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ABSTRACT 

A field experiment was conducted to study the effect of zinc (0, "2.5 & 50 Kg of 

ZnSO.tha), oo the yield components and yield of ten rice cultivars viz .• lET 4786, lR 68, 

Lalat, IE.T 1809, Biplab, MTU 7029, Ajaya, MWIO. IR 50 and IE.T 10384 during wet season 

(1999) a1 Pundibari. transplan~ed on 7th July. 1999 and also to observe the residual effect of" 

zinc on succeeding vvheat variety • Sonalika' in a rice-v.rheat cropping system. 

Di:f£eren.t levels of zinc sulphate bad no significant influence on growth attributes and 

yield of" wet. season rice. However, soil applica.t.ion of" zinc as zinc S1..1lpha:t:e showed an 

increasing trend. Application of" 25 Kg. ZnSO-o/ha recorded the highest m ean grain yield 

{26. 80 q/ha i . e . , 1 . 72 percenc. increase over control) and the plots fertilised with 50 Kg. 

ZnSO-o/ha recorded rnea.n grain yield to the tune of" 26.73 q/ha. Grain yield was significantly 

inftuen.ccd du.e to the effect of" rice cu.lti"vars. 'The highest grain yield (36. 13 q/ha) recorded 

with rice cultivar I\4TU 7029 was associated with higher number of" matured panicles per 

square metre. The decrease in yield was associated with decrease in the yield components . It. 

vva..s also evident: that t.he d.i:ff"'e.rent: rice cultivars had played a crucial role in the variation of 

respoo....sc:. Tlu!=.se va.riatio.n.s oC respo..D..S-e could be attrib'\..1t.ed to their genomic difi'""erence . The 

rc:S\..J...lt..s indica.t..ed t.hat. IR...68 and IE.T 1 809 vvere suscept:i.ble and cultiva.rs La.lat. and LR. SO "Were 

t.olerant. cu_ltiva.rs t<> zinc. So adequate ~nc f'"ertiliza.t:ion t:o t.hc se>i l s is u..n. essential pre- requisite 

£or obt-aining higher yields in susceptible cult.ivars viz ... I..R.68 and T 1 809. 

Gra.i.n yield of' wheat. during d1");' season ( 1 999- 2000) as succeeding cre>p in rice- wheat. 

cropping system significa..ntly increased due to t.he residual effect: o£ z inc . h e res ult.s 

ind.icat.ed t...b_at a..n. increase or 1 3 . 82 and 4 . 6 p e rce nt over control was recorded due to so il 

residual effect. application o£ 50 Kg and 25 Kg ZnSO.,../hu. in t.he preceeding rice crop. 

I-l..owever .. higher -vvheat. g...-ain yield in rice wheat cropping system was obtained From Lhe soils 

(plot:s) where susceptible rice: cul~ivars were t.rn.nspla.nt e d and it might. be associated with t he 

less ut-ilisation or applied z.inc to t...he previous wet: season rice . 
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INTRODUCTION 
With the increased population growth the demand for food grains is increasing day by 

day. So, West Bengal in general and the Terai zone of" this state in particular needs more and 

more food grain production. but as the geographical area is confined, so there is limited scope 

f'or horizontal expansion. Theref'ore, the area under cultivation cannot be increased and 

vertical expansion is the only possibility. In present condition intensified cropping o£ the 

existing area is to be geared up to meet the challenge. So our main attempt will be to increase 

t.he production per u...n.i't area.. 

The success of" f""ood ,grain production in .Lndia over the year is at:t:ribut:ed to two crops 

i..e . • Rice and Wh..eat. . The rice - wheat. s ystc.m is covering about. 10 m . ha a.reu. in India . Rice 

a..nd Wheat put: together contribute about 73~ of' the nati o n al f"ood gru.in rcquir t"'Ylent R..icc­

whea.t is a con::u::n.cu:. cropping sequence o£ Tera.i zone of'" West Ben..gaJ . In t.h.is zone n early 45 

~ an..d 4 ~ ot=" gross cropped a..rea. are occupied by wint..e.l'"' rice and wheat respect.ively. T horo i s 

a.m_pl o scope of" in.~.in..g tl,e areu. u..o.der rice- wh.ea.t. croppi.ng systei'Y'I in t._bj_:s :zone ospccia...lly 

io l o w la.n._d rice eco- syst:.e-.n:::L 

Tho I rai z on.e <:>C W oB._ Bengt-U is bo.sica.J i y ft..l'"ld prede>rn.inantly a ri c e growing area. In 

~.c.rif s eason 80 ~ <:>f l and is. cc:::>"V"erccl vvit..h rice heig ht:: t::~ured s ui t with low rotent.i0r11 

ca.pa..cit.y .t •t . .n.d b.i.gb ra..t.e oF" l eu.c;:..h.iJ::::l..g a.ppcs.a.r.s LC'> be impe>rt:a.nt:: b.&. rie::er t-~ ir11creas~g t.h e yi-ld ~f;­

winC..C:::·r rice. ~<:>~t. uo.in.t~ptcd ra..i nCaJ I during a pa.Ft. oC mon_soon. mont::hs... coo ::u :nc:::>nly 

OC.Cl.al""''""i n g in t::hc a.roa.. .. ea-...5in..g lo"W rae oC phot.os ynt::ho.t::o a..c.c.u rnul n t i o r. wot..1ld al s o dep •~~sR rhe 

yield . LJnir"lt.~rrupt::ed rn.in.f"a.ll wit.h hi v.h hun,idit.y CH..u :-; in,.,; dj s - npprop.-ia.t.c d i s~u se o.nd pes t:: 

i_I1f"ca t::a..Lion .:-coeem s te> bo a.n.ot..he!:r f 'i:tct:or tl"l&.t. w~ulc.J hn 'Ve bCC.I., c ont. • ibut.e!lcl t <;"') l ow product.i'Vi t.y . 

~osio.I1B.I dry ~p e:- 11 at the £1ovve.-i.-.K time wc::>ulc:l also Cur1 hQr o dd t:: C> lc::>w J:> I-Cl>due t.iv-it:.y . .A..pa..-c 

Ccorn u f:bres n.id nat.._.• u.l cons tro..int:s .. gr~c::~wing C>t- t::ra dic::ic.r--. s. l I on~ duruc::ion t oc.a.J "'a.,~ i c:!lt.i~s with 

elnt:ivc high p•·opo rti e>n and lo"Wer • ~-c l ot-- t-brt::i l i z.o•~ --...s c:::: u r e t o be c::ho it,.,p011 ant. phys ic.a.l 

c c:::>nst::.ra..inc::s iu 1 hi s z one. So a.t.t.ent.i~n i s needed t.o int. r udu c e hJgh yield in~ • ice "'nrietics in t.hi~ 

a_ren. u.n.d to de-velop appropriate te hnology a.~ wo.IJ a s correc:.t:..Jvc: n'"lc:a.sures tc..> en.hnnc:.o t.hc 

producti"V'icy' oC ri ce- wheat: ~ysLerT"' as n whole. 

Whent is c::ho ITlC>S l importa...nt:: -winte• cereal ir'lo T ·· ai .GOne of" Wo~t a n ga l . T here:: 

no.turaJ a.d."Vantages Cor higher prucluct.i"Vity oC wheat. like pt-o l ougecJ wintor a_nd high 

residual moisture cuntcnt in the soi l at the init.i a. l phase or it.s grow-th (that. u sed to sa"Ve pre­

sowing irrigation) in this z one . Despite the prevalence or natural advantages, the l ow 



productivity of wheat in this zone may be due to some constraints. Late sowing due to 

delayed harvest of winter rice is one of the important constraint wheat sowing under rice­

wheat system is delayed due to late release of land causing low productivity c5f' wheat. Before 

1975 - 76 wheat was shown in tlte upland after harvest of' Aus paddy or jute, but it is now a 

common practice that wheat is grown in low and medium land after rice in the rice-wheat 

system a.s upland ha.s been occupied by vegetables or potato or mustard . 

As pointed earlie·r-, delayed rice ha..rvest. is one o£ the prom...ioent reasons Cor delayed 

wheat: sovving. The research efforts should, t:berefbre. aim a.t: adjusting time of" sowing for 

both wheat a.n..d its proceeding crop rice with alternative varieties oC va.rying duration. with a 

view to ac:.hjeving .ma,cimu._m possible economic returns. 

T he micronutrient. problem in India has rec.ently drawn a~t.cntion o£ the a.gricultu.ra.l 

sc:ie.n_tist..s _ 1\.l.l.icronu.tric:nt. deficiency. although sporadic~ has been observed more in light 

t.eocture.cl a.n.d calcareous soils'"' soils c:>£ Tcra..i zone o£ Wes t Bengal are light. t.e:rx:tured a..nd acidic 

in o_uture. Such soil wit.h b.igh ra.in.fa.JI h.a.s rav ._. .. ~d hi~h rnt..e of" lcn.chi_ng CJ>f:- pln.n.t: n.ut:rien.t:s D...I1d 

t..hi,_. erc.a.t..cs tb..c prc:>bl~ c:>£ ~crc:>n-..at.rior.t. def'ic.it:~ortC::.y . """-.,..., <> ..,~ t.h-= miorco:>..., _t..-i~-.-.~ ~oc 

d<Cfi.cicn.c::::y a.ppoa..ra co be Lhe r.-.ost.. i mpc:;:».-t.n_nt- nu~t.ionol factor 1i.m.iting growth a..n.d yield of 

wetla...a'"&d. ric.e n~t. LO .-,lt.rose:n and phosphorous . Then a.g a..in o'V'ido.n.cos s how t...ha..t.. 2.inc. l"la..a 

rcaidu&J o:ff-'"~ o.o. t..b.o a u cc-c:.ll. ... H e.r<>p i ... t:.h oe~ "'equen c::e. b •t: in ~cr.ni Z-c:J> t"'lC of' Wes t: Bc..I."-Snl 

lo.1C:>.r~at..lo~D. LD. t.....l11 .• -.-p~t. i~ .,.,_~u.s:rc:~ mc;;~oroe pn..r-t-i ._.Jnrly i•, ri e-c-whcat: &-C-Cfl'-' ..,co . ---•~o.so £'&.eLora 

w-.rr-..-.t.ecl '£.be noc d .l."b_.- *""- ~ 1UI -t. ..... cly ~.., t..h es .s fT~c.t. ~£ ::zo: irt c= .n..ppli~ti<:~-.., <> .., m~c::-r e r <:> p 8 <:>-F -rhi s 

e '-10.--nt. ELite: ~.n..t.es o.prrC"''>n.- ' "" flrri,, a. tt ... o ,-. a -,. .,1 e~o \. 

grc:.o..t.c.r t.:-oo l e rn__t, C O 1..-. ,, eo , • •• H I e~o '- • 3._ . <:7• C.JOW i n .loof, C> C .z.irt c:. ~t-"Tic::::.i oent ~lt.i._-..-a c:::.n ct es f'ic:.i c nc ~c:> il ~ c:.o..n 

R.-._c::~ :7-:in f'""e .--.: l iz. cs. &J."\. , '*"dd it.J ~.,._u_l yi~ld ;t:!l._c:::l._a...r...t.oct..~oe~ a...nc:::l roect....-oe-oe the: ln,_r...c::f de::grndn-f'i~,.., i • .,. ..., i ew 

c::..t- Lh.,~c £;s_c;:;t_-ol . "'T'hc p~~e:nt. ino..., et s "'f'i g ot:i. 

l~w Z...r'IC::. S t.&..LuS . 

In consiclcra.Lion or t.hc p~ i .-.1 .-;-,• s ct . 1 t wu s plunncd ~o c:..arry ou~ cxpcrimcn.t:s h o.vi t"'l g 

t.he un.dermc.;ntion.cd objectives : 

1 o study the perform.a..nce oC rice::. varieties in z.i n c deficient soil. 
2 To st.udy the compat:ibilit.ies oC rice va r ieties with whe at: t:o achieve high production in t:he 

rice-wheat system. 
3 . To study the effect of zinc application on the growth attributes and yield of rice. 

4 . To study the after effect of zinc application to rice on growth attributes and yield of t.he 
succeeding wheat crop. 



REVIEW OF LITERATURE 

Recent advancements in global agricultural productivity have bad no historical 

paraiJeJ . We are in the midst of" the lat:est fbod product:ion revolution the world has known . 

The gr-ovvin,g knowledge of" rn_ineraJ nutrition oF plants with special reference to 

.a:n.icronut:rient.s has rnade us realise that great changes are possible t.b..rough judicious 

application of" cert.ai.n inorganic substances. 

The essc.nt.ia.l.i.t.y c::>£ rnic ors-utric.n.t.s wa::.. prc:::>"ed loa::a.g; bc"f"ore a.n..d their re>le in crop 

prc>clu.C'tion vvas u..Jso reco,g:a.U._secl :zinc is one or t.he m.icr<>n'-l. 'trie.n t s. which oven in minu.t:o 

q-u.a.ntitics in s oil. is ind.ispe.nso.blc £or p lu . .o.t: growth . Zi.n.c:::. m .ainly serves 

c:.cJo..l:lD..pe>n.. nt. o £ a series oC eru~::y:m.o-s- t..h.e ea..t.n.lyst :C<>r srowt...h procca.S-Oa. 

rnet.u.J 

d"w'-a.rfl._a._,... ~c:J gro-w-t"h r d'-&c;ti o r. .A.. ao--r-~ :z:.., deflcion cy brc:.ughf" about. 

