It i1s found thrt \-va)uea of soil sulphur iIncrease
with the application sulphur tha per c?nt utillotion
of an-lied sulphur decreases with on iIncrease iIn the rate r*

application, However, the results arc inconsistent and roods

further con firnation.

2.7. Keletlve Effectiveness of Various Sources

ril?er and «ingh (3975) reported that out c.f the four

sources of sell applied sulphur, clement-"1 sulphur was the
best for preventing chlorosis and i1ncreasing rice grain yields
in cp Iralcareous r-omr*’. Eoloscnosir and niair (Inr>3) observed
th-fc aulphur urmhe 1In rice was not ainnificantly different
r.ctv.-omn t T.sur, elercrtcl sulehur rr nir sulphate
sources confiming the suitability of fin*™ (100 p*r cent

60 ;onh) elemental aulphur as a source for rice, whereas
".I:cjJ ot al. (1905) reported *h*~t gypsun was -n easily
av«1Inbl* end ahe.gper aour<~« o* sulphur hi—n oh— nrtnl sulphur.
Chien 2 t 41- <191 7) compared the restive agronomic effecti-
vone.jn (RAzE) of powdered elemental sulphur to that ci gypaur

r d found thr.t the 1-Mi vhiui T r ovdered elemental sulphur
wgl nutprior to gypaum. However, thien rt nJ* (I™p) reported
that aln ortal sulphur rd qy oir ltcrt orated with urea wore

equally effective 1In iIncrerain®; tie rice grain yield.
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IWTRODUCTIC H

The Importance of sulphur for plant growth has been
recognised since long, but i1ts deficiency 1n soils and
consequent losses 1In productivity hcve been reported only
recently IlAiyar, 1945). Dbulphur deficiency was not at all
a problem during the past when extensive agriculture was
practised. The i1ncidental additions of sulphur through
inorganic Tertilisers, recycling o sulphur through Tfarr
wastes and contributions thrcujh rain anVor 1irrigation
water w=re enough to neet the devend of the crops. The
introduction cr rrrtilir™ ™ r r,—rive J igh yinlding crop
v.-rioties, h eever, 1i1ncr*rge "t~ 77 n" - r roil nutrients
rthor thm nltr< * phosi horur and j trcriuir. Dbulphur 1t
era cv;ch nutrient, the imiortercr 0" vid hrs 1>cn ovcr-

JooVrd Ll.otl 1y rel'rarehc*rs rer»ril *s %It

-ne 1nadvertent additions of sul* hur to soil are
decreasing lay by ~ny because of the increasing trends in the
use OF high analysis suljhur-free atreitaht fertilisers. There
iIs every likelithood that this trend nay continue i1n Tfuture also
because of the economy involved pn tge banl!'in of the high
analysis fertilizers. fhe crops thus have to depend iIncreas-
in~ly upon soil reaurvos and I1Itho*»| heric «ccr»tl ns to re*t

Its sulphur require ant. response to the aorllcatlon of



sulphur 1n different crops have been reported frorr many
parts of India (Shindo et al., 1981; Karrnt et al.., 1901;
Gupta and Gingh, 1903; Arora et aM, 1983). Acharya ((1973)
observed crop response to applied sulphur i1n different soMs
from Orissa and Maharashtra which showed a sulphur A-value
as high as 79 to 120 ppn. Tendon ((1904) 1i1dentified eleven
districts of 1%erala including Trlchur as sulphur deficient

are =0, whore application of sulphur may 1i1ncrease crop yields.

In Kerala rice i1s the rrost important focd cro;
occupying an area of 6.63 lakh hectares (FIB, 19P9) . Though
croi response to the application sullphur 1In rice has been
reported from many other states of India there i1s no i1nfor-
mation available on this aspect for Kerala soils. The
experiments reported here iIn were conducted to evaluate the
yi*ld response and quality improvement of rice to graded
hve’e of sulphur applied through different fertilizer
Br ircai, the effect of aulphur iIn enhancing nitrooen and
phosphorus utilisation, to study the relative uptake of native
and applied sulphur nnd the uptake and the distribution of

35j apt Med through labelled ammonium sulphate.






2. REVIEW CFf LITERATURE

The essentiality and physiological role of sulphur
In plant nutrition have been well documented. Sulphur
resembles nitrogen 1n i1ts function i1n plants and 1s compar-

able to phosphorus i1n respect of the overall crop needs.

Responses to sulphur application In pulses and oilseed
crops are well established ((Aulakh et f1., 1977 and Singh and
Sahu, 19P6) . The sulphur require ent of cere->Is v~s not
studied »s much because cereals have comparatively low sulphur
requirement and these crops often receive sulphur through the
traditional fTertilizers U3«d as sources of N, I and K. The
available literature on aulphur remr v«l by cereals, sulphur
status of cereal growing soils, responses of cereals to
aulphur application In terms of yield and quality are briefly
reviewed in this chapter. Tne relevant literature available
on tha relative efficiency of various sulphur containing
fertilizers and tine and method of application are also

reviewed.

2.1. sulphur Removal by Cerealo

The removal of sulphur by cereal crors end their sulphur
needs depend mainly on the crop, 1t"s yield level, the site

and season charact«rlsties (Dev and .hnrra, 19PP) . The avera e
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sulphur removal for producing 1 t of wheat and rice was
reported to be 3-4 kg nrd that for producing 1 t of sorghum
end millets to be 5-P kg (Kanwar end eudaher, 19B3). Drb
end Detta (1973) rnd Shrktawet end Singh (1977) reported
that a wheat crop producing gbout 4 t gr™in per hectare
removed 12 kg sulphur. Aroro et 1. (19P3) and Cheema *nd
Arora (1984) found thrt a sulphur deficient crop receiving
a delayed application of sulphur also removed 12 kq sulphur
but ,roduced only a grain yield of 2 t ha-*. The studies
conducted by Jain (19P4) 1n Tine-textured calcareour
soils i1ndicated that paddy crop orolucing 5.14 t ha-1 removed

15.7 kg sulphur.

The magnitude cf sul"hikK 1 under different
cropping systems derendr on wh* -her tWe crop, In - system 1is
cereal-based or legume-b-sed. Kehta :nd Rarnen (1972); -ubba
?a0 and "Jhosh (197M1) X Had and aWrrai (19T4) reported
that nn 1nensive carepl-~— Inont cropping system Involving
3-4 cro, s such as whept - cowpea - millet removed 30 kq b ha-*
year-~_. Mambrar and Ghcsh ((19") found that a soybean - wheat

- mailze cropping system removed about 49 kg b ha-* year *.

According I Dhpt and Aang™natf an (19f-1) the application
rat*" rf nul “ur to nolla wnere individual crops or different

crop* ir e svatorrr ocre raised should be 7.5 times higher than



the removal finures. Hioher application rate we® suggested
tc account for tha losses of applied sulphur through i1nching,
adsorption/fixation, volatallsntlon, i1mmobllizrtior ard
sulphur use efficiency iIn different agro-ecosystems (Dev and

Shams, 1988).

It can be i1nferred froir. these reports that crop removal
of sulphur 1In 1ntensive cropping systerr varies frcm 30 to
72 kg S ha_1 year_l- Under comparable conditions a cererl
dominated crop sequence may re-rove 2 >.g sulphur par tonne cf
dry matter production whereas an oil Geed-legurr rycte”™ ray
remove 4-5 kg sulphur per tonne of dry natter production.
The ty e of crop end the yield level are the major determinants

of aulphur removal Tfrom soil.

2 Aul{hur Status of Cereal Growing -oils

Total sulphur content o" the roll -or India " rich from
19 pr> to mr- (Tnndon# 21*7°d) .nd fro ? » 582 pfir
within a district (Tiwari et. el., 1994) . But the total sulphur
,resent In aolls 1" of little value In describing the pool of
available sulphur .r. which ci u ”1ir ucticn 1s based. Critical
limits of available sulphur depend very much on soil properties,
extraction method and the crop (hInha and Jhildyal, 1971;
Eaggar and Dev, 1974; Tiwrri ¢t 1jJ.., 1983« and Jain ef£ _pi*,

/
1984). Based on a study with 24 alluvial soils from 1nnpur



district of Utter Pradesh, Tlwari et agj.. (19P3b) opined that
11 ppm sulphur by the ammonium acetate - acetic acid method
was the critical limit tor economic response of rice to
sulphur. Tiwnri end Dev (1987) reported that available
sulphur content i1n the cultivated soils of India varied
widely. Tendon (19r4) found that 10 ppm available sulphur
was the most frequently used level below which a soil was

pronounced deficient.

dosed on the sulphur status i1n different ;ic.vir.ceD of
the country with respect to different forms oi bulj hur, I>nv.*r
and Mudahar (19e3) reported th?>t sulphur deficiency was v.m"de-
spread i1n Punjab, Haryana, Himachal Pradesh, Uttar ITndesh,
Rajasthan, Bihar, 7“eet Bengal rnd rrny areas of routh”™rn India.
They also rep ™ted that the deficiency was wldespre-d 1in
alluvial (Lntlsnls Inceptisols), corotal alluvial soils,
1--teriten (Cxiaoln), red (Ifizols®™ a.": M ac! roil (Vortieols)
an* soils havinr low on >nic realtor contort. Kukopadhyny «nd
Kukopadhyay (19M0/ and D«v ,d Pharma (19rn) opined t/>Tt
sul .hur deficiency wn« prevalent iIn coerno t-oxturad soils
occuring 1in high rain foil areas which were Intensively culti-

vated arid were under multiple cropping. Dev and Shenra (19BP)

also reported that 15-20 per can! of cropped lend in India had
some degree of sulphur deficiency problem and both 1i1rrigated

and ralnfad arena cana under thia cntngory.



2.3 Effect of Sulphur on Crop Yield

fi. hi.ce

Linear response in gr."in yi*4dd to aulphur application
was reported by meny workers (D?s nnd Datta, 1973; Barthakur
and Holder. 1976; Uhosh, 1980; Lathlff and Amaraairi, 19R2;
hclcspm-osir end Blair, 1983; Harranrthan and Sarpvansn, 1985;
Cnrfr ct ej,., 1985; Valera and H«qg, 1986; Fortch and Islam,
1986; Kalavolta et jalf., 1907; Fuasel nnd Chapman, 1988
Trraic ~nd Celina, 1908). Das <nd Jatta (1973) reported that
in a3 alluvial aoil containing 10 ppm available sulphur,
application of 30 leg u ha-1 i1Increased rice yield by 6.7 q.
~«cvdev et al. (1982) founl thrt in a sandy loam soil Appli-
cation of sulphur at the- rate ol 4C kg ha-1 increased the dry
r/ftar yield cl paddy by £1 per cent. Alprr et M.. (1905)
observed i1ncrease in groin yle”d with c.raded levels of sulphur
m.ngino Cron O to 15 kg ha””™ i1n an alluvial soil containing

11 n~+ avrlirl. 1Y) sulphur.

*1Charya (1973) obwnrved variation i1n response of crops
to levels of sulphur in differ- nt soilr.. 1a fToun! that
sulphur 1.plication up to 90 ppm had significantly incresatd
the Iry -attar yield of paddy iIn soils belonging to various
tuxf.urs) cl -rsea, collected from bfh.b«lpur, Cuttack and Nagpur

whereas i1n soils collected frm. uhuvnneswsr a sJgnificcnt



reduction i1n dry matter yield was noticed due to application
sulphur beyond 60 ppn. Blailr et (1979) ro”~rted that
sandy cloy loam soils collected from three sitos In Indonesia
responded differently when sulphur was spelled at the rate
of 40 to 60 kg ha-1. The yield response varied from 47 to
231 per cant, Apwnrl et ol . (1983b) observed that out of 24
alluvial soils differing widely i1in available sulphur content,
collected from "er.pur district of Uttar Fr~desh, 12 soils
responded to the application of 50 ppm sulphur and a grain
yield i1ncrease of 30 per cent wro obtained. lillar and binah
(1975; 1ound that epplJdcrtion cf 500 kg elemental sulphur per
hectare to a calcareous c’ay loon soil 1i1ncreosed paddy yield
by 21 g. /Kil" et jjT. (19F6) conducted rot experiments to
study the effect f low ;rado pyrites on two calcareous raline
sodic acil under rice - wheat rctaticn and found thrt ni oli-
cation c£ writes Incr”-sod the yield rf rice ™~00 v.-eit. They
also observed that Loyon®"l1l a ccrtidn level of pyriter np 1(cat-
ion t e trend i1n soil physical Inprove ont ar 1l iIncre. se 1In

gr*in yield was reversed In l1lith M < soils.

Char .drasekaran (19#5) founi that in 1ll drained soils,
additl n of aulpoate feee«ill~ars irev *nted the i1Injurious
effects on rice by the cxcc. N addition of organic mnure
and restored t.ia rice yields. \ItsTt et aj. (19F7) reported

that application of sine and sulphur alone or iIn combination



significantly iIncreased the grain yield of rice cv. SR 4
under both moist and submerged conditions. Effect of sulphur
on rice yield under flooded conditions was studied by Islam

et al. (1967) »nd 1t was observed that paddy yield i1ncreased

by about G per cont with 30 kg b ha * as gypsum.

Ismunadjit 11985; studied T e performance of rice cv.

under simulated submerged and fTield capacity soil
moisture conditions with the oPi-lie»ticn cf sulphur up to
80 ppm ao sodium oulphcte. de found d -t the number of
ppn*"c’ffs, number of grains *er panicle, thousand grain weight
ind grain yie’d were higher under submerged cend.itiens than
at field capacity, horrurt et el. (1?r5) observed that the
number of panicles, nur™ber of ears per panicle and grain and
straw yields cf rice cv. 1R-50 were In roved by th.-> mrlicnt-
1I“n of 100 kg armorilun sulphate ler "ectare. While studying
the efficiency ol f-coated urec on rice Snnkrca.n and Uelasub-
r»m*ni»n (19f5) reported thet thr nurber of n"r.icipn pwr unit

irp"” and grain yield were nignifleantly i1ncreased ov»r centrel.
The effect of aulphur to enhance grain and straw yield of

rice was also reported by Diddarja an! -arkunan (19P0). Phey
observed that th* gr-in and str«w yield ware maximum at CO kg

I ha"1l and d*creanrd thereafter. From a field trial conducted

at ”~beguc using rice rv. CICA-f1 Amaya at (Igr4) concluded
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that the ottinw"™ rate of application of sulphur for maximum
yield was 57-114 kg ha-* end toyord that level the yield was

decreased due to excess sulphur.

