kg/ha applied to soil)

Zine dust (5 pm Zn)

-
- O w ® 3 o W A~ AN

-h

Seed soaking in O.1 per cent ZnEDTA (24 hours)




The experiment was conducted on alluvial soil (pH 7.3
and available Zn 0.8 ppm) with variety Bhavani as test orop.
Eight kg of soil was placed in polythene lined esarthen pots
and twenty two days 0ld seedlings were transplanted at 6
seedlings /pot in three hills. The soil in the pots was well
puddled and common dose of N, PZOS and x20 at 120360160 kg /ha
(as in earlier experiments) and Zn application was made at
planting. For treatments 6 and 11, seedlings raised from
soaked seeds were utilised. PFor treatment 8, seedlings from
nursery to whioh 5 ppm of Zn was added was used. Analar

reagents were used as sources for the above nutrients.

Out of the four replications one was utilised for
colleoting s0il and plant samples at tillering stage and the
rest ocontinued up to harvest. Apart from recording the bdbio-
metric data on plant height, tillering and dry matter yleld
the s0il and plant samples collected were analysed for
evaluating availabilities of nutrients in soil and concen-

tration and uptake of nutrients by plant,

B. Analytical techniques for soil samples

1. Details of soil samples

Surface (0-9") soil samples representing Noyyal series
(00lleoted at Perur, Coimbatore) was employed for the first
and fourth phases of the experiment.
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The noncaloareous surface soil (0-9") eolleoted from
Paddy Breeding Station of Tamil Nadu Agricultural University
Parm was utilised for the second phase of study.

The typiocal alkali soil (0-9") colleocted from
Sommanthuaichitoor (Pollaohi, Coimbatore Distriot) was
ezployed for conducting the third experiment.

2. Preparation of soil sanples

The soil samples were air dried in the shade, gently
pounded with a wooden mallet and used for potting.

istios of the soil sample
a. al and chemical properties:
The physical and chesmical properties of the soil
samples were determined as per the methods of analysis

outlined by Piper (1966) and Jackson (1973).

b. Migronutrien aluation:

The air dried soil samples passing through 2 ma plastiec
sieve were utilised for the appraisal of micronutrient
availability. The method desoribed by Lindsay and Norwell
(1969) was employed for extraotion of micronutrients. This
method (DTPA extraction prooedure) consists of equilibration
of soil with DTPA extract (0.005 M Diethyl triamine penta
agetic acid + 0.01 M ca012 + 0.1 M Triethanolamine, the pH
of the mixture adjusted to 7.3) in the ratio of 112 by



shaking for two hours over a horisontal type mechanical
shaker. The concentrations of different mioronutrients in
the extraot was determined by using Varian Tectron 120
Atomio Absorption Spectrophotometer.

C. Analytical techniques for plant samples

1. Preparation of the sample

The plant samples collected were washed with deionised

water, dried in the air oven at 60°C for 48 hours and after
recording dry matter weight powdered in Wiley Mill with
stainless steel Dblades.

2, Estimation of nitrogen
The micro Kjeldaht method described by Jaockson (1973)

was adopted.

3. Preparation of di-acid extraoct

One gram of powdered plant material was digested with
15 ml of di-acid mixture of HNOy and Hclo4 (Analar grade) in
the ratio of 4:1. The extract was allowed to cool and made

up to a known volume and used for estimating the following

elements.

In a known aliquot of the diacid extract the P was
estimated eolorimetrically using Vanadomolybdate method
deseribed dy Jackson (1973).



b. Potagsium:
A known aliquot of the di-acid extract was neutralised
with 1:4 ammonia and potassium determined by using EEL flame

photometer.

c. Caloium and magnesium:

A iknown aliquot of the Di-acid extract from whioh
iron and aluminium were eliminated was used and calcium and
magnesium determined by Versenate method desoribed dy Jackson
(1973).

d. Mioronutrients:

The mioronutrients Fe, Mn, Cu and Zn were determined
by using Varian Tectron 120 Atomic Absorption Spectrophoto-
meter employing the respective oathode tubes at the wave

lengths mentioned below:

Element Wave length
a. In 2138.6 4
b. Cu 3247.5 1
c. Fe 2483.3 4
d. Mn 2794.8 A

D. Statistical analysis

The experimental data collected for eaech of the four
phases of investigation were iadividually analysed statistically

by the method of analysis of variance.
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CHAPTER IV
RERSULTS

The biometric observations relating to growth
characteristics in respect of different phases of investi-
gation and the chemical analytical data of the soil and
Plant samples are presented in this Chapter.

A. Experiment 1. Studies on the influence of Zn
fertilisation on the growth and mineral nutrition
of popular rice varieties of Tamil Nadu

Ten genetically variadble popular rice varieties of
Tanil Nadu were grown up to harvest under four levels of
added Zn employing a sandy loaa so0il ocontaining 0.8 ppm of
DTPA extractable Zn. The macro and mioro element nutrition
as well as grain, straw, root and total dry matter yield as
influenced by varieties and different levels of Zn are
enumerated and the inferences arising therefrom are driefly

suamarised delow.

1. Soil analysis
The physico-chemical characteristics of the soil sample

(surface soil O"-9") ¢ollected from Noyyal series (Perur,

Coimbatore) employed for the study are presented in Table XXII.

The 80il has a sandyloam texture oontaining 34.66 per
cent finen fractions. The pH and EC of the s0il was observed



to be 7.7 and 0.62 m mhos/om respectively. The s0il pessess Sl
CEC of 18.6 me/100 g and 75 per cent of the exchange somplex

is oooupied by Ca and Mg. The soil also oontains! .82 per

cent free OaCOB. The status of available P and K was medium
while that of N poor. The s0il recorded low status of

availadble Zn (0.8 ppm). The status of available Cu was

marginal while that of available Fe and Mn were above the

critical level.

2. Dry matter yield

Total dry matter yield as well as individual dry matter
Yield of grain, straw and root recorded for each of the
varieties under different levels of Zn employed are presented

in Table III along with the results of statistical analysis.

a. _Total yield of dry matter:
The total dry matter yleld differed significantly

due to varieties and Zn levels. Variety Co 358 recorded the
highest yield of 98.9 g/pot, while Co 39 the least amount

of 31.9 g/pot. The long duration varieties tended to record
much higher dry matter yield than short duration varieties.
Application of Zn inoreased the dry matter yield to the extent

of 10 to 15 per cent over control.

b. Grain yield:

The grain yield differences due to varieties and Zn

fertilisation as well as the interastioa "varieties x 2n
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levels” showed statistiocal significance. The variety Co 37
recorded the highest grain yleld of 23.1 g/pot. Oo 38 and
THAU 658 were on par with it. The lewest yield of 14.4 g/
pot was assoolated with THNAU 19493, It was motable that
variety Co 37 whioch showed much less total dry matter yield
ranked foremost in grain yleld. In fertilisatioen registered
grain yleld inecrease of 5 to 13 per oent over aontrel, the
inorease bdeing more pronounced at 10 ppm. However, the

effeot of In in enhancing the grain yield was found te de
eonfined only to certain varieties as revealed dy the inter-
aotion effeot. While all levels of 2Zn inocluding contrel

were Oon par in respeet of varieties Co 39, Co 37, IR 20 and
Ponni, addition of Zn csused significant improvement inm
others. The inorease in grain yield ranged from 20 te 59

per cent among the varieties whioh showed responses to added
Zn. In most of the ocases 10 ppm level of Zn appeared the
best. In variety RP 4-14, 5 ppm level and in Oo 38 15 ppm
level produced maximum grain yield. Even in the non responsive
varieties the yield tended to inorease though not appreoiably.

e. Straw yield:

The wean strav yleld 4ifferenses due to0 varieties
and 3n levels were statistically significant. Variety Co 38
recorded the highest straw yield of 63.8 g/pet, while Jo 39
the least mean stravw yield of 13.2 g/pot. The varieties
IR 20, Oo 37, THNAU 658 and Oo 39 recorded significantly

e P,




lower straw yield than others. 4s a general rule leng
duration varieties recorded higher straw yield obviocusly

due to long period of growth. The straw producing ability

of different varieties may be graded as Co 38 = Fonni > IR 8=
Bhavani > TNAU 13493 > RP 4-14 > IR 20 = Co 37 = TNAU 658

> Co 39. Appliocation ef 5 ppm of Zn brought about 12 per
oent inorease in straw yleld over control and further inorease
of Zn levels showed no significant improvement. The inter-
action effeot as observed in grain was not observed for

straw yleld. The appliocation of Zn enhanced straw yield in
all the ten varieties examined and the effect was more
pronounced in Zn responsive variety IR 8, In others the
inorease was only marginal. It is significant to note that
varieties Co 37, IR 20, Co 39 and Ponni whioh recorded ne
appreciable inorease in grain yield due to Zn fertilisation,
Showed marginal incresse in straw yleld.

d. ot dry mat ield:

Root weight also differed considerably due to varieties.
Variety Co 38 reaorded the highest root weight 10.9 g/pot and
Co 37 the least. A point of interest was that variety Co 37
whioch recorded the highest grain yield recorded the lowest
root dry matter yield. This explains the more important
nature of the physiologioal funotioning rather than the quantum
of roots produced. The variety Co 37, however, appears to be
an exception to the general rule. A significant positive
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sorrelation (r«0.80) was observed between root dry matter
Yield and yield of grain in the present study. 2Zn
fertilisation also brought about enhanced root growth. The
mean root dry matter yield from 4.93 g/pot in control ine
oreased to 5.41, 5.69 and 6.36 g/pot due to application of
10, 5 and 15 ppm Zn respectively. Thus 2n fertilisation
favoured better root growth in all varieties inecluding
non-responsive varieties. The effeoct on root growth in
varieties RP 4-14 and IR 8 was more pronounced than all other

varieties.

3. Congentration and uptake of nutrients
The conoentration and nutrient uptake individually

by grain, straw and root and the computed total uptake as
influenced by Zn fertilisation in different varieties are
presented in Tables IV to XXI. The statistical parameters

for comparison of means are also indicated.

a. Nitrogen: (Tables IV and V)
The congentration of N in grain varied from 0.93 to

1.48 per cent. Neither the varieties nor the Zn fertilisation
caused any significant variation in grain N concentratioen.

The uptake, however, varied markedly. It ranged from 139 mg/
pot to 279 mg/pot. IR 20 recorded the highest and TNAU 13493
the least uptake., Zn fertilisation drought about ne
significant change in the N accumulation in grain. However,
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the interaotion effect "V x Zn" showed significance. 2IZn
application tended to inorease the grain N uptake in
varieties IR 8, Co 38 and RP 4-14, while high levels of
én significantly depressed the same in IR 20.

The straw N conocentration ranged from 0.30 to 0.62
per cent. IR 8 recorded the highest N content. Application
of In tended to inorease the N content though not appreciadly.
The mean straw K concentration for inoreasing levels of 2n
was 0.46, 0.46, 0.48 and 0.48 per cent respectively. The
straw N uptake varied from 53 to 321 mg/pot. Apart from
varietal 1n£1uenoe/2n fertilisation also drought about
significant changes in straw N uptake. Highest N uptake
was associated with Co 38. Iong duration varieties tended
to accumulate more N in straw than short duration varieties.
Zn application beyond 10 ppm caused marked and significant
enhanced straw N uptake. The inorease ranged from 16 per
cent at 5 ppm level to 26 per cent at 10 and 15 ppm levels.
Inorease in dry matter yield with no corresponding dilution

effect on N ooncentration has ascounted for such inoreased

N uptake.

The concentration of N in root varied from 0.36 per
cent to 0.99 per cent. Varieties Co 39, TNAU 658, IR 20
and RP 4-14 recorded higher root N concentration., Ilong

duration varieties contained comparatively less root X



congeniration than short duration varieties. 2In fertilisation
caused no appreciable difference in root N concentration. The
root uptake of N differed signifioantly among varieties.
Varieties RP 4-14, Bhsvan{/IR 8 and Co 38 recorded higher
uptake than others. The interaction means indicated the
effect of Zn in significantly increasing roet N uptake in
varieties IR 8 and RP 4-14, while depressing the same parti-
cularly at high levels in variety Co 38. Roots of Co 37
registered the lowest uptake owing to reduced root growth.

The uptake, however, increased with gradual inorease in the

level of 2n.

The total N uptake varied significantly due to individual
as well as interaction effeet. Co 58 recorded the highest
uptake of 597 mg/pot as against the lowest. of 259 mg/pot in
Co 39. 7Zn fertilisation enhanced total N uptake and the
effeot was more pronounced at 10 pps level. The mean uptake
values registered were 412, 453, 463 and 446 mg/pot for
increasing Zn levels. The interaotion weans, however,

{ind {oated this effect to be confined to IR 8. In other
varieties all levels were on par suggesting that Zn application
had no differential influence in total N uptake.

(11) Pposphorus: (Tables VI and VII)
The mean concentration of P in grain ranged from 0.18

per cent im Co 37 to 0.26 per oent in Pommni. Neither the

varieties nor the differences in In levels ocaused sy
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appreciable variation in grain P concentration. The uptake

of the element by grain, however, differed significantly

due to both the main effeats. Co 38 and TNAU 658 recorded
higher uptake of 52 and 47 mg/pot as compared to 37 to 45
mg/pot in others. A slight yet significant inorease of grain
P uptake was observed due to added Zn fertilisers. The inter-
action means revealed a definite positive influence of 2n
applioation on grain P uptake in varieties RP 4-14, Bhavani,
IR 8, Co 38 and TRAU 13493. A depression in P uptake at

15 ppm 2n level was observed in IR 20.

The mean straw P concentration ranged from 0.06 to 0.13
per oent. While Zn fertilisation caused no significant
variation, straw P concentration varied due to varieties.

The varieties TNAU 658, Co 39, Ponni and IR 20 recorded higher
P ooncentration than others. The uptake of the element as is
observed for grain differed significantly due to varieties,
Zn levels as well as its interastion. The uptake varied from
14 mg/pot in Co %9 to 68 mg/pot in Ponni. The varieties

Co 39 and Co 37 were associated with significantly less straw
P uptake than others. The application of ZIn at 15 ppm
significantly depressed the straw P uptake over other levels
which remained on par. The interaoction indicated that with
the exeeption of Co 38 and Co 37 a definite depression or P
uptake resulted at the highest level of 2Zn employed.
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The mean root P comcentration varied within very
narrow limits between 0.12 to 0.15 per cent and neither the
varieties nor Zn fertilisation caused any signifioant
difference. The root dry matter yield differences accounted
for conspicuous variation im root P uptake whioch ranged from
2 mg/pot in Co 37 to 14.9 mg/pot in Oo 38. The varieties
Co 38, IR 8 and Bhavani recorded two to three fold enhanced
P acoumulstion in roots as compared to other varieties. There
was increase in the root P acoumulation due to application of
32n, the mean P uptake being 6.2, 7.5, 7.2 and 8.2 mg/pot for

increasing in levels.

The total P uptake ranged from 53 mg/pot in Co 39
to 129 mg/pot in Ponni. The mean total P uptake for inereasing
Zn levels worked out to 81, 89, 89 and 83 mg/pot and thus there
was no appreciable influence of Zn on total P uptake. The

interaction effeoct alsc was non-significant.

(111) Potassium: (Tables VIII and IX)

The K consentration ranged from 0.39 to 0.60 per cent
in grain, 0.86 to 1.36 per cent in straw and 0.21 to 0.43 per
gent in root. Neither the varieties nor the Zn fertilisation
produced any significant change in the conocentratiom of K.
The uptake of the element, however, differed significantly
due to varioties as well as Zn fertilisation. Varieties Co 38,
Ponni and RP 4-14 registered significantly higher uptake of K
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by grain. Grain X uptake was nmot influenced by Zn application.
Varieties Co 38 Ponni, Bhavani and IR 8 recorded grester straw
and root K uptake in conjunotion with higher dry matter yield.
Zn fertilisation favoured more straw and root K uptake, the
uptake being significant even at low levels of added 2n in

respect of straw.

A oonsideration of total K uptake revealed the signi-
ficantly inoreased uptake in Co 38 and Ponni as compared to
others. Long duration varieties showed greater uptake than
medium and short duration varieties. However, the total K
uptake had no relation to grain yield but refleoted more or
less the trend of total dry matter yield.

(iv) Calgium (Tables X and XI)

The congentration of Ca in the grain showed consider-
able variation. There were varietal differences. The content
varied from 0.4% to 0.55 per ocent, the highest being asseciated
with TNAU 658 and the lowest with IR.8. Addition of Zn enhanoced
the Ca concentration of grain, the inorease bdeing more pro-
nounced with higher levels. The concentration differences
obviously reflected in uptake differences. The varietal
influenoce was much more pronounced than zZn fertilisation.
Yariety TNAU €58 registered the highest grain uptake. The
uptake of Ca increased up to 10 ppm level of Zn and deoreased

subsequently.
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The straw Oa concentration differed significantly due
to varieties. The content ranged from 0.34 per cent in Oo 37
to 0.58 per cent in IR 20. 2Zn application produced no marked
change in straw Ca concentration. The uptake of Ca signi-
ficantly differed both due to varieties and Zn levels. The
uptake varied from 48 to 297 mg/pot. It is interesting to
note that Zn responding varieties tended to agoumulate more

Ca in straw than non responsive types.

Genetic variability of the varieties and added Zn
fertilisers were observed to cause significant differense in
the Ca concentration of the root. The concentration varied
from 1.52 to 1.80 per oent. Varieties TNAU 658 and Co 38
registered the highest root Ca eontent, while IR 20 the least.
Increasing levels of Zn caused & progressively inoreased
conoentration of Ca in the root. The conscentration differences
combined with dry matter yield differences accounted for marked
differential uptake of Ca by root as well. The uptake ranged
from 24.5 mg to 194.8 mg/pot. Varieties Co 38, Bhavani and
IR 8 recorded greater uptake. Application of ZIn even at 5 ppm
caused a significant inocrease of root Ca uptake, the insrease

being more pronounced at higher levels of Zn.

Genetic variability and Zn fertilisation drought about
wide differences in total Ca uptake. Co 358 recorded a three
014 inoreased uptake as compared to Co 39. Long duration
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varieties showed higher uptake than others. 2n addition,
although 414 mot produce such appreciable variation as
varieties, yet even 5 ppm level ocould favour significantly

more uptake as compared to the contrel.

(v) Magnesium (Tables XII and XIII)

The concentration of Mg in grain ranged from 0.17 to
0.26 per ocent. The concentration differed signifioantly
within varieties as well as due to Zn fertilisation. Ponni
recorded the highest Mg concentration. Addition of Zn
fertiliser caused an enhanced Mg concentration of grain over
control. The Mg ocontent of 0.19 per cent in contrel increased
to 0.24 per cent at 15 ppm. The differences in concentration
between 5, 10 and 15 ppm Zn levels were not appreciable.
The concentration differences ocombined with dry matter yleld
variations reflected in significant differences of uptake as
well. The uptake of Mg varied from 32 to 52 mg/pot. As a
general rule, 2Zn responsive types showed greater Mg uptake
than others. All levels of added Zn remained on par and
registered significantly higher uptake than sontrol.

The congentration of Mg in straw varied from 0.30 to
0.48 per cent. Varieties TNAU 658, IR 20 and RP 4-14 recorded
higher concentration than others. The conoentratiom differences
due to gn levels was not appreciable. Mg uptake by straw
ranged from 36 to 242 mg/pot. The highest uptake was observed
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in Qo 38 and the least in Coe 39, Long duretion varieties
tended to show much higher uptake than short duration
varieties. Zn fertilisation favoured greater accumulation
of Mg as oompared to the control. The inorease was, however,
limited toc lower levels of Zn vis., 5 and 10 ppm. 15 ppa
showed a depressing effect.

The concentration of Mg im the root ranged within
narrow limits of 0.80 to 0.91 per cent and was found to be no$
influenced to any appreciable extent either by varieties or
Zn application. The root uptake of Mg ranged from 12 to 92
mg/plot and was observed to be mainly a varietal factor.

The uptake was more or less related to root dry matter yield.

Co 38, Bhavani and IR 8 registered greater uptake than others.

The total Mg uptake varied from 8% mg/pot in Qo 39
to 387 mg/pot in Co 38. The long duration varieties tended
to0 acoumulate more Mg than short duration varieties. 7The
total Mg uptake was also inoreased significantly dune to
addition of ZIn fertiliser.

(vi) Ipon: (Tabdle XIV and XV)

The coneentration of iron in greain varied from 104 ppm
in Co 39 to 147 ppm in TNAU 134935. Leng duration varieties
recoxrded significantly higher grain Fe concextration than
others. In fertilisation also drought adbout significant

70

variation in grain Fe concentration. BRach suscessive increased
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Zn level eaused a significant decrease of grain Fe coneemtration.
The coneentration differences reflected in the variatiem of
uptake as well. Co 38 and Bhavani reeorded higher uptake than
others. TNAU 13495 registered low uptake in spite of having
high oconeentration owing to low grain yield. Among Zn levels

15 ppa was found to bring about a signifioant reduction of

grain Fe uptake.

The concentration of Fe in straw whioh was roughtly
three to fourfold higher as oompared to grain ranged from 596
ppm in IR 20 to 576 ppm in Bhavani. As observed in grain the
inoreasing dose of Zn drought about significant reduction of
straw Fe concentration, the decrease being more pronounsed even
with the addition of 5 prm. It may also be observed that the
effeot of Zn in affecting the Pe conscentration was more pronounced
in straw than grain. The uptake of Fe appears to vary markedly
due to genetio variability. It ranged from 6 to 32 mg/per pot.
Co 38, Rhavani, Ponnj and IR 8 registered greater uptake than
others. The uptake of Fe decreased im conjunction with

conoentration due to 3n fertilisation.

Rocts oontained very high eoncentration of Fe as
compared to grain and strav. The content ranged from 1062 ppm
in IR 20 to 1500 ppm in Bhavari. The genetio variability among
varieties and the 3n fertilisationm ageounted for significant
differenses in the eoncentratien of Fe in the root. Bhavai,
Ponni and Oo 37 eontained higher reot Fe coneentratien than
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others. The antagenistio effest of 3n en the nutritien was
observed in roots also. A progressive decrease of Fe eoneen-
tration was observed with incoreasing levels of Zn. The
decrease was more pronounced with the addition of S ppm 2Zn.
There was a wide difference in the root Fe uptake which

ranged from 2.14 to 13.64 ug/pot. Oo 38, Bhavani, IR 8 and

RP 4-14 registered higher uptake than others. The uptake of

Fe was also found te refleoct the same trend of dry matter
Yield. Among Zn levels oontrol recorded the highest Zn uptake.
However, the differences between added In levels were not

appreciabdble.

The total Te uptake ranged from 10.4 to 48.5 ug/pet.
Co 38 and Bhavani recorded higher uptake than others. The
differences are attributable mainly te varietal variations
and partly to congentration differences. The total Pe uptake
showed a significant deocline due to the addition eof even 5 pmm
of In. The decrease vas not appreciadle with further increased
&n levels. The mean total Fe uptake for the inoreasing in levels
worked out te 32.3, 27.0, 26.8 and 24.3 mg/pet respectively.

(vii) Manganese: (Tadles XVI amd XVII)

The oonoentration of Man in grain ranged from 90 ppm in
Co 37 te 109 ppm in IR 8. Exeept the varieties 0o 39 amd
Oo 57, all ether varieties tended t¢ remain om par and thus
gonetie variability appear te de not related to concentratien
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1. 132 4.2 1,48 4.81 1.16 T.45
2. 1.61 7.0 2,07 7.45 0.81 10.33
3. 1.58 6.5 2,23 7.18 1.64 11.05
4. 1.55 8.0 1.80 9.15 2.21 13.16
5. 1.41 14.0 1,92 11.9%2 3.17 17.01
6. 1.75 15.1 2.0 15.44 1.80 19.25
7. 1.78 7-ﬁ 2.21 11.60 2.63 16.44
8. 1.39 11.4 2,10 12.07 2.45 16.62
9. 2.29 13.35 3.13 18.77

10. 1.38 12.12 1.53 15.0%
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of Ma in grein eentrary to what was observed in the case

of Pe. The effect due to In levels revealed a synergistie
'2n-Mn' interaction. A progressive inerease e¢f eoncentration
of Mn due to inoreasing Zn levels was observed. The uptake
of the element varied from 1.37 to 2.28 mg/pot. Co 38,

TNAU 658, Bhavani and IR 8 recorded significantly higher
uptake than others. Application of Zn even at 5 ppa could
bring about a signifioant increase in grein Mn uptake.

Purther increase in Zn levels were on par.

The straw Ma ooncentration ranged from 212 to 394 ppam.
Co 39, RP 4-14, TNAU 658 and IR 20 recorded higher eonsentra-
tion tha others. While greim Mn coneentration increased due
to In addition the same decreased significantly in strev amd
the deocrease was more pronounced at higher levels of In
employed. The uptake of Mn by straw ranged from 4.8 te 15.4
mg/pot. Co 38 and Ponni recorded greater straw Mn uptake than
others. There was no marked effeet on gtraw Mn uptaks on

acoount of Zn fertilisatien.

The Mn concentretien of root varied from 267 te 649 ppa.
Thus the roots o f all varieties contained greater consentration
of Mn as eompared to grain and straw. Among the varieties
Co 39 registered the highest root Mn songentratien while Pexmi
the least. The added In fertiliswrs at all levels had ne
impast on root Mn concentratien. The uptake of Ma by roet
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varied frem 0.81 to 3.17 mg/pet. RP 4-14 and Oo 38 recoxded
higher root Mn uptake as compared to others. The application
of In tended teo increase the scocumnlatien of Ma and the
effect was significant at higher levels of In.

The total Mn uptake ranged from 7.46 %0 19.26 mg/pot
and was observed to be mainly a varietal factor. Leng durs-
tion varieties showed higher uptake., 3In fertilisation had ne
appreciable influence on total Ma uptalm.