~-...--_ 

c~mpl~t~ c:;: r p 

~.-..-~-- • .._._..-Y • .._h .., ~d-..r-c::l. .-~.......- • •~.- ~.z::rLrr~o oe~ ~ci-.Q.._tl-. ...... •-. o f - ,....., . P ~c:l 11<:. i• s.c. .-.-. -=- tl •...--. ~~ .. ... c._~ ....,_<-t'-• -t.. oe 

i., ~c::a--y • 8 Cl '-" - .- t. :lfb.- hJ@.h c..-~ p p~c::l~c:ti~., l•-. .-i "-wh~-t. c::::.r~ppi"8 •yA~:.<s••, ,. _., l'!!f. ..- .-~h etr ~:s h~....,-

.c.-•-- b li e h OIIIO>d tha.t l <a o ieo y. ..,. b C> '-'C: 

a •• ,., • .._..._ ....-. oe ~n~~c i.-. t: l c::= y i c. IL..J 

~c::. •s •., e. •-.-••• < • o.o;;; ? > 
~th<C'.s.is . -a · h.e!>rc::= '"-""" • '-"' ~ .z........, -a-e<Oci~., 1-, 1 --..-,, ,.. • · -...,-p ~ 'l!"---d 11: c::. b e= p,.:, _,., . ,. • • • , ... . ..._ .. , ; .....,_ ~ t c::.w 5 ._. pp t -y- c:. 6'·=····· .:;:o 

pl~ts rc::=st r t c ~1'l .. ~ • ..,. ,i .....,..._. m prc::. c:l~ -o c.• _,., ., 1- """""-'-• .-._i - - t: h - ~.-c::.~ l.,. po· o.-. ••• <- lioo a;::. 8 - b llS C:r&...,. c:;.oeeso . 

s ~£.Da.y.o ~, ,_, _, • < 1 97S> Fe~o~ o-.d •••~ • o no ~ c..J -.--.-. o.sric:::aJ II"o ~ , . w or I• t.h i.-.c:rc::.c::l'-'c;.tic-,,.,. ~p ,.,. , ~ ·· 

Jd i.-..,..z::; V'I:Lric::=t:ioe:• hond b • .._,~·~ ht. n.bc::.IL.I.t: ::or;:it-. ct f l C i '-3- ra .c::y c::li .:~~c::. rc::l oe r:rc. it-.. RO o I ._ .._, - ~.c::Jol""t.ISic..J .., .-~:~~..b l c::= c::=:w: c:.e: .-. 1· 

"V"c::.~hic::lno < 1 •.>x 1 ;> .-..,pc:u- t:.c::=c:l t"ho£ in - · ~w CI>F" t h e: physio lo~ie-HC.I zn~n.ifi c;.u...-. c:::::.e f ~in . Q t acJ at. ~ 

p<><>• pr~~~n.c:::::...e ino soil s ~:::~..1 1 r:he wc::».• lc..J ~ i.., He..., era t . ~-.d !!O< o....abm~ra.ed s<C)o il wL,..,::,,-c. :.Gio rto o....: 

e-c::u·.,e-enc:ra.Lion. dc:c:re s ed dUi e LO se> iJ - s~b•Y"~erg~n.c:::::~ in part::i C UIIa r . i t uppcnrcd C:l"la.C: t.h~ .-~ W i:' S 

e n<:>ug.h .scope o C impro-v rn nt. ot-... ri ce crop u. s well aR yi l d uC rice based r""O pping systcn, due 

~o zinc Cc:rt.ili.z.a.t.i n in. r· icc::. and residual eft- c t n Lhc s u cceeding crops . 



2.1 Occurrence of zinc deficiency 

Zinc deficiency of low natural to alkaline soils . In their experiments with barley, bean 

& sunflowers. Sommer and liipman ( 1 926) reported that zinc was essenti;u :for the normal 

growth of barley, buck wheat, . bean and sunflowers. 

Zhinevskaga (1958), chapman et al ., (l966), Katalymow (1969) and Mortved eta/., 

(1972) reported the det.ails regarding the occurrence o:f zinc deficiency and the effects o:f 

various :fertilizers containing zinc, particularly on carbonate or podzolized soil. 

Thomson and Weier (1962) reported that Zn deficiency closely related to the 

inhibition of RNA synthesis. The deficiency prevents the normal development of chloroplast 

grana and vacuoles developed in them. 

lVfi.lc.lc.elsen a.n..d Shiou K._uo (1. 977) denoted zinc deficie·ncy as one of the most 

irn.port.a..n:t rnicro.nutrien"£ problem encount:ered in rice-growing areas. Since first reported in 

1966~ it ha..a been recognised as a wide spread disease induced by t:ho increasing u se oE" 

£ert.il.izers and higher yie1d in 1"Tl..B.D.Y rice growing countries. 

R.ah.i..o::li u.:n.d DU-!:Isler ('197 8) reponed t:ha.t the t1cst t:ru..ly ~ical sympt:cu::n of'" Z o 

deficiency is tho a.ppea..ra..nce oC more or l ess visible to .-ed pigme.nt in the piderrnis cell s . 

a......_s.alcr ( l 98 1 ') rc·port:.ed &om hi s different. cx.pcrirn nts that Zn defi c iency symptoms a..ro not 

al-vv-a.ys identical in. nlJ. crop pLo..nt.s . 

-v-osh..id.a. ( l. 981) rcport.ed t..ha:t. in Se"Vere e._-..~e e>f Zn clC'ficiency . ~.-~::t-p la.ntccl rice 

s eedl il"l..g s TTU:~:y die dir-oct S-Ow n seed s rru~y 'f::-n.il t.O omcrgc lt"\ most. cases~ hc.:'»wc:rver . 

&:y'TT'p t c:'Ji r..-. a. becorru:= visible obo~ t. 2-3 w-=:t~ks after L• .&..nspln~t i.-.g in l o w l a. a d s i t ua.t.i o a"'l o~c::l 

spontn..n~Cloua rccove;:=ry fran"' t.he d~li.cica"'lcy m~y occ\..•r 6 - H. weeks u.t ~~~ soi l l'OI.ub ••acrgera c:;4::::1 . 

:z._::z. :.»i~g.-.e>si.s o't- ~iJD.c. det"ic.ic..-.ey 

not 

-rhc:: dia.g•-..osi~ c:>C" z.inc 

1waya s how t.h e 

c.h.loros a :!" ,. pale g ree .-. . yellow or - -ca"\ whit" c:~ ira t.l"'l c int"e r-....,~in.a.l o.reu....~ oC t.l"'l e t e..._-.-~s . 

he .zi n c: cl~Gcic.n.cy 5-yTT'IIp t.orn ira ric~ a.t'l.d whc::a.L a. a· c dc:s c::::ribc.d in dc::t.a::L.i l as -t-"o ii Qwe.t. . 

2._:2_ I. -..-be deficiency sympt"o.-. ... in rice 

Karim a.nd Valmis ( l 62) rcpo t e d t: hat. l ow l a nd ri e was tn rc vu l nerab l e t o z in c 

deficiency there Tore .. growing rice on permanently w et so ils was f"requent ly an early cau sality 



of zinc deficiency. In rice, the middle ribs of young leaves turned yellowish green near the 

base, bu~ the discolouration decreased towards the tip . The leaves developed characteristic 

brown rusty spots which coalesced and f"ormed continuous brown areas _ Dark brown necrotic 

lesions appear at the tip of' the older leave s . This is most common on the third leaf_ The 

lesions gradually spread to engulf" the whole leaf, which twists towards the tip and then fold 

dovvnvva..-ds and st.em growt-h was inhibited . 

Tanaka and Yoshida (1 970) round that in rice Zn deficiency was often accompanied 

by visible symptoms of'" iron toxicities. 

Ber gmann (1992) observed that leaves t.hat. were just. unfolding remaine d very small 
and displa.ycd. t:.he same chlorotic a..nd necrotic lesions as older leaves . There was no tillering_ 

Few or no seed wc·re produc.c::xl . T 'hc whole plant. gradually died when the d e ficiency persist:ed 

in 'C.he field . Tho a-uthor and uneven stand of" rice and stunted. pla..nt:s wit.h brown rusty 

a.ppc::a..ra.ru=.e a..n.d delayed m.u.t:uril'y were in.d jcali"Ve oC z.ioc d e ficiency . The au.t.hor rcpo~cd -tha t 

.z:iz:1c:::: defi.ci c i1Cy in rice is popuJ.~ly C't.'l....,__iti(U""' a.:s '" Kha.i ra"' disease in Tndia.. 

2 - .Z .. ::Z ~e c:l..efi.cae111cy- .syiiDlpto_..s i_u. -whea"t 

Be-.rg.rn.a...n.n. ( 1992) fou_n..d thnt z..-. ctcficicrru;y .n.ppea..--e d as fad...i...ng of th.c mic;;lclt~ o f" t..h­

lo"W~ h--.t.F oC t..ho 1&..01i.n.a on. the o lder • ~-e:s . -.-.... _ fl st. a y .a...-:l.pt"oms oi:'" 7.; .-. c:l -'-~c.i.,.n.ey were .. 

ho._..-~cr. see:.-. o .-. t.he:s lcoa..C" 111.:s>c:L t.o Lho younges t . """rh e o hl c;. rc:.ti c. blo t.~.t a.ea appen ri .-. a <r'l> .-. t.h e:s ~PP­

mc::~.- ~ ~- t.b__, o lder l c:a"V"oa o'F .......,.h~t. pi~L• lb~~ 8...1~ ia-.-cgu l a r n e:twc:>rk . ""rh c..y first" ~ .-.-.cd w hi t.- .. 

t.h.e:sJ~:~~. br~wi':L. ~LAI'"Ll'te o..nd t he: wh~te: •-n.e cli4::5-c::l . ""T I"'li.O Y<> '-• ~.e.e r l cn."e-~ &:Lpp~~ t.<> be n o rmn..l l e: r11t. 

w~ou. ol!in :rll&..l l . 

d__.-t.CJ>p""""-' • ...,j,._.._.t:e .-~d i Ah-brCJ>WTa spc::. c.. =s wi::U C I• t. O •.,.d d t:.n. con.l cs.c:.-c Ce>rTrtJ..-..g_ rad i s l-. b r e»w-r. 1 -s i ~ r1.s . 

hc:=:s-c Je: sic::;:., ..,. s J~c.. -:1"' t. .... a a-..od b r o"Wn a n d l imp . ""r h 4::5- a ....,~ ..., ~~ pr s c.-..- d EL wiLh.,rc.U I <><> ''"' s c:-e: r e: 

z:..-.. c:J 1. i c •-. Y . t"he: whc:::> l - p l -..-..t. migi • L b e o....,._C T ed T t. n ma.t. .... r i t. y w~:~. l!f d l aye:rl Ci ra.ir11 f"brmH t.• <> •~ 

and ultirY'In-te: y-i-ld were markedly rec:t._.c:e:c:l . 

2 .. 3 .Z..i.. a:a~ st::t:a&;-..s <01>£ s.a.il 

c;:. h O O> ( J 9 S 9) ; Lucas o..nd r:>c"' s ( 1 96 1 ) ~ :J ackso n c t: o 1 . ( 1 967) reported fl nm t.h o i•-

c.x:perin"t.cn.t s thut" ?. · .,. c. d.,. fi c:.ien c:.i e s on o. c id sc;:,o il .s 

co•· ... c..ent. 

Honc•- a.. ll y n sso iot~cl wit.h l e>w s e> il z in 

Jensen a nd a_mm ( 1 959) repo• t e d that t:hc Z n conten t v i s o il was generi.t.lly in rhc 

range of" 10- 300 ppm. cert.ainly Zn... b ecause or its concentration. could be considered a~ a 

trace element in soiL 



Nena (1966) reported first that Zn had become an important wide spread problem. 

Mikkelsen and Kuo (1976) found that deficiencies were correlated not. with the total 

Zn in the soil., but with a complex soil-plant system. 

Kanwar and Randhawa ( 1 967) I:RRI (I 968) reported that the total Zn content in 

l.ndian soils varied vvithio very wide limits, 2 - 1 205 ppm. 

In West Bengal, Bondopa.dhya and Adhikari (1968) reported the Zn content to be 31-

77 ppm in soils where pH ra..n.gc from 5 . 0-8 . 6 _ 

ucas and K..nez.ek: (1972) reviewed the cl.i.n:-aatic and soil Fac~or ~at: seemed to 

pco.mot.e zinc deficic~cy in crop. "Very often. sandy soils arc:. deficient: in availabl e zinc . Tn 

high rainFall areas where acidic conditions prevailed. -wc::.atbered a:Uncr·a.ls relcu..:!led :zinc which 

a<>on rerno"V'ed by lcnching . 

i.n. upla..n.d 5 il s ot .... Nadia. clis~ct. a.a compared 

ppm i..o. l ow la.o.d rice soils. 

t.he c.e>nt.er"t.t: C>£" .2ci n c c.stima.Lcc:l to be 1 1 - 1. S ppm. 

t.O < l 5 - 1 8 pprn) in. t..hc mcdiut:'T"\ la..nd ._t.nd 18 

B l a....s1 n.nd ......,.O.YT (1978) ~pa.~cd t h a..t. &:V'oitn..bilit-y of'" iron •.-. a.cid scoil a is i1"T11plic:.o.ted. in. 

t.h.s d~-=l~p~c.nt. z..-. c:lcfi c ic:=,.,.cy . -,:-·his i s be<ea.."-&~- roc=>t.:c ~c:t r-. ~d.c.a o'F .....-._a.ize f'-Qr ia,stor-.c.=.u may bo 

..... blc:a.ekc d '"' - by -coc:-c~.-:1-o iJ-~., ~~...&p\.a.kc 

...,ln..r-.t.s a b sc:;,o rb.sc...J .oG r1o c:. m_ZLl_._.._ty ~ .Z..-.-+-2 i C"J> r'11 .!5 . c:::> ·wi"'!:!O \. 0 rl,~i...- p <>o r ~c::Job ol 'ir-y ~u .:t'~ l c:3 w 

zi t" e<:~>.-.e--.,.r'lotra:t.iC>II3. O f'" 't'-h~ -~· · 8C"'o 111...& tioO>n. ~pt.u.k-.,. i s l&1:rg-.,. l y hy d•t"C.C:.t ~C>IO \. Q 't'" bt=~t.WCc:": .-. r~ 4..> \. n.._ncl 

•<>• I C"n..rt.._i~:L s. . lt. il5 r~. ~ y ect. k...Jr::a."-"'w'" '1:<3 wl-. oT c:::S c:o~ ·- ..;::; pt.,.__.-..t. ..,. n. r-C3 zs..S._-~ ~hlc::3 t.~ • , ,..._ili a_. z. ,,C: I ' ~·d 

Z..-.< ._..'>- i c:3nU::J. sorhc:ocl ~ ·• la.y pu..• t. • I ~R ~ c.r'->a-• 8 ._a.:ry ,..~ , n..cly iro t.h <e~i r a.-b i lo .--y 'l:. e> ~b t::<O.-b x; i.r1o <:. 