However, Jlack of response of rice to sulphur applicat-
1on i1s also reported. Field experir-nts conducted at
Agricultural Kesearch Station, Bhavanisagrr durinn khprif
end rabi seasons with rice cv. 1ET 1444 and 1k-20 for the
first and second seasons respectively by Jayaram”™rcorthy
et 81. (1985) revealed that application of sulrhur iIn any
for-r fairl»d to influence the yield 1ara” eters aignific- ntly
and 1t was concluded th»t the native sulrhur (30 ppr) was
found sufficient to satisfy aulphur require?’ent of rice 1In

that soil.

beneficial i1nfluence of aulphur 1in incrersincj the
grain yield o.r whnat was re,, rtol !y V a ar”™ Dattr* (1073),
bIlngh at ”3.. (1980), Jchindh* .-nd mde (inna) and Maslova
(19P7). Joshi an 1l -etli (1075) r"un 1l that in sulphur
deficient soils, 50 kg < ha * wis optimum for wheat 1iIn
T-adasthan, but at higher doses of I (100 kg r > ha-1),
75 kg £ ha-* was needed. In a trial corducted by ehaktawat

and Singh (1977) i1n the clay loan soils nf HaJda®than sulphur



applied at 100 kg ha-1 as elemental sulphur resulted In a
grain yield iIncrease by 9 per cent. In black soils of
Madhya Fradesh application of 50 kg S ha 1 pa sodium
sulphate 1i1ncreased the grain yield by 16 per cent (ohinde
et £1., 19R1) . It was also reported that the grain vyield
of wheat vfb increased by 1C.08 g ha”* with the application
of 120 kg S ha”l ae pyrites i1n alluvial soils of Uttar

1 radesh containing pfir available sulphur ( CT, I21)
-xrora et a K (19p3) observed that wher sulphur was applied
at t e rnte of 1" kg ha”lin the alluvial soils of Tunlsb,
griin yield w-s 1i1ncreasedby G.69 (. - rv.ed difference 1In
the response of different cultivnr3 to the application of
sulphur was observed i1n lunjeb (Aulakh et nl., 1977). They
recorded on yield iIncrease of 480 to 888 kg ha"l by the
appllic-tlon of 25 kg sulphur. Merok (1978) reported th*t
In -unjab wheat cv. 7-18showed a grain yield response of
1606 to 184C kg ha wlti ringle superphosphate than with
dIsmB-onlum phosphate, whor ccopared at an equivalent nitrogen
an"Z phoufhorun ha"llI* and tain djrf«rence waa attributed to
sulphur added. In a two ye”r study conducted by Mahler and
Maples (19 '"&/ to deter 1ire tt+he " Feet o* sulphur on grain
yield of TfTield grown wbe/it# sulphur treated plots produced

up to two tirroa as t-ucb grHn yield pa 1n the control plot.
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There are rorre experiments reporting the 1pcY of
ros-onse to sulphur application. Das and Dntte (1973)
f.-l1led to net rny significant response to 3ulfhur application
In raize - wheat croppin} system until t-e sixth crop.
—irile"rly, 1°nInde £t £F¥. (1990) also observed that the grain
and straw yields of wheat v*r. Kalyansona was not signifi-
cantly Influenced fy the application of sulphur. Field
research w”s undertaken by laronit & £ K (1996), to evaluate
the effect of graded levels of sulphur (O, 17 and 34 kg D
ha”1l) on winter wheat yinlds *nd ounllty. Their results
showed Inconsistent yinl responses to sulphur application,
with all significant yield i1ncreases occuring only iIn sandy,
low organic r.iattor soils. L-»ck of response 0" winter wheat

to sulphur aptlic.iticn w s reported by .cneau et nj,. (19r6)

also.
c. lTaize

There are rrnny reports on positive response of raize
to sulphur application. Thera nre a few results otherwise

also. Uas j£t jIyl. (1973) observed that on an alluvial soil
with 10 ppm avnllr 1l1le aulphur, nrrlic»tlcn of 30 kg b hn”1
increased raise jrrin yield *y 4.7 (. In a pot culture
experiment 1In a Lrrvr. loamy n*nd, iprlication of sulphur

upto 20 ppn significantly increased the dryrratter yield



(Jaqgr et 3!, 1977 end Dev et *1., 1979) . Experiments wore
conducted to assess the effect cf sulphur fertilisation on
maize var. Ganga-101 unrVr 1irrigated conditions on sandy
soils with graded levels ranging froir 10 to 45 kg ha 1 and
It was concluded that response could he expected In terms of
grain yield under soil conditions wi-ere organic matter and

extractable sulphates were low (Singh, 1980).

Fralt r..d laboratory studies were conducted by " lire
r’t 2l.e (19"6) t* evaluate the response of i1rrigated corn to
sulphur forti I1?.-1tion on different soil types uoing graded
levels 0" sulphur 1In the range of 0O to 100 Xg bp-*. It was
concluded that corn grain yields were net sign!ricantly
influenced by sulphur application. Lack of response to
sulphur application to maire was also reported Ly Lima et gl.

(19PP).

d. I 1lJets

mtudjorj rn the r~sjoncp”™ of mil lets to the application
ct sulphur la Halted. Uanclhe -in1l Lnnde (1900) reported that
in black g™ils of Laharashtre having B ppm avail ah"1© sulphur,
50 kg & ha-1 resulted In 3.3 per cent iIncrease 1iIn the grain

yield of sorghum. Jain (1970) evrlunta®l the response of pear!
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millet 1In Rajasthan and found that an application of 7.5 kg

) ha”* as ammonium sulphat9 increased the yield by 15 per

cert.

The above review reveals that marked 1incro-"se i1n yield
can be expected with sulphur application to rice, wheat,
maize end millets fcr depending cn the sell characteristics.
These rei-jonoeD to sulphur are obtained when all other Tfactors
of -roluction including the rites cf nitrcoer, phosphorus
rnd potassium applicoticn aro at optimum Hlevels. Variability
In responsiveness tr, sulphur a,plication dons exist in differ-
ent cultivnrs of the same crep which also needs to be precisely

naessed Tor giving meaningful recommendationa.

2.4. Lffect of Sulphur on Crop uuelity

uVhur 1i1s an 1mportant constituent of cysteine, cyitine
npd methionine, thren of the eight esicntl.-1 aminoacids and
h»Ipa 1n the formation of protein nnd thereby affecting the
quality rf tin pr>duce. It Is alno required Jn the formation
of cblorofhy"# vlterrina, glutathlon, co-enaiyre A and many
nth»r chemical compounda that irvolvor In N - fixation and

photosyntheaia.

Dpb ard Dattr (1971) studied the effoct of aulphur

fartllintion on protein, nonprrtein nitrogen, tryptoph-n and
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methionine content of rice and wheat. The results i1ndicated
that the application of sulphur iIncreased the protein content
of both paddy and wheat grains and the effect was more
pronounced when sulphur was applied in combination with
higher levels of nitrogen. An 1increase in sulphur containing
arincacids and the protein content of wheat, maize and rice
was observed by bas ot al.. (1975) consequent to the applicat-
ion of sulphur, -inilnr results were also reported for pearl

rillrt (Jain, 19P1) and sorghu (bingh et al,, 19P3) .

However, Javaramsmoorthy ft nl. (19¢c5) found that the
crude roteir contert of rice wee not affected by application
of sul.hur In any form. Lech cf response was also reported
In rr«ize (-.uilgTey and Jung, 19 5) and wheat (Larrond et 1l

19P6 and Pahler and laples, 19P7) .

It ¢c~<n La deduced from the studies reviewed above that
the t* root frequently observed effects of sulphur on crop
quality of cerralL nrm 1iInrre«se iIn the content of sulrhur

containing *r Inoacl Is and plant rrnteins.

2.5. ulrhur "tat.ua of Cereals and Nutrient Indexing

ulybur contents of various core.il crops as reported by
hergel and KIrWby (19 2) Indicated that wheat contained 0.17

per cent sulphur, maise - 0.17 per cent, barley - 0.1R per
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cent and oata - 0.18 per cent. In wheat at e*r emergence
mtege a concentration of 0.3 to 0.4 per cent sulphur In the
top leaves was fTound to be optimum. (Arora et si., 19831.

In on etteir.*t 1In Indexing sulphur status of wheat crop In
Punjab, r survey conducted by Cheema and Arora (19P4)
revealed that 89 per ccrt of plants suffering from sulphur
deficiency, wore having less than 0.2 per cent sulphur.
F.er.eau rjt 21. (1986) also reported th->t su) hur concentration
rf 0.2 per cent In the flag leaf at Fe=*kes growth ntage-10
vs sufficient for high yields. 8ehlor end 1lnples (19G6)
observed that rriniruir sulphur ccncentratirn in the plant
tissue* of wheat Cor maximum yield ranged from 1.3 to 2.73 g

0 kg'1

".ccor"ing to lillar and Singh (197") «* hur content
of flag leaf of rice was correlated well with grnln yield.
It was >Ino well documented that the most sulphur deficient
ricr [ a.r. had less than 0.16 per cent sulphur In the leaf
bl-d*» rnd shoots at tillering and the attainment of 90 per
cent of the yield was associated with sulphur content of 0.17

per cent or more (Tiwarl e flj.., 19R3b).

Ni5 ratio In the plnnts i1n also taken as n dragnostic
tool to determine the aulphur deficiency/sufficiency level®.

In general this ratio vnriea from 14 »1 for cereals to 171l
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for legumes and 15:1 for most other crops. Rev ot (1979)
recorded a conBtant NiIS ratio of 16:1 1n mpise where as

Grains end rhatax (19P2) suggested an NiIS ratio of 15-16:1

for c:tir.uir yield. Tiward etz al. (19P3b) reported that 1In
rice at mw turity, the critical N:L ratio wes 15:1. An experi-
rent conducted by Teneau et r . (19P6) 1i1n wheat i1Indicated that
a -: r-tlo of 1P:1 i1n the f1 Isr>F et Feelces growth stage-10
war rufficiert for hioh yields. However, “abler and fTaples
(19rC; crirld that ninirru-" HiIE ratio iIn wheat rlrnt tissues

for rpxinu yield ranged from 9,5 to 19.2.

The ortinui® sulphur concentration for p-"Xirun yield
varies vrith the crop, stage of growth o" the crop and tx*
plant part concerned. In general an T: ratio of 15:1 1s

considered optimum for moot of the crops.

2.6. -ulphur A-value5 and Relative Efficiency of Native and

Applied Sources

charya (1973; re, ortad th-t the average "-value of
sulr. hur for four different T"toils collected “rrr Efurhalpur,
Cuttack and Bhubanesvnr fron i1riana i1nd Nagpur from Knheraahtra
were fTound to be 93, 12P, P4 and 79 pj 1 respectively and the
optinrun ITimits of aulphur iIn these soils for maximum vyield

of paddy w-is obtained by adding 60 ppm sulphur to the respect-

ive -values, "k also found th,=>t utilisation of native aulphur
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was 1ncreased due to sulphur application upto 30 ppn beyond
which more of fTertilizer sulphur had been utilized. In a
study using labelled gypsum In <"lce Sechdev et el * (1902)
observed that the percentage culphur derived from the
fertilizer 1n the plant and grain of paddy et maturity was

44 .6 and 61.9 respectively.

In wheat, Ohinde et al . (19"0) reported that A-v~lue oF
soil sul;hur i1ncreased by the ap;lici-tlI™n of sulphur, but the
per cent utilization of applied sulphur “ecraosod signifi-
cantly vhen the level was hicher th>n 2C V(q ho *. le found
that trie grain yields were related to the utilization of
fertilizer sulphur, but not to the A-vplups of soil and the
per cent utilization of fertilizer suti”.ur w:s.negatively
related to the A-valuea of soil sulphur. Jsigil et nb» (1977)
studied sulphur upt«V* and drymatter rr Auction 1In nsize at
dif"eront growth stages an *ffr»c**d by native and aj 7 lied
sulphur. They observed a proftrentinl bacrptlon of soil
sulphur at r~derate levels of applied sulphur and a reduced
absorption of applied aulphur with an increase 1In the rate of
application. It was also reocrted thit tle apjlled sulphur
increased the per cent utilization of native nulphur nt nil

gr 'vth stages at mederate level of sulphur application.
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It 1s found that A-values of soil sulphur 1ncr”ne
with the application of sulphur an™ tha par c?nt utlli~—tlor
of applied sulphur decreases with an i1ncrease 1In the rate cr
application. However, the results arc i1nconsistent and roods

further confirmation.

2.7. Relative Effectiveness of Various Sources

1Imllrt and ~ingh (1975) report’d that out cf the TfTour
sources of sell anplInd sulphur, element-"1 sulphur was the
bcrt for rrventing chlorosis end incronsinp rice grain yieTds
in c=1calcareous noi,D. "olrc-rosir and Hlair (1™ 3) observed
that sulphur urcaVe In "ice was not aimpi“icant3y differ”rt
t'ltw_jer p/psun, elerort”l sulphur »nd g-" niu" sulphate
sc-jrccs confirming the suitability of finr> (100 per cant
60 cish) eler. "jnt’ 1 sulphur as a source for ™ire, wherein
i-uirrj et 1. (1975) reporter th™t o-rp~um w»s an easily
av»Fli*»1* -nd “"nnrr« o,e aulphur* ol "*-nnt«l sulphur.
Chle r p e (I19F"7; conpared hia ~grrnomic effecti-
veness (RAE) of powdered eler-ntal aulphur tr that cl gypsur
a,id found that the 1"£ value L r j;«.wdered elemental sulphur
was superior to gypsum. However, Chien rt al. (1969) reported
that elemental sulrhur ®"r.d gyrsur Incoil,orated with urea were

equally effective Ir Jncrar.alJng the rice grain yield.
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The relative superiority of ammonium sulphrte over
the other sources like pyrites, gypsum elemental sulphur and
sulphur coatod urea wps reported by different workers (Corcuz
rd onu:t, 19°4; Ramannthan and i1>amvanan, 19B5 and Lgmond
et , 19B6) . In a study by hrore et al« (19B3) on whe”t 1In
Ludhitana district of *unjab, the addition c£ sulphur through
gypsum, pyrito or anrronium sulphate iIncreased the rice yiald
and t’e iIncrease varied in the decreasing order of olrmcniulr
sulphate, ,yrite —«d gypsum. ..lam et wl. (19%5) studied the
efficiency of gypsum, anroniur.®™ sulphate, elemental sulphur
irh sulphur coated urea as source of sulphur to rico an the
-psul:; ,roved that amrranius sulphate v/as superior t other

Scurces.

TIlw.-rl et jhii* (It®4) fmnd that wheat yield i1ncreased
by Ic »nd 36 t a--t rvpr crntr.yl by the *r lication of 60
rd 229 Vij - ha™l renr”~ctivel} av Had < pyrite. Inr et al.
) reortad that yield f r ce nr.l wheat Increased signi-
following eppiication cf oul hur through pyriter.
Hcvever, there vnn M fe 1lur r 11 r. regarding the j “rJodl-

city of application of thit n t riZil L."ev and «h*rp n, 19PP).

It can he seen from "he m orts nf the ebrve wrr”?ers
t t Cor crrectinj sulphur * (Icl«rcles un normal soil

at It ns, material*l C’nt»Jnln,, sulphate-sulpl ur are preferable
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end can be used depending up on their local avail ability,
econc”™i1ca and simultaneous need for the application of other
nutrients such as N, P, K and Ca. For calcareous soils

elemental sulphur 1isfound to te superior over other

ftuteri NMs.

2.8. Time and Method of Application

In general, the app'ieStion C. sulphate containing
fertilizer* during -inrl land reparati n or bci"crc seedir.-j
w«a leooawended (Dev and ~harra, 1980) . But Corpus and

omuat (19r4) opined that 1n wetland rice aoil* aulnhur

c ntiinir TfTertilizers shoul 1 ;e broe least 10 daya -*fter
tr-rs 1lootin*- ond it should never ba applied at planting and
ir.c’r orated with the mud Or daopplaced in the rud. Cheem.1
»nd "rora (19P4) FTound that aulphur daflcl”™ncy 1n a 45 day™*

oV wheat err, wrs corrected t least rtinlly by aulphur

aprlieatirn at that stage.

In * trial ccnlucted Ly l.«au m? ot (19%6) to study

th# effect of sulphur Ttill»*t", n >n wheat yield i1t wan
found that surface broadcasttn nnd surface bandino were
equally effective. Chian et (19P7) reported that In a
green house evaluation of elnrontal sulphur and gypsum for
flooded rice, the varioua sulphur place®™ ent methods demonst-

rated the fTollow!ro order of agronomic effectlvenesa -
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elemental sulphur surface broadcast < Incorporation deep
jlece”ent. Rice r”snonse to gypsum on the ether hand, vas
found to h« the sa*e, 1rresnective of the placement 1rothod.
Incorporated gypsurr and elemental sulphur shewed only very
oor residual value because * substantial amount of Tfertili-

ser was taVen up by the Tfir*;t crop (Chlen et £2., 19PP) .

The sulphur c~ntalrin., fertilisers are rcron—ended to
p surface broadcast at t o tin* e: Imd 1.rper-tion cr at
t » *1e» 2 sowing except for elemental sulphur, which should

be applied about a ronth before sowing to allow for oxidation.

T e literature reviewed here clearly i1llustrntes that
r.ul.thur deficiency 1a fTairly and frequently reported frcn. a
wi-*e ,6 of soils 1In various states of India. No studies
have been conducted in Perala on the response cl rice EO 1-d

tul "eor. raiponn* to fertiliser aulphur can be expactel In

cl lat rite soJdle of 1nrala.
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3. materials and methods

The studies reported herein were Resinned to obtain
ir form ./ "n cn the response of rice to applied sulphur.
The f=»ctcrs under i1nvastigetion were graded levels end
sources ac sulhur. The relative contribution of basally
ap"*led "pd toj dressed cuir™hur towards aulpnur uptale by
the plant, utilisation c* n*tive and applied sulphur and
th-? listrihuticn pattern of sul hur 1In the plant were also
studied. One fluid experim *nt ard a pot culzuro oxp-erir”jnt

werp conducted for this ourpoae.

3.1. crinent 1i1: Influence of Levels andSources of Sulphur
on Growth, Yield and duality of Mce

3.2_.1. Site, Clirrate and Soil

The experiment w-s corducted *t the *;ricultural
Research station, fannuth*/ un4ur the -r”~1 viricultural
Unlv*»uelpy. Th- research st™tl n In loc.ota® nt 12: 32" Kk
laMtud- and 74" longitude. "N nvp “rl ent>1 field lies
at «n "ltltude of 32 n -.hove I'HNl . This erer enjoys n typical

humid tropicn= cl hrtn. Th- ve-th«»r data ftr the cropping

period la given in Appendix

The exp-rlnentrl nrea i1s n double-crop wetland ?nd

has 1-en under hulk crop of paddy for th- previous two a-=e™ne.
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The experiment was conducted during the virippu
season (from June to September) of 1988. The soil of the
experimental Tield was sandy clay loam iIn texture. The

physical and chemical properties of the soil are presented

in Table 1.