(vi11) Qepper: (Tables XVIII and XIX)

The concentration of Cu in the grain varied frem 6.6 ppm
in Bhavani to 14.8 ppm in IR 20, Added ZIn fertiliser did not
influence the grain Cu content. The mean values observed fer
inoreasing Zn levels were 10.1, 11.5, 11.4 and 11.9 ppu. The
interaction effeot 'V x In' showed signifiocance. IR 20,
Ponni, RP 4-14, TNAU 658 and Co 38 remained on par amd had
signifiocantly high Cu content. In TEAU 658 and Poxmi, an
inorease in Ou eoncentration was observed, while iz IE & there
was an inhibitory effees. The uptaks of Cu differed signifi-
ocantly. 7The mean Cu uptake varied frem 0.126 te 0.281 mg/pot.
THAU 15497 amd Bhavani showed much less uptake than others.
Applicatien of In enhanced Ju uptake dy grain wvhieh however
444 nof vary appreciably within added levels. The interastion
effeot indicated this effect ¢f En in enhaneing Ou uptake by
grain to be oonfined te TNAU 658, IR 20, RP 4-~14 and Pemni.

!
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The strav Cu conoentration ranged from 15 to 38 ppu.
Ponni and IR 8 registered higher strav Cu, while TNAU 658
and Co 39 the least. The application of Zn tended to decrease
Cu oongentration in straw and this effeot was more at 10 ppa
3n level. The strav uptake of Ou varied from 0.2 te 2 .08
ug/pot and it was found te bde higher in Ponni and IR 8 than
others. ZIn fertilisation drought adbout no appreciadle

variation in straw Ou uptake.

The root Ou gcongentratien ranged from 45 te¢ 91 pmm.,
As in the ease ¢f Fe and Mn, roots eontained higher Cu eoneen-
tration than straw and grain. 2Zn application did mot affeot
the root Cu eongentration. Roet uptake of Cu ranged frem
0.12 in Oe 39 to 0.70 mg/pet in Co 58. The addition of Zn

favoured greater asoumulagsion of Cu in root.

Total uptake of Cu varied considerably due to varieties.
It ranged from 0.44 to 2.78 mg/pot. Most of the in responsive
varieties showed higher upt skce. 2n applicatien favoured greater
uptake with added 3a levels remaining em par. The mean tetal
Ou uptake values for the inoreasing levels of 3Zn were observed
to be 1.48, 1.69 and 1,67 mg/pot.

(1x) ging!: (Tadles IX amd IXI)

The eongentratien of In in the grain differed signifi-
cantly not only due $t0 varietias but algo due to In fertili-
satien. The econcentratien of In in graimn ranged frem T.2 4o
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18.9 ppm, IR 20, IR 8 and TNAU 13495 recorded signifiocantly
higher 2Zn content than others. A significantly inoreased In
oconoentration in grain was observed due to added In fertiliser.
The mean concentration values observed were 9.7, 14.3, 15.0
and 17.5 ppm for inoreasing Zn levels. The interaction effeet
"variety x 7Zn levels" was also signifiocant. V¥ith the exeeptien
ef Co 39 and Co 37 varieties, all others showed incoreased iIn
content in grain as a result of Zn fertiliser application,

The genetic variadility of varieties and added In fertiliser
also brought about variations in the uptake ef 3n by grain.
The uptake varied from 0.12 to 0.56 mg/pot. IR 8, Oo 38,

RP 4-14 end Ponni recorded greater uptake than others. The
uptake of Zn inoreased significantly from 0.167 mg/pos in
control %0 0.288 te 0.325 mg/pot due to application ef Zn
fertilisers.

The oontent of 2n in straw also varied significansly
due to varieties as well as 2n application. The mean 3n
eongentration due to varieties ranged from 18.4 ppm in IR 20
t0 35 ppm in TNAU 1349%5. 7TNAU 135493, Penni, IR 8, Co 58 and
RP 4-14 reeorded significantly higher straw In ooneentratien
than other varietiss. Increasing In levels progressively
enhanced 3n eongentration, the increase ranging frea 32 te
60 per eent. The mean conoentration values obdserved were
16.7 ppm in eontrol amd 22.1, 2%5.9 and 26.8 ppa for incressing
levels of In. The strav In uptake also differed ll‘ntnom‘tl’
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due to varieties and In levels. Ameng the varieties Co 38
was associated with highest straw 3n uptake while CGo 39 the
least. In general Zn responsive varieties showed greater
straw acoumulation of in. The mean streaw Zn uptake ranged
from 0.23 to 1.55 mg/pot. The uptake value of 0.6 mg/pet

in control increased to 0.89 to 1.02 mg/pot as a resuls of
Zn application representing an increase of 40 te 70 per cent.
Increased stravw yield values ecombined with enhanced In

congentration accounted for sueh enhanced uptake.

The root Zn concentration and uptake were also
influenced by varieties and 2n fertilisation. The eoneen-
tration varied from 57 ppm in Bhavani to 65 ppm ia IR 20,

RP 4-14, Co 39 and TNAU 13493 remained on par with IR 20.

The ooncentration of IZn ranged from 47 tc 58 ppm for the
different Zn levels and the differences were significansg.

Co 38, RP 4-14 and IR B registered higher root In uptake than
others. Application of iIn caused a 30 to 40 per eent increased

root Zn uptake as compared to the control.

The total uptake of Zn varied frem 0.47 to 2.5% mg/pot.
Both varieties and In fertilisation acoounted for signifieant
variation im the total ZIn uptake. Among the varieties Oo 38,
IR 8, Ponni and THAU 13497 recorded higher total uptake
somparstively. ZIn uptake inoreased significantly with -autun'
of Zn fertilisers, the increase bBeing more pronounced at



higher level of Zn. The total uptake of 0.99 mg/pot in
gontrol increased to 1.43 to 1.71 mg/pot on sscount of
Zn fertilisation.

B. Growth and mineral nutrition of rice as
influenoced by seil conditions and sine
fertilisation

The Zn responsive rice variety RP 4-14 was grown

88

under four soil conditions vis., normal soil, oaloareous soil,

s0il enriched with organic matter and submerged soil. 2n
applied as 2080, (10 ppm Zn) and ZnEDTA (0.5 kg/ha) was
oompared with no 3n (eontrol) in each of the above seil
eonditions. The maoro and mioro elements nutrition as well
as grain, straw and root 4dry matter yield as influenced bd»y
the treatments were studied. The biometrio data and the
analytical data of the soil and plant samples at tillering
and harvest stages are presented and inferences drawn are

briefly indicated below.

1. Soil analysis
The physice-ohemiocal characteristios of the soil

samples initially and at planting are given in Tables IXII
and XXIII respeotively.

The initial soil representing the Paddy Breeding
Station (TNAU, Coimbatore distriet) possessed sandy loam
texture with a CEC value of 18.6 me/100 g. The pH and B¢



TABLE XXII. PHYSIOO-CHEMICAL CHARACPERISTIGS OF INITIAL SOIL SAMPLR!

- - -

Partioculars of analysis
MECHANICAL COMPOSITION
Clay
811¢
Fine sand
Coarse sand
Textural class

PHYSICAL AND MOISTURE CONSTANTS
Apparent density
Absolute density
Pore space
Water holding capacity

CHEMICAL ANALYSIS
Loss on ignition (%)
Free caloium ecarbonate (%)
Organio earbon (%)
Iron oxide (r.zo,)(x)
Alunina (41,0,) (%)
Silioca (8102) (%)
Lime (Ca0) (%)
Mangnesia (MgO) (%)
Total potash (K,0) (%)

Total phosphorie aocid (PZOS)(ﬁ)

Total Manganese (ppm)
Total eopper (ppm)
Total nitrogen (%)
Total Zine (pya)

Pirst and

Second

Third
fourth ex- experiment experiment
periments

20.26 19.46 34.26
14.40 15.02 10.20
46.50 44 .64 56.70
15.18 16.12 13 .64
Sandy Sandy Clay
loanm loanm loan
1.26 1.24 1.52
2.32 2.26 2.42
$6.84 58.24 52.40
52 .00 53 .12 50.23%
4.86 4,06 5,62
1.82 0.14 2.04
0.68 0.50 0.32
5.84 5.22 6.46
8.02 7.88 9.20
12.10 11 .84 16.46
1.86 0.42 2.10
0.72 0.12 0.32
0.52 0.49 0.18
0.06 0.06 0.0%
400.00 362 .00 264.00
29.00 42 .00 42.00
0.12 0.10 0.08
12%.00 8% .00 175.00

(Continued )



TABLE XXII. (CONTINUED)

-~

- o O
- -

First -tnd

Second Third
Particulafs of analysis fourth ex- experiment experiment
periments

s a -

- -, - - eegy e

AVAILABLE PLANT NUTRIENTS
Available nitrogen (N) (ppm) 64 58 42

ey " G S

Available phosphorus (P) (ppm) 8.1 6.2 3.2
Availadle potassium (K) (ppm) 258 214 146
Available oaloium (exchewater
soluble) (ppm) 1828 712 2440
Available magnesium
(exch+water soludle) (ppm) 616 T40 1110
Available iron (ppm) 5.4 9.2 4.6
Available manganese (ppm) 4.6 5.4 5.8
Available copper (ppa) 1.2 5.2 1.8
Available sine (pmm) 0.8 1.2 0.6
CATION EXCHANGE PROPERTIES

Cation exchange capacity

(me/100g) 18.60 17.42 28.62
Exchangeable calcium (me/100g) 9.06 9.24 12.40
Exchangeable magnesium (me/100g) 6.76 5.82 8.76
Exchangeable potassium (me/100g) 0.52 0.54 0.12
Exchangeable sodium (me/100g) 1.29 1.00 6.72

OTHER PROPERT IES

pH (112) 7.70 7.20 8.95
B¢ (1312) (m mhos/om) 0.62 0.42 0.42
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of the soil are 7.7 and 0.62 m mhos/om respectively and were
thus within normal limits for plant growth. The soils
oontained 64, 8 and 258 ppm of availadble N, P and K and hence
may de oconsidered as low in N medium in P and high in K as
per the conventional goil testing ratings adopted in Tamil
Nadu. With respeoct to mioronutrient elements, while
available Fe, Mn and Ou were suffioiently above the oritieal
levels, the available Zn was 1.2 pma whioh may be considered
as borderline.

The soil samples collected at planting after allowing
the s0il to equilibrate with treatments imposed (Table XXIII)
revealed the ideal experimental conditions. The PH of the
s0il increased from 8.3 to 8.5 in treatments which received
0&003. The added organic matter and submerxgence tended to
deorease the pH. The EC varied from 0.4€6 to 0.70 m mhos/om
and submerged soil showed a slight increase in EC value.
The enrichment of soil with organic matter obviously caused
a substantial inorease in organic carben content. The
different treatments also dbrought about differences in the
status of available nutrients. While caloareous soil tended
to depress the availability of P, Mg, Fe, Mn and Zn, there
was enhanced Ca ooncentration. While there was no appreciable
difference between normal and submerged soil in respeet of
X P X, the sudbmerged soil tended to increase Fe¢ and Mn

concentration and desrease In concentration. The mere enrichment
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of the s0il with organioc matter caused an enhanged Zn
availability while the submergence tended to depress it.

The w01l samples sollected at tillering phase
(Table XXIV) revealed mo appreciable change in pH as compared
to those colleoted at planting. The caloareocus soil oondition
recorded a mean pH value of 8.3 as oompared to ether seil
conditions, where the pH ranged from 7.1 to 7.7. A4ll treat~
ments tended to register slightly increased values of KO
over initial soil, the effeoct was more pronounced under organio
matter enriched and submerged soil conditions. However, the
value remained well within the normal range for plant grewth.
The initial EC value of 0.62 mmhos/om and 0.46 to 0.70 mmhos/om
at tillering increased to 0.60 to 0.92 at harvest. The status
of available N, P and K was more during tillering for all soil
oconditions. The increase in available P in caloarecus soil
wap not pronounced as observed in others. The s0il enrioched
with organic matter continued to maintain comparatively higher
amounts of nutrients. This treatment along with submerged soil
registered detter N, P and X status than normal and ealoarecus
801l. The calcareous soil tended to cause further inarease
i{n Ca concentration. Soil enriched with organic matter showed
comparatively more availadble Mg than others. Apart from
ecaloareous soil other soil conditions vis., organic matter
enriched and submerged soil alse caused greater Ca soncent-

ration as compared to normal soil. In respect of micrommtrients
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there was a pronounced and marked increase in availadle PFe,
Mn and Cu irrespective of the socil conditions, the effect

being least in ocaloareous soil and high in submerged soil.
In nornal soil available Zn inoreased even im sontrel, the

inorease being more pronounced in Zn30 In caloarecus seoil

the available 2n was found to be less :hnn 1 ppm in the
absence of added Zn while Zn application in either form

eould cause three to four fold enhanced Zn availability.

In the soil enriched with organic matter there was ne appreci-
able change in the status of available Zn and this was true
even for control. Under submerged soil condition the poor
availability of Zn as observed at planting continued to be

80 in the absence of added Zn. The oconocentration sontinued

to be less than the oritioal levels. 2n fertilisatiom in
either form perticularly ZnEDTA resulted in enhanced Zn

soncentration and the increase was three to fivefeld.

The analysis of the post harvest soil samples (Tadble
IXV) indioated that the PH of the s0il remained more or less
the same as Observed at tillering stage while EC values
decreased slightly under all soil conditiems. The status
of availadle N, P and K decreased in all treatments. There
wag no marked change in the conasentration of Ca and Mg. The
availability of Fe, Mn and Cu decreased markedly and the
ehanges produced in available 3n was not appreciadble. The
addition of In fertilisers to caloareous and submerged soil
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maintained a higher 3n availability than control even at the
harvest stage.

2. Dry mat 14 and nutrition at tilleri [

The biometric data on dry matter yleld, oonoentratien
and uptake of nutrients individually dy shoot and root at
tillering stage of the arop are furnished in Table XXVI.

The mean shoot dry matter yleld was 3.40, 2.60, 3.60
and 2.90 g/pot respectively for normal caloareous, organie
matter enriched and submerged soil respectively. The mean
root dry matter yield recorded were 1.50, 0.95, 1.50 and
1.20 g/pot respectively for the above soil conditiens., Thus,
caloareous soil and submerged soil showed comparatively
reduoed growth as compared to the other two soil ocenditions.
3n appliocation in either form showed 14 per ocent inoreased

shoot and 20 per cent inorsased root dry matter ylield.

The N content of shoot was the highest in mormal seil
while that relating to submerged soil eontained the least ¥
concentration. The N concentration of the reot was eomparatively
high in organiec matter enriched soil. 2Zn fertilisation showed
no appreciable influence on N conscentration of beth shoot and
root. The uptake of ¥ refleoted the trend of dry matter yiolq.
Calecareous soil and subaerged soil showed comparatively less |
F uptake. 2In fertilisatien tended to increase the X uptaks.
There was no appresiable difference in F contemt of shoot amd
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root due to treatment effects. The so0il enriched with organio
matter recorded the highest and caloareous soil showed the

least uptake values. The K nutrition was found to bde influenced
by treatments. Concentration and uptake of the element by shoot
was the least in caloareous soil. However root showed higher
gongentration ef K but not uptake in caleareous soil. Organie
matter enriched soil and added Zn fertilisers recorded oom-
paratively higher uptake, persumably due to inoreased d4ry
matter yleld.

Regarding Ca nutrition normal soil showed comparatively
less shoot Ca conocentration but not root concentration of the
element. 2n fertiliser tended to enhance the Ca econtent of
shoot but not the root. The organic matter enrioched soil
and application of 2n in either form recorded higher uptake
than others. Both concentration and uptake of Mg in sheoot
was conparatively less in oalcareous soil. The roots of
normal soil contained a relatively highz;onoontrntion than
others. 2In fertilisation tended to slightly increase the
shoot Mg oomontnti?n but not root concentration of the
element. {28. ncéwié;ﬁlt u!;}@ilelroou- soil and absence of

gn addition showed high uptake as compared to other treatments.

Roots oontained six to eightfold enhanoced Fe oon-
eentration ss oompared to shoot under all soil eemditiens.
The shoot and root relating to organic matter enriched seil
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recorded relatively lower Fe concentration than ethers. %n
fertilisation in either form tended to decrease the cencen-
tration of Fe both in root and shoet. Submerged soil showed
the highest shoot Fe conocentration. Calcareous soil and
organic matter enrioched soil recorded relstively lower uptake
than the other soil conditions. 2Zn fertilisation tended to
slightly decrease the total Fe uptaks. The Mn nntrittopKZ)
shoved the shoot to contain higher Mn consentration sontrary
to what was observed for Pe. Shoot and root Felating te) <~
submerged #oil contained comparatively higher conoentration
of the element., 2Zn fertilisation particularly ZnEDTA tended
t0 reduce the conocentration of the element and this was
partiocularly pronounced in the root. Caloareous seil recorded
the least total as well as individual uptake of the element,
The mean Cu concentration of shoot varied from 24 to 27 and
that in root ranged from 35 to 57. Calcareous soil and sud-
merged soil recorded less root Cu concentration than ethers.
Appliention‘or Zn as Znso4 recorded high root Cu conscentration
while there was no appreciable difference in shoot Ou ocon-
centration. The uptake of the element was comparatively
less in calcareous and submerged soil than other two soil

conditions. Total uptake tended to slightly increase due to
added Zn fertilisers.

The conoentration of In in shoot md reot relating
to ocaloarecus soil was comparatively the least. In eonsent-

ration of shoot in submerged soil was alse low, but reet

/ RN '\_ -
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in this so0il cendition contained phenmomenally high soncemtration
0f the element, The total and individual upteke of the element
by shoot and root was relatively less in caleareous soil, while
there was not much difference among other soil conditioms.

IZn fertilisation accounted for appreciable improvement in

total as well as individual uptake by shoot and roe%.

3. Dry matter yield at harvest
Total dry matter yleld as well s individual dry matter

yield of grain, straw and root recorded for each of the treat-
ments are presented in Table XXVII along with the results of
statistical analysis.

a. Total dry matter yield
The total dry matter yleld differed significantly due

to differences in soil conditions as well as Zn fertilisationm.
Soil enriched with organic matter produced a significantly
higher mwean dry matter yield of 18.3 g/pot as against 13.9 g
for submerged soil, 13.5 g for normal soil amd 12.3 g for
calaareous soil. The latter three remained on par. 2n
fertilisation in both forms were On par and registered mean
dry matter yield of 13,5 and 13.9 g/pot and were superior
to sontrol. This represented 5 to 11 per ocent inorease of
total dry matter over oontrol. The intersction effect was
also observed to be significant. While the inerease in dry
matter yleld due to Zn fertilisatiom in norual and organis
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matter enriched soil was not apprecisdble, there was pronounced
inprovement to the extent of 11 to 13 per cent in oaloaresus
s0il and 12 to 28 per cent in submerged soils. While Zn
application in either form produced similar effect in
calcareous s0il, the ohelated form in submerged soil proved

to be better as it reoorded further improvement in total ary

matter yield over Zn304.

b. Grain yield

Soil enriched with organic matter showed signifiocant
and substantial improvement in grain yield over all other
soil conditions. The above treatment recorded inoreased
grain yield ranging from 40 to 50 per acent as ocompared %o
other treatments. The mere application of green leaves to
raise the initial organic matter content of the s0il to aboug
2 per ocent resulted in phenomenal enhanced grain yield. The
presence of 6 per oent 0;003 and also growing rice under
cont inuous submergence produced no appreciable variatiea in
the grain yield values as compared to mormal seil, The mean
grain yield recorded were 4.5, 4.2, 6.4 and 4.6 g/pot
respectively for normal, ocalcareous, organie matter enriohed
and submerged soil respeotively. Zn appliocation irrespestive
of the dose and fora employed brought about a signifieant
inorease (18 per cent) in grain yield over contrel. Hewever,
this effect of Zn was found to depend on soil conditions.
Appliocation of Zn in both forms were not advantageous in
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normal and organic matter enmriched soil. 4 significant
improvement in yield to the extent of 42 to 44 per ocemt was
observed in caloareous and submerged soil - in both cases,
both forms were on par. It may be added that the chelated
form of Zn which brought about substantial improvement inm
total dry matter yield in submerged soil had not contributed
appreciably in grain yield,

o. Straw yield

The mean straw yleld values differed significantly
due to both the main effects. Organic matter enriched soil
and growing of the orop under continuous submergence registered
higher straw yield than the other two soil conditions. The
inorease ranged from 18 per cent in submerged soil to 29
per cent for the other case as compared to normal seil.
Caleareous soil tended to depress slightly dut not signi-
ficantly the straw yield over normal soil. Wwhile znso4 brought
about no improvement in straw yield, the definite advantage
of ZnEDTA was revealed. The above treatment recorded 1% per

cent inereased straw yield over the other twe,

d. Root dry matter yield

The mean root dry matter yleld varied due to soil
conditions. The soil enriched with organic matter recorded

significantly higher root dry matter yield of 3.6 g/pot as
compared to 2.4 to 2.6 g/pot in others. Thus it was observed
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that the beneficial effect of added organie matter extended
to reot growth as well. The mean dry matter yleld of roos
varied within very small limits due to Zn addition.

e. Chaff ary matteor yield

In tune with the enhanced total and grain dry matter
Jield the chaff weight was higher in organie matter enriehed
soil and sudmerged soil as compared to normal and ocaleareous
soil. A oonaideration of the interaction effect revealed
the negative influence of 2n in the presence of added organie
matter, while under submerged comitions they proved extremely
useful in reducing the chaff weight.

f. Chaff percentage
The perscentage of chaff caloulated on grain weight

basis differed significantly due to main as well as inter-
action effects. Among the soil conditions submerged msoil
registered the highest while soil plus organie matter the
least ohaff percentage. The appliocation of Zn in both forms
reduced the chaff perocentage. The interaction means, however,
revealed this deneficial effect to be more pronounced under
submexged soil conditions where 10 to 14 per cemt reduction

in ohaff weight was observed.

4. Qonogntration and uptake of nutrients at harvest

The congentration and uptake of mutrients imdividually
by grain, strav and root and the computed total uptake as
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influenced by soil conditions and Zn fertilisation are pre=
sented in Tables XXVIII to XIXXII. The statistical parsmeters

for eomparison of means are alse indiocated.

a. Nitrogen (Table XXVIII)

The mean N concentration of grain ranged from 1.51 te
1.79 per cent. While s0il conditions produced very little
difference in concentration, Zn application both im organie
and inorganioc form inoreased N content significantly, dut
only marginally (6.1 per cent). The increase was more pro-
nounced in mormal and sudmerged soil comditions. Soil enriched
with organic matter even without any added Zn recorded N
congentration on par with added levels. The uptake of ¥ by
grain differed significantly for both the main and interaction
effeocts. Among the soil conditions the absolute superiority
of organio matter enriched soil was well revealed. All other
s0il conditions were on par. 7Zn addition in either fora
sontributed to greater uptake. The interaction effeot revealed
the beneficial effect of Zn addition only in respect of
caleareous and submerged s0il, In the absence of any added
Zn, it is oalcareous and submerged soil which suffered most
in respect of N nutrition. The mean (rlin N uptake for
norsal, oalcareous, soil enrioched with organie matter amd
submerged soils were 76, €9, 113 md 78 mg/pet respectively.
The mean ¥ uptake for 2n levels were 72, 91 and 89 mg/pot
fer oomtrol, Im30, and chelated Zn respectively.
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S0il oonditions significantly influenced straw N
concentration. Submerged soil and organic matter enriched
801l registered much greater N ooncentration than the other
two s0il conditions. The mean N concentratiom values for
the former two so0il conditions were 1.14 and 1.11 per cent
as against 0.67 and 0.74 per cent for the other two. iIn
application tended to increase straw N concentration marginally
if not significantly and the effect was more marked in
caloareous and submerged soils. The mean N centent observed
were 0.84 per cent for ocontrol, 0.99 per cent for znso4 and
0.93 per cent for ZnEDTA. The above concentration differences
combined with straw yield variations accounted for signi-
fioantly higher straw N uptake by the soll whioh received
organic matter. An uptake value of 92 mg/pet was observed as
sgainst 44 to 79 for others. The mean straw N uptake for Zn
levels were 63 mg/pot in ocontrol, 61 for ZnSO4 and 69 for
ZnEDTA and thus straw N uptake was not altered to any marked

extent by Zn applioation.

The content of ¥ in root varied from 0.97 to 1.33
per cent. The added organic matter favoured a greater root
N ooncentration. The effect of In levels on root N comgent-
ration and uptake was non significant. The increased reoet
K consentration ooupled with enhaneed dry matter yield eof
roots obviously resulted in reughly doudbling of the uptaks
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the other in straw P concentration. The trend observed was

submerged soil > organic matter added soil > normal soil >
calcareous soil. 2Zn fertilisationm produced no differential

consentration of P in straw. The mean values were 0.35 and

0.31 per cent for Zn added treatments as against 0.3% per

eent in control. The uptake of the element differed due to

both the main factors. Soil enriched with organioc matter

and submerged soil with mean uptake values 13.4 and 12.8

mg /pot registered higher uptake than normal and caloareous

801l which stood on par among themselves with mean uptake

velues of 7.7 and 6.4 mg/pot. Application of ZnEDTA showed

greater uptake value of 12.4 mg/pot over Znso4 and oontrol

which remained on par with uptake values of 8.8 and 9.0 mg/pot.

The oconcentration of P in the root ranged from 0.09 to
0.15 per cent and was found to be not influenced by the treat-
ments studied. The differential dry matter yield contriduted
to signifioant differences in uptake. Enrichment of the soil
with organic matter showed an uptake of 5.4 mg/pot as against
2.7 to 3.0 mg/pot in respect of other soil conditioms. The
P uptake by root was not significantly emhanced by Zn treatment.