"-"'C"I A hicl .,. < 1 .. ~7 5 c,;::.., • ,.,.ort.CK.J t.l-.n t. x;i r1o c:. · ~ ..._-.. ...,.ly - •• o •- i•"8- ' Y t::~~oO l~~...&bl c:o i• • s~il s . -,- ,, C'!: n.._a._il ..- 1-.. lli'l:.y 

se>i l z.t ..... c:. I3U"'ll.d nppli~c..J z i•"c:. ia .-.-.uc:h hi~l' r ir11 ._.~>loncl s~i l s t..hc:::~.-.. i t-. :o.. ~~...&bo-.-. r s c:=cl t:J.coi l ~ S4..>i l 

s~~...&bme.rH,-.-.c.c c::.n.. ...... s~ a s~~...&b ~ t..~:L.nt:in-1 cl-.~. ca s e CI> C" t.lt O 7- iw-. c. ~o ..... e:r1ot.r~:~~.t.li '" iw-. t.lt s c:-. il ~CJO lll.-t't'"i c-,..-.. . ~""\. c:."!. r 

rrc:>I O t 'lo g <ecd s~~...&bmerg-=onc.c . 'the: z.i a-. c Q r'lo c,;::.e .-. t r o't'"io., t. c ndc:=d t. CJwo..rd s a_.-. ...._tt. l ra,..o~ 

0 0 2 ~ 0 . 03 PP""' -

1-l..nlvorsc::u ·, and Lind s ay { 1 97 7 ) rcpo•1 c d that z inc c h o la:t. s in ~oi l u t~ nut:rit..i v so h.al..ie');n s 

are not.. t..a..ken up as chelat:s,. nly t.he metal ion being absorbed .. 
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2.5 Varietal performance on zinc deficient s·oiJs 

Some rise varieties differ in their ability to grow on zinc deficient soils . The varieties 

susceptible to zinc deficiency appear to be less vigorous low tillering. 

In marginal zinc deficiency. the varietal difference may be significant on an extremely 

deficient soil. hovvever. zinc must be appeared to the soil to produce profitable yields. 

ECCect oC zinc on grovvth .& yield oC rice and _..heat 

A._tt..e.ntion of scientist. has rcccnt.ly been a.t.t.cntive.ly Cocu.se.d on the micronut.rient 

probl~ in I.n.d.ia. 

~CTOOt..aLrient. deficiency'"' a.lt:h..o"t...Agb s porndj c;::;. hu.d ,Qenera.J iy bco.n observed ........ re in 

Ug.bt. t~rcd U.:nd ca.lc.areo~.a aoil . .A-cidic n.rcos wit..h l i~ht.. t.e"'X't.uroc::l s oil o.nd h iJ!oS h ai nca.tl 

acce>mpu.-,ied by high ra:t.o of lc..a.chi..ng t:br I Q .-..~ p et"iod •"n..ight. also dc...,e l peel mJcron..u't.ricnt. 

de.fi~t. t..ra~ . ~d<>pti.ug -lrat-=ra-""'i ....,..e c..-a.ppi..I:::J.g pr<>g:rUJ:T"~oTT"'q wiLh hi.Sh yiclcl...iog ._.-;w...n~t.ie~ e..-c:::..pa 

rCJ:I.21o--v-cd m_o.rc T11U trit!IT"'.t...S from • -oil i.n.cl.udin.,s W'T'tl ierc:>n t....~.Lri c.n.t:s . 

t:.h e:~r .... -..icro a-.:-ut:·ric·n t:8 wa.s prc:>vc.cl l o n g be:~-tbr~ t. o 

c::;.c:,.......a.ldc.rablc c'ff"cc=t ~., t..h - gro~ and yic:ld c:> f-- .-i~~ a...t.'l.d w h c.n"t- ,., l c.w l yia'"f.g s inao"t-ion.no e.C H..Cidjc 

soi1 ~ ._._.-..a-.- ric.o-wl"-c..n.t e r oppi.-..8- ~y.eif.t..ona. . 

S.h~Z:tL _ , c.7~L • • < l 9RCS> •t:-da.ed t.l' rcsr c:> "'~- OL> t."" t iC t" O ..,..__inoc:. -.......c:J -..,.-a l,an.:t i c:> no ~.t· t:f.C!> t,..., O s~i 1 

'C'<ell"!rt'JIIl m~t.hc:>d t.- ,.; z.i ..,. c:. rrh-y .- - por.3.-.:.ect 'l'h c:: cC10 c t.. c::l>e :z;i • n..rp li c:.n.La._. .. , '"" yi oer l c::::l c:>J." • i o n ,.-.c::::l L.l.pt..-.k 

c-.¥ :z:i no e by ri o....noc::::l s'-'Li.Lz:~L_bLlat. y o't=' ~rn.c:.t. -ra t. t n so •.....,. oe :cc;,i l a i.a a t..l"' e ..,.'-&ndc::l l<:....l• a. •"~ <' r .c-g i c:> no .,_. t_· _,..,_..., , _.. 

-rh yiQid <>*"' ric.- a~iflcn-.-.tly i.Ill.~-cu.asoct with t .h- appli n..ti~no c. l.- .e. '"" t~ th- ~; ,, - dc=fiei-ra t.. 

.s i1JIIl .Z.U...e co r' c .-.tra..ti<>r-. in p l o....-...- i :o;._.._. _ R:LrJ..'l..l .zj ,, 
•i~ra...a.Li.ca a-. t:"ly with :;c.i.-...:::. &P I> I i n..tic:>ra . 

S-..rka..r , e.L • < '1 988> r p rt.c:=.d Lhl:\.t.. & o il n._pp li c.u.La._.n of'" 2.01<.~ .Z.nS~ .... / hu.. . .. 'l..lurin g firu::a.t 

l e...nod proep~:~...rZ:tLt...lOra oi"' mn.ira 0 ld. gn."V"-e t.h - lU~hes"t- y icl<..l "L> l- paddy dL.I.t' lllg ea rly w.ut. sco~C"' .-. (.c..n.,~· ) 

n...-.c:J dry sens<:1> .-. <'Joro') . 

Pi..'- I:L.I'Yl&..Si'V'O"' ~L Cl/ . . ( 1 990) s £udied t. lt o rc:: s pC"'nsc of"' z.in c.">•• l o w l a .rt c:l ri c •~rtd or 

different. scu.s n s with different. vat--i t.ics in z inc deCi c i nt. s oils . h e vo.rie e i s vi z. . ~ , -R S O 

during Sorn.ava..ri ,. TR.. 36 during Samba and ADT 36 du• ing N.u.va.rai wet e s t.udied in 

randornised b locked designed replicated thrice. Four levels oC so il application viz . . 1 5 . 30.45 



& 60 Kg ZnSO..Jha, with control and two levels viz., 0 .5 & 1.0 % spray of zinc sulphate on 

15th, 25th and 35th day after transplanting were tried the response through soil application 

was maximum at 60 Kg zinc sulphate per hectare during Sornavri and Samb« seasons which 

was at par with 45Kg znSOJha. and the yield was maximum at 45 Kg ZnSO,./ha . , in Navarai 

vvh.ich was .u par with 30 Kg ZnSOJha. 

2.6.2 

..Joshi & Joshi (1956), Joshi (I 956a) reported t.ha.t. response to application o£ zinc 

i.n.crea.s.ed "When .zi..nc was added with <>rg"a..nic ma.tt.er _ 

l<..a...nvva.r (1. 964) repo.rt..ed t...b_ac. z..inc s:ulpa.hatc a.pplicu.t:io:n to a c id soils incrco..s.ed t.he 

-w~t. yield sis,nifi c antly O"V"cr "NPK. "W"hcre no z-inc was applied . 

Growa.l ci' ta'.* (1.965) repo ed that a.ppJic:.o.tio.n oC z inc sulphace increas ed t.h ct yield of'" 

"Wbea..t. by 72 a...n._d 146 Io<.g /b.u... u..t. 1<'-Al'-A. a..n._d Pa.1&Ln.pu.r rcsp<e:=c.::.Li"Vely . 

S~booma..rft.IX'l..o..u .er c..l_ . ("1 968> ..-.opor-t.cd t.b.e ~oil o s p r ay applic;u.ti.on e» C' z.i_n.c:. wa s 

fo'-J.nd t..o be: ~cr-..::. Li."VO in. i..n.cr<eo.Bina t.h- height.. of' pl~t. ru . .amb-==r oC' tillers n~d dry wet:. of whcn't: 

pl~LM-

yl.cld . 

~dhs:a.~-. ~'- . < 1. 97<:>>. rvt-~~mdetr < '1. 97'""\ ) ;. ~hn...rctwa.j __..,c:.J P .--n-~n..cl < l 979) ~d 

c=.a-..-e._ll_ a J ~~ c:.l . . ( 1 980> .... poo 1 d t: h n.t. t.het ~~ UPt~ lo R.- ic. n i ..-. sc::::JOi. l i ~ • 0 8 0 cl t: h e. wh<eu t y o .;:,_, l<t, 

&.las.• ' • t"\~nt.ly . 

S t"'-' lA n..r.. cl ~j ( 1 9"76 > ~~ ., .,.-...,.. tc.ct fl et l c:::l t:.riu1er. w o t h ::Z I whc.a.t -- • i ..:o t • CA e,.rC~> w.-. c::::JOr. luoo .._t 

-. pc-..c::::JO r ;;;e:i...,.c;::. tst:- C. '-..o es u .-.. -..1 o ~ . ... C"""ort.oe.c::S tha.IL t:h yi'L"< I .... I I C.A~C.='l d i'f"F"_ r _ d by "-' 1~' , ..,.. 3 ~ ··v- . 

-.c::....n.t-y -..1. u.-o<l 1-C..n,__,,, dhn.wn. ( 'l9S::;l) f~ • • ncl t.h a. L i rt. wto ..... " ' n....-.d c:;,t..h - .- · ·• c t 

n...ppli~ILa<> t"t 88 ?. r..S~ ... w~ l.bu••d 8'-• Pc:::=ric-.r a..-.cl WZ:!L_H ~0•"' rn ll y rc.~mm~•...,.._. - d 

Boawn..-. ~~ «:¥'-· ( 1 960). 'V'iet s . ( l 96 I )~ Bro wn. c l " ' ·· ( 1 964") rcpc.;u~t.~c:l t.h n t: t:he wu·t~ 

s pread occu'I""T"e..., e c..: C z inc dcflctc:.ncy · c.._,uld n..._nkc tt u s, .., , i u.Jo ~ nut:rit:tonu1 p• ::"> hie•""" · Fortunut · l y. 

zinc deticiencics were relatively easy t.u CO t t·ect. eit h er wi th sprays o •· w ith s il Rppticutiun 

t 



with zinc fertilizers . Usually soil applications in the range of 5 Kg /ha. of zinc would last 3-8 

years. 

Most soil tests extract.ants and plant-uptake trial s indicated that zino- fertilizers had a 

significant residual effect the persi ted for several years, depending upon the crop, the soil 

and the rates at which the f"eTtilizers were applied . 

.Boawn elf al.. ( 1 960) reported that: approximately 3 So/o o£ l 8 Kglha. , application of 

zinc was still extractable with 0 . 1 NH I after 4 cropping seasons from the upper 20 em or a 

Ritz ville fine sandy loam. A.ft.er 5 years no significant: differences were found From plots 

receiving upt.o 4 . 5 Kg /ha. . .. over plots receiving no zinc f'"ertili...zer . 

Brow'n et. a.J . .. (1964) Tound that. 2 . 5 ppm of zinc as Zn 0 ... was adequate f"or 6 or 7 

succe.s:c~i"Ve crops . 'When 12 . 5 ppm r zi nc was added . 10 successi-ve crops -were grown in the 

green. ho-u.se on. a p•~ev-iously z.i nc doficie.n.l soi l without z inc deficiency rccurrins . Dithiz one­

c:oct::ract.able zinc declined gradunlly with cropping and wheo it. reach 0 . 55 ppm. t;herc wu._$ a . 

p.lant. respc::>n.ae to n .. r-t..hor addi-tion r zinc. 