3.3.2. Variety

Tice variety, Jnya was used for the i1investAgrtion.
Jaye i1s a high yielding photolnsenaltive variety with white

long bold grains. It has a duration of 120-125 days.

3.1.3. Ffertiliser r.ntarials

Ammonium sulphate (20.5*N, 24 5), ammoriu-" phosphate

sulrhrte (20% H, 20% 1,0c - 15 " 3), elw.artrl sulphur urea

(46% N), phosphoric acid (72.4% 3"5* rur*“"te of potash
(60% were used as the sources of different nutrients 1In
thin study.

3.1.4. Treatments

Th* trentnents consisted of combinations of four levels
of sulphur, three sources of sulphur and two time of applicat-
ion of ammonium sulphate. These together were considered as

four sources of sulphur as given below.



A.

Table 1. Fhysical

Particulars

-—echanlcrl cor ;oaitl =r.

Coarse sand (X)

firs sand 1 of
311t 10
Clay ™

3ul ; density

Chemical ccmoositl.n

Organic Carbon )

Total S (5)

Available ? (kg ha-1)

Warlable K (kg ha"l)

Available 3 (ppm)

pH

ar 1 chemical nature* of soil i1In the axnerjmental field

Value ethod *? Toyed
27 .2
23.B ) ) ) i
-"Obirson®"s 1i1nternational 1 ipette method
22-6 (Fiper, 1942)
26.4
1.52 ore -anplrr method (liper, 1942)
0.661 walkley an"l1l Dlack method (~oil survey
Staff, 1967)
0.136 —emi micro-kjeldahl rothod (Soil Survey
Staff, 1967)
32.06 Bray 1 extractant, molyblophosphoric acid

irathod (Jackson, 1956)

172 _.0B Keutral normal ammonium acetate extractant
flanr* photometry (Jackson, 195R)

40 Forgan"s sodium acetate-acetic acid
extractant, TfTollowed by turbidirretrie
method of determinrtion (Jackson, 1958)

5.94 1=2.5 Soil-water suspension, udng a pH
meter



S3 - 60 kg 3 ha"1

(b) Sources cf aulphur

1. /°jTroniura sulphate - bpsnl dressing
2. Arrr-r.iUT sulphate - ter dressinc rt p*niclr initiation

T<-niuTr phosphate sulphrte

4. rir™-rtrl sulphur

Amironlum phosphate sulphate and elemental sulphur are
not usually recommended for top dressing. Hence top dressings
with these fertilizers were not Included as treatments. There

were 13 treatments as detailed below.

Treatment Notation

1. Sulphur nt 20 kg ha as arrmoniun sulphate, AS
bas™l dressing

?. lulphur at 40 kg ha as armmcnlurr sulphate.
b»sal dressing

3. Sulphur at 60 kg ha as arrrronium sulphate. Ss AS
besal droning

4. Sulphur at 20 kg ha as arroniur sulphate, Sj v;(1)
top dressing

5. Sulphur at 40 kg ha as arr-onlun sulphate, e2 as ()
tor dressing



rs border K

Sulphur at 60 kg ha”l as armoniuni sulphate,
top dressing

Sulphur at 20 Vn ha”1l as atntroniuir phosphate
suli_ hc.tr, brr.c*™ dreraing

Sulphurat 40 kg he*1 ar amror.ium phosphate
sulphate, basal dressing

Sulphurat 60 kg ha-1 asairmonium phosphate
sulphate, bed"ll dressing

HTHH .||

Sulphur »t 20 V.g ha as elemental sulphur,

brsnl dressing

Sulphurat 40 kg ha-1 asQlenrental sulphur,
basal dressing

sulphurnt fO kg he"™1 *s"ler"enta! sulphur,

. Sulphur ot 0 kg hrz’1 (Ccntml)

.5. Desitan and Layout
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S3 AS(T)

SN APS

Cj APS

w3 "PS

ES

T * experiment was lar 1 out as ranlo-i1ired blocv design

was replicated three tiros. The layout plan

1.

.6. Spacing and Plot Size

a. Educing 120 x 15 ar.
b. Plot size
Jross »4.6 X 4.5 m
Net *3.B x 3,6 m
c. Borderrows

-all around each plot.

One additional

iIs given In

e« Two rows of plrnts were left

Frow was






left length wise (4.6 m aide) to facilitate periodical
mpmpling of plant material and the next row w-s riffo Irft

as border row to avoid possible effect on the ruat plct.

3.1.7. Fireld Culture

Cultural ocer”~tlcrs for rice, as recorrrr.undel In the
PacVage of Frsctlcea-"ecor”"crendntiona of the T"oral a agri-
cultural university (FAU# 19e6) were followed, 1i"ain field
was prepared hy puddling the previously ploughed and
I*.arrowed field after laying out the Individual plots. Final
puddling was done after applicationof fertilizers tc the

1 railed *.1ots.

Thirty-day-old seedlings of unifom growth were
transplanted on 1st July Ih%p tho r*te of 2-3 seedlings/
hill. Cap fTilling was done seven days after transplanting.
The crop was given two hand weed Inga. The ~jrst hand weed-
ing was Jcne 30 days after transplanting end the second

wee ling wps riven 30day* -ftor thefirst- rn«. ™"ne plot, a

23

*#r-a opt; under *» cmcontinuous pulr rgrnc™>» froir the ct

plr-ntdn"1 tf. 1C days before harvest.

3.1.7.1. Application of fertilisers! The fertilisers were

applied at th« recommended rates. The fTertiliser dose* were

so chos*n fiP to give the required levels of sulphur but same
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quantity of N# P and K. Urea end ortho phosphoric acid were

the sulphur free sources of N and P used in control plots
and to supplement N and P.

The whole of the phosphatic fertilizer, viz. phosphoric

add was Mluted md was applied uniformly on the surface.

The Tull dos® of sulphur as well

as half the doses of nitrogen
rnd potassium depending on the treatment requirements were

broadcast uniformly on the soil surface. Tinal puddling and

levelling were done pfter this. Top dressin®™ of ar”cnium

sulphate -3 n sulphur source and the second dose of N and K

yar'” olven at n»nicie i1nitiation stage.

3.1.7.2. Plant i1rotectlong Lkalux 0.0S per cent and

Chlorpyrphos 0.05 per cent were sprayed to control

rollers.

leal

Kalathlon 0.1 per cent was sprayed at flowering tc
control rice bugs.

3.1.7.3. Inrvnrting* Harvesting woo dcre whan rrorr th-*n 00

<r cnt of "Tiln* 1T the panicle had r."tured (Of days after

pi anting). border plants wore harvestsd and ranovad Tfirst.

The net plots were then harvested and threshed.

3.1.6. Observations

3.1.8.1. Qrowth charcctnn

a. Plant heighti Ten hills were selected rerdorrly for

periodical growth observations

In each plot. Height was



30

recorded frorr the base of the plant to the tip of the

top most leaf at active? tillering and panicle i1nitiation
stages. At flowering and harvest stages the height froc
the base to the tip of the tallest panicle was tdrven and

the mean height worked out.

Nurber of tillers: The totsl number of tillers were
counted from the above 10 hills at active tillering,
panicle i1nitiation, TfTlowering and harvest stages and the

nvenge 1s expressed as mun-.ber of tillers per hill.

Lea* sroa i1ndex (LAI)> Leaf arra Indox was crilculntnd by
€do ting the method suggested Ly Gor”s (I°72) ,-t active

tillering, panicle i1nitiation, TfTlowering and harvest.

ory matter productiont The dry weight of grain and straw
were added together to get the total dry matter production

at harvect.

3.1.0.2. *"IcM & rccter*

a.

roructive till«ra«x The number of productive tlllerc
were counted from ten hills and thelx average expressed

aa number of productive tillers per hill.

Panicle ’ongthi Cne panicle from each hill waa clipped

off randomly. The Ilength i1In centimetres From the neck



to the tip of each panicle was measured and mean length

was worked cut.

Munber of grains per panicle* The total number cf
apikelete of the above ten prniclea were counted and the

average calculated.

aercontage off rloened grain*; per panicle: Well developed
?nl ripened grrlna of the above ten panicles were counted

ar.d t.:e percentage vmrVed out.

Thousand grain weights One thousand grains v°"ore counted

fron the cleaned produce front each plct and th# weight

recorded In gramiroa.

Grain yield: The gr-Ir yield fr“m each plot was dried,
clean#), virnoved .nnd weighed, and expressed In kg ha-~5.

The wei ;ht waa adlusted to 14 per cent moisture.

-traw yield i1 The atrew fror each plot w.-0o dried under

aun. aldg w» I jht was recorded and ex; resacd In kg h”” 1.

~rain-straw ratios The ten randomly aolected hills war#
cut from the base, dried In an oven, weilghed and threshed.
Weight of the atrnw waa eatlmated after deducting gmin
weight from the total dry matter. Fron the dry velrht

values of grain and straw, the ratio was then worked out.
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1. Harvest index: Harvest i1nfex was worked out Ly dividing
the ecorcrric yield (grain yield ha”*) by biological yield

(dry weight of grain one straw at hr.rvcct) .

3.1.9. Chemical Aralysie

3.1.9.1. Plant nutriental The plant samples collected were
dried 1In a hot air-oven at 75°C, powdered i1n a Wiley mill and
analysed for N, F, K and £ content. The following methods

were used Tor analyses.

Nitrogen 1 ,29c4 “ N2C2 followed by the esti-

mation of N colorimetricnlly using Nessler®s

reagent (“olf, 19P2).

Phosphorus . bracid digestion (2il HIr~t"!1ClI0j) fTollowed by
detorrin-"tlon of T using by vanado molyhdo
phosphoric yellow colour method, usinc a

spectrophotometer (Gpsctronic 20) (Jackson,

1950).
Fntr 1° « Dracid -llreptlon followed by estimation of K 1n
tha 1lgnat u«lnc flame 1ishotr™ater (Jackson, 195P)
Sulphur 1 Diaclcl digecticn fclloved by estimation ofC

turblidImetrically (Hart, 1961),
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The plant analyses were carried out on samples drawn
at 3C, 45 and 60 days after transplanting and at harvest.
At harvest stage the analysis of the crop was done seperately

for grain and straw.

3.1.9.2. 1Iroteln content of grain: The protein content of
the grain was computed by rultiplyin.j the nitrogen content

cf tne grain by e factor 6.25 (iirrp3on _jt jJ., 1955).

3.1.10. Computation of Nutrient Uptake

Su’/hur content of plant samples at active tillering,
,anlclo i1nitiation --nd flowering were multiplied with dry
n->ttor yield and uptake of this nutrient at these stages
was computed. The M, P, K and o contents of grain and straw
were rrultlplied with their respective yields and the values

thus obtained were added together to get the tet”™l upt.a’e.

35
3.2. fc.xparific.r.t br v\ *1 n .r-H Distr®*i ut* n <~ from

"'-"*nnlur Pulrhrt”™ 1n Rice

/ pot cult jrc I*Xjerli nj v P ct rduct*"* v 1th ric> to
study tie utilisation r ejpH-d a\}® hurhy rj]ra# Ji’a
pattern ol lirtrilutl n 1In lan” -nl aval In> 11 1ty of
nativ* sJl;i<ur. unpnnli **ui h 1ir lahr*ll«d w< th ~3 wvpb
used as the source cf sulphur In this experiment rni1 It was
conduct"d In th«* gr”en house at th© Radiotracer laboratory

of th« ~’ Agricultural University, V#ll«nik>are, Trichur.
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3.2.1. Collection end Preparation of 5oil Samples fTor Pot

Culture

Soil collected from the rice fTields where the field
experiment was carried out was use?! for pot culture. Tne
physico-chemical characteristics of the soil are given 1In
Table 1. Jurf-ce soil from 0-20 cm representing the plough
I"yer v—>s collected. The soil was air-dried, gently crushed
with wooden mallet and sieved tnrough 2 mmm sieve. The

sieved soil was used In the pot culture experiment.

r-.e pot culture "errerImant was conducted during the
n.~" rf rn ;r- ¢ -t ct the fTield trial 1e. during the knarif
(Juno-0October) of 1988. The experiment was Hlaid out 1In
cr.k; letaly rr.r.deml sed desion with four replications. Rice
v.rinty Jeya w*s used an the test crop i1In this experiment

also.

2.2.2. Treatments

N-ea™~ents comprised crrhlnations of three levels of
sulphur ~rd three rnthods of application r=' detoiled below.
Levels of aulrhur
S - 20 Vg 3ha"l
3.. - 40 kg 5ha"1

se(( - 60 kg 3ha"l
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Kethod of application

1. Full basal (labelled)
2. . basal (labelled) * g top dressing ((unlabelled)

3. t basal ((unlabelled) + top dressing (labelled)

An alternate labelling technique was followed 1In the
split application. In the fTirst case, half the total amount
"f sulphur was applied as basal through labelled ammonium
sulphate and the remaining quantity w.-s top dressed through
unlabelled anronium sulphate. In the second c."se, basal

crescin-; was done with unlabelled ammonium sulphate pnd top
dressing was done with labelled amrroniun sulphate. Thus

there were altogether 9 treatments as given below.

-r .atn fnt notation

-uljhur at 20 Xg ho'! as labelled b20 ibl
ar-onitum culohate, bnsnl dressing

OQulphur at 40 Xgq hn** an labelled 40 FBI,
.r.v,nitu sulphate, basal dressing

-thhur at 60 kg ha_1 as labelled

amrroniun sulphate, basal dressing o0 L

oulj hur at 20 V -ha”* i1n two eoruol S20 HP* 4 1L
api 1ts one >»l1lf as b-*anl a plication
of labelled ammonium aulpb-ta *nd the
t ~r hal top 1ir«"aaln of unlabel led
ammonium sulphate

oulphur at 40 Vg ha-1 in two equal HOlI « HTUL

splits one Inl r an )>asnl application 40
of labelled ammonium nul hate *nd thr>

e half top dressing I un labelled
ammonium auljhnhe



38

Sulphur at 60 kg ha” in two equal so HBL + HIUL.
splits one half ns basal application

of labelled arroniurr sulphate and the

other half top dressing of unlabelled

ammonium sulphate

Sulphur at 20 kg ha-1 in two equal S-0 HBLIL + MTL
splits one half as b-sal ap. 11ratic-p of

unlabelled amrrcriium sulphate and the

“¢her hrl1f top "ressing ~T leiel led

amr-onium sulphate

8 Sulphur at 40 kg ha in two equal 40 IiBUL + HTL
splits one half as basal application of
unlphMled ar"-oniur suljhrte and the
r*~-her V»I ¥ ton dressing of I[I?bellei
e"-~onium sulrhate

Sulphur at 60 kg ha-* in two equal 60 KBUL 4 tITL
splits on» half as basrl application of

unlatrilrl a-"oniurr sulphate and the

other half top dressing of labelled

>1 ontul sul vate

35

2.2.3. (reparation of S Labelled Arrmroniur. sulphate Loluticr

and at Culture
Twenty grammes of labellod ar™oniuir sulphate
obtained “ror the Jhabha otoinic heaearch Centre, Trombay with
a *Cific activity of 0.25 m Ci/g h were diluted to F96 ml
to give 22. J2 mg ammonium sulphate i1er ml. Five, 10 and 15 ml
of t 4 solution were thus equivalent tc *» FBI, E FBL and
iffr -EjJ respect i1vely. I»a half of these volumes namely 2.5, 5

and 7.5 ml were equivalent to =20 + HTUL/B~g 1IDUI + HTL,

BAn. HUI + HTUI./S.r. HBUI + HTI , L,.. HBL ¥ HTUL/r HBUI F HTI
4 "J nil G

4(1

ris; ectively.
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L*nlabel led ammonium sulphate soluticn wri prep?re: as
followst Two grammes ol ernoniur sulphate (Analer grc.s)
were dissolved 1n 179.2 ml distilled water to give 11.16 ngy
arrr‘onium sulphete per ml. J?1ve, 10 and 15 ml of thit solution
respectively were equivalent to * HTUL/o”gq © +
a40 HBL + hnJL/04Q HOLL + I-TIL, ~6Q HBL + KTUL/~60 HLLL t HTL

respectively.