The mean total P uptake varied from 22.4 mg €0 42.6
wg/pot. The normal and caloareous soil recorded significantly
lower uptake as compared to subaerged soil and organic matter
enriched soil. 3n application in either form had no signi-

ficant effect on total P uptake.
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¢. Potasgium (Table XIXIX)

While the concentration of X in the grain was net
influenced by treatmnent effects, the dry matter yield vari-
ations accounted for the significant differences in uptake.
Among soil conditions soil enriched with organic matter
showed an uptake of 49 mg/pot as against 27 to 31 mg/pot
observed in others. Application of Zm im either form increased
the uptake and this was more pronounced in ZnEDTA. The mean
uptake values were 37, 46 and 52 mg/pot respectively for ne

Zn, ZnSO, and 3InEDTA treatment.

4

The oconcentration of K in straw differed significantly
due to both soil factor and Zn appliocation. ZEnrichment of
the 801l with organic matter caused & pronounced inarease in
straw K conoentration, while calecarecus soil signifiecantly
decreased it as compared to other two soil conditions. The
mean stravw K oconcentration was 0.82, 0,69, 1.24 and 0.86 for
normal, calecareous, soil enriched with organiec natt;r and
submerged soil respectively. Application of ZnEDTA favoured
a higher K content than ZnSO, and control. The mean K oon-
centration values were 0.96, 0.88 and 0.86 per aent respectively
in the order mentioned. The K uptake by straw differed signi-
fioantly and the trend of cencentration was repeated in uptake
as well. The mean P uptake worked eut to 101.8 mg/pot for
soll treated with organic matter, 52.7 mg for nermal seil,
41 .0 ng for calcareous s0il and 60.1 mg for sudbmerged soil.
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While InEDTA treatment showed an uptake of 74.2 mg/pot the
other two Zn levels recorded an uptake of 58.5 and 59.0 mg/pot.

The significantly less root K oconoentration observed
may be attributed to the calcareous nature of the soil. The
root K uptake was highest again in organic matter enriched
s0il. The addition or otherwise of Zn made no appreciadle
difference in root K oconocentration whioh ranged frem 0.59 te
0.63 per cent.

The mean total K uptake varied from 79 in caloareous
s0il to 176 mg/pot in soil enriched with orgamic matter. The
normal and submerged soils recorded uptake of 108 and 97 ag/pot
and were on par. The differences in uptake due to the presence
and absence of Zn was non significant. 2ZnEDTA showed an uptake
of 132 mg/pot as compared to 109 mg/pot in Zn30, and 104 ug/pet

in control.

d. Caloium: (Table XXIX)

The grain Ca content varied from 0.54 to 0.75 per cemnt
and treatment differences were non-signifioant. The uptake,
however, differed significantly on account of soil conditions
as well as 3n fertilisation. Soil treated with organio matter
recorded an uptake of 28 mg/pot as against normal ealearecus
and submerged soils recording 22, 21 and 25 mg/pot. -zn
application 412 mot influence grain Ca uptake.



Straw Ca content ranged from 0.55 to 0.66 per oent.
Caloareous s0il and soil enriched with organiec matter tended
to oause greater straw Ca concentration. 2Zn addition did
not influence the straw Ca content. The mean Ca uptake was
observed to be 56 mg/pot in so0il enriched with organio matter
as against 36 to 45 mg/pot observed in others. Wwhile control
registered an uptake of 36 mg/pot Zn added treatments showed
uptake values of 45 and 48 mg/pot.

Roots showed Ca concentration values ranging from
1.32 to 1.70 per cent and 4ifferent treatments imposed produced
no variation. The dry matter yield variation caused an enhansed
Ca uptake in organic matter enriched soil and 2Zn applied

treatments.

The mean total Ca uptake for the nomal, calcareous,
organic matter enriched and submerged soil conditions worked
to 135, 100, 98 and 9% mg/pot respectively. In the absence
of 3n addition the mean uptake was observed to be 95 ug/pot

as compared to both forms of Zn registering an uptake of

113 mg/pot.

o. Magnesiua (Table XXX)
The mean grain Mg concentration ranged from 0.17 te

0.25 per cent. Neither the soil conditions nor In levels
had any signifioant effect upon Mg conoentration of graim,
Differential dry matter Yyield due to treatments, howerer,
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brought about differences in uptake values. Soil enriched
with organic matter showed an uptake of 13.3 mg/pot which was
signifioantly higher than others. Normal and submerged soil
conditions were on par and recorded uptake values of 9.7 and
10.3 mg/pot. Caloareous soil recorded the least grain uptake
of 7.1 mg/pot. The mean grain Mg uptake of 8.3 mg/pot in
gontrol inoreased to 11.0 mg/per pot in Zn treatments.

Straw Mg content was found to be significantly high
(0.55 per cent) in the case of s0il treated with organie
matter. Caloareous soil recorded the lowest value of 0.40
per cent. Normal and submerged soil conditiens showed Mg
concentration of 0.49 and 0.48 per cent. The effect of ZIn
levels was non significant. The mean values were 0.40 per

oent for econtrol and 0,50 per ocent for 2Zn applied treatments.

The mean root Mg concentration ranged from 0.67 e
1.53 per oent. Soil enriched with organic matter caused a
higher root Mg concentration. 4dded Zn fertilisers had not
appreciably altered the root Mg comtent. The uptake of the
element was obviously more in the soil enriched with organie
matter and least in calcareous seil. The uptake of the
element also increased due to added Zn fertilisers. However,

$his effesot of In was found to be oconfined to submerged soil
oenly.

1158
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The main as well as intersotion effeot indicated
signifioance for the total Mg uptake. The soil enriched with
organic matter with mean uptake value of 99.8 mg/pot ameng
801l faotors and ZnEDTA and znso4 with mean uptake values of
76.6 and 74.3 ug/pot among Zn levels were observed to shew
significantly greater Mg uptake than the others. The effect

of Zn, however, was oconfined to submerged soil only.

f. Iron: (Table XXX)

The oconcentration of Pe in grain differed signifiocantly
due to differences in soil oonditions. Sudmerged soil with a
mean value of 171 ppm was on par with organic matter enrioched
having a mean value of 157 ppm. Both these treatments showed
substantial enhanced grain Fe conscentration over normal seil
and caloareous »0il which registered mean values of 12€ and
109 ppm respectively. Znso4 applioation tended to decrease
the Te content of grain slightly. The submerged soil and
organic matter enriched soil registered almost double the up-
take of Fe by grain. The mean uptake oblorvodvvtr' 7.1 and
9.1 mg/pot for the former two and 5.1 and 4.1 mg/pot for the
latter. Grain Fe uptake was not influensced by Zn levels.

While soil conditions produced ne significant variation,
Zn fertilisation in both forms caused a sigaifiecant decrease
in stravw Fe content. The mean concentration for the nermal,
ealcareous, organic matter enriched and sudmerged seils were
624, 639, 661 and 640 ppm. The mean concemtration fer mo‘
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and InEDTA treatments worked out to 621 and 562 ppm as
compared to 740 ppa in oontrol. Regarding straw Fe uptaks,
s0il enriched with organic matter was found to cause am
inoreased straw Fe uptake of 5.4 mg/pot as compared to 3.8

to 4.3 mg/pot i{n others. 2Zn application whioch showed con-
centration differences failed to refleot in uptake differsnces.
The mean uptake values ranged within 4.10 to 4.87 mg/pot.

The 801l enriched with organic matter caused mean root
Pe uptake value of 5.4 mg/pot which was significantly higher
than normal and submerged soil with mean uptake values of
2.92 and 3.50 mg/pot. Calcareous soil was assooiated with
least root Fe uptake value of 2.25%5 mg/pot. Added Zn ferti-
lisers depressed the root Fe uptake.

The total Fe uptake was highest in soil emriched with
organic matter (11.56 mg/pot). Caloareous soil reoorded the
least total Pe uptake (6.61 mg/pot). Normal and submerged
soil recorded uptake of 8.64 and 7.56 mg/pot. 2n fertili-
sation in both forms depressed Fe uptake over control. The
mean uptake for control was 9.68 as against 8.0 mg/pot in Zn
added treatments. Although the intersction was non-significant
it is worthwhile to mention that under all seil ocenditiens the
depressing effect of Zn fertilisers on Fe uptake was evident.

g. Mangangse: (Table XXXI)
The grain Mn cencentration was the highest in submerged

804l with & mean value ef 114 ppa. This was, however, not¢
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far different from those recorded in normal and organic matter
enriched where mean values observed were 97 and 99 ppm.
Caloarsous s0il registered the lowest content of 8% ppm.
Application of Zn favoured greater grain Mn concentratiom and
the effeoct was more pronounced in ZnEDTA. These ooncentration
differences ocombined with dry matter yield variations resulted
in each of the s0il comdition differing significantly frem

the other in the matter of uptake. The uptake trend ebserved
was organic matter enriched soil > submerged soil > normal

80il > caloareous soil. Chelated 2Zn caused a greater Ma uptake.

The submerged soil condition registered the highest
straw Mn concentration of 176 ppm as against the lowest value
or 159 ppm in caloareous soil. A trend similar to that
observed for grain was reflected in straw as well. Among Zn
levels while chelated form could cause a signifisant and
marked inorease in Mn content, the addition of znso4 gould
not bring about such increase and was on par with ocontrel.

The latter two treatments showed values of 149 and 140 ppm

as against 186 ppm observed for ZInEDTA. The effeot of ZInEDTA

in positively influencing straw Mn concentratien was ebdserved
undér all soil oconditions. In line with ccnsentrationm, sub-
merged scil and organic matter enrighed soil as well as InEDTA
treated soils were assooiated with greater uptake values. The
mean straw Mn uptake observed were 1.39 and 1.19 mg/pot for

the organic matter enriched soil and submerged soil respeetively
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as against 1.01 and 0.86 mg/pot recorded in normal and
oaloareous soils. InEDTA recorded an uptake of 1.38 mg/pot

as compared to 0.95 and 0.94 mg/pot for 2ZmSO, and control.

4

Under all soil oonditions roots registered eomparatively
higher Mn concentration than grain and straw. The acentent of
the element in root varied from 120 to 670 ppm. Differences
in soil conditions accounted for such wide variatiem. Seil
enriched with organic matter produced root Mn consemtration
of 642 ppm which was two to threefold higher as compared to
other soil conditions. Caloareous soil recerded the lowest
conoentration of 255 ppm. The root Mn ocongentration whioch
was found to be 642 ppm in control decreased to 372 ppm in
ZnEDTA and 305 ppm in znso4 treatments. The uptake of Mn dy
root varied considerably and appears to de determined not
only by the soil conditions but also by Zn fertilisation.
The organic matter enriched soil registered the highest root
Mn uptake of 2.350 mg/pot as compared to 0,52 to 0.75 wg/pot
in others. The interaotion means indiocated the depressing

effeot of znso4 on root Mn uptake in normal, caloareous and

submerged soil.

Submerged soil and normal seil recorded wsmn total uptake
of 2.45 and 2.18 mg/pot. Organic matter enriched soil recorded
significantly higher uptake of 4.22 mg/pot and ealoareous soil
significantly lower uptake of 1.73 mg/pot. Among Zn levels



ZnEDTA treatment showed total uptake of 3.07 mg/pot as against

2.50 mg/pot in eontrol and 2.35 mg/pot in Zn30, .

h. Copper: (Tadle XXXI)

The grain Ou concentration varied from 7 ppm to 19 ppm.
While doth main effeots showed no statistioal significance
the interaction was observed to be signifioant. The absence
of Zn 414 not make much difference in calsareous soil and
organic matter enriched soil. In normal soil Cu content
increased while in submerged soil it decreased as s result
of 2n fertilisation, The uptake of the element was nosg
affected either by soil conditions or Zm application.

The mean straw Cu concentration varied from 9 to 15 ppm
and the treatments inposed had no differential influensce. The
uptake, however, varied markedly. There was no effest on Cu
uptake due to In fertilisation in normal soil. The use of
chelated Zn enhanced Cu uptake in ocalearecus and submerged
soil. OCombined application of organic matter and 2Zn fertiliser
tended to deorease the Ou uptake and this was partioularly so

in lnSO4 treataent.

The root Cu consentration ranged from 31 o 80 pma.
The gontent was nearly doudle in organic matter enriched and
submerged soil as compared to normal and caleareous soil.
3n applioation in either form tended to decrease slightly
dut not significantly the Cu content of roots. Root Ma uptake
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was found to De more in organic matter enriched soil amd
subnerged soil. The mean uptake values were 0.28 and 0.18
mg/pot respeotively for the above ocases and 0.08 and 0.09
ug/pot for the other two soil conditions,

The main as well as interaction effects were found %o
cause differences in total Cu uptake. Organic matter enriched
s0il reoorded a total uptake of 0.46 mg/pot followed by sudb-
merged soil with 0,32 mg/pot. These two soil conditions were
significantly superior in the matter of total Cu uptake. The
normal soil and caloareous s0il recorded uptake of 0.21 mg/pot.
While appliocation of Znso4 decreased, the chelated form enhanged
the total Ou uptake. The interaction revealed the chelated form
to enhance the Cu uptake in calcareous and submerged soil, the
effeot being more pronounced in submerged soil.

1. Zing:(Table XXXII)

The grain Zrn concentration ranged from 7 to 19 ppm.
The main as well as interastion effects showed statistieal
significange. Among the different soil oonditions the
ealoareous soil recorded the least Zn oconcentration of 11 ppa.
Application of 2n in either form registered a significantly
higher In conoentration in grain. The mean In content was
10.5 ppm for oontrol as against 15.5 and 15.3 ppm for added
Zn fertilisers. In the absence of any added In normal amd
exganic matter enriched soil registered higher 3n centent
than submerged soil and calearecus soil. Additiom of 21804



enhanced In congentration of grain whatever be the soil
oondition, the inorease being wore pronounced in normal and
submerged soil. Addition of Zn as ZnEDTA also showed
increased Zn concentration, the increase however being more
pronounced in calcareous soil. In other words application

of either form of Zn oould cause a substantive enkanced Ia oon-
centration in grain in submerged soil, while 2nEDTA only
brought about such a marked inarease in the calcareous soil.
The concentration differences were reflected in uptake
differences as well. The organic matter enriched soil recoxded
significantly higher uptake of 0.175 mg/pot as against 0.096
mg/pot in caloareous soil. Normal and submerged soil recorded
similar uptake. The Zn addition in either form eould emhance
the Zn uptake by grain considerably. A studyof the inter-
action revealed that in the absence of added Zin the subdmerged
and caloareous soil conditions registered much less uptaie

in tune with lower oconcentration of the element, Higher
grain yield and enhanced Zn concentration both accounted for
a phenomenal 2 to 4 fold increased In uptaks in normal and

in soil enriched with organic matter. The addition of znso4
proved helpful in increasing the grain Zn uptake im all
inolud ing caloareous soil ocondition. Submerged soil even
surpassed the normal and organic matter enriched soil. The
addition of ZnEDTA brought about increased uptake and uptake
inaoreased by twice in calearecus and submerged soil,

12
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The oonaentration of Zn in straw averaged to 13 to
19 ppm for soil conditions and 14 to 23 for different 3a
levels. Normal and soil enriched with organic matter
recorded straw Zn oconcentration of 19 and 18 ppm respectively.
Caloareous soil and submerged soil recorded significantly
less straw Zn concentration of 135 and 15 ppm. The straw Zn
concentration of 14 ppm in control inoreased to 25 ppm due
to Zn application. The interaction revealed the absence of
any appreciable effect in normal and organic matter enriched
soil. In calgareous and submerged soil Zn application in
either form could enhance straw Zn oonsentration. Im tune
with concentration the uptake of the element by straw was
more in normal soil snd organic matter enriched soil as
compared to caleareous and sudmerged soil. Zn application
enhanced the uptake in both forms.

Roots recorded much greater consentration of the element
as compared to straw and grain, VWithin the different soil
conditions normal and submerged soils recorded much greater
root Zm congentration. The mean Zn ooncentration observed
was 67 ppa for caloareous soil, 62 ppa for submerged seil,

53 ppa for normal soil and 54 ppa for organiec matter enriehed
8011, The mean root IZn ooncentration was 60 ppm in econtrel

as against 71 ppa for znso4 and 45 ppm for IRREDTA. The uptake
of the element was the highest in organie matter enriched seil
wvhere an uptake of 0.19 mg/pot was observed as against 0.14
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to 0.15 mg/pot in other soil conditioms. The root Zn uptake
increased from 0.15 mg/pot in control to 0.19 mg/pot in
Zn304 and to 0.17 mg/pot in ZnEDTA treatment.

There was considerable variation in total Zn uptake.
Differential soil condition, Zn application as well as the
interaction effect brought about differences in total Za
uptake. The order of uptake showed the trend organic matter
enriohed soil (0.42 mg/pot) > normal soil (0.3% mg/pot) >
submerged soil (0.32 mg/pot) > ealcareous soil (0.28 mg/pot).

For Zn levels the order of uptake was ZnSO4 (0.38 mg/pot) =
ZnEDTA (0.34 mg/pot) > oontrol (0.30 mg/pot). The intersoction
showed the prenounced effeot of added Zn fertilisers in
inoreasing the total Zn uptake in caloareous and submerged soils.

5. Equivalent congentration ef nutrients in ation to In

The ratic of different nutrients in relation to in
caloulated on equivalent concentration dasis (concentratiom
of the nutrient divided by the equivalent weight) im shoot
and root at tillering stage as influenced by the soil conditions
and Zn fertilisation are presented in Fig. 11 and 12.

In the absence of addition of Zn fertiliser, all seil
conditions showed wider N/Zn ratio in shoot and this was mere
pronounced in caloareous soil and submerged soil. 2In
applisation in either form tended to narrow down this ratie
and ZaEDTA in both calcareous soil and submerged soil showed
pronounced decrease. In the abdsence of addition of Im, P/in



and X/Zn ratios were comparatively wider for all the soil
conditions. The addition of Zn fertiliser narrowed the

ratio and the deorease was more pronounced in submerged soil
partioularly with the use of ZnEDTA. Ca/Zn ratio varied
considerably due to differences in soil conditions amd Zn
fertilisation had no influence in normal soil. However,

use of ZnSO4 in organioc matter enriched soil and ZnEpTA in
submerged 80il tended to narrow down the ratio. Mg/Zn ratio
was more Or less the same in the absence as well as addition
of Zn fertiliser in normal so0il. The submerged soil showed
very wide ratios among the so0il conditions and addition of

Zn fertiliser favoured the reduction of ratie while in others
the effeot was not much pronounced. Caloareous soil and
submerged so0il reocorded ocomparatively higher Fe/Zn ratios as
compared to normal soil and organic matter enriched soil.

The addition of Zn fertiliser irrespective of the soil
conditions tended to narrow down the ratio which was more
pronounced in organic matter enriched soil and -u£lozgod soil.
Highest Mn/In ratio was associated with submerged soil and iIn
fertilisation could cause narrowing of the ratioc and in sudb-
merged soil the ratio was reduced to parallel values to other
soil conditions. A relatively higher Cu/Zn ratio existed in
shoot in the absence of addition of Zn under all seil
oonditions and in normal scil and calcareous soil the addition

of In fertiliser caused substantial decrease.
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Oaloareous s0il showed a cemparatively high N/inm,
Ca/Zn ratios in root in the absence of addition of any 2Zn
fertiliser. Addition of Zn fertiliser acoounted for the
widéning of the ratios. In spite of this the reots relating
to caloareous soil centinued to have wider ratios as compared
tc others and use of ZnEDTA accounted for wider ratio than
Zn304. The nutrient ratios Mg/Zn, Fe/Zn and Mn/Zn showed
identical trends. In all the above cases and in respect of
all soil conditions znso4 recorded low ratios and use of
ZnEDTA widened the ratios. The effeoct of Zn fertiliser on
Mn/Zn ratio in respect of submerged soil deserves a special
moention. The ratio showed a phenominal deorease on application
of In in either form to the soil. Root Cu/Zn ratio widened in

all soil conditions due to the addition of Zn fertiliser.

C. Growth and nutrition of rioce in sodic soil as
influenced by amendments and zZn fertilisation

The growth and nutrition of rice in a calecareous, non
saline sodic soil as influenced by the application of
amendments (gyspum at 12 t/ha, farmyard manure at 30 t/ha
and green manure at 30 t/ha) each under four levels of Zn
(0, 2.5, 5.0 and 7.5 ppm) were studied vith rice variety
IR 8 as the test crop. The results of soil and plant analysis

and the ‘biometric odservations recorded during the course of
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investigation are presented and inferences arising from
data are indiocated.

1. Seil analysis

The physico chemical charsoteristics for the initial
soil sample employed for the study are given im Tadle XXII.
The salient points are briefly indicated delow.

The s0il has pH and EC values of 8.95 and 0.42 m mhos/
om respeotively, It has clay loam texture containing 44 .46
per ocent finer fraotions. The organic carbon and oxohmciblo
sodium percentage values odserved were 0.32 per cent and 24
per cent respectively. The s0il alse contained 2.04 per eent

CaCO. The status of available X, P and X was 4.2, 3.2 and

5 o
14.6 ppm representing respectively low, low and medium grouping
as per the conventional grading system ldoptod by soil testing
service in Tamil Nadu, Vvwhile the soil is v’éo supplied with

total mieronutrient ,, . the status of available micronutrients

was loss than critieal.

The analysis of the soil ssmples at planting, tillering
and harvest stages are presented im Tables XXXIII te XXXV.

The pE of the soil got reduced to 8.0 in gypsum
treatment. There was increase in EC values as compared te
the initial soil and the increase was more promounced in

green nanure treatment. The oxganic carber was several feld
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higher in erganic amendment applied treatments. Availadle

N, P and K also showed consideradle improvement as & result

of organic amendments. The gypsum treatment recorded enhanced
Ca conscentration of soil solution. Among the micromutrients
there was bduild up of availadle Pe in all treatments. The
inorease ef Mn was confined to organic amendment treatments.
There was no marked change in Zn availadility. 2Zn applicatien
tended to increase Zn availability irrespective of nature eof
amendments and the inorease was more pronounced in the

Presence of organic amendments.

The change in pH observed at planting was maintained
at tillering and harvest and there was further slight inorease
in BEC. The organic oarbon proegressively decreased with
further stages of sampling and at harvest the values showed
marked decrease. Yet the applioation of organiec amendments
recorded two to threefold higher values as compared to gypsum.
The available N, P and Kk ,1s0 showsd considerable dedrease in
the post-harvest soil samples. The availability of Fe, Mn,
Cu and 3n alse deereased. However the available Zn whede
availability increased during tillering was more or less
maintained and this was espeoially so with organic amendaents
particularly green manure. The availability of In tended te
deorsase in gypsum treatment with progress in the stage. In
eontrol (no 3n) the availadle 3n was reduced to the point eof

defieiency.



2. Bry magter yield, consentration apd uptake of putrioents

at tillering
The total and individual dry matter yield of shoot

and reot at tillering phase as well as the concentration
and uptake data are presented in Tadble XXXVI.

Green manure treatment recorded the highest total
mean dry matter yield of 13.1 g/pot as compared to 8.9 and
.11.9 g/pot respectively for gypsum and fermyard manure treat-
ments. The organic amendments alone as well as in gomdination
with 3n fertilisers recorded higher shoot and root dry matter
yield as oompared to gypsum. Zn applisation tended to
inorease the total dry matter and the inorease was more
pronounced at 5 ppm level of 2n. However, farmyard manure
recorded better shoot and root 4ry matter yield in the
absence of any addition of ZIn.

The concentration of N in shoot and root was the
highest in gypsum treatment, persumably due to eomparatively
low dry matter yield. The mean total N uptake varied as
232, 220 and 215 mg/pot respectively for gypsum, farsyard
manure and green manure treatments and thus there was no
marked difference in total ¥ uptake at tillering stage.

The mean total N uptake for progressively inoreasing Zn
levels were 174, 186, 219 and 158 mg/pot and this suggests
that 5 ppm In level favoured greater N uptake. The effeot

Axi’?.f’\_./lfc
/ of amendments and 2n fertiliser on P and K nutrition was
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not appreciable. However, the organic amendments tended to
slightly inscrease the concentration amd uptake of both P
and K at tillering stage.

Farmyard manure and gypsum treatments recorded higher
concentration of Ca. Farayard manure recorded oconsiderably
more root uptake of Ca, which was reflected in the total Ca
uptake as well. 7Zn fertilisation tended to decrease the
conoentration and uptake of Ca. The organic amendments as
well as Zn fertilisation favoured greater accumulation and
uptake of Mg as compared to gypsum and the effect was more
Pronounced in green manure. Zn application showed synergistie
effeot and oconcentration and uptake of Mg in shoot and root
increased due to addition of Zm fertiliser.

Farmyard manure recorded the highest shoot Fe oconcen-
tration wvhile green manure recorded highest root Pe concentra-
tion. 2n fertilisation decreased Pe conoentratien of shoet
but inoreased slightly the Fe concentration of reot.

Organic amendments recorded consideradly more uptake of Te
than gypsum. The mean total Mn uptake was not markedly
influenced by Zn fertilisation. PFarmyard manure recorded
highest mean shoot Mn concentration while gypsum recorded
highest mean root Mn oconcentration. Organic amendments and
Zn fertilisation tended to deorease the ooncentration of Ou
in shoot. The enhanced dry matter yield in the abeve Rowever

agoounted for inoreased uptake in the above treatments.
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The gypsum treatment without addition ef 3n fertilisers
reoorded In concentration of 20 and 105 ppm respectively in
shoot and root. The concenmtration of Zn im root and shoot
inereased appreciably due to addition of even 2.5 Pra level
of Zn. However, further increase in Zn levels showed no
further appreciable increase. Both the organic amendments,
more particularly farmyard manure showed higher conscentration
of Zn even in the absence of any addition of Zn as eompared to
gYpsum. In applioation tended to inorease Zn conoentration
8lightly in these treatments as well. The conocentration
variations and dry matter yield d4ifferences refleocted in
uptake differences. The mean total Zn uptake for gypsum farm
yard manure and green manure <treatments worked out to 0.60,
0.95 and 0.80 mg/pot respectively. The addition of even
2.5 ppa of Zn acoounted for appreciable increase in total 2n
uptake at tillering phase.