-raJcJca.r c ' c:~L . • <I 975) -~-udied tho cftbc~ direct.. a...nd rcs iduu.l a.va..i l able z inc on yield. z inc 

C.C.Ja.C-C..D_~ntio..., ~c::l it uptn-k -= by wheat nr1cl ~..-o-u.n.dn'-1'1: crops. I>ift""ere...,t. f"'&. t.cs of"- :;.d.-.c 

a.:pplic.a.ti~..o < .... _. '2.'2. ~ 3 -.-4-4- ~ SS K.J:::5/ha. . > ha.cl bvitt: ...... p di£FCJJrCJ"It • ~._~as o£ rcs ict'-"u...l a.'Va...i_la.blc ~inc., 

n..r11c:l si~c:a..catly iracret.a....••sesd t...hc zinc o rate:.-.t. £'"ron~ dc:-6 ic::r1t. t.<O • ._._mcic:nt t c:=._~ I M . "'J. "bos c l <e"VC!I I :>& .oC 

7;;;i ..., c. h~ r esaL..I.lt:od il""\ sigraifi~t. '- '"'cr se ~-F 7:-irtc. c.o n ccnt:rn.'t"ic;>ra u..rt.d lt. s up .. n.k-= by wl"t-oa. t: ond 

g:rc::> .... rac:III:ILL..It. wh i h i..., si._~•u.J.Ic.a.nt: ly i..., c. r~u..s-d t.l..._ o ytol d ~..- t..h I:IJ<u. r I'""'"' rrh- r ....:J IOf. tCI'-• o l 

_....,.&Jiab l e: ::~'cine c:l-~"-3-d. t.l~ '-•S:h re,...,D.i., _ d I:IJ. '-.toe.••Ji t., n •-o .. l y highC!I.r t._lli..H._n ca.•-otr~l u..fi - • t.l-:. o 1-. o..--e:::<~t. 
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calcareous soils and less than 0 . 74 ppm zinc in alkaline soils .exhibited foliar symptoms of 

zinc deficiency and responded to zinc application. The paddy yield was increased by 50 % 

(about I 1 . 5 qlha) at three location and that of' wheat was increased by 30 Yo (8 . 5 q/ha) at 9 

locations. The magnitude of the yield response to zinc application was largely a function of 

the nati ve soil zinc but. was also deterr:n..ine by the soil pH and calcareousness . Bot:h wheat and 

rice shovved response to residual zinc during the fbllovving three cropping seasons but the 

m.agni~de of response to residual z::inc declined . 

Bhardwaj and Prasad (1981) reponed that o.rnong the £our levels or soil applied zinc 

su.lphat.e'"' viz. . o. 1 o. 20 and 4-0 'ICg /ha . .. t._ricd on rice.. 20 K.g/ha~ .. gave highest paddy g_rain 

yield . he r ·esidu.o frc:::n:o . 4-0K.g ZnS04 /h.a . applied to rico ga:ve ma:xim'-1I'D g;rain yic::Jd of tho 

"f"oUo'Wi..ng -whoa..t crop . N"o r-esid~a.J effect vva..s f'"oun.d on subsequently grown 'I'll D...D.d IV" crops. 

Ta.lc.J.c:.a...r &rJ._d N -ay-yar < 1 982'} conducted a field t.rial on n zinc-deficient. highly sodic soiJ 

oC c::Thabdu...n. series t.o c :vu.luat.e tho D. n.n.d Z:n ncc.d s O C t l'loO ric:::.c- whea.t. syste:n:t._. lrca:t..ments incl . 

t..h.-ec r t:<a.-t-e8 <:>f Ca. (00. <:r.z.:s .. <35 0 percent. gy--psum requ.irc.mc::.T'll~ <:>f"" s o i l) ..:...,..,d t..h.roc ru.t..es <:>t-- Zn 
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a.p·p1i~t..ion s.ign..ific.u..,Uy a..n..d m arkedly inc.rc.o. s ed t..he yield . 
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( 1 direct and 3 residuals) was highest (21. 9 %) with 50 Kg ZnSOJha when compared to other 

levels. The yield response with ZnSOJha was highest (19.9 %) even after 8 seasons 
~ 

indicating strong residual effects. Application of 75 Kg ZnS04 (50 Kg initially and 25 Kg at 

5th seasons) gave the high cumulative (8 seasons response) effect. The yield increased was 

5. 1 t/ba over control. Application of 12.5 Kg ZnS04l'ha in Zn deficient soil was not sufficient 

to get optimum yields. Zn content in the index leaf samples increased with the increase in the 

ZnS04 application. Zil content also remained above the critical level even after 7 seasons in 

the treatments, where ZnS04 was applied initially, indicating that ZnS04 has strong residual 

effect. Soil available Zn after the harvest of each season crop also indicated strong residual 

effect. The uptake in the Zn sulphate treated plots was significantly more than the control 

plots. 



MATERIALS & METHODS 

The investigations seported in this manuscript were carried out during the Kharif seasons of 

1999 and the rabi seasons of 1999-2000 to study the effect of zinc on rice cultivars and its residual 

effect on wheat. The details of the experimental materials used, methods followed and the statistical 

techniques adopted during the course of investigations have been discussed in this chapter. 

3.1. Experimental Location 

The field experiments were conducted a~ the Instructional Farm, Bidhanchandra Krishiviswa 

Vidyalaya, North Bengal campus, Pundibari. Kooch Behar (West Bengal) for two consecutive sea­
sons at the same locations during the kbarif season of 1999 and rabi season ot1999-2000. The Farm 
islocat.ed at 26° 19'N. latitude and 8~3' E . longitude and at an altitudeor43 meters above mean 
sealeveL 

3.2 Agroclimatic condition oftbe research farm 

The climate of the Terai zone is sub tropical in nature with distinctive characteristics of" high 
rainfall.. high humidity and a prolonged ~u.r. There are practically two dominent seasons in a year- an 
extended winter or dry rabi season and a long rainy season . The winter, in most of'the years sets in 
after middle of"Octobervvith a &11 in night temperature and is ex:t.ent:cd upto March very light: rainfall, 
co<> I tcn-.per~c and dry clear sunny day with occasional heavy rainral l and high humidity are the 

charac:t.eristics ofwin"ter season- The wet or rainy season is cha.ru.ct.erised by hot and h-u.rnid wca d'l.er~ 
heavy precipitation by souili west. monsoon wiLh cloudy overcast: days and fewer hours of' bright 
suns.bine. '"'rhc rn<>nthly Ulea.n da.t.a. p.rc::vailing to the period of"c::x:perimentation i .s prcsen._ted in t:he ""rable3 . t 

The rainiUll with l.be onset of'""k..ha.rif" sea.son o'f" 1 999 wu.s bigh and u..n amount o£862. 6 mm and 
\081 . 9 mrn. was rec..cived du in.g t..h_e month a{'" .July und .A...ugust.. 1 99~ r spect"ive\ y t ent. conve r s ely 

sa:r..a.Jl a..rn; 'UJ'l.t. orrain..Ca.U w.::t.s. rc:::.c::.eivcd. at t.hc onset o{'"2000 a.nd nlrnost. no mint-all was received dut.in g 
"-vin:t.er n-..onths orNovembc::r, DccCl'nbc:r UJ"\d .Ju..r-,ua.ry. The rain'f""nll d ata is presented in t:ubl 3 . \ . 

3_2._2. Temperature 

BotJ"\ the m _a..x.ianum and O'l...i.nimutn tc::·mpcro..turc during bo'th the years olexpe.riment.ation were 
rc::corded and presenrn:t.cd in. t:.able 3 . l Rise of"'tcmperat.ure w as observed fr rn the r'Ylon-Ul of' Juno up to 

O ct-ober. Highest max:imil'n tcrn.pcrat:urcs were recorded in June and O ctober { 3 t . 7°C) t 999 l-'\..nd in 
April2000 {31 . 4 ° ) and highest. minimum t"--rnperat..u.rc {24- _ l 0 

) was recorded in August dut~ing rice 
growt.h. he ave age rnaximum l.empet~atu.-e ranged O-orn 26 .2 ° to 3 1 . 7 ° tn 1999 and 22 . 9 ° C to 

3 I .4 <' in 2000 . The temperature (maximum and minimum) began to rise £rom P"ebruary onwards. 
The average minimim temperature varied fro nt I 1 .3 ° to 24 . I " and 8 .8 °C to 18 .8 ° during the 
years of 1999 and 2000, respectively. January and February were the colder months (8 .8 °C) . Mni­

mum temperature was highest in August (24. 1 °C) during 1 999 and in April (I 8. 8°C) during 2000. 



3.2.3 Relative Humidity 

The monthly mean maximum relative humidity varied from 92 to 97% and 88~to 97% during 

the years of experimentation of 1999 and 2000, respectively. The minimim relative humidity varied 
from 53 to 79"/o in 1999 and 46 to 59% in 2000. Lower percent of relative humidity was recorded 

during December, 1999 and in March, 2000. 

3.2.4 Bright Sunshine Hours 

The monthly sunshine hours varied from 3 .4 to 8 . 6 hours and 6 . 7 to 8 .4 hours during the years 

of 1999 and 2000, respectively. The highest sunshine hour was recorded in the month ofNovember, 

1999 (8.6) and in the month of"February, 2000 (8.4) and the minimum sunshine hours was observed in 

the month of July, 1 999 (3 .4) and :January, 2000 (6 . 7) 

3.3. 5. Experin:aental Soil 

The topography orthe land, where the investigations were undertaken., was medium in situa­

tion endowed vvith good drainage fuc:ilrty. The soil of'ilie experimental field were sandy l.:,arn in texture. 

a ~e represen~tive of the r e gion. Compo!.-it.e soil samples from all the experimental plots were col­
lected and analysed before starting ilie experiment. T h e physico- chemical properties ofilie soil are 

gi-ven in table 3 . 2 . 

Table 3. l. ~e.ID-ologic.a.l ~:nont.bly .:n.e.an. dat.a preva.Uing to t•ae period.s or c:xperimentnC.ion .. 

7 ..... ., ... 
July 
.A_ugus&. 
Scp~cmber 

Oet.ober 
.Nov-c.mbcr 
t:>eee.rrebcr 

Ja..nua..ry 
February 
Ntarch 
April 

31 . 7 
30. 7 
30 . 8 

I . I 
3 1 . 7 
29 . 5 
26 . 2 

22 . 9 
24 . 3 
28 8 

2 .00 

2 4 0 
24 . 1 
23 . 0 
2 1 . 4 
15. 9 
11 . 3 

..... 
8 8 
14 . 2 

20.00 

'Year 1.999 
Humidity (o/o) 

l'v'll't x · .r--fin . 

92 74 
96 79 
9 5 7 >< 
<,><; 74 
97 72 
96 56 
95 53 

2.000 

F- IL..an"l..idity (o/o) 

""' ax rovl.in . 

97 
95 
!H~ 

71 

53 
<16 
46 

45 

Rainrall (mm) 

745 . 2 
862 6 
1081 . 9 
26 1 . 7 
4-45 . 6 
000 . 0 
0 0 . 0 

oo 
20. 7 
1 5 . 5 

307 . 8 

S un.sh.i.ne 

5 . 2 
. 4 

3 . 8 
<; 7 
7 . 0 
.. 6 
8 . 4 

Sur..::;.hine 
(hr) 

6 . 7 
8 . 4 
74 



Table 3.2 Physico - Chemical properties of soil. 

A. Mechanical composition of soil ( 0-15 em) 

Particulars 

Sand 
Silt 
Clay 

Particles size 
distribution (%) 

62.34 
20.85 
16.81 

Method employed 

Bouyoucoshy hydrometre 
(Piper, 1950) 

B. Physical Properties of" soil ( 0-90 em) 

Particulars 

i) Bulk densi~ 1 .45 
(gm3) 

ii) Field ca.paci~ 37.43 
( o/o) 

1.42 1.41 

36. 24 31.8 1 

Method of' employed 

1.38 1 .38 Core sample ( Piper. 1950 ) 

20.74 15 . 24 Field sample (Piper. 1950) 

c. hemical propert:ies or soil ( 0-1!5 em) 

P a..rticu 1 a.rs 

(i) pH ( soil:vvat.cr:: 1 : 2 . 5) 
CU) C>rgas:Lic c:.a.rbon (~) 
(iii) tion ex_cb.a.o.gc apacity 

CEC: (mc/100g) 

(ivYTot.aJ nitrogen (o/o) 

<~> ' "N" 
(V"i) A :va..i la..ble Pbosph rc:;:n.~s (kg/ha) 

(vii') A .:va. il ab l e Pot..o..ssiurn (kg./ha.) 

Value 

5 . 80 
1 . 02. 

16.72 

0 . 10 

10. 20 
16 

1 2 8 23 

"'1.ethod employed 

pH meter 
~a...lkJa.y &.. black met.hod 
A..n:"l.rnonium o.cetat.e methods 

( .J ackson. 1967) 

l'v'l odit-lcd K.jeldahl 
melhod (.Jackson~ 1 967) 

Bray·s No . 1 rn t:hod 
Cla..ckson. I Q67) 
1:-"· l u.rn..,_ I hot.o mct:er m e t.hod 
(~J ackson~ I 967) 

3 . 4 Pre"Vious cropping hi s tory ort:he experi1-nent:al plot: 

c~opping sequence of- rice- n"lu s tard wa s practised in t h~ expe•· imc ntal s ite f"or last three 
years before this experirnent.at.ion. 