Plastic buckets cf five litre cnpacity were
cleaned well. Lach tucket filled with 3 Xq air-dried and
slaved soil. Labelled nrrmoniun sulphate was applied rs per
the tre-"trent and was rrixed with the top 5 cm layer of the

scil. Litregen, P rnd K were applied at the rotes of 90-45*45

kg K, *2Cr K2C respectively i1In accordance with tno
-~ack«ge of Practices - Recomrendationo (LAU, 19P6). Phosphoric
a.ci" (72.4/* N2 "3 potassium chloride (62.76% K 0) were

utad »m tv« sources TfTor phccphorus an 1l .otassiulr respectively.
LItrogen level was raintadnr>] conat"ant Ly nldlinc equivalent
eirr.unt cf urea on nitr.gnn b-.ois over iIn! aLov* the c ntribut-
flon from according to the treat* mt. Twenty Tivo-
day-ol<* aaedlJn”™a were transplanted at t> r-ts of 3 seedlings
per bucV«t. 1h» buctsta ware serially numbere** )r* nrr"*ngad
randomly. The soil 1n the hucVnts was florded to give about

5 cm standing water. This level was maintained throughout
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the experimental period. The crop was harvested at fTull

returity (12C days) on 20th October 1988.

The harvested plant materiel from each bucVet vns
separately oven dried at 75JC for dry matter det.en 1nation.
The plant material was chopped i1nto small pieces for 358

assay as well as for total sulphur determination.

The fTollowing quantities were computed frorr total

35

- -1 v gnd N activity determinations.

a. Specific activity among riant parts:

The plant parts (leaf, culm, i1nflorescence stalk and
gzr*in) ware separated, dried and the dry weight recorded.
Tre total radioactivity and total sulrhur were found out
separately for each plant part. Specific activity was then
o.v :Jout in cpm/u g of o for each part.

b) >er cent derived from fertilizer i1n plants receiving

single application of P (.- —>dfE£pQL)

r>ec|flc activity of th~ plant material (cpnw/irr s*
prr-ifir i1d lvlity or the fertilizer (cpn/mg L)

C) r cp.nt - derived frcn th™ fertiliser 1iIn plants receiving
S In two prlit dran] ( dfF )

Specific, art)vlty rf th* ~lont material (i;hi.+UTUL.)

Specific activityof the fertilizer

wtivity of the plant material (¢hi. nm 1

Specific activity of the fertilizer



This equation may be reduced to

Specific activity of the plant meteriel ((HBL-HTTUL) +
m Specific activity of the plant material (HEUL+HTL) ~

Specific activity of the fertiliser

d) Per cent S derived from soil TfTor plants receiving single

application of sulphur (= Sdfs ,Br) » 100 - % SdffVijL

e) Ter cent s derived from soil. For plants receiving two

split doses (-Sdfs D) = 100 - «Sdff ~

H A - value (pprr) fTor single application

- NdCaFDL _ i
- a " IT X ywwg s applied/g aoil

FB L.

g A - value ((ppm) fTor split application

% Sdfs D
-dff~ "X /A 9 ~ *PPliodAr 5011
£D

h) quantity of fertiliser (mg) taken up frir the fertiliser

by planta receiving single application (ijpBr "

Total cpm In the plant (FPL)
Specific activity of the fertiliser or

% Sdffjp31 x total S uptake (FBL)
Too



1) Quantity of aulphur (ng) taken up from the fTertilizer

by plants receiving two split doses (F55D)

m Total ctro In the plant (6D)
Specific activity of the fertilizer

% SAdff~D x Total 5-uptake (6D)
Too

J) -er cent utilisation of applied sulphur by plants

receiving single application (& UFpET)

Fs*™r Prr P°t 1n mg

m3 5 applied per pot. X 100

k) Ter cent utilisation of applied sulphur by plrnta

receiving two split doses (* UF

FL per pot in iy
- Tmg 5" applied peF ¥ot?

3.2.1. Autoradiography

The u; take nnd distributi n of was studied by

40

autoradlograj; hy. Two actively growinc tillers (117 day-old)

one with panicle and the other without yanicle were harvested

at Just above flood writer levelfrom gbucket where sulphur

was applied basally at the rate of 60 kg ha'"laslabelled

amr-onium sulphate. The specimens wt?r« pressed using a



herb-rium press and dried at 70°C 1n an oven for 30 nlin.
The specimens were then kept 1n contact with X-ray film
in the dark. After an exposure period cf two wool:a, thr
X-ray Tilms were developed using Agil X-rny developer and
Agtl X-rav fTixer and positive prints were taken. After
autoradiography al] the arts were removed from the plant

and the 35O content 1In each of the plant part was deter-

mined .

3.2.5. Chemical Analysis

To*-"1 sulphur 1n the plant cerples was estimated 1iIn
the dincid digest turbidImetricelly as alre-dy given 1n
Section 3.1.9.1. The sulphur uptake by leaf, cul'-, 1nflore-
scence stalk and grain were estimated separately and aided

to get the total uptake.

3.2.6. «ndloa3s*»y of plant samples

One millilitre of thr. diacid digest of radioactive
*anp7e* was transfeired intc acintill-tion counting vial,
containing 15 nl liquid scintillator and the radioactivity
wne determined iIn a microcor.yutcr-contmlilwl Hliquid scinti-
Ilatirn system (Rackbata of lharmacla (LkB)} The count

rate* were corrected for background ind lecv/ prior to



their use 1In calculation#. Since quenching levels 1In
all the digests were more or less constant, quench corre-

ction w.ns not carried out.

Composition of liquid acirit.lll.-tcr per litre
Naphthalene - 60g
PPC - 49
PCPOP - 0.2g¢g
Kethanol - 100 ml
ethylene glycol — 20ml

These ware taKen i1n a 1003 ml vclurrotric floak and
after dissolving 1n 400 ml dioxano, the volume was made up

with dloxane.

3.2.7. LtatiratJcal Analysis

The d-»tn were statistleal ly nelyspd selecting

appropriate techniques (Vnin - i1ukJut-me, 1°77?),
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Tai54* -ffect of levels of sulphur end i1ts sources on
plant height at 30 DAP (on)

Sources of Levels of sulphur (kg ha“®)

sulrbur I aan

SO *1 w2 “3

0 20 40 60

AS 66 64 62 64
AS (D 64 64 62 63
APY 63 f4 63 63
wdl 65 63 63 64
lrer 65 65 64 £3
SEir* 0.9 .

CD (0.C5} levels - 1 Source - N5 Levels x source - NS

Table 3. -ffect of levels of sulphur and Its sources on
plant height at 45 DAP (cn)

Levels of sulphur (kg ha”1l)

eourres o1 - TTTTmmmmms oo s - rean
aulphur cO s 2 3]

0] 20 40 *0
93 - 76 74 72 74
AS (T) - 74 74 72 73
A* e ' 71 75 74 73
n 75 73 74 74
K.,n v L
SErM- 1

TD To 05) Levels - H3 Source - HD levels x source - NS

AM - Ltonlm _.unhKt., <> - Top <Ir...Ing, AM - Awonlun,
pho.ph.t. sulphst., ES - Bulphur



"Table 4. Sffect of levels of sulphur and 1t* source* on
plant height at 60 DAF (em)

Level a of sulphur (kn he"-1)
Sources of

Lean
sulphur SO bl 52 S3
0 20 40 60
X o 95 03 a1 93
AS (1) - 95 05 95 95
APS - 92 94 03 93
ex - 92 94 03 93
1.dan 93 93 94 93
SFr+ 2
CD (0.05) Levalc - Nr, Source - IIS levels Xx source - U3
lahla 5. r.ffact of lavel™ ".«u!hur end Its sourcrs on
pl*nt height ft harvest (cr)
Leva3d of oulphur 1* ha-1)
Jourcon *=Ff o . Kean
sulphur 80 "] 32 "3
0 20 40 60
A3 — 101 100 99 10C
A3 O - 101 103 102 102
APS — 99 100 99 100
ES 101 90 99 99
lean 100 100 100 100
GEiIn+ 2

CJ To.05) Level* - NS Source - N5 Level* x source - NS

AO - "jnrioniur sulphate, (T) - Tod draaslnn, APS « Amronluir
ft. . Mental sulphur
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Table 6. Effect of levels of sulphur and ItS sources on
number of tillers per m at 30 DAP

Level s of sulphurl (ho h?~*)
sources of

c . *—ean
sulphur "o h o r
0 20 40 60
AS 32C 307 329 319
AS (1) - 292 299 310 300
APS - 291 337 311 313
ES - 308 319 301 309
?*an 317 303 315 313
—nvr 16
(C.C5) Levaln - NS Sources - NS [I*vels x source - US

Table 7. ffect of levels of sulphur end 1ts sources on

nurLer of tillers P«*r m- at 45 OAP

levels of aulphur (kg hn *)
Sources of @ ——ommm—————__ _ ; cc e

sulphur cO "1 °2 J3
U 20 4J 60
AS - 346 306 33R 330
A3 (D — 322 339 310 324
_ 327 329
— - 12 320
£3 317 130 3
32P 326 329 322
Mean
SEm+ n
CDTo.."5) l«n» - * t'ro* = w UFrmU * ,ourc* " Mi
(T - Ton dressing, Ars - Ammonium

.3 - rj,onf«r **f£ h*E " ~-nt. I -ulphur
phosphate sulphate, »



Table 8. Effect of levels of sulphur and its sources on

nurber cf tillera per m2 at 60 DAP

_ Level of sulphur (kg ha'"1)
icurcps of

Ioh - - - Kean
sulphur <o o A A3
0 20 40 60
A3 352 322 347 340
A3 (D : 364 341 326 344
APL . 344 376 346 355
¢ - 327 350 359 347
tcrr 3(1 347 34P 344
S&n4 19
(0.05) levels - US Source - N3 Levola r. source - I'S
lable 9. effect of levels of sulphur and 1ts sources or
nvrber of tiller per m2 at harvest
Lovals of oulrhur (ki ha *)
sources or r taan
sulphur 3C S1 -2 °3
0) 20 40 60
b 303 305 300 303
_ 300
AR (D 2H7 281 232
306
A* 3 297 31P
- 299 291 309 300
324 296 290 312
lean
S iLmr 1R
CO (0-0l) Wral* - m» - 1,8 Uv*1®" * *ourc* - "
-rrronlur, »ulph”«, () - Top ar...Ing, hVB - Amnonlum

i—iph—l\/l_ <» - »uls"hur
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number of tillers (Tables 6-9). Control vs rest comparison

was also not significant at any of the growth stages,

4.1.1.3. Leaf area Index (LAD)

The main effect of sulphur, sources of sulphur and
their i1nteractions failed to exert any significant i1nfluence
on LAl of the plant at 30 DAP (Table 10). But control vs
rest comparison wps significant and all the treatments
except the treatments where ammonium sulphate was top
dressed and elemental sulphur at 40 and 60 kg levels were
significantly superior over the control. Elemental sulphur

at 20 kg ha”1l recorded the maximum leaf area iIndex.

At 45 DAI" tho main effect of sulphur wan not
significant (Table 11). The effect of sources was signhifi-
cant. Ammonium Sul;hat« baEel dressing resulted iIn signi-
ficantly hieher 1eaf area i1Index ar compered tO ammonium
sulphate top dressing and elemental aulnhur. Ammonium

phosphate sulphate, though showed a higher v-lue than

elemental sulphur 1t was on par with ammonium sulphate.
Elemental sulphur recorded the Ilowest leaf aren Index. The
interaction effects were not significant. But control VS
rest WaS significant. Ammonium sulphate basal dressings

at all levels end top dressing at 60 kg S ha"1 ammonium



Table 10. Effect of levela of sulphur and 1ts sources on
leeff area i1ndex (LAI) at 30 DA?

Irevols of esulphur (kg h_-1)
Sources of

Fean
sulphur _
SO El C2 83
0] 20 40 SO
AS 5.5 5.6 5.6 5.6
AS (1) 4.7 5.0 5.0 4.9
APS 5.2 6.0 5.3 5.5
ZS 6.2 4.6 5.0 5.3
Kean 3.9 5.4 5.3 5.3
~2Zn 0.4
ZD (.05) levels - i Source - NG Levels x source - 1.3
TBblc 11. -fffect of leva’s of sulphur pnd 1ts sources on
Itaf area i1ndex (LAl at 45 DA?
Levels of sulphur (kg ha ™)
N Ke.»n
ourens of s
S ji p-.ur 30 S1 J3
0] 20 40 60
K> 6-f| 7.1 6-9 6-9
- 5.7 6.6 6.0
/1 (ly 5-9 i
7.1 6.2 ;
APZ o 5.7 5.6
B} ] 5.1 - ]
5 6.0
5.0 6.2 6.3 S. 3
Kean
Gt 0.4
cD 7 .05) ravels - NS Source - 0.6 Levels x source - 1.1
...Ub.f,, (1) - Top dressing, AI3 - Aimonluir
A. . *,rr,nl,, T "7I1f * - sulphur
phosphate sulphate, -

49
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phosphate sulphate at 43 and 60 kg 5 ha”* and elemental
sulphur at 20 kg ha * were significantly superior over
the control. The maxlrrum leaf area index was registered

by nnromum phosphate sulphate at a sulphur level of

40 kg ha-1.

The 1nfluence of main effect cf sulphur was not
significant at 6n DAn also (Table 12). But the sources of
aulphur had significant i1nfluence on leaf area index.

Arr*r plum sulphate basal dressing recorded significantly
higher laaf area i1ndex followed by ammoniun phosphate
sulphate which was on par with elemental aulphur and
ammonium sulphate top dressing. The Interactions were not
significant. Control vo rest comparison was significant.
Arrrrcniur sulphate basal dressings at all levels and ammonium
phosphate sulphate at 40 kg S ha"1 were significantly sup»r-

ior tc control and the- mnximum value w*s recorded by amaoniun

sulphate# basal dressing at 60 kg S loval.

ehen the plants were 1In the harvest stage, the main
effect of sulphur, H« sources, interaction effects and

control 21 r«.t w.ro not .i1onlflc.nt IT.ble 13).

In s.n.r.1 _mronlum _.ulphnte bna.l _pplicatlon r«.ult.d

in hUh.r Jl««f are. Ind.. for « lon9«r period. Th. minimi.,

iI..f .rn. Ind.. .t .U . Fa.. -— du. to .l«r.nt.l

sulphur application.



Table 12. Effect cf levels of sulphur and

Its sources on
leaf areo i1ndex (LAlI) at 60 DA?

Levels of sulphur (Vg h;-1)
Sources cf

laan

sulphur i C

SC El 2 S3

0 20 40 60
AS 6.2 e.3 e.7 6.4
AS (1) 5.5 5.6 5.3 5.5
A?S 5.4 6.2 5.e 5.8

5.5 5.5 5.6 5.5

“"ean 5.0 5.6 5.9 5.9
r 0*3

CD (0.05) levels - ME -~ourc<= - 0.G cvele y ncurcc -1.0

- 11N 1 rH?ct cf [levels of culohur and i1ts sources on
leaf index ( Al) ft hervast

Levels of sulphvr (Vg hn"%*)

le;™n
roaurces of r r S
sulphur 60 °1 "2 =3
0 20 40 NO
e e o o |
: 3.4 3.6 3.8
AS s 3.9 3.P 3.7
AS (9 3.5 : : :
3.P 3.7 3.B 3.P
Al 5
_ 3.6 3.1 4.0 3.6
&S
3 7 3.9 3.5 3.0
Kann
3Em+ 0.4
~ , , IW Jource - Mil Levels X source - N3
LJ (0.05/ -Avn N T dressing, AFS - Ainvoniuni
Az - —jwranlu®' eutPh*1f1" Ei1™-_.ntAl _ulphur

pbo« s h« 7&K pulp***ll*
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4.1.1.4. Prv natter production

The dry matter production recorded at harvest showed

that the main effect of sulphur, sources of sulphur their

intorpctions and control v® rest comparisons v/ere signifi-

cant (T™ble 14).

Anong the sulphur levels 20 kg ha-1 was significantly
muoerlor to 40 kg ha hut was or par with 60 kg ha 1.
Among the sources elerental sulphur recorded significantly
higher values ovor ammonium sulphate basal dressing, but
was cn ptr with ammonium phosphate sulphate and ammonium
sulphate top dressing. The i1nfractions were significant.
Elemental sulphur at 60 kg ™ ha-1 r-qgistered the maximum
dry matter production but was on par with the 20 kg level,
elemental sulphur and errmronixr- sulohete b«*nl dressing at
a aul_hur 1level of 40 Vg hn"1l romistor«d the minimum, value
for dry matter production. Contml ys rest comparison wps
also al ,rl leant. All the treatments except sulphur at
40 kg ha"1l ns elemental sulphur, or ammonium phosphate
ul phate nr ammoniur sulphate basal dressing and sulphur

at 60 kg ha"l si ammonium sulphate registers- significantly

higher dry matter production ovor control.