3. Dry matter yield at harvest

The total dry matter yield and the individual yield
of grain, strav and root observed for each of the twelve
treatments are presented in Table XXXVII along with

statistioal parameters for comparison of means.

s. Zotal dry matter vield

The mean total 4ry matter produced differed significantly
due to amendments. Green manure treatment saused a signifi-

esantly higher dry matter yield of 41.0 g/pet representing
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24.6 per oent increase over gypsum and 135 .2 per cent increase
over farmyard manure. 3Zn fertilisation increased slightly
but not significantly the total dry matter yield. The mean °
total dry matter yleld for the inoreasing order of Zn levels
were 32.9, 38.0, 36.6 and 39.0 g/poet respectively.

b. Grain yield
The mean grain yield differed signifioantly due te

anendments as well as Zn levels. Oreen manure and farmyard
manure with the mean grain yield of 8.2 and 7.7 g/pot were

on par and represented a significant 26 per cent and 18 per
oent inerease respectively over gypsum. The grein yield
inereased signifiocantly from 6.2 in control (no 2Zn) to 7.8

and 7.9 g/pot in Zn applied treatments all of which were on par.

o. Strew yield
The mean strav yield varied from 18.2 te 50.0 g/pot.

The green manure treatment recorded a mean yield of 27.3 g/peot
representing 14.2 per oent inorease over farmyard manure and
29.4 per cent inorease over gypsuam. Farmyaxrd manure alse
showed 15 2 per cent inoreased yleld over gypsum bdut yst
remained on par with it. The straw yield inoreased from

21.7 g/pot in contrel (ne Zn) to 24.0 to 25.9 g/pot due te
added 2n fertilisers representing 10.6 to 19.5 per oent

increase.



d. Root dry matter yleld

The mean dry matter yield of roots varied from 4.3
to 6.2 g/pot. A signifioant improvement of root dry matter
Yield was observed due to green manure and gypsum treatments

as oompared to farmyard manure.

4. Qon on and uptake of nutrients at harve
The oconoentration and nutrient uptake individually
by grain, straw and root and the ocomputed total uptake as

influenced by different treatments are summarised bdelow.

a. Nitrogen (Table XXXVIII)

The grain N oontent varied from 1 .25 to 1.63 per cent
due to amendments and the difference was not significant.
AMadition of Zn fertilisers showed a signifiocant positive
effect. The mean N ocontent was 1.28 per eent in control
(no Zn) as againat 1 .46 per oent due to added Zn. While the
use of different amendments caused no significant variation
in N uptake it is 2n fertilisation again which acoounted for
variation in grain ¥ uptake. Application of even 2.5 ppm
of Zn could dring about sudbstantial improvem ent in grein ¥
uptake. Beyond this level, howeever, there was no further

improvement.

Amgndments alone and in combination with ZIn drought
about significant variation in stresv N gonscentration. PFarm-

yard manure and green mamire caused greater ¥ ooncentration
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than gypsum. The mean N goncentration values observed were
0.98, 0.92 and 0.81 per cent respectively for farayard manure,
green manure and gypsum. PFrom the interection means the
depressing effeot of high levels of Zn when combined with
green manure was brought out. While Zn fertilisation

produced no marked variation in straw N uptake the different
ameniments employed ocaused significant variation. Organie
amendments ocaused pbemomenal enhanced uptake. The mean uptake
values abserved were 234 mg/pot for farmyard manure, 245

for green manure and 169 mg/pot for gypsum.

In respeot of root N eoncentration neither the
amendments nor In levels drought about any signifiocant
variation. The interaotion effect however existed. Under
cond it ions of added gypsum and farmyard manure, Zn appliecatioa
tended to increase root N gonoentration, while green manure
Plus ZIn eombinations tended to deoreaso. The uptake data
revealed that gypsum and green manure o6ould cause greater
accumulation of ¥ in root as compared to farmyard manure.

The former two showed mean root N uptake values of 41.8 and
53 .5 mg/pos as against 33.5 in the case of farmyard manure.

The total N uptake varied from 240 to 430 mg/pot.
Combination of Zn with any amendment enhanced N uptaks.
Green manmire plus 2.5 pra Zn oombination registered the

maximum uptake.



Vg

————

—mgee 1

L o]

.'Q- Oni. O“o. 0”.. omo. .“o. 0’00 3 ono. .no. Ono. ONOO OPOO o“o. - Aa " ."

[

‘X €1 ‘s TS W0 °‘$TTH BH LE °s'K °‘s'K §$I ‘s'R °‘g'Kk $1°0 - (ouys)°a
€t °s°’x  °s°'M ¥'r °g°'K €0°0 80°0 r{4 9 € °S°N °S°'N 60°0 °B'KR - Aio.-unw"
€9 L 149 ¥z ¥L°0 21°0 92°0 68¢ 8 2€2 SLL  WL°O 6L°0 9T ) s L
9 8 ¥4 LZ 91°0 1’0 0€°0 06¢ P 1€2  SZL 89°0 6L°0 £ 0°$
sl 8 -1 4 62 10 £1°0 95°0 ocy 8 &l Lty 19°0 %H6°0 9| L 3
6S L Le 2 €L°0 €1°0 6£°0 oLE or 9z 8 8L°0 9L°L &%) 0
06 L -1/ g€ 91°0 61°0 ¢£¥°0 oo ZE 0§z 8LL 69'0 20°L 8\ s°L
143 6 L¥ 8¢ 12°0 2ZT'0 @8¥°0 (144 LZ T SOL $£°0 $6°0 s€ 0 0°¢
sl 4 LE €€  2Z21°0 91°0 2r°0 68¢ by g€2  SIL 26°0 66°0 <P L 4 4
€L 8 LS gz S1°0 *I1°0 OF°0 SLE €¢ €€z 68 99°0 L6°0 62°| 0
-] 8 of L S0 L0 1270 r444 2r €LV OV  FL°O EL°O0 €9°1 'L
6L ol oy 62 61°0 61°0 2¥°0 r9¢ 2¢ 2WZ OLL L6°0 %60 29° 1 0°$
oL 6 6¢< gz §1°0 81°0 8¢£0 (§¥4 6€ 991 901 69°0 180 8¥F\ 4 4
144 L 174 ZZ tFL°0 YI1°0 2O ore LE L&l 99 €L°0 9L°0 S2°I (o}

4 | s ] : 8 o b4 ¥ g ] ¥ g ® dd
(30d/3m) sxeidpn (%) sue®3uop (30d/%m) sxwidg (%) ue3ucp A-La ..u“
suys
141 (0):% £0) 7.

NEDOH &I K

SININANANY INTHIJIIIA 40 IONEOTINT EHI HUANA IDIY X€ 4 GNV K 40 TAVIIN ARV INHINOD °IIIAYXY TRV



148

b. Phogphorus (Table XXXVIII)

The amendments caused significant difference in grain
P eoncentration. Farmmyard manure resorded a grain P content
0f 0.44 per aent as against 0.53 and 0.56 per cent for green
manure and gypsum respectively. The interasction effect
which also indicated significance revealed the depressing
effect of high Zn level on grain P coneentration, the effeot
being offset in the presence of farmyard manure. The uptake
of P by grain differed significantly due to added amendments
and In fertilisation. The uptake also was the highest in
farnyard manure. While lower Zn levels enhanced, higher Zn
levels depressed P uptake by grain,

The straw P gontent differed significantly due to
differsnces in amendments. Farmyard manure favoured greater
straw P oonsentration than others. Zn alone or in gomdbination
with amendments produced no marked difference in straw P
concentration. Both the main as well as interaction effeet
failed to have any significant impact on straw P uptake. ZThe
mean uptake values for amendments were 36, 42 and 32 mg/pet
and for Zn levels 27 to 350 mg/pot.

The mean P content in root varied from 0.12 to 0.21
per eent and the uptake ranged from 5.3 to 10.1 mg/pet.
¥hile amendments produced no significant difference in oontent
and uptake Zn at 5 ppm was observed to register the highest
goneentration and uptake of P as gompared to other levels of
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The total P uptake differed significantly due to
acendments. The use of farmyard manure caused an uptake of
82 mg/pot and this vas significantly more than 68 and 66
ug/pot observed in gypsum and green manure respectively.
The application of Zn up to 7.5 ppm employed brought about
no appreciable variation in total P uptake. It may de
mentioned that muoh of the absorbed P was immodbilised in

root due to increasing Zn level.

oc. Potasgium (Table XXXIX)

The content of K in grain ranged from 0.38 to 0.47
per cent and was thus not markedly influenced by treatment
effects. The uptake of the element, however, differed
significantly due to amendments. Organic amendments favoured
greater uptake. The mean uptake values were 28, 33 and 34

ug/pot.

The straw X econtent ranged from 0.37 to 0.49 per cent
and application of gypsus tended to enhance straw Kk cencentration.

The straw X uptake was not influenced dy any of the treatments
imposed.

The different amendments employed dDrought adout
significant variation in root K consentrationm and uptake.

The application of green manure caused greater oconcentration

and uptake.



The total K uptake ranged from 121 to 167 mg/pet.
Organioc amendments caused a significantly higher uptake than
gypsum. While main effeot due to Zn was absent interaction
effeot was significant. The means indicated the addition of
Zn to deocrease total K uptake when combined with gypsum and
farmyard manure and inoreased the same when scombined with

green manure.

d. Caloium (Table XXXIX)

The oconcentration of Ca in grain varied from 0.36 to
0.57 per ocent and there was no significant difference ameng
treatments. The uptake, however, varied significantly owing
to differential dry matter yield. Organic amendments recorded
more uptake than gypsum. The significant interaction effeot
showed that Zn application increased the Ca content when
ocombined with gypsum. All 2Zn levels were on par in respect

of other amendments.

The differences in amendments and Zn levels alone
and in combination with amendments caused significant variation
in both concentration and uptake of Ca dy straw. The green
' manure and gypsum treatment; recorded higher Ca values of 0.74
per cent and 0.66 per cent over farmyard with the mean value
of 0.58 per eent. The green manure treatment recorded more

uptake i.e. 198 mg/pot as compared to 135 and 136 mg/pot.

Although far-ylrd/iocordod less concentratien than gypsum the
mmanic



comparatively enhanced dry matter yleld ocompensated the
uptake. 7Zn application produced no variation in Ca ocom-
centration and the mean values observed were 0.61, 0.68, 0.66
and 0.68 mg/pot respectively for inoreasing Zn levels. Here
again the inocreased dry matter yield resulted in enhanced
uptake which inoreased from 121 in eontrol to 158, 170 and
178 mg/pot respectively for progressively inoreasing Zn.

The root contained greater conscentration of Ca than
grain and straw. The means ranged from 1.7 to 2.5 per eent
and the differences were non significant. However, the uptake
of Ca by root was significantly more in green manure amd
gypsum treatments. The mean uptake values recorded for
gypsum, farmyard manure and green manure were 115,94 and

122 mg/pot respectively.

The total Ca uptake ranged from 215 to 380 mg/pot.
Application of green manure resulted in the highest total
mean Ca uptake of 356 mg/pot as compared to gypsum and farm-
yard manure which had mean Ca uptake values 281 and 266 mg/pos.
The mean total Ja uptake of 257 mg/pot significantly increased
to 322 and 328 mg/pot in 5 and 7.5 ppa Zn treataemts.

e. Magnesius (Tadble IXL)
The grain Mg concentration ranged from 0.18 te 0.30

per cent and neither the amendments nor the Zn levels brought
about any significant variation in the grain Mg content.

f

by
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In the matter of uptake Zn fertilisation favoured greater
acoumulation of the element. The mean uptake for inereasing
Zn levels were 14, 18, 22 and 19 mg/pot.

The straw Mg concentration varied within very narrow
limits between 0.41 to 0.49 per cent and this variatiom in
amendments and Zn levels failed to dring about any difference.
The uptake data showed significant effect for amendments.
Green manure and farmyard manure registered greater uptaks
than gypsum. 1In a similar way, while concentration remained
on par for Zn levels there via increased uptaks for inscreased

3n levels.

The Mg content of root ranged from 0.50 te 0.97 per
sent and the differences among treatments were not significant.
The uptake, however, varied considerably., Gypsum and green
manure treatments dbrought about greater uptake of Mg. Higher
levels of Zn reduced the root Mg uptake. The interaction
effect indicated that with the use of famyard manure as

amendment, root Mg uptake decreased due to added 2n.

The total Mg uptake ranged from 135 to 173 mg/pos.
Green manure application recorded significantly more Mg uptake
over gypsum and remained on par with farmyard manure. The
mean uptake values were 174, 153 and 148 mg/pot for greenm

manure, farmyard manure and gypsum respestively. The mean



uptake for In levels were 148, 178, 152 and 155 mg/pot for
inoreasing levels of in, the differences, however, not being

signifiecant.

f. Iron (Table XL)

While amendments had no differential influence on
grain Fe ooncentration, higher levels of Zn was ebserved
to decrease the same. The mean Fe concentration values
for amendments was observed to be 142, 160 and 150 ppm
respectively for gypsum, farmyard manure and green manure.
The Fe concentration from 158 ppa in control decreased to
134 ppm at 7.5 ppm Zn level. The uptake of the element
differed due to amendments and Zn levels. DBoth the erganie
anendments registered greater uptake than gypsum. PFe uptake
inereased initially dut deoreased at high Zn levels. This
is attributadble not only to the dry matter yield differences
but also concentration variations. At low Zn levels high
Pe concentration and at high Za levels reduced Fe concentration

were primarily responsible for uptake differences.

The use of organic amendments favoured greater straw
Fe concentration and uptake as compared to gypsum. The mean
Fe concentration was 439 ppm for gypsum as againsgt 589 and
571 ppa for organic smendments. The Zn fertilisatien tended
to decrease slightly but not significantly the Fe concentration



of straw. The interaction effeot whieh alse indiemted
significance revealed that all levels of Zn remained on
Par under gypsum. Farmyard manure plus 3n eombination
decreased, while green manure plus Zn combination enhanced

Fe uptake by straw.

Zn fertilisation caused signifioant decrease of root
Fe congentration but not uptake. Amendments drought about
variation in uptake but not in concentratiom. Gypsum and
green manure favoured higher Fe uptake by root as compared

to farmyard manure.

g. Manganese (Table XLI)

The congentration of Mn by grain, straw and root was
not markedly influenced by any of the treatment effeots.
However, the uptake of the element by each of the above
revealed significant differences due to differences in
treatments. In all oaases green manure tended t0 show higher
uptake than the other two amendments. 7Zn fertilisation
showed no appreciadle variation in uptake of Mn by straw

and root but favoured greater uptake of the element dy grain.

The total Mn uptake varied from 32.7 mg/pot to 49.8
mg/pot and the interaction effect alone showed statistical
significance. The green manure plus 7.5 ppm Zn combinatienm
recorded significantly higher uptake than others.

15¢
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h. Qopper (Tadle XLI)

While the amendments drought about very little
variation in the Cu concentration of grun;Zn fertilisation
caused a pronounced and signifiecant depression. BEven the
low dose of 2.5 ppm employed brought about decrease in grain
Cu concentration and further levels caused no further reduction.
The pronounced decrease of Cu uptake may de attributed to the
amendments as wvell as 7Zn fertilisation. The organic amend-
ments registered greater uptake than gypsum. The decoreases

of uptake from 0.2%5 mg/pot in control to 0.186 to 0.196 mg/pot

were due to added Zn levels.

Organic amendments and Zn fertilisation decreased the
strawv Cu oconcentration, the decrease bdeing more pronounced
in green manure and higher levels of Zn employed. The mean
straw Cu concentration were 17 ppm for gypsum, 153 and 10 ppm
for organic amendments. The concentration of Cu decreased
significantly from 16 ppm in control to 12 tc 14 ppm in Zn
treated cases. The straw Cu uptake was the lowest in green
manure treatment. The straw Cu uptake was deocreased slightly

but not signifieantly by Zn application.

Amendments, Zn levels and the interaction e¢ffect
brought abeut differential eopper concentratiom in root.
Green manure applioation favoured greater reot Cu congentration.

Inereasing Zn levels progressively deereased Ou content of



root, the highest level causing a significant redustiom over
others. Interaction effect revealed that in the absence of
any added Zn fertiliser organic amendments tended to show
enhanced Cu concentration of roots. In all oases added Zn
decreased the ooncentration, the decrease being more preo-
nounced in farmyard manure and gypsum as oompared to green

manure.

Total Cu uptake varied from 2.1 to 4.3 mg/pot. The
mean Cu uptake for farmyard manure was 2.6 mg/pot as compared
to 3.3 in gypsum and 3.9 in green manure treatments. Jor
Zn levels the total Cu uptake from a value of 3.7 and 3.6
mng/pot in no 3n and 2.5 ppa Zn levels got decreased to 2.9
mg/pot in 5 and 7.5 ppm Zn levels.

i. Zing (Table XLII)

The grain Zn oconcentration inoreased slightly but yet
significantly due to the use of farmyard mamure. The mean
concentration values were 22.5 ppm for gypsum and 22.8 ppm
for green manure as against 24.8 ppa for farayard manure.
The application of Zn caused an inorease in the greain iIn
oonoentration, the effect, however, being confined for gypsum
and farmyard manure amendments. The uptake of the element
was significantly more due to use of organie amendments.
2a fertilisation also caused a significant enhanesed uptaks
put all the 2n applied treatments were on par.
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TABLE XLII. CONTENT AND UPTAKE OF ZINC UNDER THE INFLUENCE OF
DIFFERENT AMENDMENTS

- e Soem - G

Zino Content (ppm) Uptake (mg / pot)
Amgndments levels
(ppm ) 1 s R ¢ s R ?
0 18 17 89 0.10 0.51 0.44 0.8%
Gypsum 2.5 2% 20 89 0.17 0.41 0.49 1.07
5.0 24 24 94 0.16 0.%52 0.53 1,21
0 24 26 82 0.17 0.67 0.41 1.25%
M 2.5 26 32 96 0.20 0.77 0.45 1.42
5.0 24 36 (4 0.18 0.77 0.32 1.27
7.5 26 28 87 0.21 0.67 0.41 1.29
0 24 20 % 0.1% O.44 0.49 1.08
2.5 21 28 8% 0.17 0.84 0.55 1.54
GN 5.0 25 24 91 0.20 0.70 0.47 1.37
7.5 23 30 97 0.21 0.90 0.52 1.63
O.Do(h.“) - 2..25 1.08 N.8. 0003 0016 0.10 0.28
O.D.(Zino ) - N.8. 1.24 K.83. 0.04 0.8 ¥.8. 0.32

C.D.(A-xzn) - 4.46 2.16 loSo H.S. ’080 loSo loSo




158

The straw Zn content varied from 17 ppa to 36 ppa.
While green manure caused a significant improvement of straw
Zin ooncentration, use of farmyard manure showed further
significant inorease. The mean values observed for the three
amendments in the order mentioned were 22, 26 and 31 ppa. The
straw concentration of Zn significantly inoreased from 21 ppm
in control to 27 to 29 ppm as a result of Zn fertilisation.
The interaction effeoct also indicated significance. Gypsum
combined with high level of 2Zn brought about significant
improvement. Even the low levels of Zn could cause such an
effect when combined with organic amendments. The uptake
of the element by straw ranged from 0.31 to 0.90 mg/pot.
The effeoct due to amendments and Zn applioation were signi-
ficant. Organic amendments showed mean uptake of 0.72 mg/pot
as compared to gypsum recording 0.48 mg/pot. The mean uptake
value of 0.47 mg/pot inoreased to 0.67 to 0.76 mg/pot as a
result of Zn fertilisation.

The oconcentration of Zn in the root varied from T35 prm
to 100 ppn. The use of farmyard manure tanded to decreage
the Zn ooncentration of root as compared to the other
snmendments. The effect due to Zn fertilisation proved te
be nonsignificant. The mean values observed were 88, 90, 86
and 90 ppm for the increasing In levels. Farmyard manure
recorded much less uptake of Zn i.e. 0.40 mg/pot as compared
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to 0.50 mg/pot in the other two cases. The root uptake of

Zn was also not markedly inoreased due to Zn applicatiom.

The total Zn uptake varied from 1.15 to 1.45 mg/pot.
Anendments and Zn levels influensced the total Zn uptake
significantly. Green manure plus 7.5 ppa Zn recorded the
highest uptake of 1.45 mg/pot as compared to 1.09 mg/pot

in control.

5. Batio of nutrients to Zn on equivalent basis

The computed nutrient ratios of various nutrients in
relation to Zn caloulated on the basis of equivalent oon-
centration, as influenced by the amendments and Zn fertilis-
ation at tillering stage are presented in Pig. 13 and 14.

In the absence of addition of In fertiliser organie
amendments tended to cause greater depression of most ratios
in shoot as compared to gypsum and the effeet was more pro-
nounced in farmyard manure treatment. 4iddition of Zn caused
further lowered ratios but the effeot was more pronounced
in the presence of green manure. The net result was that
green manure plus Zn combination favoured comparatively
lower ratios. However, Mg/Zn ratio was eomparatively wider
in organic saendments and coubination of Zn partisularly
with green manure tended to further widen the ratie. Another
point of interest is that mere application ef organie smend-
ments could cause nmarrow ratios of ¥/in, K/3a, Ye/Zn, Mn/In
Cu/sn. 3ino fertilisation tended to deoress: the raties in
general.
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The effeot of amendments and In fertilisationm on
the nutrient ratios in respeot of root showed that organie
anendments favoured narrower ratios in the root as well.
Addition of Zn tended to depress the ratios further. TFarm-
Yard manure recorded the highest P/Zn ratio in the absence
of addition of 2Zn. But Zn addition for the treatment
brought about more marked depression of the ratio. The
addition of 7Zn fertiliser on K nutrition showed that when
Zn fertiliser was combined with green manure the K/Zn ratio
tended to widen while combination with farmyard manure the
ratio tended to narrow down. 7Zn application also influenced
the Ca/Zn ratio. In the absence of addition of Zn fertiliaser
green manure showed the lowest and the farmyard manure the
highest ratios. With progressively inoreasing In levels,
the ratio decreased and the decrease was more pronounced
with farmyard manure and ultimately at higher levels of in
they had more or less same ratio. Addition of Zmn fertiliser
tended to widen Mg/Zn ratio when combined with green manure
while the reverse effect was observed when combined with
farmyard manure. A similar effect was observed for PFe/iIn
ratio also. A notable feature was that both the organie
amendmente recorded wider Fe/In ratio as compared to gypsum.
The reverse was however true in respect of Mn/Zn ratie.

The addition of Zn fertiliser whatever may be the amendment,



lowered the ratio, the decrease being mere promeunced in
gYpsum. Cu/2n ratio widened im root as a consequence of

green msnure plus Zn combination.
D. Sources and methods of sine fertilisatiom for rice

The growth and nutrition of rice as influenced by
different sources and methods of application of In with variesy
Bhavani as test orop were studied. The analytiocal data ef
801l saaples and plant samples and the bdiometrie data recorded

are presented bdelow.

1. Soil analysis
The physico-chemical characteristics of the imitial <l

and those collected at tillering and harvest are presented
in Tables XLIII and XLIV respectively.

The 2Zn deficient soil (available Zn 0.8 ppm) employed
for the first phase was employed. The seil has a pH of 7.8
and EC of 0.8 m mhos/om. The soil texture being sandy loam
the s0il is well supplied with P and K but poor in available X.

The pH of the soil sample at tillering ranged frem
6.8 to 7.7 and BC from 0.74 o0 1.12 umhos/emn and the different
treatments employed caused no appreciable change in the above
values. The status of availadble 5! and K as well as water
soludle plus exchangeable Ca and Mg varied within very small
1imits in different treatments. There was bduild up Fe in all
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treatments inoluding ocontrol. The treatments which reeeived
sulphate and chloride forms of Zn tended to shovw slightly
enhanoced Mn conoentration compared to others. The effect

on Zn availability was more conspicuous. While control
showed low availability seil application of any form of In
enhanoced the DTPA extractable Zn. There was no such increase

in available Zn in other treatments.

In the polt harvest soil samples there was no appreei-
able varhtion in different treatments and the EC tended
towards a common value of 0.7 to 0.9 m mhos/om. There was
deorease in availabdle N, P and K in all treatments, There
was no pronounced change in the status of availadle Oa, Mg,
Fe and Mn, the concentration however drastically lowered as
compared to tillering phase. There was further fall of
available Zn in control, Application of Zn in eny form and
by any method showed greater Zn availabdility in the post
barvest soil samples and the effect was more pronounced ia

gn80,, Zn (cm,coo)2 and zn,(1>o4)2 treatments.

4’
2. Dry matter yield and nutpition at ¥illeping stage
The shoot and root dry matter yield for the different

treatuents at tillering stage are presented in Table ILYV.
The concentration and uptake data are furnished in Table XLVI.

The more vigerous growth of rioe as judged from sheet
and reot dry matter yield in seed seak treatment was evident



even at tillering stage. This treatment recorded shoet and
root dry matter yleld of 4.4 and 1.4 g/pot respectively.

The total dry matter yield varied from 2.9 to 5.8 g/pot.

The highest shoot dry matter yield was assooiated with
ZnEDTA soaking treatment. Control and zn(cnsooo)z treatment
showed very low shoot and root dry matter yleld.

The concentration of N in shoot varied from 1.65 te
1.98 per cent md seed soak techrique both in ZnEDTA and
Znso4 favoured comparatively higher concentration of K,
The N congentration of the root was however comparatively
less. Increased N oontent combdbined with enhanced dry matter
yield ascounted for twofold inorease in N uptake as compared
to control. As a general rule Zn fertilisation in any form
and by any method favoured higher uptake of N. There was
no appreciable difference in the concentration of P and K
in shoot and root and uptake differences resulted due to
dry matter yield variations.