3.5 Experimental details 

3.5.1. Agricultural operation 

Proper care was taken for management of all the experimental plots beginjng from trans­
planting/sowing to harvest for the experimentation during both the seasons namely kharif (rice) and 
rabi (wheat). The details of the field operations are given in table 3 .3 . 

3.5.2. So--wing of" seeds in seed bed 

Seeds were soaked overnight in plain water for easy germination in seed bed. Seeds 
were sovvn by broad casting. 

3.5.3. Land preparation 

One deep ploughing by t.ra.ctor f"ollowed by two ploughings by powe r t.eller to obt.a.in a 
good ti.lt.h... The -weeds and stt..Jbles 'W"erc recn.oved and cleaned . Levelling "WaS done and drainage cum 
irriga%i n channels were made. 

3.5.4. Harvesting and threshing 

Harvesting of" the experimental plots were done discarding the border rows. Threshjng was 
done -with me help of pedal thresher. The straw a.n.d grains were separately dried in me sun and after 
proper cleaning and drying. grains and straws of" each plot:s were weighed and then yield was calcu­
lat.ed. 

3.3 I>e.t:ail.s of"" general field opera Lions 

3 ... 3. I Field operations ia_• the ric.e. plot:s 

<>pera.«..lo.-...s 

i ) Sow i n g of"' seed s in s e e d bed 
ii) L.and pre p ~ ion 

ii i ) P re.:pa..ra...tion of'" b o unds. cha.n.ne l .s a..n.d b eds 
i"'V) A.p plic::..a._t:io n o,..- : 

a) Z inc sulpha..t.e 
b) Fertilizer 

v ) T"ra.nspla.nti n g 
vi) I.nt.erct .. dt:.. . ..u e o p cru.Lion 
vii) Top dressj n g : 

a) T h e ti r s t. o n e 
b) The SICC.Ond one 

viii) '1-larve.st::ing. and processing 

8 . 6 . 99 
2.0 . 6 99 
2. . 7 . 9 9 

5 . 7 . 99 
5 . 7 . 99 
7 . 7 . 99 
2.2. . 7 . 99 

29 . 7 9 9 
21 . 8 .99 
27 . 10 . 9 9 
1 5 . 11 . 9 9 
17 . 11 .99 



3.3.2 Field operations in the wheat plots 

Operations 

i) Fmal Land preparation 
ii) Preparation ofbunds, channels and beds 
iii) Basal application of fertilizers 
iv) Date of sowing 

v) Top dressing 
vt) lrrigati.on 
vit) Hatvesting 
viil)Thresbing 

Wheat (1999 - 2000) 
... 

13 . 12.99/14. 12.99 
15 . 12.99 
20.12.99 
20. 12.99 
18.01.2000 
11 .01.2000 
07.04.2000 
12.04.2000 

3.5.5 Particulars about the cu.ltivars used in the experiment 

"The cu.ltivars used in the e>cperiment were IET 4 786 • .(R 68. Lalat. J:R.T I 809, Biplab. l'viTU 
7029. Ajaya. l'viW IO. JR.. SO and lET I0384. The necessary i.n.f"ormation regarding the cu.ltivars are as 
fbll.o-ws: 

Ajaya : It was released by central variety Release corn.m.itte in 1 992. It: is a derivative ofthe cross 
between lET 4I4I and CR. 98-7216. The duration of"the crop is 125- 130 days. The type of grain 
is long bold . 

IR. 68 : It is a derivative ofiR.l9660- 73 -4 & TR.. 2415- 90-4- 3-2. than back crossed with IR 
5853- 162-1 -2-3 . 1.t vva.s released by IRR.I in 1988. The duration ofth.e variety is 120-125 days 
and the type of grain is long slender. 

It is a deri-vative of <>BS 677 x lR. 207 1 x VIK..R.A.M x W 1273 . It takes 125- 130 days 
to ma..l::l...1re a.n.d t..b.e type of" grain is long slender. 

IET 1809: 

Dipiab: It_ t.ak:es 125 days t.o D1.8.t:ure . The type of"gru.in is bold . 

~-.-u 7 02.9 :. It is a cross betw-een V"a.sist...o. in to lVI.a.hsuri lt was rcle.u.sed in 1 982 in .A. . P . Plant-s 
a..re .s.en:U.-dwo..-£:. he crop ci'U..ration. is 1 10-1 t S da.ys i:U'"ld. the type o f" grai•"' is Jong b o ld . 

~y 4786 :. 'It i s a. dcri"Vut..h,,...e C 'R.. I 0- I 14 x CR...- 1 U - I S . T h o d-........rntion ort..h- ct~op i s 1 12- 1 1 ~ da.yS 
o.nd t..t-u::~ t.ype o~g.ra.in. i s l on8 s.l~r\der ... 

NtW 'I 0 : T~ t.a..lccs 110-11 day·s t..o rna~ red o.nd t.he t ype ~f""s•·ain is rnedium bold . 

IIit.. S O : l.t: is dcri"Va...Livo ot:IR.... 2 1 53 - 1 4 - I - 6 - 2 x LR 28 x IJ~ ~ () he crop duration i s 1 10- 1 1 5 duy~ 
a..n..d .g:ru_u-1. t:ypot;: is long bold .. 

.I...E"T '1.0384 : "It is a. sh...o.,_ dura tion va.....-i.e~ o...nd t ;'t...kcs 1 05-1 10 duys LO t""n&.t:.ure ... 

3.5.6 Design. an.d, layout: 
3-5-6-•-

Eft"C.ct:. of"t.hree levels o£zinc applied as zinc. s ulphate ( 1-nain plot. t...~eau,-,cn t:.) with t e n different. 
cuJtivars (sub-plot" trea.Lmen't) of'ricc we.-e s'tudicd in a s plit- plot" design wi.th thr-ee r e plications having 
sub-plot size of'4m x 3m during k.hari£ season of' t 999 wit.h assur-ed drainage system . Alt.ogcth~r t.h e r e 



were thirty treatment combinations. The three levels of zinc sulphate were 0, 25 and 50kg ZnS04/ha. 
The ten cultivars of rice were IET 4786( V J), IR 68( V2), IET 9947 ( V 3) IET 1809 ( V 4), Biplab 
(Vs), MTU7029 (V6), Ajaya(V7), MW 10 ( Vs), IR 50 ( V9), and IET(10384) ( VIO)Fespectively. 
The three dozes of" zinc sulphate were applied in the three main plots and ten cultivars of"kharif"rice 
were randomly distributed in the sub-plots. 

There were 90 plots which were provided with 25 em height ridged on all the sides of" sub­
plots. To provide drainage from each plot. adequate number of" drainage channels were also con­
structed. 

The trea.tJ:nent combinations were as f"ollows. 

ZnoV1 
ZnoVs 
ZnoV7 
ZnoVs 
ZnoV10 
ZnoV9 
Zn V4 
Zrao"V2 
ZnoV3 
:znov .. 

ZnzsVs 
~soV3 
Zn:2sV6 
Zn:z_sV7 
Z"25V4 
Z""-SV,. 
ZO:z5V9 
Zn:z_sV,. 
Zn25V"t 
Z"2SV1o 

ZnsoV6 
ZnsoV4 
ZnsoV2 
ZnsoV7 
ZnsoV1 
ZnsoVs 
ZnsoVs 
ZnsoV3 
zns0 v9 
Z n soV'"to 

The plo·t.a received uniFormly a dosoo£30 :30:30:: N : P20~ :~C> kg/haas bas din t:hc rorrn 
o-£"ure.a., single l!n..l.per phosph.a.t.c a...n.d mu~at.e o£pot:.o.sh respectively . ..A.n.other 30 kg oCnitrogc.n. per 
h$.CCtr"c -w-c:::;s t..op dres.scd ira. tw<> ~v-&.1 .sp1i-ts a.t. ::Z 1 and 42 cla..ys o..A..~r tx.a..-..spla..n._t::i.:cag <J:>A.I"} . 

"'1 ... he pia•' oCe::.::pcri.rnoc:::•·•llt l.s •ho-,;ov.:a i~ I ? ig 3-~ 



REPLICA TION·I REPLICATION·D REPLICATION-III 

3.5 Laroul p11n ol aperilltDI 

E 

Sub-plot izt : 4m x 3m 
Treatments : 

s 

N 

MaiD plot : Zinc 
ll\l : Control 
Znll : Zinc sulphate @ 25 kglha 
Zn50 : Zinc sulphate @ SO kglha 

Sub-plot : Cultivars of rice 

v, : lET 4786 

v2 : IR68 

vl: IET9947 

v4 : lET 1809 

Ys : Biplab 

v, : MTIJ 7029 

V1: Ajaya 

V1 : MWIO 

v9 : IR50 

Yto : lET 10384 , 

w 



3.6 Methods for recording yield, yield components and other 
attributes of rice 

Twelve sq.m . ( 4m x 3m) area discarding border rows, was selected which was reserved tor 
yield assessment and the following observations were taken in each plot. 

3.6.1 Grain yield 

Plants from 12 m 2 area were harvested at ground level . They were then threshed, wioowed 
and sun dried separately for each treatment (Plot-wise) and the grain yields were calculated at 14 o/o 
moisture basis. 

3.6.2 Stra""W yield 

After threshing the straw bundles were allowed to dry in the field Cor abou~ 2 to 3 days and 
then the yield of" straw was recorded for each plo~ . Both grain and straw yields of" each plot were 
convened in terms of qlha. 

3_6.3 Nu.n1ber o£ panicl.es/squre met:er 

An area. o£ 1m x 1m q_as marked oul: at random from where number of" panicles were cou.n.ted . 

3-6-4 Nuan.ber of" filled grains per panicle 

Ten panicles wer-e selcc::;t_ed at r ·andom from each plo t. a..rtd were brought. to the laborat.o.-y. 
-rh.ey -were t..h.en d _ricd. and threshed carefuJly. From t.h.ose p a ni c l es filled grains and cha..ffY gra..i.ns were 
cou.oncd.. 

3_6_5 Te__~t "W\tt"ei.ght oC grain 

One thousand ftUcd _g-.-a.ins were .. o u._ntcd u rtd were sun d•-icd . ~f"hei•- weights vvcre tukCt'"l scpu­
ra.._t.cl:y :£en- e.a..c:.h plot. . 

en pla.n.t:s were selec::'le<i a~ random in each p l t..~L and hei~hLR were m ~a__cn..arc<:t 0 on, gro'-•nd l cV'cl 
t.o t..ho tip oCt_h pa..n.i.cles A...fter t..hi~ . average h eight of"p~.- plant was ca.lcu l ut.ed. 

3-7 t:atistical illllterpre«:at:io~n ot" results 

Th st.o.-t.isti I a..nn.lysis ot-"" dnt ou ... c llcct.ed a clcsc.rib d cnrl i e • ~ were d n by c.a_l u l a.t:ing val u es 
oF . D . at: So/o cerit:icul difference at So/Q level or significun cc) As described by iumez. ... ox. and 

cochran ( 1955 ) and pause and :;.ukha tn,e ( 1 967 ) 



3.7.1 Metbodlogy to detern:1ine the response of grain yield due to zinc 
application in preceeding kharif rice 

The equality of response effects due to two treatments is tested by Fisher test at 5°/o level of 
significance. For identification of' susceptable tolerance variety the specification of'95o/o confidence 
1.irn.it:s are cousidered vviili lavv as 

i) variety vvhose response is :::;Jo.upper control limit (UCL) i.e. -x + 1 . 96 x SE (X) is taken as susceptable 

2) Variety as response is <lower conuollim.it ( LCL) i.e. R - 1 .96 SE (x:) is taken as tolerance. 

3.7.2 1\lletbods :Cor recording yield, yield components and other attributes 
of" ._.heat 

Six sq~m_ ( 3 m x: 2m) area disca.rd.i.ng border rows, was selected f"'or yield assessm, ent: a..nd 
the f'ollovving observations vvere Ul.ken._ 

All plant. m.a.tt.e:r was ha.r-ve.st.ed at. ,ground level . Harvesting area ( H...A..) is recorded. in. sq. m . 100 
spikes fro:an. ~ezrt.ed plant rnaner "Were selected. at random.. Fresh w eight". (FS) of' the sel ected s pikes 
was t.ak_cn_ . A..ft.c:::r drying at 7S 1:.0 soC:: Cor tw"<> duys. dry weigb~ (t:>S) or tho s pikes vvas record eel . 

~c::.r rc:rno""Va.l o£' "1 00 spi.k.c::.s. Lhcs frc.sh weight: (.l::::o-.6) o't""t.he rcrn.ain.i..r:1g pla...nt. mot.Ler vva.s re­
co'r'Clecl- '"Ibc bou..n.c::llc ia 'd:1CFII s:u..n c:l.ri.od s umci.c:.n._tly LO fl:u::::.ilitot.c t..h thres h in-K Fresh gr.:U n weight.. frot"rr. co.ch 
bun..d..lc <TU) wa.a rccorcle . .A. aa.mple of' a.pprox.irn..atcly Ogm from c:::;ach grain s arn.pl c wH-S ta..lc.c::.J"' u..nd 
fre:sh c:tight.. ~a• ~rdcc:l <W ) . ~c.r- c:t._-=.-._ct_ry at: 7.5 ~o 80 .-~. l 6 h.rs 1 he dry wci,H.ht:: (J:>O') w~ 
~C>Cl-

~.J w~t:& -~- re.c.ordccl in ~aln. h e yie:5 l d a _nd yi e ld c.ompan.e.nL8 were de:te:• ~ira.cd by t..III.O. 
fi ''C3wi.a..g f'O.......,..,'-A--1 -. '""-B<OB<i by ~r. K. . .l:> . s y-r-= . - (.S e ni o r -"-Hr~ •--.. ,-.-.i ~'l' . Who.&.'L/A..,g-rC3n~~y prc;>gr~,.., .. 
~> 

3.7.6 

ll:ai-=-- ... -•• < ac..,....-. > -

W:Wa...--est 1(.-.dex 

- --y-.:,.:;.:-- - - - - ------ - -- - -- - x,_ 1 () 

Wc:::i- x -r o.x 
- -- ----Tix--

- O t F S 
FB 

---- - - - -- - - - --- - - - ~ '0 

CTr·a.in yield aL 0 ~ mo•s•~• o 
------ ---------ai~-.::;..::;-:------------- - -

F -+- FS 1 00 
S pikes per .-u'2 ------f's _________ _ X -----~~----------

3.7.7 Grain per m2 
Grain yield ( kglha) at 0% 112 0 

... X 100 

I 000 Kernel weight 



Spikes/m2 
3. 7.8 Grain per spike 

Grainsfm2 

3. 7.9 Test "Weight of" grain 

One thousand grains were counted and sundried . Their weights were taken separately f"or 
each plot. 