Table 14. Effect of levels of sulphur and lts sources on

dry matter production at harvest (g m*“2)

Sources of bevels of sulphur (kg ha”1)

sulphur n
S0 s1 2 23
0 20 40 60
AS - 995 763 P43 866
As (t} 957 965 903 942
Ars - 905 944 9P5 971
ES - 1057 794 1194 1015
lean Pl 3 999 066 9P1
S BEir+ 4P
CD (0. S r-evels -71 -iourcn - 02 evels x source - 141
Table 15. ... fort rf levels c- rulphur a™ Its sources on
nurher of productive tillers per hill
Levels o . BUlphur (g h.-1)
jO>j: -"3 r . 1can
sulphur *(Q) S1 g2 =
0) 20 40 60
AS m /.6 7.
AS (D 7.4 7.
- P 7.4 7.
Ars
(.7 7.6 /. P
ES P.3
7 . «B 7.0 7.5 7.5
CD”f0.0S) " NS 3|°SJrC* o | *V* B *_SOUrC” " NS
_ _ a) - Top dressing, ATS = Ammonlup
M - A”oniur juirh*;. fl,, Irhvir

phosphate svip*»**«*

53
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«.1.1.5.

The main effect of sulphur, sources of sulphur and
their intercctlons fTailed to exert any significant influ-
ence cn tw? number of productive tillers (Table 15). Control

vs rest ccrtarlson vas P]Jgo not significant.

4.1.1.fc Panicle Ilength

The panicle length wes not i1nfluenced by thr mein
effect cf avlrhur, 1tn sources or IiInteractions. Control vs

rest also was not significant (Table 16).

4.1.1.7. ilumber of trains per nnlcl »

The rain effect of sulphur, sourcesof sulphur and
their interactions fTailed to produce any significant effect
on the nunbar of. grains per panicle (IVV 17°". Control ~

rest comparison w«n also not a!>jni fic*nt.

4.1.1.3. wrcnntBT nf ripened grains perpanicle
Th=* rain effect of sulphur, sources of sulphur and
their Interactions fTailed to exert nny significant i1nfluence

on Tth* porc-ntag- nf rip.n.d gr.i1n. per paniclte. (T.bl. 1IB).

Centrol v» r«»t ew.p.ri»on wn. «I»o not _.lIgnlflcnt.
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able 16. * LEect l«v«lb of aulphur and Ilts sources on
panicle length (cm)

Scvrces rf Levels of sulphur (kg ha”1l)

sulphur o c o

Jo *1 *1 S3

0 20 40 60

no - 21. F 23.3 22.1 22 .4
re (1) - 22.6 22.9 22.6 23.0
AVS - 23.0 23.9 22.3 23.0
ES . 22.5 22. 3 22.5 22.1
Lean 22.1 22.5 23.1 22 .6
J Lryt- 0.7
cr (o0.05) Levels - NC Source - NE levels ¥ cource - S2
Tjrble 17. rffeet of levels of sul»r.ur tnd Its sources on

number cf grains 1ar panicle

Leva la of aulphur (kg ha-1)

So irces of @ Isen
sulphur 30 #1 2 3
0 20 40 60
AS - 117 119 105 113
_ 120
AS () 113 129 11P
12 122
A A 117 122 6
_ 114 12f 125 122
LS t
115 124 119
Keen 114

L turf 5 eH

CD (0.05) Levels - HS
Irih.t- (@) - Top dressing, ATS - Vwironlura

AS - 2”1 h*u 7. t.1 _ulphur
phos;bets s»ilrlw <#

surce - levels X source - NS



58

1® “ of sulphur and Its sources on
t~rctntage of ripened grains per panicle

eHources cf Levels of sulphur (kg ha-1)

1iean
sulphur ~ q .
S3

0 20 40 60
AS 71 68 70 69
AS () 72 77 70 73
APS 71 72 72 73
ES 75 67 71 71
1 uan 68 73 71 71
e 1 6 i 3.0

CD (0.05) Levels - NS Lource - NL Levels x source - HC

1.1 'K 1J. -ffrct of levalb of sulphur and i1ts sourest on
thr,uaend grain wight (Q)

Levels of sulphur (kg ha”l)

or.urcci ol T i le*n
sulphur

(@)
N
@)
AN
o
(o))
o

A3 30.6 31.1 31.0 30.9
31 .7 31 .3 30.7 31.2
;- (M
A" 31.0 30.9 29.5 30.5
IS 31.6 31 .0 31.1 31.2
31.2 31.1 30.6
Mean 31
N & J*J MS aourc- - NO Levels x source - HU
CD (0 05) levels - w
1 1 .tr, (T) - Top dressing, AP8 - Arrr'nniur
*n - Aitwonlum »-JIf >«t Ei~.nt.1 sulphur

phosphate sulphate.



ain effect of sulphur, sources of sulphur, their

interaction, and control vs rest were not significant
(#ablo 19) .

1.1.1.10. 3rain vi~ld

A. evident fron Table 20 the grain yield was not
a lgml ficantly i1nfluenced by the rain effect of sulphur or
sources of sulphur, but their iInteractions were signific»nt.
Asrronium sulphate at 20 kg 8 ha ™ as basal dressing or
«""onitur phosphate sulphate and arrrponiur sulphate top dress-
ing at levels 40 and 60 kg or elemental sulphur at 40 kg ~
ha"1l recorded significantly higher crain yields as compared

to the ~rhcr treatments. Control vs rest corparison was

not significant.

4.1.1.11. Strnw y li-

It was seen that the main effoct of sulphur, itn
sources »n’” their iInteractions had no significant i1nfluence

on Strew yl.H (Table 21). Control vs rest was also not

signi fleant.

4.1.1.12. or.in-j-tmy-xa&ia

The grain-.trnv ratio was rot significantly i1nfluenced

« = Ff. of sulphur, sources of sulphur and their
by tne main arrnci.



-f-ct of levels of sulphur and Its sources on
grain yield (kg ha”l)

Sources cf Levels of sulphur (kg he”1)
sulphur = 0 Kean
© "1 S2 S3
o 20 40 60
AS 2276 1940 2217 2144
AS (1) — 2152 2539 2327 2339
APS - 2203 2203 2546 2344
ZS — 2144 2373 2191 2236
Kean 2161 2194 2284 2320
112

Z"J (1.05) levels - NS Source - ITS Levels x source - 32P

Table 21. ffect of levels of sul fur and i1ts sources on

straw yield (kg ha *)

levels of auljhur (kg ha”l)

Sources of f Keen
sulphur uq "1 "2 °3
0 20 40 60
S 45HP 4055 4717 4453
»
3755 4474 4269 4166
as ()
APS 4471 4223 4359 4351
4632 4208 4535 445P
Eo
3P26 4362 4240 4470
Nean
: : - o e _ AN o *x e
vt T ON. Torn%ress¥ﬁgl, AP S monia T

AS - Aswonlur Jul* r«#. EleTental svlipHor
phosphate sulphate.
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Int#»rattionn (Tabla 2:2). _
Control v« rest comparison was

also no*: significant.

harvest 1n"iceo were not significantly i1nfluenced by
either ~I3 main affect or sources of sulphur (Table 23).
.0 Interaction effects cr control ve rest comparison were

also not significant.

4.1.2. -uallty Aspects
4.1.2*1. 4arotein content of the grain

*r.e main affect of sulphur on the protein content of
the grain was not si jnificant (Table 24). The effect of
a ureni was significant. Ller.antal sulphur ap* 1Jcaticn
resulted in sligni flcervtly higher protein ccrtent over

«rr>onluir phosphate sulphate and BF trium culpl ate eprlicnt-

lon.

also *
ered b*

cent ly

r+
o
©
I
[



*abx#» *3. -utct of levela of sulphur and i s scurc™a n
h-irv.stt irdnx

T-vols c¢cf sulphur (vo h*-1)

of 1 B
nil hur CO S1 S2 S3
0 20 40 60
mg‘ 0.40 0.16 0.14 0.17
i 0.41 Oo.If1 o Ph] ™
VS (T) n-1s
0. 19 0. 18 0.35 0. 37
APS
— n. ip 0.43 0.40 0. 41
r.s
0 41 o. IP 0.40 0.37
M «rin '

iI*ourc« - N LmvmIm X source - WS

u oal.
rb (0O 05) Liavr19 _ _ o
, N (T) m Ton drtraing, AfD = Aim>oniuri
All - Aimroniur sulpha ' “lenental sulphur

phosphate lulf-hxt*#



lable *2. -fleet ctf levels cf lulphur nnl

iIls rovrc®S on
Ar™iin-str™w ratio

Inre!s of aulphur (v.g ha:ir ”
Sourers cfF utphu -9 Mepn
ruj] pvliur
SO Si S2 S3
0] 20 40 60
/.S o.re 0.59 0.51 0.59
hs (@) - 0.55 C.71 C.CO 0.62
-34S - 0.62 C .62 0. e5 0.60
- CcJd 3 O.77 C.C7 0.69
renn C .63 0.61 0.67 C.58

nto* 0.06

ir/r) 7 vc's - IS “ru-re - IS I"fve™B X -ourre - rr



T-»ni« 24 *

protein°ccn*VF,iC

Sources of

AS
AS (T)
APS
ES

Fean

3% »+ ~e?7]

content of grain

WO

12.5

CD (0.05) -“ve]s - MO

lalblfc 21. "fpct of

*ulphur and

{%)

1ts sources

g QF sulphur (kg ha”*)

S1
20

12.00
12.00
12.50
14 .00

12.62

-ourca - 0.53

r
~2
40

13.

12.

12.
13.

O o O O

12.75

levels of sulphur and

S3
60

13.0C
13.00

12 _P3
13.ro0

12 .96

nitrogr-n uptake at harvest (kg he *>

Sources of -
sulohur

AO (T)

Hean

Co (0.05) >v 11"
AE « Fr,.monwuiTt sH Itl
phosphate sulphate,

i“tvela of sulphur (kg ha-1)

J39

r*

S1
20

1A3
179
15A
165

166

arurce - 13

,AjJ ,, pap dressing,

Jjir ental

*2
40

124
169
159
13J

146

sulphur

Mea

12.

12.
12.
13.

Lfivele X source

1Its sources
1'ea
C
“3
60
157 140
160 169
156 150
202 167
169
3 source -
ArJd « Ammon

61

n

67

33
70
33

- 0.91

on

n

23
um
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pnnonlum sulphate at 20 Teg S ha'"1l.

Ison w.is not significant.

~ o gMnutrtenta

“ho plant uptake of N, P and K recorded at -"ifferent
stages showed that 1t wrs significantly different only at
harvest stage. Hence data on the upt3>o0 cf N, J ir.f K

during active tailoring, panicle initiation rnd flowering

are not presented.

a) Nitrogen uptake

“itr /n uptrl* s. owed significant vnriation Juc tc
tne "air effect of sulphur, Its sources .ird their iInter-
actions (table 25). Control va rest ccrprrison wws also
significant. Aron? the levels sulithur 1t 6° \g ha and

20 kg ha'"1l shoved nlgniiticantly higher N uptake valunn over

sul _.hur at 40 kg ha
,hor t ,, 1rt»raCtlons were considered higher K uptake

was reco
anrrenlurr
ha 1 wM
rent™.

baeel



alcrant?l sulphur at 40 ko s hn"1 r*
0 na . Control vs rest

comparison wrc significant pi
e -lenental sulphur at a sulphur
level of 20 W? B i
J »n  snrooniur, sulphate top dressing st a

sul.-.ur l.v.1 Of 40 yrj vers significantly superior to the
control.

b) -hosp;iorua uptake

The ~aln efrect of sulphur on phosphorus up rake wns

sigr.1 *ic™nt at harvest (lahle 26).Si1gM icantiy higher
values ,t 1»rv”~st vere recorded when sulphur was opplied

It the rate of 60 and 20 kg he”*.

InFluence of sources of sulphur cn " urtake w?.s
fli-nJ 1c»nt at harvest. Elerrental sulphur recorded the
snaxi T"ur value which was on par with enraonium phosphate

sul-hat* and ejrirponiur sulphate top dressing and amrroriulr

sulphate basal dressing*

Interaction effects were also significant nt harvent.
sul hur st 60 Kg h,”1 -a. significantly superior

to,11 o"h.r tr.,t-nt.. Mental sulphur nt4 V, h_*I

«.lue Amir.oniurl sulphate at 20 kg
r-.com.-1 the nInitirur value.

1 hat. suli-hste st 40 and 6n Kg ha and
ha , «mmonlum phos» -

t 20 and 60 kg ha" significantly
elemental sulphur a

superior to control™*
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Table 26. of lev*l- =

fhc.phorue upt.v.° "™ 1Iphur »n5 source. on
———————————————— at harves-c (kg ha-1)

Sources of

eulphnr Kean
u! 1 7 2 83
20 40 60
as
* 21.2 17.2 1*1.7 18.7

AS (T

M . 20.9 19.4 18.R 19.7
AFC - 13.1 20.0 77?7 20.6
Lb - 21.9 16.0 27 .2 21.7
Kean 16.3 20.e IP.3 21.6
SD r 1,2
CD (0 .05) Levels - 1.8 Source - 2.0 Levels y source - 3
_.rﬁ\ésé n’;?m -Af>ct of levels Of aUIijr m.l itS Sources on

fr-t-rSBiun u takKe at harvest

tevers OF aulphur (Vo ha”l)

_____ . ~fe«n
Sourcaa o+
aulphur Lc T
P 0 20 40 60
143 115 12P 129
AS 149 147 131 142
A3(T) 140 154 164 153
At 3 13n 112 195 14P
1B 3 147 132 154 %
Kean
S_rt.‘_f 7 : 10 Source — 12 L"-valo x sourro - 20
(0.01) p Tg ((rwaaing# AIS - Apionium

A* - A~r nltt clwrantal sulphur
rhMi h*ta eulph**>>*



c) Potassium uptake

Hie ngirnmn  rfF rx c
-ullphur v*a significant at harvest

(-able 173 , . 3i1Cinlf< n 4 _ i
- Increase 1In K uotake was seen

with 1ncrease i1n the 1eVQI3 Qf sulphur.

-1.n_lue.cn of sources was also significant at narvest
Stage. Arrrreniurr phosphate sulphate and elemental sulphur
was sigr.i rlean tly superior to ammonium sulphate, Elemental
eulpn_r " "eniu.T sulphate top dressin; were on par »nd

were superior tc nnrronium sulphate basal drnarlng.

The 1nteractions were significant at harvest. Ele-

mental sulphur application at 60 kg ™ ha recorded the
maximum value Tfor potassiu' uptake v;hich was significantly
superior to all other treatments. Elemental sulphur at

40 kg 5 ha'"l recorded the minimum uptake. Control vs rest

was not significant.

d) Eulphur uptake

Th. r.In _ff-ct of _.ulrnur Influ.rc.fl th. pl.nt

m~N_nHv at all stages of growth
mpt.k. OF sulphur _Ignifle.ntly

, -.ignlllontly Inc«Mod
(T.bl.. 20-11 = ~ A~ N @ 60 UAP> At h.rvn.t sulphur

° k! w

-t 60 kg ha monet

"W
"mB * w

-1 the lattsr two

being on par.
W
and 20 kg ha # tn*
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*able 28. --feet of levels of sulphur and Its sources on
*ulpr.ur uptake at 30 DAP (kg ha”l)

1

Sources of Levels of sulphur (kg ha ~7/ Keen
su"lhur Si n no
0 20 40 60

AS 6.1 7.5 s.c 7.7
AS (D) 5.4 5.0 5.5 5.3
APS e.5 7.9 0.3 7.6
CS 5.9 7.1 0.0 7.0
y ?7n 4_7 6.0 6.9 7.8

L -n 0.5

(0.05) T-ev*]s - O.R Source - 0.9 L.-vels x source - 1.6

Taole 29. Effect of levels of sulrhur and Ets sources or.
sulphur untake at 45 "A* (kg ha~—

hl.