Seed soaking treatment tended to show comparatively
less Oa coneentration in shoot and root. The uptake of Ca
varied markedly. With the exception of 2a (OH’OOO)2 all
ether treatments recorded more uptake of Ca than sentrol.
gn fertilisation in general favoured greater asccusulation
of Mg than acontrel. However application of "3 (1’0‘)2
depressed the Mg concentration, in shoot. The differences
in root Mg oonoon&ration§§;; not appreciadls.

1

~

3



Addition of Zn fertiliser irrespective of the seuree
and method tended to deoresse Fe concentration in shoot and
inorease it in root. The concentration differences combined
with 4ry matter yield variations accounted for differenses in
total Fe uptake whioch varied from 2.58 to 5.65 mg/pot. There
Was no appreciable difference in the concentration of Man doth
in root and shoot and uptake differences are attributadble %o
dry matter yleld variations. Zinoc fertilisation tended to
decrease Ou content of root but inorease the same in sheot.
The uptake varied from 0.08 to 0.20 mg/pot. The Zn eentent
of shoot and rcot inoreased due to 2Zn fertilisation. A
comparatively high Zn conoentration of strawv relating to
ZnEDTA soak method is a note worthy feature. However, the

16

concentration of In in root in this treatment was comparatively

-

less., The above treatment recorded the highest total In uptake.

3. Dry ma 1d at h

Total dry matter yield as well as individual 4dry matter

yield of grain, strav and root for each of the treatments
involved are furnished in Table XLV along with the results
of statistical analysis,

a, Togal dry mstter yield

The total dry matter yield ranged from 19.2 to 29.%
g/pot. Seed seaking im 0.1 per cent ZnEDTA gave the highest
total dry matter yield. This treatment, hovever, was er par



TABLE XLV. DRY MATTER YIELD AS INPLUENCED BY SOURCES AND
METHODS OF Zn APPLICATION
- ~ PILLERING - HARVESY
Treat- Shoot Root Total Grain Straw Root Total
ment dm dm dm Yield yield da da
No. yield yield yield g/rot g/pot yleld yield
L -_s/mf__s /pot g/pot . ~ &/pot g/pev
1 2.0 0.9 2.9 5.97 1%.80 2.7 22 .50
2 3.1 13 4 4 7.40 17.30 3.60 28.30
3 3.7 1.4 5.1 7.45 18.05 3.60 29.06
4 4.0 1.6 5.6 743 16,03 4.47 27.93
5 2.0 0.8 2.8 4,05 12.40 1.43 17.88
6 5.8 1.4 5.2 7.00 16.10 3.93 27.05
7 3.6 1.3 4.9 6.77T 16.97 3.10 26.84
8 2.6 1.2 3.8 6.53 17.50 2.90 26.9%
9 3.2 1.4 4.6 €.77 17.07 3.40 27.24
10 2.8 1.0 3.8 6.40 16.47 3.95 26.80
11 4.4 1.4 5.8 7.7 17.43 4.1T7 29,33
c.D. 1.00 1.7 0.78 2.19
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with soil application of chloride, sulphate and phosphate

foras of Zn. The appliction of zn(cnsooo)z preved deletorious
and yleld was reduced signifiocantly even when compared teo
control. Application of ZnEDTA to soil even at as small a
dose as 0.5 kg/ha could account for dry matter yield em par
with soil application of several sources of Zn at 5 ppm.

b. Grain yield
The grain yield ranged from 4.05 to 7.75 g/pot. All

the 2n applied treatments with the exception of zn(cnsooe)z
recorded higher yield over control. The percentage of increase
ranged from 7.2 to 29.4. Soaking of the seeds in ZnEDTA
registered the highest inorease of 29.4 per oent. The con~-
ventional methods of application of ZnSO4, ZnCl, and Zns(PO‘)z
gave yield on par with ZnEDTA. The applieation 21(033000)2
caused a significant depression and even control recorded

significantly higher yield than this treatment.

c. Straw yield
Phe straw yield varied from 12.4 to 18.0 g/pot. 3n0l,

treatment recorded the highest yield of 18.0 g/pot. Seil
application and seed soaking methods empleying znso4 and
InRDTA also recorded straw yleld em par with InCl, treatmeat.
The straw yield insrease ranged from 16 to 30.4 per eent.

The centrol and Zn(cn,ooo)z treatunents recorded signifisantly

lower strav yield than others.



d. Root dpy matter yield

The mean root dry matter yleld ranged from 1.4 to 4.5
g/pot. The Zn (01!3000)2 treatment recorded the lowest yield
of roots. All the other treatments showed detter root growth
than oontrol. The inorease ranged from 7.4 to 55.5 per cent.
Gontrol, zn(cn3coo)2 and nursery feeding method recorded
significantly less root dry matter yield than others. Seed
soaking methods employed in the experiment which showed enhanced
grain and straw yield also showed root growth on par with soil
appliocation of -nlphatg/ohlorido and phosphate forms of Zn.
Among the two soaking methods the effect was more pronounced
for InEDTA than for sulphate form.

4. Conoen ion and uptake o ien

The oconcentration and nutrient uptake individually by
grain, straw and root as well as the computed total uptake  ,
as influenced by the different sources and methods of application/
are presented in Tables XLVI. The statistical parameters for

comparison of means are also indicated.

a. Nigrogen (Tadle XLVII)
The congentration and uptake of N by grain were not

influenged to any significant oxtent by the different treatments.
while the mean consentration varied from 1.37 to 1.51 per cent
the uptake varied from 79 to 111 mg/pet. The grein uptake of

¥ was the highest in ZnEDTA soak method.
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The oontent of N in straw varied considerably from
0.50 to 0.92 per cent., Excepting Zn dust treatment all cther
treatnents caused a significant inecrease in straw N oconcen-
tration over control. The inorease was more pronounced in

an(P04)2. 2nS0,, nursery fed, ZnSO, soaking and root d1p

4
treatments. Zn(083000 )2 treatment also favoured greater ¥
concentration in straw. ZnEDTA soak method also enhanced N
content significantly if not as appreciably as the above
mentioned treatments. These concentration differences coupled
with enhanced dry matter yield values acoounted for the
significant uptake differences. The straw N uptake varied
from 77 to 148 mg/pot. All but Zn dust treatment registered

significantly higher N uptake than control.

The N content in root varied from 0.56 te 0.90 per oent.
While the root N ocontent showed an inorease due te application
of chleride, phosphate and acetate forms of Zn, the root
dipping method, nursery feeding technique and use of ZnEDTA

oaused a significant deorease.

The total N uptake ranged from 180 to 294 mg/per pot.
Zn dust and Zn(cmsooo)z treatments recorded ¥ uptake on par
with eontrel. Other treatments showed significant improvement

over oontrol and remajned on par within theaselves.

b. Phosphorug (Table XLVII)
The grain P concentration ranged from 0.18 to 0.24

per cent. The differences ameng treatments were nonsignifieant.
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The uptake of the element, however, differed significantly
and varied f

ried from 10 to 18 mg/pot . h,(PO4)2. ZnCl,, Znso‘.
treatments and both the 2n soaking methods recorded signi-
fioantly higher uptake than control.

The concentration of P in straw ranged from 0,08 to
0.14 per ocent. chlz. znso4, nursery feeding and Zn dust
treatnents significantly decreased the P content of strav as
compared toc the control. Other treatments were on par with
the control. The uptake of the element ranged from 10 te
24 ug/pot. Zn804, Zn3(P04 )2. and the soaking techniques
registered greater uptake values than Zn(CHSOOO )2 and Zn
dust.

The content of P in the root varied from 0.08 to 0.14
per ocent. an(P04)2 treatment showed the highest root P
content. The soaking techniques whether it be znso4 or
ZnEDTA caused much less root P conscentration than znso4 or
Zn.,(PO‘)2 applied to soil. The uptake of P ranged from 2 to
6 mg/pot. Addition of Zn, in general, tended to enhance the

root uptake of P as compared to the control.

The mean total P uptake worked out to 31 to 46 mg/pot
for the different treatments. With the exseption of zu(ou,aoo)z
whick showed an uptake of 22 mg/pot all other treatments showed
higher total P uptake over the comtrel, the increase being
more pronounced in z:,(Po4 )as #n30, and both the soaking

treatments employed.



¢. Potassium (Table XLVII)

The conoentration of K in grain, straw and roet was
not influenced to any significant extent by the different
treatments. However, the uptake varied markedly and lisni-
ficantly on acoount of 4ry matter yield variatioms. The
highest total as well as individual uptake was observed in
ZnEDTA soak treatment. Control and zn(cnsooo)z treatments

recorded low K uptake values.

4. Calcium (Table XLVIII)

The mean Ca ocontent of grain varied from 0.36 to 0.4%5
per cent and the uptake ranged from 22 to 352 mg/pot. The two
characters were not influenced to any significant extent by
the treatments imposed. The straw conagentration values were
also not different to any significant extent and remained
within the limits of 0.52 to 0.63 per cent. The uptake of Ca,
however, differed signifioantly.With the exception of Zn(OHBOOO)2
all treatments favoured greater uptake of Ca by straw. The
content of Ca in the root varied from 1.05 to 1.53 per cent
the differences between treatments not bdbeing significant.

The uptake of the element by root in different treatments
worked out to 19 to 69 mg/pot. The ocontrol and zn(cnscoo)z
treatments recorded significantly lower uptake of Ca.

The total Oa uptake ranged between 102 to 195 mg/pot.
There was inoreased total Ca uptake in ZnS0,, ¥n0l,, ln,(Po‘)2
and/dust treatments as compared to the oontrol. /Zn
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e. nesium: (Table XLVIII)

The different treatments imposed produced no marked
variation in grain Mg concentration whioh varied from 0.15
in oontrol to 0.20 per cent in ZnEDTA., This trend was
reflected in the uptake as well whioch varied from 33 in
oontrol to 47 mg/pot ZnEDTA., The straw Mg concentration was
also found to be higher in the presence than in the absence
of Zn. The mean Mg oconcentration significantly inoreased in
all exoept In, (PO4 )z_root dip and nursery fed treatments.
The inorease was considerably high in doth the soaking methods.
The increased concentration of the element combined with
enhanced dry matter yield have contributed to wide and signi-
ficant variation in Mg uptake. Control recorded the least
uptake of 40 mg/pot. This increased to 53 to 99 mg/pot in
various treatments. The increase was significant and compar-
atively high in both the soaking procedures employed. The
use of ZnSO4. Zn012 and nursery application methods also
inoreased Mg uptake signifiocantly though not as appreciably

as soaking techmnigues.

£. Iron (Table XLVIII)
The concentration of Fe varied from 41 to 106 ppm.
The sontent decreased significantly due to the use of
chlz, root dip and Znso4 soaking methods. Other treatments
were en par with the control. The uptake varied from 0.28
to 0.79 mg/pot. Zns(PO4)2 and ZnEDTA soaking metbods recorded

%
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greater uptake, while the other treatments remained om par
with control. The contenl of Fe in straw varied from 140

to 390 ppm. With the exeeption of Zn(CH3000)2 and Zn dust
treatments all the other treatments tended to depress straw

Fe concentration, the effect being more pronounced for ZnEDTA
soaking treatment. The uptake of Fe varied from 2.43 to

5.84 mg/pot. Use of ZnEDTA, whether applied to soil or through
seed soaking technique deoreased straw Fe uptake aignificantly
over the ocontrol. Roots of control treatment contained the
highest consentration of Fe. Any addition of Zn irrespective
of the form and method tended to decrease slightly if not
significantly the root Fe concentration. The content varied
from 1330 ppa to 2250 ppm. The uptake of the element by

root differed significantly. an(PO4)2. Zn dust and seed
soaking in ZnEDTA showed relatively greater uptake,

There was sonsiderable variation in total Fe uptake.
Control recorded an uptake of 5.69 mg/pot. All but ZnEDTA
(Soil application ss well as seed soaking) treatments were

on par with contrel.

g. Manganese (Table XLIX)

The grain Mn concentrstion varied from 106 ppm to 158
ppa. Bxoepting root dip method of Zn application, all others
recorded a slight dut momsignificant inorease of grain Mn
conecentration. The uptake of the element varied from 0.70
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to 1.17 mg/pot. Soil application of ZnSO4. ZnEDrA, chlz and

seed soaking technique employing ZnSO, and ZnEDTA recorded

signifiocantly greater uptake values o:or the control. Straw
"n conoentration ranged from 164 to 257 ppm. Zn0l,, Zng (PO, ),,
seed soaking in Znso4 and Zn dust treatments showed signi-
fiocantly greater Mn concentration than the control. The uptake
of the element by straw varied from 2.00 to 4.24 mg/pot. 4All
Zn applied treatments showed greater uptake. zn(cﬂ3000)2 and
ZnEDTA soaking methods showed uptake values on par with the
control. The root concentration of Mn varied from 166 to

255 ppm. Soaking of seeds in znso4 and soil applioation of
Zn3(P04)2 favoured greater root Mn concentration. The uptake
of the element By root inareased in all but Zn(OHSOOO)2 treat-

ment, the effeot being more pronounsed in an(P°4)z°

The total Mn uptake ranged from 3.21 to 6.27 mg/pot.
All the treatments recorded more uptake than the control, the
inorease being more pronounced in Zn012 and Zn3(PO4)2trnatucntl.

As a general rule the Zn - Mn interaction was observed to bde

synergistie.

h. Copper:(Table XLIX)
The concentration of Cu varied from 5.7 ppa to 10 pmm

in grain. All the treatments recorded greater Ou concentration
than oontrol. The increase was proneunced in treatments
involving root dipping, mursery feeding and ZnEDTA (Seil
application) treatments. The uptake, however, varied withia
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small range of 0.04 to 0.07 mg/pot and was nox;tgniﬂunt.

The effeot on straw Cu concentration was Just the reverse

&8s observed for grain. The control recorded 10 ppm. All but
EnEDTA soaking more particularly phospbate, acetate and oxide
forms of IZn deoreased the straw Cu content. The ZnEDTA soaking
actually registered inoreased straw Cu concentration. The
uptake of the element by straw also was influenced significantly
by treatment effeots and ranged from 0.07 to 0.20 mg/pot.
zn(035000)2 recorded the least uptake. While all others showed
uptake of Cu on par with oontrol, it is ZnEDTA which showed
significant improvement in straw Cu uptake. The Cu content

of roots ranged from 12 to 50 ppm. 2Zn irrespective of the
form tended to deorease root Cu conoentration, ZnEDTA treatment
reocording the least. The Cu uptake by root alse differed
significantly due to treatments and a pronounced decrease was

observed in ZnEDTA and Zn(CH5000)2 as compared to the oontrol.

The total Cu uptake varied from 0,15 to 0.32 mg/pot.
n (01!3000)2 recorded the lowest, while ZnEDTA the highest

total Cu uptake.

1. Zing (Table XLIX)
The concentration of Zan in grain varied from 9 to 17 pmm.

Appliocation of Zn irrespective of the form and method of
application enhanced the Za congentration of grain. The inewease
however, was not signifiecant in Zn dust and 219.5(1’04 )2 treatments
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&8s cgompared to the control. Both the soaking techniques
enployed, root dip method and soil application of Znso4 and
chl2 treatments registered marked increases in grein Zn
congentration. 2Zn (035000)z although associated with low
grain and straw yield could cause a higher Zn ooneentration
in grain. These concentration and dry matter differences
resulted in marked and significant uptake differences. Thus
ZnEDTA soaking method could register two to threefold en-
hanced Zn uptake than the control. The uptake of the element
by grain ranged from 0.05 to 0.13 mg/pot. The lower Ary
matter yleld compensated for higher concentration in

Zn(cﬂ3000)2 treatment and it could also register higher uptake

as compared to the control.

The straw Zn ooncentration varied from 9 to 26 pmm.
Whatever be the source and whichever be the method, application
of Zn caused enhanced straw Zn content. The increase was,
however, more marked with the use of Zn804, ZnOlz and ZnEDTA
soaking method. The concentration of the element in other
treatments also increased slightly and signifioantly. The
uptake of the element obviously varied conspieucusly. It
varied fyom 0.1% to 0.47 mg/pot. All the treatments showed
enhanced uptake over the control. There was two to threefold
inoreased uptake in chlz. Zn80, and ZnEDTA soak methods.,
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The mean root Zn ooncentration for the different
treatments varied from 22 to 47 ppa. The z::(cx,ooo)z‘trut-
ment recorded the highest root Zn conoentration. ZnEDTA
soaking method and root dipping in ZnO suspension recorded
the least concentration of 22 pm. Znso‘, chl2 and other
methods tended to increase the root Zn concentration slightly
though not significantly. The result of these conocentration
differences was that while most treatments inoreased root ZIn
uptake, it was not true for ZnEDTA soaking method and root
dip method. The mean Zn uptake varied from 0.07 to 0.17

ug/pot.

The total uptake of Zn varied from 0,54 to 1.42 mg/pet.
Control recorded the least uptake. Soil appliocation of 3n804,
lncl2 and seed soaking in ZnEDTA were associated with more
than double the uptake as compared to the control. Zn(cESOOO)z
treatment showed no significant improvement over the oontrol

and mugh of the absorbed Zn was oconcentrated in the root.
E. Correlation studies

The s0il and plant analytical data collected from
second, third and fourth phases of the investigation were
utilised for studying the interrelationships among the 4iff-
erent parameters by working ocut the correlation ce-effioients.
Such of those relationships which showed statistieal signi-

ficance are presented in Table L aleng with 'r' values and



regression equations. The important points arising out of

the studies are as follows.

(1) The relative concentration of sins on equivalent
basis showed significant relationships. The nutrient ratios
of N/Zn, X/in, Ca/Zn, Fe/3n, Mn/Zn and Cu/Zn in straw at
tillering on equivalent basis (oconcentration of nutrient
divided by equivalent weight of respective nutrient prior
to working out the ratios) showed significant negative
correlation with grain yield. The above ratios were also
related to straw yield values. The negative relationship
in both the cases suggests that Zn requirement inorease

with inoreased oonoentration of N, K, Ca, Fe and Cu,.

(11) The ooncentration of Zn in straw at tillering was
observed to have significant positive relationship with dry
matter yleld of straw and root at tillering as well as grain,
straw and root dry matter yield at harvest. This suggests

the greater significance of tillering straw Zn concentration

in i{nfluencing the growth of rioe.

(114) The oonoentration of Zn in root at tillering alse
showed significant positive relationship with dry matter
yield of grain and straw at harvest. Thus the amount of
in entering into plant upto tillering has a bearing on the
growth of rice. This effect however is decided by the

relative concentration of other nutrients ions in the system
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as revealed by the signifiocant relationship existing detween
nutrient ratios and yield of grain, straw and root as indi-

oated earlier.

(iv) The increased concentration of N and Mn in the root
at tillering tended to depress the concentration of Zn in
straw at tillering. The possibility of more and more of Zn
getting loocked up in root with increase in N coneentratiom

of root was revealed.

(v) The relative importance of availadble 2n in soil at
tillering was well brought out, Significant positive relation-
ships were found to exist between avalladble Zn at tillering

and the total and strew dry matter yYield at harvest. Tillering
Phase available Zn also influenosd the nutrition of riece.

The grain N and Zn concentration were positively related to
the status of available Zn. The straw and root Fe contents
were found to be negatively related to availadle Zn status

at tillering. The significant Zn-Fe antagonisa was well
evidenced. Straw and root concentration and uptake of Pe

were depressed with increasing amounts of Zn in the medium.
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CRAPTER V
DISQUSSION

The influence of varieties soil oonditions, sources
and methods of Zn fertilisation on the growth and nutrition
of rice were studied. The studies were carried out in four
well defined phases vis. growth and aineral nutrition of
rice (i) as influenced by varieties and Zn fertilisation
(11) as influenced by soil conditions and Zn fertilisation
(111) as influenced by amendments and 2n fertilisatiom in
sodic s0il and (iv) as influenced by sources and methods of
application of Zn. Detailed laboratory studies ioro nade
to assess the progressive changes in the availadbility of

macro and micro nutrients, their content and uptake by rice.

A brief discussion on the salient features of obser-

vations 1is presented in this Chapter.

A. Influence of Zn fertilisation on the growth and minsral
nutrition of genetically variable popular
rice varieties of Tamil Nadu

In this phase of the study the comparative yleld
bPehavicur and congentration and nutrient uptake in respect
of ten genetieally variable rice varieties (Table I) were
studied. The s0il representing Perur series (Perur, Ceimbatore)
and pessessing sandy loaa texture and having 0.8 ppm of



available Zn was employed . N, PZOS and K,0 at the rate

0f 1201603160 kg/ha and four levels of Zn (0, 5, 10 and 15 ppa)
were imposed. The plants were grown up to maturity amd the
dry matter yield of grain, straw and root as well as the
concentration and uptake of different nutrients were

determined.

1. Dry matter yield

The genetic variability among varieties caused sub-
stantial differences in the total as well as individual dry
matter yield of grain, straw and reoot. Long duration
varieties in general produced higher straw and root dry
matter yleld. Zn fertilisation enhanced root growth, straw
yield, grain production and total dry matter. This effeot
was, however, confined to the varieties IR 8, RP 4-14,
Bhavani, Oo %8, TNAU 13493 and TNAU 658 and these may be
considered as Zn responsive varieties. Incidentally these
varieties had either IR 8 or Peta as one of the parents.

The soil employed ocontained very low available Zn and the
, Coatrly

added 2n fertilisers could naturally be expected toArOOponﬁsV
The objeotive contemplated in the study was how the popularly
grown genetiocally variable rice varieties reast to the added Zn
fertilisers and the results have thrown light en the highly
tolerant nature of IR 20 and Co 37 and the significant
improvement in grain yield of IR 8, RP 4-14 and Bhavani.
Based on the degree of responses IR 8, RP 4-14 and Bhavani
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may be grouped as highly responsive, Co 38, TNAU 13493 and
culture TNAU €58 as medium responsive and Go 39, Co 37, IR 20
and Ponni as non responsive. The grain yield inoreases
ranged from 20 to 60 per cent in responsive varieties. The
tolerant nature of IR 20 and the susceptidbility of IR 8

for Zn deficiency have also been observed by Ponnamperuma

and Casro Ruby (1973). The suitability of IR 20 under Zn
defioient conditions was also indicated (Anonymous, 1972).

A point to note was that the variety Co 37 which showed muoch
less total dry matter yield ranked foremost in grain yield.
The straw and root dry matter yield, however were consider-
ably less than other varieties. In other words a relatively
narrow grain: straw ratio existed in this variety which
appears to be a genetic potential of the variety. Although
Co 39 and TNAU 658 also showed such naxrrow grainistraw
ratios they ecould not bring about such yield because of

short duration nature of the former and poor tillering in the
latter. Although the total dry matter, straw and reot dry
matter yield revealed a positive correlation with grain yield
(Table L) the variety Co 37 appears to be an exception te
the general rule. A point of gratification was that this
variety could produce as much grain yield under deficienoy
conditions as under suffiociency oonditions suggesting that
it is 1deally suited for Zn deficient soil. IR 20 alse
stood on par with this and can be considered to be a good
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substitute for Zn deficlency conditions. Oc 38, THAU 658
also recorded identical yield to Oo 37 and IR 20 under 2n
deficienocy aonditions but their yield signififecantly increased
further upon Zn fertilisation. RP 4-14 and IR 8 showed very
poor yield under deficiency oconditions and tended to register
Phenoménal insreased yield due to added Zn fertiliser. Thus,
in the approach to maximise the yield potential of suek
varieties like Co 38, TNAU 658, IR 8, RP 4-14 =md Bhavani,

In fertilisation will be of great use.

A consideration of thestraw yleld brought out the
faot that long duration varieties (Co 38, IR 8 and TNAU 13493)
a8 a general rule produced higher straw yield as ocompared to
short duration varieties (Co 39, Co 37 and TNAU 658) and that
Zn fertilisation could enhance straw yield irrespective of
the genetic variability of the varieties. The relative
grain and strav yield values revealed that the strew predue-
ing ability is not a true reflection of grain produeing
ability. Co 37 for example produced not much straw amd yoot
growth but stood foremost in grain yleld as against the
variety TNAU 135495 whioh preduced nearly deudble the streaw
yield as that of Co 57 bdut recorded only sixty per eent of
its gain yield. Thus 1t 19 perhaps the physiclogieal
astivity per unit area/weight which eount much more than

total area/weight.



Varietal differences were refleoted in the amount
of root weight as well. As a general rule long duration
varieties tended to record greater root weight than shors
duration varieties. Zn appliocation also brought about
enhanced root growth and oonsequently the computed tetal
dry matter yield was more due to Zn application. A plé}hﬁrt
of evidences é:?; agoumulated on the benefisial effeot of
Zn on the growth of rice (Pillai, 1967; Badrachalam, 19695;
Bora et al., 1977).

2. Nutprition
The genetic variadility and Zn fertilisation brought

about no marked change in grain, straw and root N concentration.
In othoyhordl the N conoentration had been maintained in spite
of enhanced dry matter yield. Zn fertilisation enhanced the
dry matter yield and this was accompanied by enhanced N

uptake. Nene (1962) observed a severe reduction of N gon-
gentration in rice plant under conditions of Zn deficiensy.

In the present study the concentration and uptake of N by

grain and straw tended to increase slightly though not
significantly in general and partiocularly im 2n responsive
varieties like IR 8 and RP 4-14. Randhawa (1973) reported

a signifiocant improvement in protein content of rice due %o

application of 5 ppm of 2Zn.

?Ko ocensideration of uptake of P individually by grain,
strav and root)nth positive and negative influence were



revealed. The grain P uptake was inoreased in varieties

RP 4-14, Bhavani and IR.8 and a negative effeot was noticed
in IR 20 at 15 ppm level of Zn. Application of 15 ppm Zn
depressed straw P uptake in all varieties. Zn-P antogonism

is well evidenced by several workers.