3. 7. IO Height oC the plants 

Height of"plant was recorded by randomly selecting ten plants in each plot and aver age was 
recorded. The heights were measured from ground surface to terminal spiketets and it was done just 
bef"ore harvesting. 



RESULTS 

Experiment No. 1 

4.1 Title oC ExperiJnent 

Studies on the effect. of zinc on vvet: season rice in rice- vvh eat: cropping syst em. 

4 . 1 .1 Yield C ompoiii.e.nts 

4 . :1..:1..:1. Number of" matured p a n icl es 

4 .. 1 .. 1 .. .1. .. • E fY'cc:.C: oC z inc. on nu..,be r o C .... ac.ure d pa n ic:Jes 

There WaR nc::> sig:n..ifica.nt. di_LTerenco in t:.he r:u.u:nbcr or n'\&.~red p a..:n.icles per square 

-::o.e'-.re d.~e t:.et 'tl1c applicu:t;j.o...... r c::lif'F'c..-c:n._t:. lc-v'"c:.l s 0oC" :Gjr11 c s~l pha.t.o <T"a.blc: 4 . I ) 

Trca'trTllc"' t. c:lif'W'l!t·r:e.n.c.a.a due to the:: ditT~ra•''- rico culti...,ora wc·r~ f'"'o~_,,d t.c::> be s.ignoiflou.nt. . 

It.. wa..a rO"V"c.n.led & m Lh.e Table 4 .. 1 thnt. t he: hiKhes. t. n_~rn.bcr ( 46) Qf"' ...,a._l:t.irccl pOJ"Ucl es p~r 

~arc mc:tr~ .-~.adcd wit.h t.hc -~c=ty ,...,....-.-LJ 7029 <"'-> wh.~.-- a.a ~o le>wc~-t .-. ~rw·d>.::S._. <:z.O.S) 
~ra.c=c.t. ~11::101. t....b.. ._.aricty 'T'le.,.-1 809 <......,. .... > .. 

4- ---•-•- .e:........-~ . ...... r •-&~-c:::ta-- b ., ._.._~··· ~·- --c:S -~~~ c= --•••A----s 

--.J.pb--t.~~ 

c:;..c,. ..,t..-~ 1 p 1 -o:J> I ,tf; 

r.c:l ri c-c:s 

4. .. I .. 2 1'1 -......-.b~- or ft"J.,~d it!!::.- .. -. I .-. - p~- JJ :Ls.aa l I ~ 

... . ~ .:z.. :a.. A:!:.e"''"< .. _..,7-: .. ..... ~ 

'-• •• • _.., ____ ~.,. t.h - ... '-• .-.-.b • 

"J"o...'._.mb eor ~ a:· 1.1 • 1 cl &rft in .- p eer pa.ra i oe l C" w--~ s • e •.., ifi n..ncly irt.fl._.c:s.-.c'-='d cl'-.a c: the: ~~il 

a-ppla<CB..L&O•-. of' .z:;i n st,.a l phn.t~ <""Ta..bl4..s 4 . 2.") . N L• n,ber ~r fill eo c..J ~::S- • li::LI~~ per ponic;: l c ~i g.-.... J.I. ~anttv 

h.ig her ( .~9) in p i ~LM wl""'-orc zi n c sulphnt~:q wa.:.c ~pplicd o.t: t:he r nt:c: o t - S<> t<.y/ha C>....,c .- o nT"ro l ( SO> 

b-u"t did n ' ~ht"':~ .-- ... &...--k:.oOCi ly wit:h .c;o K ,t4. c;:,o t ~ z.n.SC> .... / h a . 

4.1 . 2. . 2. EfTe 1£. or c: t.al t:i"a.rs on the y i e. l < l .,.- r li c:c 

Number o r fill e d grains per panacle differed s i~. nifi a nt.l y due t:c:::> t.he u se o r di-t'l'"crcnt: 

rice cuJtivar-s . Da"ta f"ound in Table 4 . 2 . c l e ar l y indi ca t ed th a t the n'la.ximum number o C fi lled 



Table 4.1 Effect of zinc and rice cultivars on a number of matured panicles/m2 

Treabnent Zno l Zn:zs l Znso . l Mean 

lET 4786 (V1 ) 297. 33 250.33 266.67 271.00 

IR68 (V:z) 264.00 287.33 272.00 274.00 

IET 9947 (V3 ) 279.00 236. 33 257.67 258.00 

IET 1809 (V 4 ) 287.00 213 . 00 214.33 205.00 
Biplab (V,.) 357.00 321 .00 328.00 335.00 
M'T'U 7029 (V.s) 3 20.67 3 64.33 351 .67 346.00 
AJaya (V.,) 1 9 9 . 3 3 224 .00 209.00 21.1.00 
~ I.O(Va) 324 .00 2 87 .67 303 .00 305.00 
IR. 50 (V,) 33 3 .67 3 71 . 3 3 327.00 344.00 
"lET :1.0384 <V1o) 3 01 .3 3 261 .33 285 .00 283. 00 
l\.1[ean 286. 33 28:1..50 2.8:1..50 283.:1.:1. 

I EfTec::.t. or I SEm (±) I C.I>. (0.05) I I Zinc: I 3 . 854 ~s I -v-neoty ('0 8 . 0896 22 . 953 
Z.n X C&alt.ivars 14.0116 39.755 

T'able 4-2 """'" .... be.- or rille.c:l. g-rain. s p~..- pa•••lcle 

-r..-e..a~ment:- :z..,.o I Z•• 1~ I z-~· I .l.'o'1ca•• 

L£-r .. 786 ("V'.) 7 1 . 00 67 . 3 3 7 :1 . 00 70 ... 44 

~6ft C"":z.) 2.8 00 4 9 . .. 4 6 . 00 .... ....... 
I.&"T" 9947 C'V':s) 57 . 00 56. 00 SR 67 '!57.2'2. 

IE-.:" -. B09 <"'"•> 40 67 50 . 0 0 S·•:L 6 7 4H. 44 

Dlpl.ab ('V' :!!o) 5 4 . 3"""'\ . 33 s o . o o !59 . 2'2. 

~-.-u 7029 ("V <G) 6 1 oo <59 . 4 65 . 67 6~.33 

A...Jaya <".,. ) .. ... 33 62. 0 0 59 . 33 ~9.89 

~ :1.0 ("V,.) 58 . 3-"l 4 3 . 00 5 8 . 3 !53.22 

I:R._ so <" .... > 9 . 67 s ..., _6 7 s o .oo 5 "1 .44 

"'T 10384 ("V' .. >) 7t:S . 6 7 7 6 . 3 7 2 . 00 75.67 .............. .5.5. 7 0 57. 13 :SR. 77 57.2.0 

I EfTec: o< of" I SI:O: ••• ( '*=) I C. D.(O.O~ 
\ Zi~c _\ 

0 . 3 1. 5"'1 ' 237 
"V'" a ri~~ <"") 0 . 95'92~ 2 72 1 
Z n x -C'utt.ivn •~s I 66 1 4 4 .7 14 



grains/panicle (76) was recorded with cultivar lET 10384 (V10),· cultivar IR 68 (V2) resulted in 

the lowest number ( 41) of filled grains. 

4.1.2.3 Effect of' interactions 

Interaction between zinc and rice cultivars was found to be significant (Table 4 .2) . 

Among the treatments highest number of filled grains per panicle was recorded when variety 

IET 10384 (V1o) vvas treated vvith no zinc in the plots. The lowest number of filled grains per 

panicle was recorded With the variety IR. 68 (V2 ) in the control plots. 

4.1.3 Test W'eight of grains 

4.1..3.1 Effect of" zinc 

The test weight of' rice grain was not significantly influenced due to the soil 

application of' zinc as zinc sulphate. Data from the Table 4 . 3 indicated that the plots which 

we.-e fertilised vvith SO Kg of'ZnSO,./ha recorded maximum test weight (27 .38 g) . The control 

plots recorded minimum test weight of' grains (27. 1 8 g) . 

4.1.3.2 Effect of" rice cultivars 

Trcat.ment differences due to different rice cultivars were f'ound to be statistically 

sign.i.ficant.. The highest test weight of' grains was recorded with the cultivar Ajaya (V7) and 

f'oUowed by lET 10384{V10) and IYlTU 7029 (V6) . But the cultivar IR. 68 (Vz) recorded the 

lowest test weight of' grains. 

4.1.3.3 ffect of' interactions 

Lnt.eraction effect due t.o zinc and rice cultivars was f'ound to be non significant (Table 

4 . 3 ) . 

4.2 Yield 

4.2.1 Grain yield 

4.2.1.1 fTect of" zinc on t.he yield of" rice 

Grain yield was not significantly influenced by the soi l application of' zinc as zinc 

sulphate (Table 4 .4) . However. the results showed an increasing trend of' grain yield due to 

application of zinc during wet season. The results showed that the application of 25 Kg 

ZnSOJha recorded the highest mean grain yield (26.80 q/ha i.e . , 1.72 percent increase over 

control) and the plots fertilised with 50 kg ZnSO,Jha recorded mean grain yield to the tune of 

26.73 q/ ha 



Table 4.3 Effect of zinc and rice cultivars on test weight (g) · 

Treatment Zno \ Zn25 I Znso I Mean 

-lET 4786 (V t) 27.61 27 .83 27.85 27.64 

JR. 68 (V2) 25 . 54 25 . 54 26. 16 25.75 

lET 9947 (V3) 27.22 26 .91 27. 54 27.22 

lET I809 (V4 ) 28 . 57 28 .06 28 . 11 28.25 

Diplab (Vs) 25 . 81 26.08 26.36 26.0_8 

l'£rU 7029 (V .. ) 2 8 . 0 5 27.98 28 . 23 28.09 

Ajaya (V7 ) 2 8 .62 28 . 57 28 . 59 2 -8.60 

~ J.O(V8) 2 6 . 87 26. 2 5 26.70 26.61 

~50 (V,.) 2.5 . 3 4 2.6 . 0 5 2 5 .91 25.77 

.-ET 1.0384 (Vao) 2.8 . 18 27 . 88 2.8 . 3 3 28.13 

~can 27. 18 27. 18 27.38 27.25 

I EfT'ec.t o.- I SEon ( ± ) I C . D . (0.05~ I 
~:Z.~c I 6 . 2.3 0 6 ..... s 

.I 'Va.riety ('V) 0 . 1 335 0 . 3 7 9 
Z.n x Cultiva.rli& 0 . 2 3 1 3 NS 

....--ble 4-4 "E~ec:.-c: c»or::z;~.I:ac. •-d ....-c;..c:. c:. ... l.._., _ __ a.m. grai .. yield <qn ... -.) o.r ric.-c 

----eJa .. .,... e:.-. .. z-.,. I Z..n :z.s I :z...-.~, . I ~-= ....... •• 
FF.:.-r 4786 <"""•> 2. 8 20 2. 1 . 77 2.ts . OO 2~- '9ft 

·~ 68 <~:a> 1 1 . 86 22 . 67 1 9 . 0 67 • ? _ f/1&7 
a__£;-r ?9 .. , <" _.) 3 1 . 90 22 . ~6 25 . 67 2.6 . 71 
~~.__.£.-._- I809 <""' .. ) 1 ...... . .:s o l R . <SoCS 2 3 . 1 7 .I.A - 7R 

DApllab ("'s ) 3.:$ . 60 2 9 00 32. 5 0 3 2 . .3 7 
..,...,.......-.J 7 0 2 9 <".,.. ) 33 . 9 0 ,R 00 6 . 5 .36 . • 3 

""'~-y- <'V"7 ) 27 . 7 1:1 3 0 . l cs 27 s o 2.8 . 4R 
..,.-vv •o <V"a ) 2 5 . 90 :z -. . 7 ? 2 5 . 70 :25 • • 2. 
.--so CV"-o) 26 60 35 . 00 2 90 28.!50 
lET' I0384 <""• o> 2 7 67 26 .40 25 33 26.47 
l'\oo'1e.an 26. 39 26. 80 26. 73 26.64 

--
Effect o£' SE m ( ± ) I C. D . (0 . 05) 

Zinc 0 . 80060 3 . 143 
Variery (V) I . 42035 4 .03 01 
Zn x Cultivars 7 _460 1 3 6 . 9 802 



4.2.1.2 Effect of cultivars on the yield of rice 

GTain yield was significantly influenced due to the effect of rice cultivars (Table 4.4). 