L~ vels of aulphur (kg ha 1)

Sources or o S ']
sulphur “0 J1 2
o) 20 40 GO
7.9 12.2 13.0 11.0
AT I = P.3 9.9 12.6 10.3
; 13.0 10.7
AFS Pw4 10.9
9.7 10.2 12.5 10.8
EC
P_3 P.6 10.8 12.P
Kean
3Eith 0.7
.3 To.os" - “-i m°"ICS - I,V5I= 1 ~urr"™ ' _
-.,1 hr*e (1) -mTop "T"easing, M - AlInrrnitvn

Phosphate®sulphat*, " - ulptmr
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—able 30. Effect of levels of sulphur and i1ts sources on
sulphur uptake at 60 DAI* (kg ha”l)

Levels of sulphur (kg hr-1)

Sources of Lean
sulphur
P 80 bl b2

0 20 40 60
AS _ 13.0 15.2 21.5 16.6
AS (1) — 13.6 17.0 16.9 15.9
AFS - 11.7 16.2 20.3 16.0
ES - 13.9 16.3 17.2 15.8
Kean 10.1 13.1 16.2 19.0
-i1r+ 1.2
CD ( .05) - 1.R Lource - NS Levels X source - 3.6
Teole 31. -ffcct of levais of sulphur and 1ts sources on

sulphur uptake at harvest (kg ha

Levels of sulphur (kg ha-1)

lourcca of E

sulphur "0 "1 "2 S3
0) 20 40 60
A* — li.e 11.2 14 .6 12.5
AS (1) - 13.4 1J.5 13.6 13.6
APS - 11.V 14.9 16.P 14.5
LS -~ 13.7 12.P 21.9 16.1
Liean P.7 12.7 13.1 16.0
3twt 0.0
CD 70.06) Levels - 1.2 iource - 1.4 levels x source - 2.4

AR - Arrrrntw aulrhate, (T) - Top dressing, /= - ArnronJum
phosphate sulphate, E3 - tlemental aulphur
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1the effect of cources w*s significant only at 30 DAP
and harvest stages. At 30 DA? ammonium sulphate basal
dressing, ammonium phosphate sulphate and elemental sulphur
recorded high sulphur uptake values and were superior 11
ammonium. sulphate-top dressing. At harvest, elerrental

sulphur was found to be superior to all other sources.

Int rant:rn » Ffrcts of sources and levels ware
signdeic*nt only at harvest. Sulphur at 60 Vn ha 1 as «alc-
nental sulphur recorded maximum sulphur uptake at harvest
wwich W-.B significantly superior to all other treatments

"—-rmniurn sulphate basal application at 40 kg S ha 1

regist”"-re™ the minimum uptake.

Control vs rest was significant at all stages of
growth. -.t 30 DA? all the treatsents except ammonium
sulphate basal dressing and elerentnl sulphur at sulrhur
.evr1ls 20 kg, and ammonium sulphate top dressing at nil
l1-vais were significantly superior ovor control. At 45 \P

the treat ants except those at 20 kg ha'l and elemental
sulphur and amr-onlum phosphate sulphate nt a sulphur level
of 40 kg he"1l ware superior to control. All the treatments
e»c«pt emronlm sul_hats and ammonium phosrhate aulphate
at 20 kg - ha'"l were superior to control at 60 DA1I . At

harvest stage all the treatments were oigniflr»nt.ly superior

tc control.
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4_.2. i1xperinent 1l1: Absorption and Distribution of S
from Anr-oniurr Sulphate in Rice

The effects of graded doses of sulphur supplied as
labelled anzronium sulphate and the relative contributions

from basal and top dressing were studied In a pot culture.

4.2.1. specific Activity of In the Plant Part3

lean specific activities of plant parts narrely leaf#
culrr, 1nflorescence stalk and grain as well as that of the
whole plant are given in the Table 32. Statistical analysis
of these data by paired t-test indicated that there were
significant differences 1In specific activities of different
plant parts, oenerally speaking the specific activity of
grrin was the highest followed Ly that of the culr# i1nflore-
scence s -11 and leaf. This trend was rare conspicuous#

n the npplicati n of the Inlellcd fortilirnr was given
laaelly 1n a single ’0se. Among those i1lant parts, only
culr ,-md Jnf lor* sconce stalk h.-1 si”ecific activities sir i1l-r
to tn a obtained for t a whole plant nr evidenc* 1 rrcn the

statistical analysis.

4.2.2. Absorption of ~oll and Fertilizer Sulphur

Ths relative contributions o* fertilizer arl soli
aul hur to ths total plant sulphur are presented In Cobles

33 and 34. The percentage suljhur derived from fertilizer



Half baaal dressing with

32. Specific activity
Leaves Culm Inflore-
scence
stalk
28.94 43.36 34.18
39.78 62.42 54 .81
61.69 69.33 67.92
12.79 36.67 25.45
25.14 27 .97 19.64
37.49 40.3 49.51
9.34 14.7 11.43
14.79 15.54 8.49
29.04 32.68  25.06
basal labellert

Half top dressing with

Table
Treatrent
S 20 FBL
S40 FPL
§eﬁ FBL
HBL 4 HTUL
((2C U
1 _
~aG 11BL 4 -1TUL
HbL 4 HTUL
“60
20 H3U»- 4 HTL
S HBUL + HTL
4T
HBUL 4 HTL
60
HBL
RSI ]
naif
133l
HTUI

bafinl

(cpro/ ju g S

Grain

55.

79.

92.

25.

36.

33.

14.

15.

23.

07

35

27

19

27

20

72

03

21

Whole
plant

42 .66
99 .80
73.36
17 .03
29 .10
36.46
13.04
14.70

26.20

labelled r*rtlU7-r

labelled fertilizer
dreosing with unlabelled fertilizer

Half top dreaoing with unlabelled fArtilizar

"0
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(% 3<JfF) 1ncreased significantly with i1ncreasing levels
of single basal application. A reverse trend was observed

in the case of percentage sulphur derived from soil (@ Sdfs) -
An 1Increase 1In odff was also observed with i1ncreasing
levels of basal split dose although the difference between
S40 HBL + HTUL and LgO HBL + HTUL was not significant. In
the case of second split (top dressing) the i1ncrease 1In

1 LJJr was significant only at the highest level of appli-

cation.

When the % Cdff for the two splits taken together were
cci red, th» Sdff w~rs found to i1ncrease significantly
with 1ncreasing levels of added sulphur (Table 34). Thus
the hi ghest value for % Ldff was recorded for the level of

go s ha-1 (69.4*) and th« lowest for 20 kg S ha”l

(32.3/.) . t rov*rsrt trand was observed i1n the case of m ~"dfs.

A-value was found to differ depending on tho method
of application. A-value was relatively more when sulphur
was a, ;lted In two splits labout 20 ppm) than when 1t was

applied 1n a singl" basal done (about i1n ppm) especially at

lower levels of sulphur (20 "l J40* 34)°

The percentage utilisation of applied fertilizer
decreased significantly at the highest level of basally
applied sulphur In single dose (Table 33). When applied 1iIn

two split doses there was no significant differences iIn



Ta

t

ble 33. Utilisation gf pative and appl led! sulphur

For cent uuantlty
utlllsat- 3 1In the

Treatment g lon of plant
h STt applied taken up
fertilizer frora the
fertilizer
(reg)
“20 FBL 45 _P 17.0 4 .56
*40 roe. 64.2 16.3 8.73
£*0 FBL 78.7 10.4 9.51
8-0 HEL + HTU1 18.3 16.9 2.26
Z™~n HBT. + HTUL 31.2 15.0 4.24
Sg HBL = HTUL 29.1 15.0 6.07
020 H3UL + -IL 14.0 15.0 2.02
S&ﬁ HFLr + 1ITL 15. P 7.4 1.90
368 HBU". + HTL 30.2 8.7 3.52
7 1.6 1.2 0.35
LJ (0.C5) 4.7 3.4 1.01
* Aul .hur rterlv-d frotr applied fertilizer

par Full baB”l lebelled

1"BL <(*1f bweal dreaeln with Jlabelled fTertilizer
HTI H«dr TOp dre«Mng with labelled fertilizer

FAUI dal* ba»*l drea*Inqg with unlabelled f-rtilizer

HT1/7L

, —,1? ter drenalng with unlabelled fertilizer

ro



7able 34. Sulphur uptake and rice yield
*»  Z_value
Treatment XSdf f *Sdfs
Cpptp)
%
S2Q FBL 45.8 54.2 10.7
S40 23 54.2 35.9 10.1
560 ral 79.7 21.3 7.4
S?0 HBL + HTUL
+ 32.3 67.P 1P.P
HBUL + HTL
340 K3L + HTU&
47 .0 63.0 20. 3
S40 H3"L *
(13 + -
ho « m+ W=, 69.4  30.6 11.9
3(*1 HBUL + HTL
SEm+ 1.2 1.8 0.9
zD (0.05) 5.3 5.3 2.7
* - Sulphur drived fromappliel
** - Sulphur derived fromsoil
***_ Cvei>-dry basis
FBL - Full basal labelled
HBL - alif "isal dressing with
ATL - Half -op dressing with

iIs Influenced by single and spl it appl ications of 368

Per c”™nt
ut 11li1zat-

ion of

appl led
fertili-

zer

17.0
16.3

10.4

16.0

11 .6

11.9

fertilizer

labelled fTertilizer
labelled fertilizer

Quantity Total _ - Total Total Total
a Grain Straw _
of S 1iIn dry N h grain-S straw-S S up-
e yield yi»_1.d
th™ plant matter (9/pot) (g /pot) (mg/pot) (mg/pot) take
taken up (g/pot) (mg/pot)
from the
fertili-
zer (mg/pot)
4.56 8.00 3.PR 4.14 3.45 6.64 9 .99
8.73 8.60 4.00 4 .60 4.09 9.60 13.69
9.51 6.P5 3.03 3.P2 3.13 7.44 10.67
4 2P 7.61 3.43 4.19 4 _ 1P 9.27 13.46
6.22 7.65 3.46 , 4._.20 4 _0R 9.15 13.23
9.57 7 .90 3.65 4 .62 6.00 P.A2 13.62
0.46 0.60 0. 3P 0. 35 0.42 0.73 0.96
1.35 NS NS NS NS NS 2.P3
HDUL - Half basal dressing with unlabelled fertilizer
HTUL - Half ton dressingwithunlabelledfertilizer
NS - Mot significant

label led ammonium sulphate

S content
of the
plant (%)

0.13

0.16

0.16

v IT

oS1IP
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per cent utilization mr."-ag Che three besal split levols.
However, a narked decrease was observed iIn per cent
eitillz-tlon or the fTertilizer et higher lavel. of applicat-
ion In the second split (top dressing). A comparison of
t™he per c*»nt utilization of applied fertilizer between
b»s»l dressing In single dose end the total quantity of
fertilizer In two splits showed a reduction iIn per cent
utilizaticn when applied 1n two splits especially at lower
levels o1 applied sulphur (20 ewrl “40n (Table 34 7"e At
the hi ;h»Bt level of application (*gg) th® per ccnt

Ration OF applied fertilizer was aare irrespective of
whether the total quantity was applied 1In a single dose
(full basal) or 1n two equal splits (halr basal + half top

dressing) =

Th** rain effect of applied sulphur and method of
Bnriicatlon on sulphur uptake frcm the added sulphur by
ric* pi»rt were nifirant (Table 33 and 34). In the case
or ar liratlon of sulphur i1In a slIngle basal dose, the
rpiantillma of aulphur derived from tv> labelled fertilizer
increased with Increasing levels. The hlghnDt value
(9.51 rrg/pot) was recorded Tor the treatment 3110 *BL which
was on par with the quantity of sulphur derived from the
fertilizer (P.73 rg/pot) at an applied level of 40 kg ha"l

a FBL). The Ilowest uptake of sulphur (4.5» mg/pot)
40 "

occurred at th« lowest level of sulphur apit liration (/~n
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-n the case of split applications i1ncreased uptake
of sulphur from the applied fertilizer was observed with
increasing levels of basally applied split dose. Thus the
lowest uptake occurred from basally applied one-half of the
lowest dose (~20 *BL + IITUL and highest uptake from the
baBally applied one-half of the highest level of sulphur
application (3DU HBL + HTUL). The uptake from the one half
of the iIntermediate dose (SAg:HBL + HTUL) came 1n between.
Cn the ether hand the uptake of sulphur from the second split
eppl Jcaticn (top Yresairg®™ 1incrersad cr.ly at the highest
level (}gg HBUL + HTL) . OFf the two splite (besal and top
dressing) the quantity of sul’hur taken up Try the plant from

the applied fertilizer was more fTor the basal epplicptior.3.

-men the total quantities of sulphur derived from the
applied fertilizer were compared, the basal application 1In

eing’” dose no well as the application In two splits combined

were fTound to be on par (Table 34).

4.2.3. Total Upta™q of Bulphur

Total sulphur taken up by the plant waa found to be
significant with i1ncreasing leveln of applied sulphur in
single basal dressing (Table 34). This 1ncrease was only

upto the Ilevel of 40 kg O ha-1 (from 9.99 to 13.69 mg/pot)

beyond which the uptake of sul-hur decreased. There were



splits, the sulfhur contents of plant parts were generally

higher when the fertilizer was applied iIn two Bplif.s than

in a single basal doae. The sulphur contents of leaf#

culm, 1i1nflorescence stalk and grain were 0.20, 0.1P, 0.18

and 0.10% respectively for the single dost? treatment while

these were 0.23, 0.21, 0.18 and 0.12% respectively 1i1n the

split, dose treatments. X"here wns a general 1ncrease 1In

sulphur ccntort of leaf, culm and gnln at higher levels

of air.-i1lieX aulphur (40 and 60 kg ha > compared to ths

loweat level (20 kg ha-1) tried when the application wrs

lone 1n .ingle dose (Fig. 7). On the other hand there w,,s

a .harp decline i1n aulphur content of iInflorescence .talk

-hen aulphur application ..a done In two equal aplite.

r-ore or lea. airilar trend wea obaerved only i1n the aulphur

content, of Inflcr..c.r.cc stalk end grain a. obtained for

,ir-1, fc.a.l application. But for leaf and culr aloo.t a

r trend -a. ob.errrf _bowing a d.cre.ao with increea-

In level, of aPPIl1<I5 mulPhur*

4.2_.5. Blciaaaa Production end Yield

_ _- nrmin yield end strew yield wem
Bloieaaa production, grain % Y

no> to b. Influenced b, either the

lev.,, of _Ppll.d

aulpbur or the eethod of appUoetlon.
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4.2.6. Distribution of 35S 1n the plant

“utoradlograph of plants which received N treatment

IS "r s""nted In ?1ic. R. The absorbed was found to bo
translocated throughout the plant system. Lsavoa were TfTound
to accumulates more on dry matter basis (on an average

247 c.-r/rr:} t".an other rrrto. Grain and husk accumulated

lesst quantities of 358 (about 100 cpm/rrg) .
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5. DISCUSSICN

The Investigation was conducted to study the
response of rice to applied sulphur through different
fertilizer sources and the relative uptake and distribut-
ion of soil and fertilizer sulphur. The results of the

study are briefly discussed In this section.

5.1. experiment |
5.1.1. Growth and Yield

5.1.1.1. Drv matter production

The levels cf sulphur, sources of sulphur and their
interactions significantly influenced the dry matter
production (Table 14, Fig. 2 nnd 3). The control plots
where no sulphur wr-c applied recorded the lowest dry
ratter prc”uctior. The i1ncrease 1In dry matter production
due tc th* apillcetion of graded doses of sulphur throuah
different orurceo varied frcr 4 to 47 per cent. Sulphur
application at the rate of 20 kg ha-1 resulted jn higher

n-tt~r prc “uctl®™ n which was on prr with 60 kg level.
The i1ntermediate level of 40 kg O ha"1l resulted iIn a
r®@ductlon of the dry matter. Increase 1In dry matter

production of rice with the application of sulphur wna

79
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reported by Blair et jJ. (1979)t Sachdev fit fil. (1982);
Hcxcuat et ™M.. (1965); Ramanathen and Saravanan, (1985)

and Russel and Chapman, (1988).

The comparison between the different sources of
sulphur revealed that ammonium sulphate basal dressing
was i1nferior to the other three sourceB, viz. ammonium

sulphate - top dressing, ammonium phosphate sulphate and

SO

el*?-f’ntal sulphur. The accomranying soil chemical changes

consequent to the use of these sourc®s and the change

in the nutrient avail ability including that of micronut-
rients rrijht hrve i1nfluenced the dry matter production.

It may he sewn from the tables 25, 26 and 27 that the
nitr*- jen, phosphorus and potassium uptake were relatively
frorc w* an ammonium nulphntw — top dressing, ammonium

ph achate sulphate and elemental sulphur were the sources
of Sv 1- tur. Eettcr performance of rice with the use of
ele"-srtr 1 suljhur was reported by Filital and Singh ((1975)

and Sclcsn”osir and Blair (19P3).