The antogonistic effect was evident from uptake
values. There was increased accumulation of P in root with
increasing Zn levels. While there was no marked effeot on
total P uptake there was a tendency for more P to get loocked

up in root as a result of Zn fertilisation.

.l v ’
AL fe e e s -8

4 ¢ nutritioﬁ)Qas found to be independent of varieties
as well as Zn application. The uptake differences are
attridbutable to dry matter yield variations. Nene (1962)
observed insreased K goncentration under Zn deficiency
conditions., It may however, be noted that increased dry
matter yield has not ouulcd any dilution effect and the
plants could derive their requirement in tune with the
dry matter yield. Variety TNAU €58 recorded the highest
grain Ca conoentration, while IR 20 the highest straw Ca
concentration. The conocentration differences coupled with
dry matter yleld variation accounted for marked variatioa
in total as well as individual uptake of the element. The
gn responsive varieties like Co 38, IR 8, Bhavani ete.

tended to acocumulate more Ca in straw as compared to ethers.
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In view of the dominating influence of Ca on the regulation
of micronutrient nutrition this increase of Ca concentration
in straw assumes greater significanoce and a proper Ca/zZn
ratio appears to have a bearing on growth and response. A
higher Zn uptake under oconditions of high Ca acoumulation
appears to be necessary. The domimating influence of Ca

in the absorption and translooation of mioronutrients hﬁz
been evidenced by several workers (Joffee, 1936; Khan and
Manson, 1957). Roots recorded two to three fold inareased
Mg concentration as ocompared to grain and straw. ZIn ferti-
lisation while increasing Mg concentration in grain amd
strav had a depressing influence on root Mg oconoentration.
Inereased dry matter yleld on one hand and enhanced eon-
centration on the otherhand resulted in increased Mg uptake.
As a general rule %n responsive varieties and long duratien

varieties showed greater grain and straw Mg uptake.

The Fe nutrition of the rice plant was also observed
t0 de influenced markedly by the varietal differenses and
Zn fertilisation., The mean Fe content varied from 104 to
147 ppm in grain, 396 to 576 ppm in straw and 1062 to 1500 ppm
in reot. For any variety the concentration varied iam the
order root > straw > grain. Dry matter yleld variation
goupled with concentration differences resulted in censiderabdle
uptake differences. The highest uptake of 48.46 mg/pet was
ebserved in Oo 358 and the least uptake of 10.44 mg/pet in
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Co 39. Grain, straw and root uptake alse varied and in

eaock of the above Co 38 ranked first. These uptake differences
may be attributed to the inherent genetic potential of the
variety and dry matter yield variations. A clear eut relation-
ship between Zn and Fe was also revealed. The concentration
of Fe in grain, straw and root decreased and the decrease
was more pronounced in straw. The interaction effect
"varieties x Zn" was also seen in respect of straw Pe oon-
centration. The decrease in respect of Fe was pronounced
even with addition of 5 ppm 2Zn and not so marked with
further increase in Zn levels. The Fe uptake decreased in
proportion with the conoentration. However, the high dry
matter associated with inoreasing Zn levels ocompensated the
decreased grain, straw and root Fe ooncentration. TYet the
decreases were significant, marginally in grain and markedly
in straw and root. The cumulative result was that the total
uptake progressively and significantly deoreased with
inoreasing Zn levels. The faoct that Zn fertilisation tended
t0 decrease the concentration of Fe in grain, straw and root
suggest that both absorption and translocation of FPe is
influenced by Zn. Similar antagonistic effeots were also
reported by Deb and Zeliang (1975) and Venkatasubrasanyam
and Mehta (1975).

Varietal differences and Zn fertilisation breught
about ohanges in Mm nutrition as well. The highest Mn
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econcentration in greain, straw and reot were observed in

IR 8, THAU 658 and Co 39 respectively. Reots ef all
varieties gontained higher Ma concentration than grein and
strav and in long duration varieties the differences

narrowed. The effeot due to Zn levels revealed a synergistie
3n-Mn interaction. Grain Mn concentration tended to increase,
while that of straw decreased as & result of Zn fertilisation.
Reot content of Mn was not influemced by in fortilintion.
These point to the posaible role of Zn in mobilising the
element from straw to root. The total uptake remained mere
or less the same. Significant variation in individual
uptak%hu ooccurred providing further evidence for the
possible role of 2Zn in the trenslocation of Mn.

The effect of varieties and 2n fertilisation oa Ou
nutrition revealed the concentration and uptake of Cu to be
influenced by the above faotors. The concentratien of Ou
varied from 7 to 15 ppm in grain, 15 to 38 pra in straw and
45 to 91 ppm in reot. The higher Cu eoncentration in grain,
straw and root were observed im IR 20, Ponni and RP 4-14
respectively. The uptake of the element varied from 0.45
te 2.79 mg/pot, lomg duration types registering more total
uptaks than short duration varieties. These uptake differ-
ences are attridutadle to dry matter yleld differences
coupled with the variation in the consenmtratior. The reet
uptake of Ou increased while that of straw uptake deereased
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&8 a result of Zn fertilisation. The ultimate effect was
that the total uptake of Cu was more as a result of 3In
fertilisation. Chaudhry gt al. (1973) and Kausar g% al.
(1976) observed an antagonistic effeot of Zn om Ou uptake.
In the present study also the depression was noticed dut

was confined to straw.

The genetis variability and 3n fertilisatien bdrought
about pronounced changes in concentration and uptake of Za.
The mean Zn ooneentration varied from 7.2 to 18.9 ppm fer
greain, 10.4 to 33.0 ppm for straw and 37.9 to 64.9 ppm in
root. Thus for any variety roots recorded two to three
fold increased conocentration as compared to grein and straw.
The differences in concentration bdetween grain, strew and
root narrowed with long duration varieties. In the absence
of any added 7n ,THAU 13493 recorded the highest grain amd
straw In oongentration while IR 20 the highest roet in
gonaentration. 2Zn application oaused a progressive inecrease
in Zn coneentration of grain, straw and root. The mean
inorease in concentration ranged from 47 te 80 per eent ina
grain, 32 to 60 per cent in straw and 10 to 21 per cent in
voot. In the shoert durstion varieties like Ce 39 and
Go 357 there was no improvement in grein Zn coneentratien,
wvhile in others marginal te high inoreases were noted.
Irrespective of the variety In applicatien tended te



203

inorease straw Zn oconcentration. 3n oonsentration of roes
also increased and this was more pronounced whem the level
of Zn inoreased from 10 to 15 ppm, IR 20, Co 39, RP 4-14,

IR 8 and TNAU 13493 recorded higher root consentratien than
others. IR 20 which was included under non respensive

group showed the highest root Zn concentration in the absense
of any added Zn and this further increased upon applicatien
of Zn. Thus this variety appears to have an inherent ability
to absord Zn more efficiently tham others. The uptake of Ia
obviously differed since the dry matter yield varied. 00 38
recorded the maximum Zn uptake. The magnitude of inorease
in the uptake of Zn worked out to 70 to 98 per oent in grain,
48 to 70 per cent in straw and 27 to 70 per eent im root as
a result of Zn fertilisation.

From the foregoing diseussion it is apparent that
there is high genetic variability towards responses for Ia
fertilisation. Co 37 and IR 20 were found to be telerant
from among the ten varieties tested and are ideally suited
for the marginally Zn deficient soil types ef the series.
Zn application will be helpful in incressing the yield
potential of sueh varieties like IR 8, RP 4-14, Bhavani
and THAU 658. In application had a favoureble imtersetioa
with ¥ and Mg nutrition and antagonistie effect on Fe amd
Ou nutrition. P uptake was deeresased at higher level of

Sn employed.
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B. Growth and mineral nutrition of rice as influenced
by soil conditions and 2n fertilisatiom

In this phase of the study the progressive changes
in available nutrients in the soil, dry matter yield amd
the nutrition of rice were investigated under the influence
of varying soil conditions and Zn fertilisation. Soil
oconditions studied were normal soil, calcareous soil,
organic matter enriched soil and submerged soil and Zn
treatments imposed were no 2n, Zn304 and ZnEDTA., The Zn

responsive variety RP 4~-14 was employed as the test orop.

1. Soil stundies
The pH, EC, organic carbon and 0.00,1.1&0! of the

initial soil samples were 7.7, 0.62 mmhos/om/ :, 0.50 per
oent and 0.14 per cent respectively. The imposition of
varieus treatments and incubation for a peried of ten days
brought about considerable changes not only in the above
properties but also in the availability of plant nutrients.
The pH of the s0il decreased in all but the calcareous soil.
This may be ascrided to the saturatien due to the flooding
eonditions whioh prwai&liod%(bl‘uring the incubdbation period.
This tends to(-oﬁt‘:écr;; ’;i; towards neutrality, The absence
of such an effect in caloareous soil msay be due to the

dissolution of 0:003 wvhoih tends to raise the pH. The pH
in ealearecus soil remained greater than 8 during all the
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stages. Chandrasekaran (1962) also observed inarease in
PH values due to the addition of 01003. Turner and Olark
(1956) and Yaalon (1957) observed the pH of the ocaloareous
801l to extend up to 8.5. The EC values slightly inoreased
due to organic matter enrichment as well as due to sub-
mergence. The inoreased solubilisation of soil ocon-
stituents during the process of decomposition in the former
cage and increased availability of most of the nutrients
due to submergence (Ponnamperuma, 1964) in the latter case
might have acoounted for such effects. The enrichment of
the s0il with organic matter obviously showed a high organie
oarbon status, while calocareous soil increased the Ca
concentration of the soil solution. Apart from the above,
all soil eonditions showed inoreased availability of N,

Fe and Mn. The undesirable effect of 00.003 and submergence
in depressing the available Zn was also revealed. Jurinak
and Thormne (195%), Sithtulid&?1\19#3). Misra and Pandey
(1977) have also indicated poor availability of Zn im
ealcarecus soil due to the formation of insoluble Ca Znoz.
Jackson (1967), Badrachalam (1969) and Ponnsmperums (1972)
observed poor availability of Zn under flooded conditions.

The studies on the progressive changes in the
availability of nutrients revealed an overriding swperiority
of organic matter enriched soil over others. With the



20 R

exgeption of Cu whose availability was mot far different
from other soil oonditions the availability of all other
nutrients were maintained at comparatively higher levels.
This enhanced availability may be ascribed to both direct
and indirect effects, ‘5§root1y in the sense that the
oconstituents of the organic matter getting released inte
s0il solution and indirectly the solubilisation, chelation

and maintenance of availadle nutrients in the soil solution.

Islam and Elahi (1954), Mandal (1964 ), Ponnamperuma
(1964 ), Patriock and Mahapetra (1971) have observed an
inorease of available P due to submergence. The influence
of organic matter in inoreasing the available P in soil
was evidenced by several workers, (Bromfield, 1960; Ohiang,
1965; and Singh and Patiram, 1977). Inoreased availability
of Fe and Mn due to submergence was indicated by Jaggi and
Russell (1973). Mandal and Khan (1977) also recorded
increase of available P due to saturated soil conditioms.
The duild up of Fe and Mn concentration was also seen and
in faot the main difference between this soil and normal
s0il was the inorease in Fe and Mn and decrease of Zn apart
from slight inorease in P, Ca and Mg. Nearly 45 to 50
per eent reduction in the consentration of available In
and uptake of the element by rice (Var. Jaya and HR 19)
was observed by workers at Hyderadad under flooded conditions
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(Anenymous, 1973 ). The caloareous soil showed depreasion
of available F and Zn conspiocuously. The inorease of Pe
and Mn availability as observed in other soil conditions
was not observed in ocaloareous soil. Emil (1948) reported
deoreased availability of Zm in ocarcareous soil. Boischet
and Dumoax (1950) observed lowering of availability of TFe
in calcareous so0il and attributed it to fixation by chemical
preoipitation. Jurinak and Thorne (1955) indicated Cazn0,
ocould be an important factor in deoreasing Zn solubility

in calcareous soil. Saeed and Fox (1976) felt the inherent
high pH of oalocareous soil to be responsible for Zn
deficiency. The lowered diffusion of Zn in caleareous

801l due to intense competition between Ca and Zn waps

observed by Prasad et al. (1976).

The pH obtained at transplanting was maintained
during further stages of sampling. The availadle X, P and
K at the tillering stage were higher in all treatments as
compared to the transplanting stage owing to NPK fertilis-
ation snd during this stage the availability of the above
nutrients were higher in organic matter enriched seil.
There was further increase in the availability of Fe, Mn
and Ou under all soil conditions including ocalcareous
soil. The application of Zn in either form inoreased the
available Zn irrespective of the soil cenditiomns.
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In oalcareous soil and submerged soil the availability of
in was consideradbly less in the absence of addition of 2m.
Such decrease in Zn availadility due to sudmergence was
also recorded by Katyal (1972), Takksn and Sidbu (1977)
and Maskina (1977). Ponnamperuma (1977) observed that
sulphides, carbonates and phosphates formed following sudb-
mergence lowered the availadility of 2n.

Six et al. (1969) observed a positive correlation
between 0lay and organic matter and available Zn. Sharpless
et al. (1969) attributed poor availability of Zn at higher
PH to formation of CaZnO,. Prasad and Pagel (1970) registered
decreased availability of Zn with inoreased pH and Ca

saturation.

The application of Zn in the form of ZnEDTA ocaused
enhanced availability of Zn both in calcareous soil amd
submerged soil. This may be ascribed to tha little fixation
of the chelate by clay (Wallace and Luni, 1956) and more
effective supplying ability of the chelate at higher pH as
compared to znso‘ (Segars, 1975). Kang and Okoro (1976)
observed greater mobdility of Zn from ZnEDTA under flooded
conditions, The work of Prasad et al. (1976) also showed
that the chelated form is more effective in deing able te
supply the element by overcoming rete limiting steps of
solution, desorption and diffusien,
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In the post harvest soil samples the availability
of all the nutrients deoreased. There was decrease in
available Fe and increase in availadble Mn as compared to
the initial soil. This variation can be asoribed teo slight
differences in oxidation reduoction potential normally
encountered in rice culture. Venkatasubramanyam and Mehta
(1975) also reported such a phenomenon due to application
of Zn. A point of interest was that Zn availability was
reduced to a very low level in caloareous soil in the
absence of added Zn. The submerged so0il showed an inorease
at harvest stage in availadble Zn even in the absence of

any added Zn.

2. Dry matter yield
The differences in soil conditions and ZIn application

brought about differences in shoot and root dry matter yleld
at tillering as well as at harvest. The mean shoot dry
matter yleld at tillering stage for normal, caleareous,
organic matter enriched and submerged soils were 3.40,

2.60, 3.60, 2.90 g/pot respectively. The reoot dry matter
yleld observed were 1.50, 0.95, 1.50 and 1.20 g/pot
respectively. Thus, & slight reduction in the root and
shoot growth relating to the caloarsous soil was ebserved.
In the absence of any added ZE)tho caloarecous goil and
submerged soil produced much lower shoot and root dry matter

yleld. It may be mentioned that in these two soils the in
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availability was limited. The addition of Zn fertiliser

oould enhance the dry matter yield in both the above cases.
The usefulness of Zn addition to ocalcareous soil was alse
reported elsewhere (Peterson, et al., 1974). Tiwari g% al.
(1976) observed application of Zn fertilisers to black

soil to be beneficial in inoreasing rice yield. The plants
grown in calcareous soil showed slightly deorsased P, K,

Mg, Mn and Zn concentration in shoot and root as compared

to other soil oconditions and this was partiocularly se in

the absence of any added 2n. This may be asoribed te
enhanced solution concentration of Ca and poer Zn availability.
The dominating influence of Ca in the absorption complex on
the utilisation of other cations was also evidenced by

Joffee (1936). In the abasence of Zn addition sudbmerged

soil also sufferred. The shoot and root relating to sub-
merged s0il recorded higher concentration of Fe and Mn

and lower oonocentration of Zn as compared to those of normal
s0il. Thus the reduced availability of Zn due to submergence
was aggravated further by enhanced availability and absorp-
tion of Pe. According to Brar and Sekhon (19762’dccroa.o

in absorption and translocation of Zn was partly due teo
inereased congentration of Fe. Chaudhry and Wallace (1976)
also observed a competitive inhibition of Pe en Zn absorption
ia solution culture experiments. In appliecation under the
above conditions enmhanced the availadbility and absorption



211

of the element and this was more pronounced for the
chelated form of 2n. The uptake of the element varied ifi
}un’o with dry matter yield differences. The organie
matter enriched soil showed comparatively higher uptake

of N, P, X Ca and Mg, The mean shoot uptake was the
highest in organic matter enriched soil and the least in
ocaloareocus soil, The mean root Zn uptake was also low

in calocareous soil and submerged so0il. The dry matter
yield differences have accounted for the above. But in
the case of caloareous soil and submerged soil the available
Zn was less than the oritical limit. 4lthough no elearcut
deficiency symptoms were observed the dry matter yield
went down considerably, perhaps due to“hiddon hungorf/

The investigations on the total as well as individual
dry matter yield of grain, straw and root at maturity re-
vealed the outstanding superiority of organioc matter
enriched soil over other soil conditiona in being abdle teo
produce the highest total as well as individual dry matter
yield. This may be attributed to both direoct and indirect
bdenefits whioh follow organic matter addition. The direct
effects include possible struotural modificatiens and
release of extra plant mutrients, and indirect effects
inclnde prelonged nutrient availability, enbanced 4iffusion
and mobilisation of nutrienmts in the soil-plant system.
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Schats (1963) showed the chelating ability of erganie
matter and Brown (1958) observed that apart from influeneing
the availability of nutrients organic matter alse regulated
the conoentration of mioronutrients in plants. The
fertility value of organiec matter has been indicated by
several workers (Unambuoparah, 1975; Balla, 1974; Asmus,
1974).

In the present study also a comparatively higher
fertility environment as a result of organic matter addition
is evident accompanied by enhanced concentration and uptake
of nutrients both at tillering and maturity phamses. As far
as Zn availability is concerned unlike calcareous and sub-
merged soil conditions the addition of organic matter
enhanced availability even in the absence of added ZIn, and
any addition of Zn tended to ocause further insrease. Thus,
plants grown in organic matter enriched soil enjeyed
comparatively better nutritional enviromment in the ambient
seil solution, Thus in this soil condition grain, straw
and root dry matter registered inoreases of the order of
40, 29 and 56 per cent as compared to mormal soil.
Application of Zn in either form although caused enhanced
availability of the element there was no further appreciable
inerease in dry matter yield as compared to no Zn treatment.

A similar case was also observed in mormal scil where 2n
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fertilisation enhamced available Zn in soil but no increase
in dry matter yield resulted. The Yield of grain, straw
and root dry matter yield was significantly less in caleareous
and submerged soil in the absence of added Zn. 2Zn appli-
oation to these s0ils whether it be orgamis or inorganie,
brought about appreciable inorease in yield of grain and
straw. Such increase in the dry matter yield was also
recorded by Skoog (1940). He attributed thia effeot to the
direct influence of Zn on the quantity of auxin., A more
beneficial effect of ZnEDTA in inocreasing grain, straw and
root 4ry matter yleld was observed in the present study.
The more effective nature of ZnEDTA in Zn supplying ability
as oompared to Znso4 was also observed by Segars (1973).

Elgawhary et al. (1970) reported enhanced diffusion
of Zn in s0il on addition of EDTA. In calcareous soil alse
ZnEDTA showed additional advantage in respect of straw dry
matter yield. Gangwar and Mann (1972) reported Fe-Zn and
Mn-3n antagonism and since there was greater bduild up of
availability of Fe and Mn it is reasenable to expect an
inhibition on inorganioc Zn added under submerged soil.

Ishisuka and Ando (1968) observed im their solution
sulture experiment a considerable reduction in Zn absorption
duo to inoreased Mn concentration. Chelated form of ia
probably was less susoeptible for such an intersction. This
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vas further confirmed in the present experiment by the
enhanced availability of the element when applied as
chelated form.

A oconsideration of chaff percentage revealed that
relatively higher peroentage of chaff was associated with
submerged soil in the absence of any added Zn. The per-
centage observed was 24.6 as against 11.3 and 16.4 per oent

for Z2nSO, and ZnEDTA respectively. Thus Zn application in

4
either form was of partiocular advantage in this soil con-
dition in decreasing chaff percentage and increasing dry
natter yleld, a feature not so conspicuous in other soil
conditions. This suggests that it is a question of ensyme
activity and translooation which limit the grain yleld

under submerged soil condition and added Zn ocould influence
the above phenomenon. Evidences for the role of Zn in
ensyne system (Wallace, 1962) was reported earlier. It may
be added that the total dry matter produced was not much
different in normal, ocalcareous and submerged soil and it

is a quoition of their relative distribution whioch ascounted

for grain yield differences (Pig.4).

It follews from the above that Zn fertilisatien
brought about beneficial effects in general and the effeoects
were more pronounced in calcareocus and submerged soil. Im

these 801l oonditions 40 to 45 per cent inoreased grain yield
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and gonsiderable reduction in chaff percentage were brought
about due to Zn fertilisation. In normal soil and in soil
enriched with organie matter the dry matter yield was not
influenced to any significant extent. With the exception
of normal s0il there was enhanced root growth due to the
addition of Zn fertiliser whether it was organioc or in-
organiec form. The application of doth forms of Zn, parti-
cularly chelated form, caused a marked reduction in the
ochaff percentage. This brought to light the fast of hew
the added Zn ocould dring about bensficial effeots under
cond itions whioch limit its availability. The lowering of
availability of Zn due to the formation of insoluble
carbonate of Zn (Udo et al., 1970 and Sikharulidse, 1973)
due to adesorption (Navrot and Ravikovitoh, 1971), due to
formation of CaZn0, (Misra and Pandey, 1977), lowering of
diffusion (Prasad ¢t &1.,1976) in calcareous soil were well
established. In the present study also the impact of added
0-.005 in depresaing the availability of added Zn was well
revealed. The application of Zn to ocalcareous soil drought
about sufficient Zn concentration in spite of the tendenecy
for fixation. Addition of 2n at as high a dose of 5 prm
40 the caleareous soil oould register much less inarease
in svailability as compared to the normal soil. Neverthless
the rice plants showed consideradle enhansed In accumulation
and upsake than control. The chelated form of Zn showed
greater availability under all soil oonditions. Although
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the amount of Zn added is negligibly small as compared to
inorganic form, yet it appeared considerably efficient in
maintaining a fairly appreciable concentration of Zm in
-olufion and favouring greater mobility and uptake by the
plant. Thus chelated form enjoyed better diffusion, lesser
adsorption, greater absorption and easy translocation within
the plant.

3. Nutrition
The nitrogen concentration and uptake were greater

in plants grown in organic matter enriched soil even during
the tillering phase of the crop in tune with the enhansced
availability of the nutrient in the soil. The harvest stage
straw and root in this s0il condition registered higher con-
centration and uptake of N then other soil conditions. In
application had mo influence on N concentration of straw and
root but, however, tended to slightly and signifioantly
inorease the N concentration of grain. The total and individual
uptake of N by grain, straw and root were highest in this soil
condition in proportion with the dry matter yleld. The total
N uptaks did not vary much due to Zan fertilisation. The X
nutrition showed more or less a similar pattera in mormal

soil as well. In oaloarsous soil the straw showed less ¥
concentration as oompared to organic matter enriched and

submerged soil oondition. Zn application tended t0 inorease
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¥ oongentration, but the effeot was confined to straw and
root. It may be mentioned that Zn application in either

form to calcareous soil inoreased the grain yield. But,
however, the enhanced grain yleld had not caused any dilution
effeot on N concentration as compared to control suggesting
that there has been more N modilisation to grain on account
of Zn fertilisation. A similar trend and explanation also
hold good for submerged soil. Thus, irrespective of the soil
condition there seems to be a definite role of Z2n on K
nutrition. The beneficial effeot of Zn in increasing the
energy value of grain was reported ﬁy Thompson et al.(1962)
and Dwivedi and Randhawa (1973).

Neither the soil conditions for Zn application brought
about any significant difference in grain smd root F con-
centration. The uptake differences can be attributed te dry
matter yleld differences. The F content of straw showed
the trend of submerged soil > organic matter enriched soil >
normal soil > ocalcareous soil., It may be mentioned that
the availability of P in the above so0il oconditions follow
similar trend. 3Burd and John (1948) observed that increased
Ca ocongentration reflected gkﬁlow P availability. The Zn-P
interaction was found to be non existent. The level of 5 ppm
Zn employed perhaps was not sufficient emough to produoce
any appreciable antagonistic effect with P.

)
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As in the case of g,thc grain K concentration was not
influenced by soil conditions as well as Zn fertilisation.
Enrichment of the so0il with organic matter caused ehnanced
straw and root K concentration. The higher availability of
the element caused by release of X from added green leaves
and that from soil due to enhanced dissolution -a§£§:JZon-
tributed to the above. The added green lclvo$ apart from
directly oontributing its own tissue K may be expsoted to
bring more XK into soil solution. This is supported by the
fact that the status of available K was comparatively more
in organic wmatter enriched soil than in others. Thus,
inoreased concentration combined with enhanoced dry matter
yield acoounted for two to three fold increased uptake.
Another fact brought to light is the impact on K absorption
brought about in ealcareous soil. Concentratiom and uptake
in straw and root were least in this soil condition and Ca
nn;}to inhibit K absorption. Although the availability
of X was not limiting, the presence of inoreased Ca hindered
absorption. 4 similar effeot of enhanced Oa oconcentration
in so0il solution to decrease K accumulation in the plamt
was also reported by Khan snd Hanson (1957). The submerged
soil condition and normal methods of rice sulture seem te
hivo no appreciable difference in the matter of X mutritiea.
Neither the conoentration nor the uptake, wvhether it be grais,

stravw or roog showed any appreciable difference under the
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above said oconditions. A gonsideration of the effect of
Zn fertilisation revealed the absence of any appreciable
effect on K oconcentration. The uptake differences observed

can be attributed to dry matter yield differences.