It was revealed from the table that the highest grain yield (36. 13 q/ha) was recorded with rice 

cultivar MTU 7029 (V6) where as the lowest grain yield (17.87 qlha) was obtained from the 

variety IR. 68 (V2) . However, the yield of" cultivar Biplab (V5) was statistically at per with 

cultivar MTU 7029 (V6). 

4.2.1.3 Effect of" interaction benveen zinc and rice cultivars 

The interaction between zinc and rice cultivars had a significant effect on gTain yield 

ofvvet season rice in rice-wheat cropping system (Tab- 4 .4) . 

:Highest wain yield (38 .00 q/ha) was recorded with rice cultivars MTU 7029 (V6) 

when treated with 25 Kg ZnSO.o/ha. The lowest grain yield of" 11 .87 q/ha was recorded with 
the va.ri.ety I:R.. 68 (V,_) in the cono-ol plots. 

1«. was in-teresting t.o n.ot:e from the result.s due t.o the interaction effect that: some 

cultivars of" rice rcspo.n.ded (V2 .. V._ V 6 } positively due to application of" zinc su.Jph at.e and 

some did not. respond (V",.'V""J. ~ V $,. "V". ,. "V" , 0 ) . 

4.2.2 St-rn.....,. Yield 

4.:Z.:Z.-. Eff"ec• or- Zinc 

Su-a-w- yield 

~ph.a1e ~u_blc 4 . 5) . 

n.oc: r'r'llark.c.dJy influenc ed by th .s il u.pplic.ation C z iru:; z:inc 

..._owc:vcr .. the res~ILS rc'V"caled a..n inc reas ing L r c:=nd ot-- s traw yield due to o.ppJi ca.t.i o r. ot-­

:.iil!::ine duri_ng weL s ens o.o. . T he result s a.J s o sh~wed that. t.he uppli c o.t:i o n o C .S O Kg .ZnSC> .. /hu 

r ccor-dccl Lhc hig hes t: .-n.e~ s t:ro.'V'V yield (~ R . R <5 q/h.&.. i c: 4 . 6 porconL irte reose o"V"ea~ c o.,LrQ I ) nnd 

Lh~ plot:& .Co.rc:.ili su:d with 25 I<.g ZnS<:>Jh.a r--=-c.., rded mea..-. S& Lr .a..w yield t: <> Lh L~no~ oe> t-- 3 7 . 68 q/tt~ 

4 - 2 - 2 - 2 JE:fl"c..ct n~ ulti"V.a.rs 

St:ro.w y i e ld wns sjgn.ifi c::::.a..nt:ly in.:tlu e n ccd due t:o tl e cffect e>£ rico C "--ILivu.rs (Ta.bl 4 S ) . 

T1 w as r-c'VC-& ..I e d Crom tho t..able t.ho.t the hi ,Mhcs t mea n S Lruw yield ( 59 9 I q/ho.) was recorded 

wit..h ri c e c.ulti va• I'VI T lJ 7029 ("V0 ) were as Lhc Je>west S lr"'.i.-tw yield ( 2 I 3 q/hu.) was obt-ained 

from t.he vo...ricty TR._ 6 8 ("V' 2 ) . 

"ffec:l.- or interac:l.ion 

The int"erac tion between ~inc ri c e:: c ultivar.s had a sig nifi c ant effect. on straw yield of'" 

w e t season rice in r i c e - wheat. cropping. s y s t e m ( "'"rable 4 . 5 ) _ 



Table 4.5 Table 4.4 Effect of zinc and rice cultivars on straw yield ( q/ha) of rice 

Treatment Zoo I Znzs I Znso I Mean 
lET 4786 (V1) 38 .28 39.60 38 .83 ~ 38.90 
IR 68 (V2) 22.60 22.93 18.76 21.43 
lET 9947 (V3) 45 .54 40.26 43 .53 43.11 
lET 1809 (V4) 22.62 25 . 19 29.00 25.60 
Biplab (V5 ) 39.6 0 43 .06 48 .51 43.73 
MTU 7029 (V 6) 5 3 .4 6 61.49 64.79 59.91 
Ajaya (V7) 28 .87 32.34 31.35 30.85 
MW lO(Va) 35. 15 34.32 36.46 35.31 
IR. 50 (V,) 39.60 36.63 37.40 37.88 
lET 10384 (Vto) 44.80 40.92 39.93 41.88 
Mean 37.05 37.68 38.86 37.86 

Effect of" SErn (±) 1 C.D. (0.05) 
Zinc 0 .5624 2 .9509 
Variety (V) ] .3724 2 .9135 
Zn x Culdvars 1.778 6 7 .9910 

Table 4.6 Effect of" zinc and rice cultivars on grain yield response (o/o) 

TET 4786 (V, ) 

IR. 68 (V1 ) 

J.ET 9947 (V3 ) 

TET J.809 (V4 ) 

Diplab (V8 ) 

~TU 702.9 (Ve;) 

Aj•y • ('V7 ) 

~IO(V•) 

IR. !50 (V .. ) 

z..no 
M'aa..in plot trcat:ntcnt 
Zn25 :z.nso 

Grain y ield I Grain y ield I 
( q/h .. ) ( q / b H) 

Vicld I Grain ylcld l 
(qlba) 

2 8 .20 2 1 . 80 -22 . 8 0 

91.00 

- 29 . 24 

2 fe . 7 !i 

- I 1'< . 53 

I .09 

"'" -8 1 0 

Yield 
•·"'C .. 8rpon.»c 

_(_-../<>1 

r'\11e.-._n or 
yi e ld 

r e.s t>Onse 

-0 . 71 - 11.75 

6 1 .00 76. 00 

- 1 9 . 52 - 24. 3 8 

59 . 7 9 44. 27 

- M . 7 1 - 1 3.62 

7 . 66 9 . 8 7 

-o . 97 .3 . H · 

- 0 . 7 7 - 4 . 4 3 

- 1 0 . 1 5 10.7 1 

- 6 . 1 4 - 5 . 4 2 • £ T 1038-4 CV' . o) 

J'\.l'l.~( :x: ) 

11 . 87 

3 1 .90 

1 4 . .50 

3.!5 . 60 

33 . 90 

27 . 77 

2.!5 . 90 

26 60 

27 70 

26.39 

22 . 70 

22 . 60 

l ~ . 70 

29 . 00 

'3 K . OO 

30. 20 

2 >< 0 
3.!5 . 00 

26 . 4 0 

26.80 

I . SO 

. h9 

8 . S 69 

2 !S . OO 

1 9 . 1 0 

25 . 7 0 

23 2 0 

32 50 

36 . 50 

2 7 . 50 

25.70 

23 . 90 
26 00 

26 . 81 - - - - - - - _ _ _ 8::..::... c:..' ...:4 ..:8:...._ _ _ _ A . 5 0g 

Va.riec:y wbose ~-po:nse is > X ......,. 1 . 9t;. SE = H- . H6~ • 1 . 9C· x 1 1 . 227 - ,.:5 M 7 is Lnkcn a s s u .scc.:pL•ble 

Variet ~vbosc:: response a.s < x - I 96 St.! - K Mt;9 - I _yr. x I I 227 - • I 3 . 1 35 t s tnkcn us t o l erunt 

For z.i n.c sulphat e U kg per hccbt rc 

Va.nct whose respon se is > x + 1 . 96 SE X . I ..Jt( -+ l . '.lc, x 9 . 00 ~ 25 7):(M. i s t a k e n as s u sceptibl e 

Variety "Whose response i s < x - I . 96 SE = ~ - 14X - I . 'J(, .x 9 .00 - - 9 .4 9 is Ia k e n as tol cmnt 



Highest straw yield (64.79qlha) was recorded with rice cultivar MTU 7029 (V6) when 

treated with SO Kg ZnS0 4 /ha. The lowest straw yield of(l8.76 q/ha) was obtained from the 

cultivar IR68 (V 2) treated SO Kg ZnSO.Jha. 

4.3 Grain yield response percentage in rice cultivars due to the 
application of zinc sulphate 
Per cent resp onse of grain yield (Table 4 .6) over t h e c ontrol showed t hat 1R. 68 (V2) 

gave highest response (76o/o) while least response was o b serve d in L alat (V3) and others 

responded in b etween. 

Considerin g the treat:ment of" ZnS04 (25K.g lha). the ide.ntification of" s u sceptibl e and 

t olerant varieties w as shown iliat IR. 68 (V-.) . IR. 50 (V9 ) are s usceptibl e and IET 4786 (V,). 

Lalat (V3 ) and Bipl ab (V5) were tolerant. It: was revealed from the (Tabl e 4 .6) that: the soil 

application o£ 50 Kg ZnSOJha showed the varieties 1R 68 (V-.) . IET 1.809 (V4) vvere 

u._~pt.ible a...nd variety La.l a.t {V3-) and v ·ari e cy IR.. S O {V9 ) were t.ol erant.. c u l tiva.rs t:o z;inc. 

However~ -f'"or fi n er (i . e . p i n - point.ed) ide ntificati o n _ b th t.he treatment. effcct.s were 

bra.~g:.bt- ais::o.u.1t.a..E1ect"1...1sly u..nder t..h.c a.n.a.lys is n.n.d on j o i.nt. c.on..sidc-rat.ion. of" id e n tification £or 

b 'Lb ~•tR"c·ot..s .. t..b..c e<on.c1u s ioi1. rT'igb._t b e reo.e hed t:h$.:t. cul~iva..rs TR. 68 ("'V' 2 ) . IE-r 1 809 <"'~) arc 

SUI• eep-tible a...n.d C4..11 ti"V"o.r "I-a.1a.1. ('r;s) i s t.o lc::.rant. t.o z inc appl icu~io n. _ 

E. pe.-~~e..,.t r-.. o - 2 

4 -2 -rii t ic o £ t he e"X:pe.-•mc~t 

S~t.....a.cl-i ece oao., t...b.c rc= to~oidu o l oe i"'._Uct: o t-- x.i l'"'. <>., wl"'.coT ,., t.h s~1l s o'f"" p r e ccecti.-- a:; ri c.oe crop s o n 

&:UC:.C::.~.f!t whcs&..C:: durlr1~ d ry N l::tL.S ~ i .-- rice-wh~at: ronop pin~ ~ys t. o.m 

.ca _:z._ "'1. -v-iel c:l. co-....... p c:..-:ae ... ts 

4 _ 2. _ "'1__1. r-J ... ..... bcr .n~ 'Ea r head /...., ... 

4 - 2 . 1. . '1 . 'I En-ec::c. or residua l '7.:i •• c 

E nrh e a..d./m ..._ o f" wheat. s u ccc: d i ng <..: r-op d ring dry sc::=~a.son i•, s i g nifi ca...nt. l y 

inOuc..n..c.c.d due 1.0 the residu a l zinc appl ied in t.h c so il a..c:: t.h tim e o~ w e t s ot:= a..q,on _.icc 

c::::L£lt.ivat::ion. _ -"The r esu lt...s r evealed tha~ t.h hi g h est number <::.> C earhc:a d/m-;: (5 4 5 _40) wus r e cord e d 

due t.o t:h c residua..l effect. or soil a p p li cu.ti o n o r zi n c s u1pha t.c: @50 K.g/hu as husa l in th w e t 

season rice _ 



Table 4.7 
Residual effect of zinc applied to previous wet season rice cultivars on 
earhead per sq. m2 of wheat during dry season in rice-wheat cropping 

system 

Treatnlent 

lET 4786 (V1) 

IR 68 (V2 ) 

lET 9947 (V3 ) 

lET 1. 809 (V 4 ) 

Biplab (V,.) 

1\lrrU 7029 (V 6 ) 

Ajaya (V7 ) 

~ 10(V,.) 
IR. 50 (V9 ) 

t:ET 1.0384 (V ao) 

~ca.n 

Effect of" 

Zinc 
Variety (V) 
z. .. 'VVithin V 
V "VVi&..bin. Z ·n 

Table 4 . 8 'R._el!lidual 

LR. 68 C"2 ) 

IET 9947 (V:o) 

W'""ET I 809 ('V' .. ) 

Blpl ab (.V"~) 

~-.-v 7029 <" .. > 
A..jayn (V-.) 

~w :a.o (V.,) 

I.""R S O (V,.) 

IET I 0384 (Vao) 

""'c:.aa-. 

E ffec t. or 

Zinc 
Variety (V) 
Zn -ithin V 

V within Zn 

Zno I Zn2s I Znso ·I Mean 

484 .67 525 .00 580.00 529.89 

492.33 509 .33 559.33 520.33 

579.67 623.33 595 .67 599.56 

464 .67 425 .67 415 .67 435.33 

547 .33 565.00 538 .67 550.33 

572.00 512 .00 469.00 51.7.67 

559.33 579 .33 556.67 565.11 

562. 3 64 1 .33 590.67 598.1.1 

511 .67 389 .33 601 .67 500.89 

372.00 441 .33 546.67 453.33 

51.4.60 521.77 545.90 527.06 

SErn (±) -C:. D . (0.05) c:.v. (0/o) 

13 .66 
26 .84 

18 . 67 

16 . 00 
1 5 00 

I"' 00 
15 . 00 
14 . 00 

' .s 33 

1 7 .67 
1 6 . 00 

1 9 . 00 

16.47 

45 . 14 
46.48 

I 

s m ( -'- ) 

0 . >47 
0 .647 
1.09 

1. 12 

Zn:::z.s 

1 7 . 67 

1 6 . 3 

1 ~ 00 

20 . 00 

1 5 . 00 
1 6 00 

1 6 G7 

1 5 . 33 

22 . 00 

17 00 

L 7. 10 

- 10.03 
5 . 84 10.80 
90. 57 
93 . 26 -

~ct. season rice c:::u.lt·ivtill.rs oa"l 
.-.c.e-whcat. cropping system 

I z. .. .,.. T 
17 . 00 

1 6 . 00 
17 3 

22 . 67 
I S 33 

19 . 00 

16 . 67 

17 .00 

1 5 . 00 

18 .00 
1 7.70 

C:.D. (0.05) 

1. 0 
2 . 189 

2 . 248 

I.7 .. 78 

16. "1 I 

'1. 5.78 

2.0 .. 2.2 

1..6 .. "1"1 

1._6.33 

16.22 
16 .. 67 

17.67 

1.8.00 
17. 09 

C:.V. (o/u) 

7 . 87 

8 .03 



The number of earhead/m2 obtained from the soil treated with ZnS04 @50 Kglha as 

basal exhibited an increase of 5 . 99 % over controlled plots of preceding rice. 