5.1.1.2. Jpaln and Stray

Jn contrast to the dry matter production the grain
yield showed no significant response to the sppllcation
of graded doses of sulphur, even though an iIncreasing

trend v-,s observed with 1increasing levels of sulphur
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liable 20, Fig. 4). Lventhough the main effects of sulphur
levels and sources were not statistically significant, the
interactions were significant. The highest grain yield of
2546 kg ha * was recorded with ammonium phosphate sulphate
applied at a sulphur level of 60 kg ha”*. Almost similar
yield (2539 kg ha”*) was secured with ammonium sulphate -
top dressing at a sulphur level of 40 kg ha *. The other
treatments v/hich gave higher yield wore ammonium sulphate
basal dressed at 20 kg ha”l1l (2276 kg ha”*), ammonium
sulphate - top dressing at 60 kg he * (2327 kg ha *),
ammonium phosphate sulphate at 40 kg ha * (2283 kg ha )
and eler-unte? sulphur at 40 kg ha * (2373 kg ha *) . The
grain yield without rulrhur application was only 2161 kg ha *.
""iInference i1In response olserved with various eourcrr of
sulphur at different levels of sulphur iIndicate that the
anjl chemical charges and the* availability of ether nutrients
may be 1r*)uenced by the different sources and the response
to applied sulphur varies with tho clt-n™B In the availab-
ility of cth”r nutrients consequent to the unr of different
sulphur sources. It may to noted that th« high yield
observed with ammonium phosphate sulphate wn accompanied
by a higb uptake o" phosrhcrua and potassium (Tables 26 and
21). JoshJd nrd Bsth (1970 observed thrt when phosphorus
application rate was increased wheat responded €O higher

levels OF sulphur. However, the high yield observed with
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arrroniurr. sulphate - top dressing at a sulphur

43" v.g ha 1 was not accompanied by iIncreased uptaV.e of
phosphorus or potassium. Similarly the hinher uptake of
ph®"sphcrus recorded with elemental sulphur at 60 kq 5
level wpb not reflected in grain ylald. But the dry

matter production was parlour iIn this treatment (Table 14).

id the 1i1nteraction effects were significant 1t 1Is
evil-rt that tne chemical changes brought about by these
sources have some i1nfluence 1In manifesting the effect of
aul _hur ctplied. It nay not be due to the effect of
acccr panying 1ions because 1n all the fertilizer aourcer
used the fom of nitrogen present was amroniacal. Urea
was the supplemental source of M, The straw yield cf rice
w,-a not significantly influenced by the levels of sulphur,
Its sources and their i1nteractions (Table 21). A compari-
son of the dry matter production, grain yield and straw
yield observed at different treatment combinations 1i1ndicates
that aulphur application may favour a more desirable part-
itioning of assimilates. The 1ncrease i1In dry matter
production ennseguent to the application of sulphur was
reflected iIn the grain yield, but not In the straw yield.
Obviously the increased dry matter production resulting
from the treatment -ffacta was mostly contributing towards

thr* grain yield. This trend was not however clear from

the data on grain atraw-ratlo and harvest index.
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5*1*1*3* growth and yield compnn-rn-,.

The growth characters recorded were height, number

of tillers and leaf area iIndex. Among these only LAI
showed definite trend iIn response to the application of
sulphur. Corroborating the results on dry matter product-
ion and grain yield, the i1nteraction effects of sources

of sulphur end levels of sulphur significantly i1nfluenced
the LAl at 30, 45 and 60 DAP (Tables 10 - 12). At all
these stages the leaf area i1ndex i1In sulphur fertilized
plots were relatively more than that recorded i1In the plots
where no sulphur was applied. The total leaf areaof the
rice population is a factor closely related to the groin
pr duction. Especially the leaf area at flowering greatly
affects the amount of pnotosynthates available to the
panicle (De D«tta# 19P1) . A study of the leaf area develop
rnent 1n the plant revealed that the leaf area i1ndex
incr»as*"1 frcm active tillering to panicle iInitiation,
there was slight reduction by flowering followed by a
drastic reduction by harvest U*bles 10 - 13, *ig. 5).

Ino leaf area Indices of the N fTertilizer plots wore
muu?rior to the control ur to flowering. Th- Fig. 6 shows
that anronlun sulphate L>as«l dressing retained n higher
leaf area i1ndex during all growth stages followed by

ammonium phosphate sulphate and ammonium sulphate top



7 —

I | I I
30 45 60 90

DAYS AFTER PLANTING

FIG.5 EFFECT OF LEVELS OF SULPHUR ON LEAF AREA INDEX OF RICE AT DIFFERENT
GROWTH STAGES.

AS

APS

ES

S (D
30 45 60 90

DAYS AFTER PI._AWTENG

FTG 6 EFFECT OF SOURCES OF SULPHUR (AS - AMMONTTW SULPHATE, (T) @ TOP
DRESSING, APS - AMMONIUM PHOSPHATE SULPHATE AND ES - E3JTWTAI,

SULPHUR) "ON LEAF AREA INDEX OF RICE AT DIFFERENT GRCVmi STAGES.



84

dressing resultlrg 1n higher dry matter production and
yield. Elemental sulphur treatments which recorded the
highest dry matter production retained comparatively
lesser leaf area i1ndex through out the growth period.
Ihis discrepancy could not be explained from the data

avairlaDle.

The yield contributing characters like number of
productive tillers per hill, length of panicle, number of
grains per raniclc, percentage of ripened grains per
panicle and thousand grain weight were not statistically
influenced by the levels of sulphur, 1ts sources and the
interactions (Tables 15 - 19). However, the number of
groin3s per panicle and percentage of ripened grains per
panicle shewed positive trend with tha application of
sulr™nr, thus contributing te iIncreased grain yield.
Similar responses were reported by Isnunadjr (1985) and

J'rmu*t et alm (1915) -

5.1.2. quality Aspects

5.1,2.1. Protein cortent of grain

Ip general sulphur application increased the protein
content of the grains. Significantly higher protein content

v-s observed when ™~ was applied at the rate of 20 Vg h« 1



in the fonr of eloircntal sulphur (Table 24). Increase 1n
protein content of rice with the application of sulphur

was reported by Das and Datta (1973) and Das et $1. (1975).

5.1.2.2. Uptake of K, P. Kand S

The uptake of the nutrients N# P and K followed
almost the aare trend as that cf dry matter production.
Put sulphur uptake was found to iIncrease with Increasing
levels of sulphur nt all stog.s cf growth (Tables 28 - 31).
Thern was a decline in 3 uptake values when S v»a applied
=s a~rrcnium sulphate at panicle 1nitiation. Evidently as
mil" hur woe r*pli«‘d orly Juot bnfcre panicle i1nitiation
the uptake was loss. Similar trendn i1n th- uptake of
sulphur Ly rice wns reported ty Lathiff ar.d Amaraslri (1982)
and Islam et al. (1977). Handall ((1988) observed that
mulpkstc accm ulates when sulphur surply Is In excess of
decr>r.d for growth acting as n r”aorvp. Similar results
*er observed In this study 1ilsc. Sulphur uptake iIncreased
it all stages or grnwth wh”rn hi gher I»vela of sulphur was
nppl." 1d although roportlonnte grain yi«ld response was
not obtained. Din liar result was recorded from the pot

culture exnerirrent using 358 labelled ammonium sulphate.

In brief the trend of the result shows that there

IS chance of getting response for applied sulphur In rice



erp.la. effect of sulphur Is not same when
PP -d in diIffgrent sources, the actual reason for which
need to bs established. The response trend observed by
the present study needs confirmation by further field
trialsbefore i1t i1s recommended. There 1s a tendency for
the rice crop to accumulate sulphur when higher levels are

supplied even though 1t 1s not reflected 1n yield.

5.2. Experiment 11

5.2.1. Specific Activity of 35S 1In Different Parts of the
P lant

harked differences 1in specific activities of plant
parts were observed. Further, the specific activities of
only culm and i1nflorescence stalk were found to be similar
to the specific activity of the whole plant (Table 32).
Them* results 1i1ndicate probable differences i1n the trans-
location of labelled nutrient to different plant parts
and how the plant accumulates the Ilabelled nutrient. Since
the specific activity differs significantly among plant
parts i1t follows that for the computation of quantities

such as 1-value etc., whole plant specific activity must

be considered. TH VI%W 8f the differences among specific

.ctivittia* Oof th. plant part. d.t.r_.In_.tion of qu.ntitl..

rsquiring .p.eitu= _ctlvitl.. m th.ir computation, from
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tve specific activity of any plant part will lead to
error. In the experiment reported herein, therefore,
the whole plant specific activity w.s considered for

computation of different parameters i1ncluding "A"-value,

5.2,2, Absorption of Soil and Fertilizer Sulphur

*he alternate labelling technique employed iIn the
experiment clearly revealed the relative contribution of
fertilizer sulphur from basal and top dressings cf cplit
applications. The main effect of sulphur as well as the
retnoda of sulphur application were found to influence
tne relative contributions from the applied source as wall
as cae native soil source of sulphur towards plant uptake
llable 33). Thus when sulphur was applied in a single
nasal dose at increasing levels I1from 20 to 60 Xg ™ ha )
tne contribution fror. the fertilizer towards sulphur
JjptaXe 1i1ncreased correspondingly from 45.8 to 78.7 % Cdff.
Thie * u!'d mean that the dependence of plant on native
sullphur decreased considerably (54.3 to 21.3b). Such a
trend fTor basal application in split dose treatments was
also evident though not to th- same extent. The results
further 1i1ndicated that the contribution of fertilizer

sui.hur towards plant uptake from the top dressing was

comperetlvuly le«e tln thst trom b*B*1 dressing of the
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seme level of application. Apparently rrost of the plant
uptake of aulphur from the applied source had come from

the Tirst split application Cone-half dose basal dressing).
ithi1a was also evident from the per cent utilisation TfiIrru-ns
as well as the quantity of sulphur taken up frr:n e”~ch spilt.
Between the methods of application basal application 1in
single dose was fTound to be more efficient than application
of the same quantity In two splits as far gb the utilizat-
ion of sulphur from applied fertilizer i1s concerned (Table
24) . This superiority was noticed upto an application rate
of 40 kg S ha~* beyond which the difference i1In the utilizat-
ion of applied sulphur was i1nsignificant between the two
methods of application. From these results i1t nay be
concluded that the dependence of the plant for sulphur will
be more on the soil source than on the applied fertilizer
when application is dene as top dressing. In other wor”"s
the plant does not utilize the applied fertiliser sulphur
efficiently 1Tt the fTertilizer i1s top dressed. Perhaps this
preference for soil sulphur i1n the later stages of growth
may b® due to the Initial i1ncrersed availability of soil
sulphur fTollowing flooding coupled with leas quantity

(one-half) of the applied fertilizer as basal dressing.

Eventhough the available aulphur i1n soil was found

to be 40 ppm by chemical method (Table 1) the “A"-v»lu*
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obtained by radioisotope technique for sulphur was much
able 34), Further there was significant differences

n f v,--UGs among levels of applied sulphur as well as

between methods of application. "A"-value was fTound to
increase when the application of 355 labelled ammonium
sulphate was done iIn two split doses as compared to when
the application was done in single basal dose. In either
Cis,» however, lower levels of applied sulphur 1i1ncreased
the "A*-value. In the light of those observations "A"-value
ior culphur dees not seem to be a sell characteristic;
rather 1t may be bast considered as a rrersure of dependence
of the plant on native soil source. The i1nfluence of
applied sulphur Ilevel on A-vnlue of sulphur iIn soil was
also reported by Ehinde ££ air. (19P0). Jaggir £t ™. (1977)
also observed an absorption of soil sulphur by rraize 1in

preference to applied sulphur at increasing rate of appli-

cation.

5.2.3. blcr-ass Production and Yield

Responses to added levels of sulphur or to the methods
of aprillcatlon In terms of dry matter production, grain
yield and straw yield were not obtained i1In the present

Study This result i1s slightly different from that obs«rv«d
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-n the Tield trial, where dry matter production and grain
shoved significant variation due to the iInteraction
ef-ecta of various sulphur oources and the levels of
aulphur. Irobably the sulphur requirement of the crop
right have been met from the native available sulphur
pool. This would mean that the available sulphur content
(40 ppr S extractablo with Morgan®"s acetic acid - sodium
acetate solution, pH 4.5 ) 1s at or above the critical
soil sulphur level. This contention agrees well with the
r»forta of several oth”r worVers (Tandon, 1984; Tiwari
rt el.. 1983b) who showed an available oulphur content of
Ir. ppr was the critical limit 1in several soils beyond which
response was not generally expected. As there was no
different sources, the accompanying variation in soil

properties and availability of other nutrients are not

expected 1In this trial.

5.2.4. UptaVe and Distribution of Sulphur

Notwithstanding the results obtained for dry matter

production .nd yl-W- It *"'m th™ p 1=

to absorb "or. aulphur with Incr.aalng lev-la of applied

-ulphur 1n _infll. b.a.l do.* up to an application I1.v.1l

-1 ) 34). Although thin tendency was not
of 40 Kg hs IWim

.vid.nt with incr.a.Ilnv 1*">" of "Pm application, the
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plant. receiving ,ulphur in N

sulphur per unit -lIght o0o£f dry ratter produced compered

to those receiving sulphur in single basal dose. In as

much as the uptake of aulphur by the plant has not reflectec

In INCr«A3<?”™ pro uctlon of dry matter or yield i1t has to

be 1nferrr-"1 that there wps considerable accumulation of

sulphur 1In thn plant tiasue over and above

Its requirement
End/or what 1s required fcr the dry matter produced.

Sulrh-V*" accural aticn In evcesa of demand i1n plants has

beer ohserved (Randall. 199P). Perhaps as iIn the case of

K there -y br Jluxury consumption of sulphur also by the

pl,nt. Tho distribution pattern of sulphur In the plant
, - £t - 1- 1sated that the accumulation of sulphur vs.
1 n,1r end 1s least In the grain
Jjnalr-Ty 1n leaves «v.
enhof 35S absorbed plant also
F 7" - _
rqu- 7 ;- ut_or_a Odr_a, _ ] a.*..m (Fig-QA&B). Such
imilar distribution pattern 1irig.

#Inr. th. role of 1«* tls_ua.

distribution pattern con
m

ai sulphur sir*
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SUMMARY

Experiments were conducted at the Agricultural

I\esoarch station, Mgnnuthy and the Radiotracer Laboratory
of <h Kerala agricultural University during the Tirst crop
season of 19P6 to study the response of rice to applied
sulphur and to assess the relative uptake and distribution
of soi1l and TfTertilizer sulphur. There was a field experi-
ment conducted with four levels of s3ulphur (0, 20, 40 and
60 leg ha *), Tfour sources of sulphur (ammonium sulphate -
basal dressing, ammonium sulphate - top dressing, ammonium
phosphate sulphate and elemental sulphur). The experiment
was laid out in RBD in plots of size 4.6 nx 4.5 m and

ret Heated thrice. A pot culture experiment was conducted

for studying the uptake and distribution of applied as
labelled ~MIKAN23C4 at 20# 40 a3 60 sulphur levels per
hectare. The utilization of sulphur applied at planting

an* that applied at panicle i1nitiation were also studied

iIn this experiment.

Ph» results of the experiments are summarised below.

The plant height and number of tillers wore not
significantly Influenced by the levels of sulrhur, sources
of sul._hur or theilr interactions. Leaf area Index was
relatively more In sulphur fertilized plots at all the growth

,EM,, , Mmoniw *ulph.t. - b..nl _ppllc.tlon r.sult.d In

r.Intlv._ly hlgh.r l«.f »«e



1the dry matter production ahowed that the main
of aulphur, sources of aulphur and their i1nteractions

were significant . X _ _
J - Rﬁe increaae 1In dry matter production

o _he application of graded levels of aulphur varied
-ran 4 to 47 nor cent, sulphur application at the rate of
20 kg ha resulted in higher dry matter production which
was on par with 60 kg level. The 1i1ntermediate level of 40
kg showed e reduction in dry matter production. Among the
sources elemental sulphur, ammonium phosphate sulphate and
am/Tonium sulphate - top dressing were on par and were
superior to ammonium sulphate - basal dressing. The maximum
dr*/ r itter froiuction was rcocrdad by elemental sulphur

applied at the rate of 60 kg & he-*.

The yield contributing characters like number of
productive tillers per hill, panicle length, number of
grains ,or panicle, percentage of ripened grains nor panicle
and thousand grain weight were not sign!flrantly i1nfluenced

by the levels of sulphur, sources of sulphur or thoir inter-

actions.

Th- grain yieU ™"a* migniflcantly 1nHuencod by the
interaction fo}_{\g*g 8F levels an"l1l sources but not by the
r.in e“tecti. Ar*onJur. aulphat. .t 20 *g * h.*1 ,d b-s.lI

irm, Iing or 1onitum pho.ph.t. aulphate and -nwnim.
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drpanlnrr . -
P P 9 at levels 40 and 60 kg or elemental

sulphur at 60 ka hi*1 L i i
recorded significantly higher grain

yields gs compared to other treatments. The main effect of

Jr sou*c«« 0J- sulphur showed no significant iInflu-
on -t.aw 1”eld, yrain-straw ratio and harvest indices

of rice.