Caloareous soil and soil enriched with organic matter
showed higher availability of Ca, The dissolution of added
Oaco3 in the former and solubilisation of soil Oa during
the process of decomposition in the latter have contributed
to the above. These differences in availability have not
altered the Ca concentration of grain and root. The Ca con-
centration of straw was, however,low in normal soil as oompared
to other soil conditions., The specifiocity of greater Ca
congentration confining to straw is of special signifiecance
in view of the dominating influence of Ca in mobilising
nutrients, particularly micronutrients. 2Zn fertilisation

also tended to enhanoe Ca ooncentration of straw.

Pathak et al. (1975) also observed increased Zn supply
to result in higher Ca content. It may perhaps be due te
the possible interaction of Ca and Zn ions resulting in the
formation of OalZn0,. It is supported by the fact that roos

and straw contained more 2n and Ca as compared to grain.

Aliyn (1927), Bennett and Oserkowsky (1940) stated
that the okloresis of plants was associated with the
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physiologiocal role of Oa within the plant. The total uptake
of the element was more in organic matter treated soil in
tune with dry matter yleld. 1In all cases it is the dry
matter yleld that has contributed to the differences in
uptake.

The studies on Mg nutrition revealed the straw and
root oconcentration of the element to be enhanced by green
manure treatment and 7Zn fertilisation. The increase in Mg
content of straw in spite of inorease in dry matter yleld
as & result of the above treatment point to enhanced absor-
ption of the elsment. The relative higher availadbility of
the element under the above soil condition accounted for the
sbove. The contribution of Mg by organie matter and sud-
merged condition were also found to operate. The net resuls
was that both content and uptake of the element increased
in the above treatment. Further added Zn fertilisers showed
a synergistic effect. The inhibiting effest of Ca on Mg
absorption was however observed in caloarsous soil amd
perhaps the level of available Ca duild up in other soil
conditions was not sufficient enough to affect the Mg nutrition,
Even in calcareous soil use of ZnEDTA brought about substantial

inorease in Mg content further confirming positive ZnMg intex-
action.

The influenes of soil conditions and Zn fertilisationm

en Fo nutrition appeared to be of greater significance thaa
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others. The avalilability of this element was found to be
oonsideradly high irrespective ¢f soil condition and 2n
applioation. The conditions of rice oculture whioh involved
saturation to flooding favoured greater build up of Pe
ooncentration in the soil solution. Enrichaent of the soil
with organioc matter and submerged soil caused comparatively
higher availability than others. Caloareous scil recorded
the least oconoentration of the element in grain and roet.
This may be asoribed to both the specific and non-specifie
effect of Oa on Fe absorption., Handley gt al. (1965)
observed antagonistic effect of Ca upon Fe uptake. 2n

application deoreased the concentration of Fe in grain,
strav and root and this was more pronounced in straw and

root and more 80 with ZnEDTA,

Hewitt (1949) observed antagonistioc relationship of
Zn with Pe in the process of absorption and translocation
although no valenoy change is associated with oxidation-
reduction. Rediske and Biddulph (1953) moticed enhansed
mobility of Pe when the tissue level of Zn was the lowest.
Lingle e} al. (1963) and Adriano gt al. (1971) also reported
mutual antagonism between Fe and Zn, TFurther evidence was

provided by the work of Tiwari gt al. (1976).

Venkatasubramanysm and Mehta (1975) observed deereased
availability of Pe due to the application of Zan in thelr
incubation experiment. Both Fe and Zn interfere with the



Z:-orpnon of each other. Rosell and Ulrich (1964) and
ATV
RAeadn and Tiffin (1962) also observed Zm inhibdition en

Fe oconsentration of plants.

The Mn nutrition revealed that there was depression
on shoot and root oconcentration of the element in caloareous
soil at tillering. Application of Zn favoured greater
ooncentration of Mn in shoot and a deocrease in root. At
maturity the trend further widened and caleoareous soil
tended to show lower concentration of the element in grain,
straw and root. The Mn content of grain and straw increased
while that in root decreased due to application of Zn. The
concentration differences and dry matter yield variations
were responsible for uptake differences, which was nearly
twice in organic matter enriched soil. The use of Zin
fertilisers has not caused much difference and appeared to
be favouring greater translocation of Mn from root to shoot.
It may be mentioned that in the first phase of the experiment

a similar effect was observed.

As observed in the case of Fe the roots contained
greater concentration of Cu than straw and {é%f;irrvlpootivo
of the soil condition. The effect of soil condition and
Sn application en Cu concentration was confined te roet.

As is the oase with many other nutrients soil emriched with

/
erganic matter and submerged soil condition favoured greater



223
OCu eoncentration in the root in addition to remaining
parallel in respect of grain and straw Ou content with
other soil conditions. Application of Zn in either form
tended to decrease Cu concentration of root. The Cu content
of grain and straw inoreased while that in root deoreased
in normal so0il as a result of Zn application. It was
observed that the total Cu uptake remained more or less
the same whether Zn was applied or not. However, application
of Zn tended to inorease the Cu content of grain and straw
and deocrease it in the root. This suggests the possible
influence of Zn on translocation o{ Cu from the root to
straw and grain. However, there"%y evidence for strong
depression on Cu uptake by Zn (Kansar et al., 1976). Perhaps
the level of 2Zn employed in the present experiment was not
suffioient to exercise its antagonistic effect. The 2n-Cu
antagonisa however, was notseen under other soil conmdition.
Perhaps the complexing agents in organic matter enriched
501l released during decomposition and enhanced Ca coneen-
tration in caloareous and submerged soil prevented any
possible translocating effect of Zn by inactivating either
Zn or Ou. The uptake was the highest in organio matter

enriched soll and the least in caloareous soil,

The influence of soil conditioms and 2n fertilisatien

on In nutritien ef rice assumed greater signifieance than

others. With the background of root and shoot consentration



of Zn at tillering snd that of grain, straw and root at
maturity it was obvious that the normal soil and organie
matier enriched soil showed better availadbility of the element,
even in the absence of any addition of Z2n. However, Zn
application increased the availability of Zn and improved

the concentration of Zn in plant both at tillering at harvest
stages. The significant influence of Zn in ealoareous soil
and submerged soil was well brought out. In thesbsence of
any added in the availability of Zn in these two soils
suffered most and the ooncentration and uptake of Zn at
tillering and maturity were consideradbly low. This may bde
ascribed to low availadbility of Zn. Application of 2n in
either form to these soils tended to enhance the availability
of Zn and {n turn improved the concentration md uptake of
the element in plant both at tillering and maturity.

Aymond (1972) observed the application of Zn to flooded
soil to inorease the concentration and uptake of the element
by rice. Tiwari et al. (1976) observed inocreased Zn levels
to inorease 2n content regardless of Fe levels. They observed
lowest congentration of Zn in rice under waterlogged com-
ditions without Zn application and inorease in uptake upon
Zn appliocation. However, Gangwar and Mann (1972) ebserved
higher uptake of 3n by riee in flooded soil cenditions than

at field capacity.
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The decrease in availability, concentration and
uptaks in caloareous soil may be asoribed to inoreased Oa
congentration in soil solution which tend to precipitate
dn ions. In submerged s0il apart from inoreased Ca availa-
bility enhanced Fe coneentration of soil solution alse
acgounted for reduced Zn availability and uptake by riece.
Houovof,tho above antagonistic effeot of Ca and Fe on
availability and uptake of Zn by rice was not observed when
chelated form of 2Zn was applied to -oii. Persumably chelated
3Zn ocould overoome the rate limiting steps of preeipitation
and immobilisation in soil/plant system. The organic matter
enriched soil recorded the highest Zn uptake irrespective eof
the faot whether 2Zn is applied or not. In the absence of any
added 2n ocalcareous soil and submerged soil showed comparatively
less uptake. The uptake considerabdly improved due to added

gn fertilisers (Fig. 5).

4. Bouivalent conoentration ef nutrients in relation %o Za

The studies on the influenoe of soil conditions and
gn fertilisation on relative equivalent coneentration of vari-
ous nutrients in relation te IZn gave evidenoce for the favour-
able rele played by Zn fertiliser. In the absence of
addition of Zn fertiliser the ratios were wider and In
applioation in either form tended to narrow down the ratie.
In viev of the negative significant relationship existing
between the nutrient ratios and grein and straw yield (Table L)
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this effeot of Zn on the nutrient ratio assumes greater
importance. The narrowing of the ratios in most cases resultgd
due to enhanced accumulation of Zn as a oonsequence of
added Zn fertiliser. Persumably enhanced oonocentration of
nutrients warranted enhanced acocumulation of Zn as well as
3& exerciseitheir full influence on growth and physiclegieal
funotions. In otherwords inoreasing concentration of mutrient
elements inoreased the Zn requirement of rice. Gangwar amd
Mann (1971) studied the effect on Fe/Zn and Mn/Zn ratios at
fifteen days intervel during early stages of rice growth and
observed higher dry matter yield to be associated with narrower
ratios especially under flooded conditions.

In respeot of root, Zn application had the opposite
effeot of widening the ratios in general and this was more
marked with ZnEDTA. The use of znso4 tended to decrease the
ratio in respect of Mg, Fe and Mn, This effect may be
asaoribed to both increased modbilisation of the nutrient from
root to shoot as well decreased absorption due to antagonistie
effeot. This is further evidenced by the fact that the
oconoentration of the elements like N, P, K, Ca and Zn tended
tc inorease while that of Mg, Fe and Mn tended te decrease
due to En fertilisation. The above studies indicated that
apart from In content per s¢ the relative consentration of

other nutrients alsc is of paramount importanse.



C. Zine nutrition of rice in sodioc soil as influenced »y
amendments and sing fertilisation

The influence of organic and inorganic smendments on
the Zn nutrition of rice in sodic soil was investigated in
this phase of the study. A non-saline ealoareous sodic soil
having pH and EC values of 8.95 and 0.42 um mhos/om and RSP
of 24 was employed and IR 8 was raised as the test orop.

The status of available nutrients in the soil at transplant-
ing, tillering and maturity stages of erop growth and 4ry
matter yield, conoentration and uptake of plant nutrients
individually in grain, straw and root were determined. The
amendments employed were gypsum, farm-yard manure and green

manure each combined with four levels of 2Zn (0, 2.5, 5.0 and
7.5 ppm).

1. Seil studies
The 80il analysis revealed that the incorporation ef

amendments and their inocubation for ten days could dring
about changes in pH, RC and availadle nutrients. The pH
decreased from 8.9 to 8.1 in gypsum treatment and this was
not the case with farm-yard manure and green manure. The
inoreased availability of plant nutrients partisularly ¥,
P, X, Pe, Mn and In were noticed in farm-yard manure and
green manure added treatments. Russel and Sieling (1952)
alse observed that addition of farm-yard manure and gresa
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manure increased the availability of nutrients. This may be
asoribed to the release of nutrients from the added amendmenss
as well as from the soil during the proocess of decomposition.
The analysis of farm-yard manure and green manurs used for

the experiment also revealed, that these contained oonsider-
able amount of nutrients. The farm-yard manure sontained

948 ppm Fe, 76 ppm Mn, 12 ppm Zn and 3.8 pps Cu. The glyricidia
used contained 212 ppm Fe, 52 ppm Mn, 32 ppm Zn and 6.5 ppm
Cu. The analysis of soil samples at tillering and harvess
stages also revealed a ocomparatively higher availability eof
nutrients due to treatment with organic amendments. The
available Cu slightly decreased in fars-yard manure as
compared t0 gypsum and green manure treatments. Thus inerease
or decrease in availadbility of Cu seems to depend on the
nature of the organioc matter. Fara-yard manure perhaps
resisted more Ou entering into solution by forming insolubdble
oomplex, while green manure tended to cause an inerease in
available Cu through chelation. This may also be attributed
to the pH reduction in gypsum treatment and release of 3n
gontained in the amendment itself in the others.

Application of Zn inoreased the available In and the
inorease was maintained throughout the erop growth. In the
sase of green manure there was further increase of available
Sn as tillering stage in the in applied treatments. The

eombination of green manure and 3n was mors favourable fer
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maintaining a higher 2n availability than combination of
&n with farm-yard mamure or gypsum. It may be mentioned
that eontr;voraial views have been expressed in literature
as to the possible role of organic matter in influencing
available Zn. The available Zn tended to decrease with
stages and this was more pronounced in gypsum treatment.
In the absence of any added Zn the level of available 3Ia
decreased to the point of defioienoy. Workers at
Philippines (Anonymous, 1969) and Katyal (1972) observed
that added organic matter to soils with high pE depressed
the Zn availability., They attributed this to the formation
of fulvie acid (Randhawa and Broadbent, 1965) with low
stability constant (Sohnitser and Skinner, 1966) and due to
immohilisation of Zn by decomposing daocteria. Milapohand
et al. (1977) compared the dithiosone extrectable Zn as
affeoted by different amendments in a highly sodic soil and
observed lowest 2n in plots with Alz(so4 )3 and gypsum and
highest in plots treated with pressmud and farm-yard manure.

2. Dry matter yield

The application of green manure to the sodic soil
proved to be more beneficial and economical. This treatment
registered grain and straw yield inoreases of 26 and 29 per
oent over gypsum and 6 and 14 per cent inoreases over farm-
yard manure treatment. HNighest root dry matter yleld was
alse assooisted with this treatment. The computed total
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dry matter yield was 25 per oent more than gypsum and

13 per oent more than farm-yard manure. Thus both the

organic amendments appear to provide a much favouradble soil
environment in sodic soils for rice growth. This is supported
by the fact that the availability of plant nutrients was
comparatively better in these cases as ocompared to gypsum.

Zn applioation brought adbout grain and straw yield inoreases
of 27 and 19 per cent over control., Root dry matter also
inoreased slightly dbut not signifioantly. In the absence of
any added In farm-yard manure and green manure showed better

grain and straw yield over gypsum (Pig. 7).

Prasad ot al. (1976) indicated that organic amendments
and chelated Zn fertilisers were more effective than solubdle
Zn salts in alleviating Zn deficiency. Addition of Zn even
at 2.5 ppm level drought about enhanced yield and this was
more pronounged in green manure treatment. In oth.#rordl,
the grain and straw yield observed in gypsum plus Zn combi-
nation was observed in green manure treatment even without
any added Zn. The addition of Zn further widened the yield
difference between gypsum and green manure treatments. Thus
green manure plus Zn combination may be oconsidered as detter
suited than gypsum plus Z2an. Fara-yard manure also recorded
dry matter yleld om par with green manure in the absence of

any added 2Zn but 2Zn addition oould not prove to be as mueh
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advantageous as it did with green manure. Govinda Iyer

(1963) recommended application of § t/ha of gypsum and
5000 kg/ha of green manure for sodio soils of Tanjore.

Dargan e} al. (1976) studied the effect of gy.psum,
farm-yard manure and Zn on rice yields in sodic scil and
found 50 t/ha of fara-yard manure to give parallel ylelds

to that of application of 45 kg per heotare of Zn804.

3. Nugrition

The investigation on N nutrition revealed the highest
total N uptake to be associated with "green mamare plus 2.5
Pra Zn" treatment. This treatment recorded only less reot
and shoot K concentration at tillering as eompared to gypsum
owing to the dilution effect on acoount of inocreased dry
matter yield. At maturity grain and root N coneentration
were not far different in this treatment with others bdut
strav oconcentration was mere. Thus enhansed grain yield
with parallel N goneentration and enhanced straw yield with
increased N conocentretion were primarily responsidble for the
highest N uptake. 32n application favoured greater X concen-
tration in root and shoot at tillering as well as in grein
at maturity. This effeet of In in inoreasing grain N concen-
tration was observed for all the three amendments employed.
This suggests that 2n has definite influence on ¥ metabolism
and. mobilisatien. The role of In as metalloensyme for a
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number of anhydrases, dehydrogenases and proteinases was

evidensced by Vollee and Wacker (1970).

Farmyerd manure treatment recorded the highest P uptake
by registering higher concentration of the element in grain
and straw. Singh and Pati Ram (1977) observed more P uptake
with farsyard manure. The availability of P was comparatively
greater when P was applied along with organic amendments as
compared to gypsum. Chhabra et al. (1976) observed reduction
of available P as a result of reduction in pH in sodie soil
due to application of amendments. The total uptake of P was
not significantly different for different sinc levels.

However Resell and Ulrich (1964) indicated Zn to inorease P
utilisation by its effect on P metabolism. The Zn-P inter-
action was found to be operating in grain. The reductien in

P oconcentration in grain was counteracted by enhanced concent-
ration of P in root. The farmyard manure ameniment ooulq )
offset this effect and grain P concentration remained p:;;licl
in all 2n levels. It is again the indireet beneficial effeet
of this smendment which probably could keep down the sctivity
of those interacting with P mobilisation by supplying suitadle

chelating /complexing substances.

The root and shoot K oconcentration at tillering were
not influenced dy treatments and the uptake differences caan

be attributed to dry matter yleld differences. At maturity,
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higher K uptake was assooiated with organic smendments.

This may be due to the enhanced initial availabdle X guo to
added amendments. The oconsentration of K in grain and straw
were not influenced to any signifiocant extent by amendments.
Green manure caused greater K concentration and uptake in
root. Zn fertilisation tended to show no interasction with

K and the uptake difference can be attributed to dry matter
Yield variations. Thus, there was no pronocunced effect of
treatuents on K nutrition. However, it may be mentioned that
the oconcentration and uptake of K were comparatively less in

sodic soil ss a general rule.

The total Ca uptake was again highest in green manure
treatment. This treatment showed the least concentration and
uptake in shoot and root at tillering. At maturity, however,
this treatment recorded the highest uptake which was mainly
sontridbuted by grain. The oconcentration and uptake were more
in grain, straw and root in this treatment. The availability
of Ca was oonsiderably high in all treatments and the uptake
differences were caused by dry matter yield differences.

There was increased total Ca uptake due to Zn application amd
again tﬁil has arisen due to dry matter yleld variations
rather than concentration differences. The treatments imposed,
however, produced a pronounced impact on Mg nutritiom. The
status of available Mg was oonsiderably high in all treatments.
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Green manure application favoured higher concentration and
uptake of Mg in shoot and root at tillering. The enhanced

dry matter yield and inoreased Mg oconcentration assumes more
importance in view of close relationship of Mg with photo-
synthetic apparatus. At tillcring,&n application also
favourably interacted and Mg concentration in both shoot and
root tended to increase. Thus, the synergistic effect of 2n

on Mg nutrition observed in the earlier phases of the study

was observed in sodiec soil as well.

Burrows and Geammon (1960) observed mutual complimensary
effects of Zn and Mg due to similarity of ionio sises. The
overall effeat was that both greenmanure and farmyard manure
showed greater total uptake of Mg than gypsum in tune with
dry matter yleld.

While the smendments had no differential influenoce
on the concentration of Fe in grain and root there was
increase in straw Fe concentration. The organic amendments
registered higher uptake than gypsum. Interaction of organie
matter with Pe through chelation in the forwer case amd Ca-Pe
antagonisa in the latter ocase are primarily responsidle for
the above phenomenon. 3n application tended to decrease
Pe concentration in grain, straw and root. Such depressing
effect of Zn on Fe concentration was also observed by severel

workers as disoussed in earlier phases. The uptake



differences oan be attributed to dry matter yleld differences.
The phenomenal role of organic amendments in enhancing Fe
uptake and the effect of Zn fertilisation in decreasing the
uptake were revealed even at the tillering stage.

The manganese nutrition was found to be not appreciably
influenced by both amendments and Zn fertilisation in sodie
s0il in spite of differences in availadbility in soil. The
uptake differences may be asoribed to dry matter yield
differences. It may be mentioned that in the earlier phases
of the study also the tendency on the part of Zn fertilisation
to enhance Mn concentration in grain and straw and deorease
of oconcentration in root were observed. In the present
phase also concentration of Mn in grain, straw and root
remained parallel in spite of inorease in dry matter yleld
differences on ascount of Zn fertilisation and the absence
of dilution effect point to the fact that In favoured greater

abgorption.

The differences in amendments and Zn fertilisation
brought about variation in Cu nutrition. Green manure
caused greater uptake and use of 3n beyond 5 ppm caused a
significant depression of total Cu uptake. The interscting
effeot of Zn was observed irrespective of the amendments
enployed. However, green manure recorded the highest reet

concentration of Cu and the least straw Cu consentratiea.
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Gypsum also was observed to cause uptake values on par with
green manure and this was mainly contributed by straw. The
benefioclal effeot of gypsum may be attributed to the pH effeet,
while that of green manure to chelating effeoct. Farm-yard
manure showed low conoentration and uptake values of Cu ewing

perhaps to formation of insoluble complexes.

The deficiency in sodic soil being one among the major
faotors whioh limit orop growth (Singh and Sekhon, 1977) the
influence of amendments and In fertilisation is of great
signifiecance. In the present study the use of different amend-
ments and addition of Zn fertiliser dbrought about differenses
in the conoentration and uptake of Zn. A4t tillering phase
farm-yard manure showed a relatively higher shoot Zn coneen-
tration as compared to gypsum and green manure in the absence
of any added Zn. The oconcentration values observed were 20,
58 and 26 ppm respectively for gypsum, farm-yard manure and
green manure. A leaf in conoentrationm of 15 ppm (Katyal and
Ponnsmperuma, 1973) and 10 ppa (Krishnamurthy et al., 1973)
in %0 days 0ld plants were considered as eritical. Mere
application of the amendments without being supplemented
Dy any Za fertiliser appears to ensure marginmal iIn ¢oncent-
ration values. However, added 3n fertiliser proved weful
in enhanging sheot Zn concentration which alse relfeeted in
ingreased dry matter yield both at tillering and at harvest.



Even in the absence of any added Zn no deficiency symptoms
were exhibited and perhaps hidden hunger had existed. The
amendments brought about signifioant differences in consen-
tration of 7Zn in grain and straw at harvest. All amendments
when accompanied by ZIn fertiliser ensured better straw Zn
oongcentration than when applied alone. The uptake of Zn was
the highest in green manure treatment and inocreased due to
Zn fertilisation. This is attributable to dry matter yleld
differences apart from variation in concentration. The
uptake pattern (Fig.8) threw light on the faot that the
organic amendments could help not only in keeping better
availability of the element in the soil dbut also faveur
translocation within the plant. The percentage of total
absorbed Zn mobilised into grain was not far different in
different treatments but that accumulating in strawv was
considerably more due to addition of organic amendments
particularly farmyard manure. This explains the posasidble
role of ochelating substances in rendering the element meore
free for mobilisation. Such bensficial effect of organie
matter in regulating the micronutrients in plants apart from
influenscing the availability of nutrients was evidenoced by
Brown (1961). Heim (1966) though the use of isotopes
indicated that plants are eapable of absorption of different

organio moleoules via roots.
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It is perhaps for this reason that the applicatien of
50 t/ha of farmyard manure has been reported to have the
same effect as application of 45 kg/ha of 3n80, (Dargan ot al.
1976).

It follows from th® foregoing discussion that the use
of organic amendments caused greater availability of most
nutrients and Zn fertilisation could inorease the availability
of the element in sodic soil when applied in combination with
amendments. Organic amendments (farmyard manure or green
manure at 30 t/ha) plus Zn (2.5 ppn) was observed to be
superior to gypsum (12t/ha). These treatments showed grain
Yield inorease of 14 per oent over gypsum. The straw yleld
also inocreased by 11 per cent in farmyard manure and 44 per
cent in green manure. The availability of Zn in the soil
at planting, tillering and the concentration and uptaks of
the element by rice were ocomparatively better in the abdbove

treatments as compared to gypsum.

4. Bguivalent concentration of nutrients in relatiem to Zn

The studies on the equivalent concentration of
nutrients as a ratio with equivalent concentratiom of Zn
gave evidence for the favourable influences of organie
smendments as well as Zn fertilisation to sodie soil. The
organic amendments tended to narrow down most ratios im
shoot and when supplemented with Zn fertilisation they
tended to cause further decrease of the ratieo. The decreases
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may be asoribed mainly to enhanced concentratiea of Zm im
shoot. It may be indicated that the grain and straw yleld
at harvest was negatively correlated with most of the ratios
(Table L ). However Mg/Zn ratio was oontrary to what was
observed in most other cases. This is because of appreci-
able increase in shoot Mg content in treatments receiving
organic amendments and alsoc the synergistioc influence of Zn
on Mg uptake. However mention may be made that this ratie
failed to have any significant relationship with grain amd
strav yield,

The ratios in the root also varied oconsidersdbly and
the organic amendments tended to show low N/Zn ratio. This
is due to relatively low N concentration of root as compared
to gypsum treatment. The mean root N content was 1.42 for
organic amendments as against 2.63 for gypsum. The two
organic amendments behaved differently in respect of nutrient
ratios in roots. Use of farmyard manure showed wide ratios
of P/2n, X/3n, Ca/Zn, Mg/in, Pe/Zn and Ou/Zn in reot.
Combination of Zn with farmyard manure tended to decrease
most ratios whereas the ratios widened when oombined with
green manure. The above effects are persumably due to the

differences in composition and bio-chemiocal changes during

decomposition,



D. 3inc nutrition of rice as influenced by sources and
methods of sino application

In this phase of the study the availability of
nutrients in the soil at tillering and harvest stages as well
as the growth and nutrition of rice (Var. Bhavani) during the
above stages as influenced by different sources and methods
of application of Zn were investigated by a pot experiment.
The Zn defiocient soil employed for the first phase of the
study was used. Chloride, sulphate, phosphate, acetate,
oxide, EDTA and elemental forms of Zn were compared. Dipping
of seedling roots in ZnO suspension, application of znso‘ to
the nursery and seed soaking technique in Znso4 and EnEDTA

were also included to study their oomparative efficienoy.

1. Soil studies
The studies on so0il samples at tillering and harvest

stages showed that whatever be the souree of Zn, soil appli-
cation of the material increased the availability of the
element and the resulting availability was maintained up to
harvest. In other treatments Zn availability was on par with
control and Zn availability in these remained withim eritical
to marginal levels. The soil had normal pH and was inherently
deficient in Zn and hence the added Zn fertilisers to the soil
eaused an increase in availability of Zn. The availability

of other plant nutrients were not affeoted to any apprecisble

degree due to the treataent differences.
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2. Dry mat {eld

The variation in the sources of Zn and differences
in the modes of application brought about signifioant shanges
in the growth and nutrition of rice. Among the eleven treat-
ments employed barring oontrol, Zn duat, Zn(CHy000), and
nursery feeding troatnontq)tho grain yield was on par. The
ohoico}thoroforc/dopnnda on practical and economioc considerations.
The pefcontago of inorease ranged from 7.2 to 29.4 per cent
over ocontrol in various treatmentas. The attention naturally
is fooussed on the seed soaking technique, particularly
GnEDTA. This treatment recorded grain, straw, root and total
dry matter yield inoreases of 29.4, 30.4, 55.5 and 50 per oent
over ocontrol. It is a matter of interest to note that In
enrichment of the seed through soaking (Zn content of seed
from an initial presocaking concentration of 8 ppm increased
to 52 ppm after 24 hours of soaking in 0.1 per cent ZnEDTA)
oould satisfy the Zn need of the orop. Kang amd Okoro (1976)
also observed such Zn enriohment of seeds due to soaking in
ZnEDTA and inorease of plant dry matter. As was the cayse
with the previous phases the typioal Zn defioiensy symptoms
were not exhibited by the plant and perhaps there existed

hidden hunger.
The status of available nutrients but for Zn in the

above case remained parallel and the inoreased growth may be

aseribed to enhanced Zn made available to the plant through



seed soaking. Soaking of seeds in ZnSO4 ( 1 per cent for 24
24 bours) also caused Zn enrichment (24 ppm) and accounted

for almost idemtical increased total and individual dry

matter yleld (Fig. 9).

Sedberry et al. (1971) obtained higher rice yileld
with Zn0 than with Zn804 or ZnEDTA although the differences
among the sources were not significant. Kang and Okoro (1976)
recommended pre soaking of rice seeds with 0.5% Zn suspension

to overcome Zn deficiency.

In the field experiments at Punjad (Anonymous, 1977)
the highest response was observed in broadcast application eof
7.5/10 ppm 2n. Seedling root dipping in 4 per cent Zn0
suspension was equally efficient. However, the seed soaking
technique was not tested and sodic soil was employed. The
Zn(035000)2 source deserves special mention in view of the
faot that the total and individual dry matter yield in this
treatment were much less even to control. Waile the avail-
ability of the nutrients was not far different from other
treatments it is perhaps the acetic acid which ean be expected
to be produced following Zn(053900)2 applioation preved
harmful to the normal growth of root and shoot. Forne gt al.
(1975) odserved addition of acetio acid at 0.3 mM to reduce
Zn by 80 per cent and 10 to 30 uM to reduce the same by 94
per cent in the shoots of rice plant. In this trestment
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N, K, Oa, Mg, Fe, Mn, Cu ooncentration seem to be not

affeoted but P and Zn concentration of shoot and root
suffered at tillering. The earlier poor vigour and nutrient

uptake have accounted for poor uptake.

3. Nutrition

A consideration of the nutrient concentration at
tillering revealed a comparatively higher shoot N concentration
and lower root N concentration due to Zn enrichment of seeds.
The possibility of Zn having definite interaction with N
nutrition as was the case in other phases was evident in
this phase also, These two treatments registered the highest
shoot N uptake and ocomparatively less root N uptake as compared
to other Zn reoceiving treatments. It is a question of mere
effioient utilisation of N absorbed by the plant. At harvest
the grain N concentration was not muoh different but straw
and root N concentration varied signifiocantly. The latter
effect may be asoribed to a possible dilution effect as
increased shoot and root growth were observed in this treatment.
Although many other treatments showed greater total uptake
and could inorease the grain, straw and root dry matter
yield as compared to control, the seed enrichment technique
partiocularly ZnEDTA could account for better if not significant

uptake of N.
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The concentration of P in shoot decreased while that
in root increased as a result of soil application of 2n.
This was observed both the tillering and harvest stages. The
application of Zn dust had a severe impact on root and shoot
P ooncentration both at tillering and harvest. ZnB(P°4)2 and
ZnEDTA soaking showed no such detrimental e¢ffeot on P
nutrition. Zn3(P04)2, Zn30, and ZInEDTA showed more or less
equal total Zn uptake values but root P concentration in the
former two were considerably more. There is thus a tendenoy
for inorganic Zn to cause immobilisation of absorbed P in
root. There was no evidence for Zn-P antagonism, perhaps
due to the low level of Zn employed. Thus ZnEDTA favoured
better P nutrition apart from nitrogen discussed earlier.
The variation in uptake values in respect of other treatments
may be asoribed to dry matter yield variations rather than

ooncentration 4ifferences.

In respect of K and Ca nutrition both at tillering

and at harvest there was no conspiouous variation in uptake
and slight differences in ooncentration are attributable te
dry matter yield variations as well as dilution effects.
Concentration as well as uptake of Mg by shoot and roet

tended to improve even at tillering due to 3n fertilisatiom,
the effect bdeing not observed in ZnB(P04)2 and nursery feeding
with ln804 treatments. At harvest also the added Zn ferti-
lisers acoounted for enhanced Mg concentration in shoet bdut
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the cq??ontrntion of the element in the root decreased.
Oontrori/rr;;‘i:?torcd the highest root Mg concentratioa. The
inorease in dry matter yield accompanied by increase in Mg
conoentration of straw and deocrease of Mg concentration in
root as a result of Zn fertilisation point to the faot that
there is synergistic ZIn-Mg interaction. This is further
evidenced by the faot that in soaking procedure there was
pronounced and signifioant increase in shoot Mg concentration
perbaps due to inoreased aotivity of Zn ions in the plant
system. Thus the influence of Zn on Mg nutrition as observed

in other phases of the study was observed in this phase also.

The influence of sources and methods of Zn application
on Pe nutrition were not of any great signifiocanse. The
tendency for Zn to decrease Fe concentration of shoot and
inorease the same in root was however, observed in this
Phase as well. At harvest any concentration variation was
confined to the root only. The uptake and concentration
differences have arisen mainly due to dry matter yleld
differences. The Mn nutrition at tillering revealed in-Man
antagonism and this was more pronounced dus te Zn enrichment
of the seed through soaking. However, these twe treatments
recorded the highest uptake of Mn owing to enhaneed dry
matter yield. At harvest there was enhanced total Mn uptake
due to Zn addition irrespective of the sources and methods.



The concentration and uptake in grain, straw and root
revealed that there was increased accumulation of Mn in root
due to Zn addition, the effeoct being more pronounced in
treatuents which received soil application of Zn fertilisers.

The Cu nutrition also showed signifiocant variations.
At tillering the control treatment recorded the lowest shoot
but the highest root concentration of the element. 2Zn
fertilisation, whatever may be the source and method of
application, tended to decrease root Cu concentration but
increase shoot Cu concentration. This suggests the possible
role of Zn on Cu mobilisation. At harvest the above trend
continued and grain conocentration inoreased, straw and root
concentration decreased in oomparison to oontrol., This
indicates the further evidence for the possible role of Zn
in mobilising Cu. An overall pioture as evidenced from
high conocentration of Cu in root and shoot at tillering and
grain st harvest and comparatively high uptake in oontrol
suggests that Zn-Cu antagonism have operated. However, seed
soaking method employing chelated Zn appears teo bo‘,d'oxclpt
from the above rule and caused as much uptake of Cu as was

{in control and ensured a high Cu concentration in straw beth

at tillering and at harvest.

The differences in the sources and methods of appli~
n obviousl uced marked differences in the absorptioa
eatio y prod
and translocation of fn. Gontroykrugintorod the lowest roet
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and shoot concentration at tillering. The concentratiom

of 16 ppm Zn was perhaps sufficient to overoome deficienecy

but insuffioient to completely satisfy Zn hunger. This is
evidenced by the fact that no deficienoy symptoms were
exhibited although the growth vigour by visual appearance

was not the same as in most other treatments. The Za
fertilisation irrespective of the sources and methods with

the exoception of Zn(CH3000)2 caused an increase in shoot ZIn
concentration at tillering and harvest. The overriding
superiority of ZnEDTA soaking method in being able to cause
three to four fold increase in concentration of Zn over

other treatments was a matter of interest. The next best

was again seed soaking in Zn304. Thus, enriochment of the

seed with Zn through soaking more partiocularly in chelated

Zn solution results in higher concentration of the element

in shoot. Since the concentration of Zn in shoot at tillering
has greater significance in influencing the yield this
phenomenon assumes great value. It is also worthy to note
that the high shoot ooncentration is attributable to the
greater mobility enjoyed by chelated form as evidenceddy
ocomparatively less root Zn concentration. The conecentration
differences coupled with dry matter yield variation have
accounted for uptaks differences. At harvest the differential
effect of treatments in influencing Za nutrition was further
breught out (Fig.10). The grain, straw and roet concentration
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of the element was markedly improved due to added 2Zn

fertiliser. Soil application of Zn fertilisers ensured

comparatively higher total uptake. Among other treatments
ZnEDTA soaking also showed uptake on par with the above

treatments but registered greater mobility as evidenced by

lower root, but higher grain and straw Zn concentration.

Greater utilisation of Zn from ZnEDTA than from ZnSO4
is of oonsiderable interest. Though plant absorption of
ZInEDTA has not been studied, studies with Fe and Mn chelates
have indicated that these complexes are absorbed and trans-
located to the top of plants. The soluble forms of Zn are
rapidly converted to exohangeable or acid soluble forus

both of whioh oan be considered only as partly available

for root absorption. Beocsuse of binding energies and immedi-
lisation the EDTA complex could remain oompletely dissolved
in s0il solution. Aoting as a mobile element it would have
the advantage of moving with the soil solution to all parts

of the soil mass.

It follows from the foregoing discussion that Zn
applioation with the exception of Zn(CH3600)2 brought about
signifiocant improvement in grain yield. Among the souroes
and uothodu,Zn(OH,OOO)2 nursery feeding and Zn dust treatments
proved to Be not as much advantageous as others. Among the

rest seven treatments the ochoioce depended upon cost and ease



of availability of the material. Naturally the foous lies
on seed soaking methods. ZnSO4 soaking method involve;use

of 400 g of ZnSO, in 40 litres of water costing Rs.15/ha

4
while the cost for the use of ZnEDTA (40 g in 40 litres of
water) being Rs.50/ha. Considering the overriding influenoce
of Zn EDTA soaking method which apart from ensuring
comparatively high Zn oonoentration at tillering phase of

the orop also tended to show 29 per cent increased grain
yield as compared to only 17 per ocent for ZnSO4 soaking

it is reasonable to fix this as more efficient among the

two., However under conditions of non-availability of ZnEDTA,

poaking with ZnSO, may be employed.

4

-"\
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CHAPTER VI
SUMMARY

The influence of varieties, soil oonditions, sources
and methods of Zn fertilisation on the growth and nutrition
of rice was investigated. The studies were carried out with
four main objectives vis. (i) to study the responses of
g:notioally variable popular rice varieties of Tamil Nadm
(for Zn fertilisation (ii) to study the influence of soil
oonditions and Zn fertilisation on the growth and mutrition
of rice (11i) to study the growth and nutrition of rice in
sodio soil under the influence of organio and inorganie
smendments and Zn fertilisation and (iv) to study the relative
efficacy of different sources and methods of application of
Zn on the growth and nutrition of rice.

Ten rice varieties (vis. Co 39, Co 37, THAU 658, IR 20,
RP 4-14, Ponni, Bhavani, IR 8 , Co 38 and TNAD 13493) were
raised in pots under four levels of Zn (vis. ¥o 3m, ‘5, 10
and 15 ppm) employing a 2n deficient soil (0.8 ppas available
Zn). The total and individual yield of grain, straw amd

root &8s well as conocentration and uptake of nutrients were

studied.

In the second phase, a pot experiment was ocarried out
employing four soil oonditions (vis. mormal soil, ealcareous
soil, organic matter enriched soil and submerged soil) and



three In treatments (No Zn, ZnSO, and ZnEDTA). Rice variety

4
RP 4-14 was raised as test orop.

%s ¥hird experiment involved twelve treatments formed
from combinations of three amendments (gypsum, farmyard manure
and green manure) and four levels of Zn (No Zn, 2.5, 5.0 and
7.5 ppm). The treatments were imposed on a ealcareous non
saline sodic soil (pH 8, and ESP 23.4) in pots and IR 8 was

grown as test crop.

The final phase represents another pot experiment
employing eleven treatments. The different sources of Zn
tried were Zn dust, chlz. Zn304, ZnS(PO4)2, zn(olscoo)z,
and ZnEDTA and methods of application tested were application

of ZnSO, to nursery, dipping of seedling roots in Zn0 sus-~

4
pension and soaking of seeds in Znso4 and ZnEDTA.

In all the above studies soil and plant samples at
tillering and harvest stages were examined in detail. The
total and imdividual dry matter yield of grain, straw and
root and uptake data computed from percentage values were

eritically studied. Correlation coefficients were alse worked
out to study the interrelationship among various soil and
plant characteristies.

The salient findings emanating from the investigation

are summarised delow.



(1) There is high genetic variability in rice varieties
towards responses ;Zr Zn fertilisation. Based on the responses
among the ten varieties tested, three groups were recognised
(a) high responsive varieties (IR 8 and RP 4-14) (b) medium
responsive varieties (Bhavani, Co 38, Co 40 and THAU 658)

and (o) non responsive varieties (Co 37, IR 20, Co 39 and
Ponni).

(2) Growing of rice in different soil conditions such as
normal soil, caloareous so0il, organioc matter enriched soil
and submerged soil resulted in differential dry matter yield
at tillering and harvest stages. Organic matter enriched
801l even in the absence of any added Zn registered signi-
ficant inorease in grain, straw and root yields as compared

to other soil conditions.

(3) While the application of Zn showed no response in
normal and organioc matter enriohed soil, inoreased grain and
straw yield were observed in oaloareous and submerged soil.

In either case ZnEDTA appeared to be more beneficial than

Zn804.

(4) A considerable reduotion in the chaff percentage was
obsexrved due to the use of Zn fertiliser and this was

particularly so in caloarecus and submerged soil.
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(s) For caloareous, non saline sodic soil application of
organic amendments (farmyard manure and green manure)

reoorded higher grain and straw yield as compared to gypsum.

(6) Application of green meanure (30 t/ha) plus 2.5 ppm
of 3n to oalcareous non saline sodic soil proved to be more
beneficial than other treatments. The above treatment
recorded grain yield increases of 26 and 6 per oent res-
peotively over gypsum and farmyard manure treatments. There
was inorease in straw yield also to the extent of 29 and

14 per cent respectively.

(7) Enrichment of the rice seeds with Zn through soaking

(0.1% ZnEDTA or 1% ZnSO, for 24 hours) recorded grain and

4
straw yield on par with soil application of various sources

of Zn.

(8) Application of Zn (033000)2 (Sppm Zn) proved to be
harmful as the grain and straw yield in this treatment were

lower even to control persumably due to toxic accumulation

of acetio acid in soil.

(9)° Zine fertilisation to Zn deficient soil favoured
greater conoentration and uptake of N. This benefieial effect
was also observed in caloareous soil, submerged soil and

sodiec soil. A tendenoy for greater mobilisation of N inte
grain due to addition of In fertilisers was also observed.



(10) Among the rice varieties IR 8, Co 38 and Bhavani
recorded comparatively higher P uptake. In all the varieties
the P uptake decreased at 15 ppm level of 2n fertilisation.

(11) " Zino fertilisation had no marked influence om K
nutrition of rice under all soil conditions. However,
caloareous soil hindered K nutrition by deoreasing absorption
by the plant, Concentration and uptake of K were also com-
paratively lower in sodic soil. Enrichment of the soil with
organic matter both in normal and calcareous soil favoured

greater K uptake.

(12) A relatively higher acoumulation of Ca in straw was

observed in Zn responding rice varieties IR 8 and RP 4-14.

(13) Long durstion varieties and Zn responding types recorded
higher grain and straw Mg concentration. 2Zn fertilisation
showed synergistio effect on Mg nutrition under all soil
conditions.

(14) The highest total Fe uptake was observed in CO 38 and

the least uptake in CO 39, Total uptake of Fe progressively
and significantly decreased with the addition of In fertiliser.

(15) The uptake of Cu by root inoreased while that of
straw uptake of Ou decreased as a result of Zn fertilisatiem.

(16) Bnrichment ef the soil with organic matter showed
greater conoentration and uptake of N at tillexring as well



as at harvest. Caloareocus soil showed less concentration

of N, 1In sodic soil application of green manure plus 2.5

Ppm 3n favoured higher N uptake at harvest. 3n fertilisation
irrespective of »0il condition had a favoureble effect on N

nutrition of riee.

(17) FNeither the soil oondition mor Zn fertilisation
brought about any significant difference in grain and root
P concentration. Submerged soil recorded highest straw P
content while that relating to caloareous seil the least P
content. In sodic soil the use of farm-yard manure recorded
highest concentretion and uptake of P by grain and straw as

oompared to gypsum and green manure.

(18) Addition of green manure t0 normal soil as well as
sodic soil favoured greater concentration and uptake of Mg

by the rice plant.

(19) Submergence as well as organioc matter addition to

nermal and sodio soil resulted in enhanced concentration of
Pe in soil solution and inoreased concentration and uptake

of the element by rice.

(20)° %ime fertilisation under all seil eonditions deoreased
the consentration of Fe in grain, strav and reot, the effect

bdeing more pronocumced witk InEDTA.
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(21) Caleareous soil recorded decreased concentration
and uptake of Mn., Application of amendments te sodie soil
had no influenoce on Mn nutrition.

(22)° 3ine fertilisation under all soil eonditions

favoured greater absorption and translocation of Mn,.

(23) Genetio variability and Zn fertilisation oaused
Pronounced changes in the congentration mmd uptake of ZIn
by rice. In the absence of addition of Zn fertiliser to a
In deficient 001}/1R 20 recorded the highest root Zn ocon-
centration while CO 40 recorded highest grain and straw In
concentration. As a general rule roots contained twe to
three fo0ld higher concentration of Zn as compared to grein
and straw.

-

(24)/' Zino fertilisation progressively inoreased Zn
ocongentration of grain, straw and root. The mean increase
ranged from 47 to 80 per cent in grain, 32 to 60 per cent
in straw and 10 to 21 per cent in root.

(25) Addition of organic matter to normal seil as well
as oaleareous sodic soil and Zn fertilisation caused
enhanced availadility of 3n and the resulting availability
was maintained im the post harvest soil as well.

(26) OCaloarecus soil and submerged soil suffered most
in respect of Ia nutrition in the absenee of any added In.



Application of In in either form (Zn.‘lo4 er ZnEDTA) improved

the oonocentretion and uptake of the element at tillering

as well as at maturity.

(27) In sodic 01l all amendments when ascompanied by Zn
fertiliser ensured better In concentration than when applied
alone. Green manure plus Zn oombination recorded highest

uptake.

(28) PFrom the studies on comparative efficacy of different
sources and methods of appliocation, the overriding superiority
of seed soaking procedure either with Zns0, (1%) or with
ZnEDTA (0.1%) was drought out. These treatments ensured
higher grain and straw concentration of Zn and registered total

gn uptake on par with soil applioation of severel sources of In.

(29) The eorrelation studies revealed the exigtance of
significant positive relationship between shoot Zn eoncen-
tration at tillering and grain, strew and root dry matter
Yields at harvest.

(30) The status of available Zn in soil at tillering showed
posisive relationship with total and straw dry matter yield

at harvest.

(31) The status of available 3n in soil at tillering was
found te have significant positive relationskip with grain
gn oconesntration. The straw and root Fe content at harvest
showed negative relationship with available Zn ir the soil.



(32) The relative concentration of several nutrients at
tillering (i.e. N/zZn, X/Zn, Ca/Zn, Pe/Zn, Mn/Zn and Cu/Za
worked out on equivalent basis) were negatively related to
the grain and straw yield at harvest indicating higher Zn

requirement with inoreasing levels of other nutrients.

Considering an over all pioturq/it may be indiocated
that there exists genetic variability in rice varieties of
Tamil Nadu for responses to %n fertilisation., IR 8 amd
RP 4-14 were observed to be highly responsive while IR 20,

CO 37 ane more tolerant under Zn deficiency oconditions.
Calcareous soil and sudmerged soil ronpando& to Zn fertilisa-
tion and ZnEDTA even at very low d0se appeared as efficient
as 2n804. Application of green manure plus 2.5 prm In %o
caloareous sodic soil registered significant and marked
improvement in grain and straw yields in rice var. IR 8

as gompared to farmyard manure and gypsum alone as well as
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in eombination with Zn. Application of Zn fertilisers im <

general influenced N, X, Mg, ¥e¢, Mn, Cu and Zn nutrition eof
rice. The inorsased 2n requirement with inoreasing eoncen-
tration ef most nutrients in straw was indiocated. The seed
soaking procedure either with Znso4 or with ZnEDTA appeared
to be very efficient and economical in satisfying the In
hunger of riece in a Zn deficient soil.
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CONC. OF Zn IN GRAIN, STRAW AND ROOT UNDER DIFFERENT
SOIL CONDITIONS
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INFLUENCE OF SOIL CONDITIONS ON Zn UPTAKE BY RICE
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APFENDIX I
AREA, PRODUCTION AND PER HECTARE YIELD OF RIOEB*

drea Production Yield
Particulars (m .hl) (.‘t ) (k‘/‘.)
World 140.8 345.8 2441
India 38.2 40.2 1061
Tamil Nadu 2.2 4.1 1855

# (Pertiliser statistios, 1975)



APPENDIX IIX

CRITICAL LEVELS FOR DEFICIENCY AND TOXICITY OF NUTRIEN?
ELEMENTS IN RIOCE

- oo -

Deficlency

Grztiul Pi;nt part
Element (D) ox eontent anslysed Growth stag:
Toxioity (T)
Nitrogen D 2.50 % Leaf dlade Tillering
Phosphorus D 0.10% Leaf blade Tillering
Phosphorus 7 1.00 % Straw Maturity
Potassium D 1.00 % Leaf dlade Tillering
Potassium 7 1.00 % Straw Maturisy
Caleium D 0.15 % Straw Maturity
Magnesium D 0.10 % Straw Maturity
Sulphur D 0.10 % Straw Maturity
Iron D 70 ppm Leaf blade Tillering
Iron T 300 ppm Leaf blade Tillering
Manganese ) 20 ppe Shoot Ti1llering
Manganese 7T 2500 ppm Shoot Tillering
Zineo D 10 ppa Shoot Tillering
Zino T 1500 ppa Straw Maturity
Boron D 3 -4 ppa Straw Maturity
Boron T 100 prm Strav Maturity
Gopper D 6 ppm Straw Maturity
Copper T 30 ppm Shoot Tillering




APPENDIX III
ANALYSIS OF PLANT SAMPIES OF RICEB

Country : : : g‘
Korea 2.31 035 1.75 0.18
Japan L' 038 1.90 0.42
Thailand 2.38 0.25 1.25 0.10
India 1.77 0.20 2.28 0.55

- R G R R e DS Ve R e G S WD D s TP T D D AP AR e YO G WD WD W SR AR W

<"

0.15
0.20
0.17

0.51

- e W oS

e
pPa

Mn
Ppa

1170
502
648

988

510
556
522

219

352
28
35

17




APPENDIX IV

EFFECT OF In ON DRY MATTER AND 2Zn CONTENT IN RICE

Phillipines India Pakistan
Particulars
O ppm 40 ppm O pm 40 pprm O pm 40 ppm
Dry weight (g) 0.53 1.7% 1.78 5.7% 1.02 2.87
Zinc content(ppm)19 33 8 151 9 23




AFPENDIX V
BFPEQT OF MICRONUTRIENT DEFICIENCIES OX RICE

Partioculars ;:?rlg; lo:.ght I-o:gth {:;‘vzi | Jelour
tillers llzg:t) f::g pi’.::t Leaf Reet
Complete 19 36 .o Many Light green Light
drown
- Boron 17 21 14,0 Many Dark green Browa
- Manganese 1 10 2.5 5 -6 Light green Brown
- Zinec 1 16 6.5 6 -7 Light green BIvowa
- Chlorine 17 28 .o Many Dark green PFidrous
- Copper 14 33 ‘e Many Blue green Sof%

- Molybdenunm 13 34 oo Many Light yellow Brown




APPENDIX VI
CONCENTRATION OF NUTRIENT ELEMENTS IN RICE

N K Ca Mg Pe Mn 8102 in
% £ __ % ___% % ._..Ppm__Ppn_ S __PPR_

Normal 1.77 0.20 2.28 0.%5% 0.51 988 219 7.0 17
plant

Zino
deficient 0.26 0.06 3%.32 0.48 0.31 5 138 12.8 8

plant

- 0 G w G Gy TS AP aR T DA P aRae T an b 6



SNDIX VII
PAR?IOULARS OF DAYxqpraoN?ING AND HARVES?

Experi- I Date of colleo- Date of
ment Variety  ting  tiom of tiller- harvest
Ko, ing stage
samples
o 39 2¢ - 17-5-76
c0 37 - 7-6-76
TRAU 658 - T7-6-76
IR 20 - 24-6=-76
RP 4"14 - 24-6.1‘
Ponni - 30-6-T76
3havani - 50-6«76
IR 8 - 6=-T7-76
00 38 ' - 8-7-7‘
TNAU 13493 ' - 4-8-T6
11 RP4-14 2041 15-12-76 9-3-77
IIX IR 8 31 22-11-71 24-2-78
Iv Bhavani 14 1- 6-78 23-8-78
Py :?\")—
S — )
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