*r°tein content weo significantly i1nfluenced by the
sources of sulphur and the i1nteractlona. Llerrental sulphur
W*s superior ever other sources and elemental sulphur at

20 kg 5 ha * recorded maximum protein content.

Tie uptake of N, P and K at harvest followed almost

the are trend as that of the dry matter production. The

3 1lohur u: take was fTound to increase with increasing levels

of sulphur at all the growth stages.

The experiment with labelled ammonium sulphate
r.veal-1 that the specific activity among plant parts differed
signl fic-ntly. Specific activity of grain wan the highest
follow”™ by that of culm, jjnflor.ac.nc. st.lk .nd th. 1I.,Ff.
Culr .nd Inflnr.ac.nce .«.» had .teat almllar _.pacific

.ctlvitl.a to that obt.lnad for the -hoi. plant. In genar.|

f.rtlllaar sulphur t.H.n up by th. plant iIncro.srd ,,1th

of sulphur RIc* d"rIVB1 m°r* 8,,1PhUr fr°m
th do., than from th. top drsssing. *h. contribution
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of native sulchnr

®8ent 1In soil towards plant uptake
decreased with incr,*” _
easing levels of applied sulphur. AT -

-m~ned at rUfferent levels of added sulphur
or 1less constant at 10 pptr upto the sulphur
°© N an™ decreased there after. "A"-value
W, 1S n to th aft}-mcted by the Method of application and
wasrelativ -ly -ora when sulphur was applied iIn two splits

than when 1t vj*s applied In a single doBe. Peven to seventeen

per cent of tr.o applied sulphur w*s utilised by the rice
plant. To per cent utilization of applied sulphur decreased
with i1ncreasing levels of applied sulphur. Autoradiograph
of the plant receiving labelled aimronium sulphate showed
toat the absorbed 35S i1s translocated through out the plant

system with relatively hioh accumulation In grain tips and

I-af veins.

The study i1ndicated that thero nay be response for

the applied aulphur In p.ddy -oils of Karala. However,

“on flrFl,,t:1ve results have to be obtnlnnd before reaching
Similarly the i1nteraction effects of sources

*ny ronclu*lon-
m,.,.rv-1 n— 1» FfurthT Inv.atlo.tlon for tha
and l«v«la ob«-rv«r n

_._Hnn 1In r«aponae. Finally an economic
- varlatllon in
r-“ mnnnn for HUFr*

analyala of th. application or aul-hur "lea la n..,,*

, ,fully -lona aft-" th* Confirmation of th,
Thla tray "—anlnofu 1

rmmultcfl -
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onth end week

1968
June

July

August

jeptenfcer

—-ctcbher

Appendix-1

Kean weekly v ether parmtara 1lor

2«- 3
4-10
11-17
18-24
25-1
2-8
9.15
16»22
23-29
37-5
6-12
13-19
20-26
27-2
3-9
10-16
17-23
24-30
1-7
e-14
15-21

Temperature (*C)

K«xleun

31.7
29.1

30.4
30.3
29.7

30.
29.
26 .
27 .

29.
28 .
20.
29.
29.
29 .
30.
29 .
29 .
30.
31.
31.

0w oD NO UTOO NDNO O N M

Kiniirum

24 .3
23.9
23.9
23.9
22 .6
23.1
23.4
22.0
23.3
24 .5
23.9
24 .3
24 .6
23.6
23.6
23.4
23.4
22.4
23.4

3

23.
27

entire crop period

humidity
G6)

03.0
90.5

05.0
65.0

84.5

82.5
66.5
93.0
00.0
06.0
87.5
09.0
83.5
84.0
84.5
85.0
85.5
85.0
77
/e
78.5

*<5t*1
rainfall

(um)

292 .6
144 .4

58.0
102.7
154 .3
19.7
105.4
245.9
134.9
P9.9
61.2

177.6
72.1
200.8
153.7
113.7
240.0
123.2
29 .e

19.6
6.8

Wo. of
bright

sunshine
hours

2.7

1.5
6.3
4._7



App.andix-3
Abstract of AHOVA

Ka«n squaras
~«&CVIrCc« JT Nurber of tillers per

30 DAP 45 JAF 60 DAP Harvest

10P33.8 R315.9 217<r .R 21417.0

riocv 2
Triha*" *nt 12 544._1 491 .7 775.4 444 R
3 523.2  190.3  3P9.2 PO.7
Source 817 0
2 525.3 150.1 37.8 ]
L#v«l> . 632 .6 P32.9 1240.R 74P .7
Interaction . 1135 16.0 617 .0 1367 R
Control vs r9?t
24 749 .7 790.4 1129.2 1019.5

e . * r«mt level



BIOCV;

Treetnent

30Urc«

L-evel™*

Interaction

Central vs rest

*rror

12

= O N W

24

*"ean squares

Plant heirght

30 DAP 45 DAP 60 DAP Harvest

51.5
4.2

° .8
10.4*

3.1
7.9

2.

1

20.6
5.4
1.4
3.9
8.3
2.9

4.2

9.2
4.9

06

2.1
4.5
0.P

9.

6

22 .4
5.2

11.0
2.3

4.1

-0.03

6.4



Appendix-4
Abstract OF aBCVa

Source Kean squares

I-eaf Ores 1ndex

30 DAP 45 DAP 60 DA? Harvest

alock
0.09 1.4 1.1 0.2

1.1 1.5 0.7 0.3

2
12
-0urc«
3 o.e 2.7** 1.6* 0.1
2
6
1

:*v .»ls

°©cO< 0.08 0.2 0.4
0.9 0.9 0.2 0.5

5.7** 4.8** 2_0%* © O

--r-r 24 0.6 0.4 0.3 0.5

Interaction
-or.crcl vs roat

Appendix-5
Abstract of AKCVa

1<On squares

—O':rC*— OF
ry lumber of *anicle Uu ber of
ratter product- length grains r«r
produ- 1ve panicle
ction tillers
Ter hill
& locV 2 37774 -O 3-6 O-l 1000 .€
Tres forent 12 41603.0 0.4 1.1 1442
cCrurce 3 HA3/8.7** 0.6 1.2 143 .7
L«vels 2 62"57.0** 0.4 1.3 231 .7
Infraction 6 36558. 7** 0.3 1.1 107.8
cControl ¢ 1 51414 .0* 0.1 1.0 1PO.7
ontro V* r«
24 7020.0 0.4 1.6 73.0

—————————————— * "Ignlficnnce at 5 per cent level
** Uingrilficanc* at 1 p*r cent level



-euro?

- Tock

T re 3 truant
Source

I-oveln

Interaction

Centro!
r»st

VS

rror

-ourct

*Uock
Tre»t 9nt
oourre
™V'"1s
In*"erecti n

Con fro! VS rrst

Errr

7 X 7

* «

APr«ndix-6
Ab»tr«ct cf aHOVa

= —

[IRVERY
_ B O squares
Dr v
Percent- Thousand Grain
age Of grain yield
ripened weight
grains m
per
Panicle
2 316.0 0.4 2033176.0
12 25.6 1.0 61348.0
3 26.7 1.1 P1525.3
2 22.4 1.4 51064 .0
6 24.5 0.7 99¢c46 .0
1 35.5 1.9 303r4 .0
24 19.7 0.8 37933.3
\pi1 endix-7
_bstract of ™NuVa
Jr>..n squares
DF Grain- harvest =erotein
straw Index content
ratio
2 0.01 0.004 0.1
12 0.C1 0.002 0.9
3 0.02 G.003 1.6**
2 0.03 n.003 0.3
A 0.01 0.002 0.9*
i n.oo 0.002 0.2
24 0.01 n.001 0.3
Innlflc«nce at 5 per cent Jlevel
Jionlflc”nc- et 1 p*r cent level

"trpyv
yield

665440.
270000.
169362.
159264 .
272309.
TR262P .

R N O N O O

354906 .

\l

N-uptaka

942.3
1174 9
C33.9*
1955 1%**
1111 .9**
1215 . p*

193.7



APPendix-8
"mtract of aNGVa

=“curc” DP Kean squares
P-uptaka K-uptafce
2 22 _4 504.1
12 27.6 1415.9
3 14.9* - 085, 2**
39.77* 1469 _7**
6 27 5** 1766.7**
1 41 _5** 495 e
24 4.4 140.1
Aprendix-9
Abstract of ANCVa
.- lean squares
source DF 3-uptake
30 DAI" 45 DAP 60 DAP Harvest
jlock 2 2 10.0 0.9 3.2
et trant 12 6.4 11.5 30.6 293
IF.ou rc«i 3 11.2%% 1.0 1.1 20.0%*
L*»rnl 3 2 10.27* 52.6°* 104.6** 60.1**
»
Interaction 6 1.7 2.1 9.2 14 _5**
Control vs F»st 1 13.0** 16.0** 99.3*" 02.9**
c 24 0.9 1.0 4.5 2.1
rror

* ~nlgnlficsnca at 5 p*r cant level
**> dlgnlflc#»nC« at 1 p*r crnt level



jc.r Mean squares

jcC
Per cent Quantity of
% Scoff utilisation £ i1n the plant
of applied taken up from
——————— fertilizer the fertilizer
Treatrrent
0 19e4 . 7** 55.6** 31.7%*
-rror
27 10.6 5.5 0.5
pperdix-11
Abstract of ANGVA
I >N squares
"ourc?®™ DF _
X Cdff % Cdfs A-value
*rt*ntrent ) 120P .6** 1208.6* * 106 . P**
Irror in 12.9 12.9 3.4
pF «ndix-12
Abstract of AMOVa
———————————————————————————————— Feansquares
nv "<r crnt quantity ct Tct»l.
r<=* utilization <« iIn the dry
of applied plInnt taken r»>tter
f-rtlllacr up frrm tx-
fartllizer
...... 5 32_.P** 23.8** 1.3
rre»tr,«rit A J>2 o, p 1.5



Appendix-13
____________________ Abstract of ANOVA

-ource Keen squares
Grain traw Total
__________ yield yield grain-S
reat-ent 5 0.5 0.3 1.7
rror 0.6 0.5 0.7

App®ndix-14
NBtr»ct of AN(CVW/

Kean squares

urc J* Total Total > S-content
straw-G uptavr* of tHe
pi ant
y 6 5.7 11.33* .002**
rrnt m''nt
1P 2.1 3.63 .0002
rr"jr

e "Ignlficance at 5 per c»nt lave)
..tnnl flcanca at 1 P-r c”™nt level



of paired ’s APF«ndix-15
Infloreaco-.c*? et-vT -t on mP8ci*ic activity In leaf, culm,
value, t-valu» 9r«in and whole plant calculated t-
———————————— — table and their significance

Comparisons t-value

L«a¥f and culm

4._85* 1.96
" nn™ 1nflorescence stalk 2 74%* 1.96
3rd groin 4_73* 1.96
<-ulr erd iInflorescence stalk 1 .97* 1.96
CvT an " grain 3_06* 1.96
Inclor™acorct stalk and grain 3.23* 1.96
* 1 plant and leaf 4 .58* 1.96
"hole riant and culm 1.59 1.96
"olt _.lent and inflorescence 1.21 1.96
ata =*
bole ~I*rt grain 4.6* 1.96

*  1l-r1ficance at 5 per cant level
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ABSTRACT

re conducted at the Agricultural
Re»«arch Station Vv _
K«nnuthy «nd the Radiotracer Laboratory
th® Inrr>14 -n-1B K
9 idcultural University during the TfTirst crop

of 1988 to study the response of rice to applied

r and the relative uptake and distribution of soil

mA~Phur. There was a fTield experiment cond-

ucted wit/1 Lour levels of aulphur (O, 20, 40 and 60 kg ha”1l)
and tour oources o2 sulphur (ammonium sulphate-basal dress-
ing, aJTT-oniur sulphate-top dressing, amronium phosphate
uiphate and elemental sulphur). The experiment wc* laid
mut in r.2j in plots of size 4.6 mx 4.5 m and replicated
thrice. A pot culture experiment was conducted for studying
twe uptak** and distribution of 3 applied as labelled

(r:HY) at 20, 40 and 60 kg ha"™l levels of sulphur appli-
cation. Toe utilization of sulphur applied at planting and
that applied at panicle initiation wore also studied in this
experiment. IThe results showed that plant height and number
of till*ri were not sijnifleant ly Influenced by the levels
of sulphur, sources of sulphur and their Interactions. lie
leaf area index increased due to the application of aulphur

t all the growth stags¥™. setter production increased

<|W , jlph.r .ppllc.tlon. rh. incx.««. In 4ry ratter raaduct-

" to «PPU«« T . » o* Ipv” IB of nulfjhur “«



four* to v.ry «
i-ron 4 to 47 per cent. The grain yield was

influenced o/ in\f/'.'nct/\i’on effects only and net by the main
Ammonium phosphate sulphate at 60 kg sulphur
—-ccr. ed the highest grain yield which was on pnr
or.iuip sulphate at 2 kg sulphur level as basal
-0SInJ¢t ammonium sulphate top dressing at sulphur levels

»nd go kg, ammonium phosphate sulphate at 40 kg sulphur

lovel, *nd elemental sulphur at 60 kg sulphur level. Hov-
e/>r' yield contributing characters like number cf
W'reductive tillers per hill, panicle length, number of

;r->Ima nor panicle percentage of ripened grains per pan’cle
thousand grain weight were not influence! by either
the level3, sources or th«»Jr Interactions. The sulphur
|-v-sls, its sources »nd their interactions showed no 3lgni-
fleant Influence on *he stravev yield, grai.n-str.aw ratio rnd
harvest indices. The uptake of N, F and i followed
trend as that of the dry matter production. he

ur,r*Ve of sul hur increased with increasing levels of

gmlrhur at all the stages of growth.

hr r/ nrloerit »1th labelled anrronium sulphate

rnvo«l*d that the ml*e« I"Ir activity among plant parts diff-

Hfllflc.ntly. *0,r,r "N vtttV grainw,» th.

highs*t follows |8’y that of Cuv", 1i1nflorescence stalk and

Imnf Culr. end 1nflorescence stalk had almost similar



specific action
to that obtained for the whole plant.

Tn general the f*r*nn .
-rtittzer sulphur taken up by the plant

leased with levels of sulphur applied. Plant derived
Iphur fron the basal dose than from the top dressing,
contribu.1on of native sulphur present i1In the soil

arlJa plan, uptake decreased with 1increasing levels of

—-u”Npur. A -value determined at different levels

«> added cul hur rrmaired more or less constant at 10 ppm
u, tc the suil hur level of 40 kg ha"1 and decreased there
nltor. "A*-value was found to be affected by the method
of 3 1 i1catin *nd was relatively more when sulphur wFis
applied 1in wo splits than when i1t was applied 1n a single
d-"ae. —evel to seventeen per cent of the applied suljhur
was utilize by the rice plant. The per cent utilisation
of i1p>11?d sulphur decreased with i1ncre™nlng levels of
applied sjlhur. Autoradiograph of the plant receiving
Infilled b* nlum sulr.hatr shewed that th* absorbed '™3 1is

tr«nJloc*td through out the plant ayat-m with relatively

1.1gh accjnl«ti-n 1In grain tips and leaf veina.



It 1s found th>=t \-vgluea of soil sulphur incre?r,P
with the application sulphur the par cent utiliz™ticn
of aiplied sulphur decreases with on iIncrease iIn the rat* ce

application, However, the results ore inconsistent and roods

further confirrmticn.

2.7. relative Effectiveness of Various Sources

Pil~cit and --inch (3975) reported that out of the four
sources of sell applied sulphur, element-"1 sulphur wes the
best for errventing chlorosis and i1ncreasing rice grain yields
in C8 1calcrreous noi!*’. ~olcn-rosir and niair (1o°3) ofcs-rved
th-fc sulphur uptake 1In rice was not eicmi“icently different
r,ctv..cm r rsur, elercrtel sulphur “rd arm nium sulphate
1I"vrc:; crrfirring the suitability of fin™® (100 p~r cent
67 rosh) elemental aulnhur as a source for rice, whereas
. ul.regj at pL. (1905) re”ort™d *hrt gypsun was 7?n easily
ar~*_ labl* end cheaper sour*"™* o* aulnhur nl<- r-rtnl sulohur.
Chlen Al- <1907) compared the relative agronomic effecti-
veness (ika-) of powdered elemental sulphur to that cl gyps"ir
r d found th--t the HIk valu» T, r ovlered elemental sulphur
wsjs nu,erlor to gypsuin. However, thien et al!. (19F0) reported
that eln.ertal sulphur nd qy rur iInccr orated with urea wore

equally effective [Ir iIncrersiu”; Me rice grain yield.