4.2.1.1.2 Effect of rice cuUivars 

The residual effect of zinc in the soils of preceeding 1 0 rice cultivars has significantly 

influenced the number of earhead/m2 (Table 4 .7) . The results obtained from the experiment 

clearly indicated that the highest number (599. 56) of earhead/m2 was obtained in the soils 

vvbere rice cultivar Lalat (V3) was transplanted and lowest number (435 .33) obtained from the 

plots where lET 1809 (V4) was transplanted in the preceding season. 

4.2.1.1.3 Effect of interaction benveen residual zinc and rice cutivars 

The interaction effect of earbead/m2 of wheat between residual zinc and rice cultivars 

was found to be st.a.tistically significant. 

4.2. 1 . 2 Grains/earhead 

4 . 2.. 1..2..1 Effec-= of" residual zinc 

Grains/ear-head E" wheat succeeding crop during dry season was not. significantly 

afTec~ed because oF t.he residual zinc applied in t.h.e precccding wet season rice in a rice- wheat 

crop rota:tion (Table 4 . 8) . The rcsult..s disti..nct.ly indicated that ilie highes t. number of 

,grain _s/ea.rbea..d w-as obt.a.incd owing t.o t..h.e r esidual c'ffcc"t:. of" soil application oF zinc s ulphate 

@. S O '1<8/ha. a..s basal in. t.hc prec cdi.ng, rice. The number o£" g:rains./earhead obtained from t.he 

soil t...r'e.a~ed with Z-nS ..,. @. SO l<g/ha. a..s basal rc.Occ::::.ted an increase of'-- 7 . 47 o/o over c ontrolled­

plots of" prcc::ecdling ric e _ 

f"rec.t or rice culti"V&.ra: 

-rho number of" gra.ins/c::.a..rhca..d wa...s s i g nific.a..n.Lly u.ug:mented due to the r e sidual effect: 

o'C zinc in t.he soil s oF prc.ceding 10 ric:--c c~lt:iva..rs ( T able 4- _8) _ The res~lt.s s howed tba~ the 

highcs-~ number of" gru.ins/earhea..d (20 _22) w as recorded in Lhe s oils where rice cu1t:ivars T 

I 809 ("V~) was tra.nspla.n~ed . 

4.2.1..2 ... 3 Effect. or int.eract.ion b •t.w •en residual zinc and rice cult:ivars 

he int.era.ct.ion effect. between residual zinc and rice cultivars on g rains /e.arhead of' 

wheat was Cound to b e sig nifica nt when wheat variety ' Sonalika • was s own during dry seas on 

as a s u cceeding crop. 



4.2.1.3 Test "Weight 

4.2.1.3.1 Effect of" residual zinc 

Thousand grain weight of" wheat succeeding crop during dry season was significantly 

in.fluenced. And this is due to the residual effect of" zinc applied in the preceding wet: season 

rice in a rice-wheat crop rotation. From the Table 4 . 9 it is revealed that the test weight: (37.89) 

of" wheat grain was highest of" due to the residual effect: of" soil application of" zinc @ 25 Kglha 

as basal in the preceeding rice. The wheat crop raised in the soils with 50 Kg ZnSO.Iha as 

basal did not reveal significant: difference in test: weight over control plots of" preceeding rice. 

4.2. 1.3.2 Effect of" rice cultivars 

The test: weight of" wheat was not significantly in.fluenced (Table 4 . 9) . The results 

revealed that the highest test weight (38 . 13 g) was recorded from the plot where rice-cuJtivar­

IET 10384 (V10) was transplanted . owever. the lowest tes1: weight was (37.28 g) recorded 

from the o~ls vvherc rice- cuJtivar lET 4786 (V,) was transplanted . 

4 ... 2 ... :1....3...3 EfT'ee-C: or i.n.C:.c.--c.tio..:. be~een .-~idu.a.J :z.i~c and rice c••l-t·ivars 

T he int:erac:t:ioo e"ffect. between residual .zinc and rice cultiva..rs on test - weight. of" ·wheat 

resulted in an ioftu_cnce which was s tat i st-ically .s ignificu..nt. . 

4.2.2 Grai~ y.ield 

4 . 2 ... 2 ... :1 E~ect o-r residual zi nc: 

<:i-ra.in yield oC wheat. as s u cceeding c r-op durir11g dry s eason in ri~-whca.t: c roppins 

ay-at.ern wa..a si~c.uo·H .. I y infl-uer.e ed du e t: o the r"esidu a.J z inc applied in the preceding wet 

S-e:a....S<> r. rice crop in a. rice wheat. rot:a.tion {" l~ab l e 4 . 1 0) . The rcsult.s showed that. the h.ighcRt: 

grrtin y i e ld o:r -wheat ( 3S . M2 q/ha) wa.....~ obt:a•n d duo 1"0 the res idual ctrect oF .zinc s ulpha te 

app lication @ SO K.g/ha as b asal in t:h p recc ding rice . T h e wheat c rop rai sed in the soi l s 

wit:b 2S Kg ZnS ,./haas basu.J s howed an inc r ase of"4 . 6o/o yield over controlled plots . 

4.2.2-2 Effeclt o"f" ri e cult:ivnrs on succeeding 'Whc.a.t: 

soils 

yield 

Wheat grain yield was s ignificantly differe d due to the residuaJ effect of" zi n c in the 

o£ preceeding I 0 rice cultivars (Table 4 _ I 0)_ The results showed that the highes t grain 

(36. 14qlha) was recorded from the soils where M'-V 10 (V.) rice cultivar was 
rransplan~ed _ 

However, the lowes! yield of wheat (30_ 90 / h ) 
q a was obtained from the soils where 

lET I 0384 (V.o) rice cultivar was transplant~d -



Table 4.9 Residual effect of zinc applied to previous wet season rice cultivars on test 
weight (g) of" wheat during dry season in rice-wheat cropping system 

Treat.o:aent Zno T Znzs I Znso -I Mean 

IET 4786 (V 1) 36. 8 2 36 . 9 6 38 .05 37.28 

IR68 (V2) 38 .2 7 37 .68 37 .92 37.96 

IET 9947 (V3) 37 .65 38 .08 37 .26 37.66 

lET 1809 (V •) 37 . 6 0 36 .88 37 . 58 37.35 

Biplab (Vs) 3 8 . 1 0 37 .94 37 .89 37.95 

MTU 7029 (V 6) 37 . 57 3 8 .33 37 .02 37.64 

Ajaya (V7) 3 7.40 38.49 37.98 37.96 

~ 10(V,.) 3 7 . 2 9 3 7 .90 36.81 37.33 

IR SO (V,) 37 . 84 38 .21 37 .89 37.98 

J:ET '10384 <V•o) 38 . 50 3 8 .37 37 . 52 38.1.3 

~e.an 37. 70 37.89 37.60 37.72 

EfTec::t o'C SEm ( "=) C.D. (0.05) C.V. (o/o) 

Z.in.c. 0 .0 6 1 0 . 168 0 .62 
Variety <V) 0 205 0 .41 2 1.1 5 
Zn ""'i.t.hin V 0 .340 0 .68:3 -
V ~it.hin. Z.n 0 .356 0 . 7 14 

- .... uran.g dr-y s eas on in ric.e-""hcat: cropping a:yst:e...-. 
R._esic:l.._.a.l e.fTect. of" z inc applied t -yic:Jd (q/ha) or h. t. d - o pre"aous ,;~Vet seas on rice c:.ult..ivarw on gra.i .. 

-.-...-eat_me..-.t Z.•-.u I Zn2 5 I z .. so I ~c.a.•:t 

IET 4786 <"•> 3 3 20 34 . 88 36.62 34. 90 
a:R. 68 <:V'2 ) 30.68 3 1 . 44 33 .87 32.00 
t:ET 9947 (V3 ) 32 . 4 5 :35 .49 3 8 . 1 6 35.67 

T 1809 (V4 ) 3 1 . 4 9 32 . '5 I 3 4 . 2 6 32. . 7 !5 
Diplab ('V~) 3 1 . 76 "l l I S 37 . 46 33.68 
Nil U 702.9 (V6 ) "'\0 3 7 3 1 . 96 33 . 0 31.79 
~nya ('V'? ) 3 2 . 1 7 3 3 . 7 ~ 3 5 .42 33. 79 
~ 10 (Va) 34 . 83 3 6 . 0 2 3 7 . 5 8 36. 14 
IR. 5 0 ( ,.) 30. 7 3 2 . 53 35 . 2 4 32.71. 
~-..- I.03 :R4 ("V",. .. ) 2 7 . 3 H 28 . M 1 36. 50 30.90 
"""<e.a•lll 3l.47 32..92 3.5. 82. 33. 40 

r--
E~cct of" SEm ( """- ) C. D . (0.05) C . V . ( 0 /o) 
Z inc 
Variety (V) 

0 4 57 1 .268 
1 . 1 0 

5 . 3 

Z n -ithin v 
2 . 1 6 7 . 0 2 

V within 
1.84 4 . 56 NS 

Zn 1.913 2 . 8 9 NS 



4.2.2.3 Effect of interaction between residual zinc and rice cultivars 

The interaction effect between residual zmc and rice cultivars on grain yield of wheat 

was found to be significant (Table 4 . 10). 

4.2.3 Bimnass yield 

4.2.3.1 Effect of residual zinc 

Biomass yield of -wheat as succeeding crop during dry season was markedly 

influenced owing to the residual zinc applied in the preceding wet season rice in a rice -wheat 

rotation (Table 4 . 11). The results showed that the highest biomass yield ofwheat (97 .32 qlha) 

-was obtained because of the residual effect of soil application of zinc sulphate @ SOKg/ha as 

basal in preceeding rice. The wheat crop raised in the soils with 25 Kg zinc sulphatelha as 

basal reflected an increase of2.25 o/o biomass yield over controlled plots of preceding rice. 

4.2.3.2 Effec~ o .. rice cultivars 

The biomass yield of wheat was significantly increased due to the residual effect of 

zinc in tl1e soils of preceeding 10 rice- cullivars (Table 4 . 1 1 ) . The result.s revealed that the 
highest biomass yield (103 .04 qlha) was recorded in t..be soils where rice cultivar Lalat was 
transplanted. However. the lowest: yield of biomass (84 .20qlha) was obtained f'rom the soils 

where rice cultiva.r was XET 1809 (Y4) was transplanted . 

4.2.3.3 Effect o .. intera~ion be~een residual zinc and rice cultivars 

The in..t.eraction. effcc't. between residual z inc and rice cult.iva.rs of" preceding rice plot.s 

was found to be statistically s ignific..a..n._t. -when wheat variety csonalik.a ~ was sown during dry 

seas.on as a suc:.c:::.ceding crop . It was obsc.--ed. C-rom t.he Table 4 . 1 l t..hat t.he plots oC Zn tolerant. 

rice varie~ s howed s ign.i.fica..n.t iocrea..sc e>f'" wheat biomass yield . I--J:o·we"Vor. the soils ot­

susccptible ice c::u1 t.hJar.s did not respond well . 

4.2.4 I--Ia .-v-est iradex 

4-2-4.:1. EF'f"'ect.. o'f" re.slc:l&..~~nl zi~c: 

1 t..urves t. i.,.,J~x or su.~cding wheat: c rop dvrin~ d.-y seaso n wns s i .BniCt c a..n."t:.ly 

t.,niU~.-..c::csd boec.&..IUS c.f" 'Lb rca iduaJ zin.c o.pp l iccl durl.-...K w~L a a..se>n ric:::..c crop (-rohte 4 1 2.) . T he 

.-ea~ I LS ahe>wccl t:.hat:: t::.he h.ighea t h o..--es t: tndex (0 "'\69) c..-...., C wheat:. was obt::o..ined du t. c.> the 

rcst~ua.l. cff"cct:: oC soi l a.ppltc.o.t:ie>n e>"t- :ztnc s ulphnt:e @ ~0 t<.g/ha a~ b asal du.rins, wet:. sco.._son r'lce 

~lt.• -a__LI C), •., -rl.,e difTere.nc~ 1-.....::t.wecn l.,a._.-v-es.t indc:>c: oF w l-.e:at. obta.in.cd u.ndcr t.hc treu.t:.ment e>€" 

:;;unc:. ~u .. .alphat'e @. 25 Kg/ha nd contro l was not s ignificantly influenced . 



Table 4.11 Residual effect of zinc applied to previous wet season rice cultivars on 
biomass yield (q/ha) of wheat during dry season in rice-wheat cropping 
system 

Treatment Zno _l Znzs I Znso -I Mean 

lET 4786 (V 1 ) 92.23 98 .61 106.92 99. 25 

IR 68 (Vz) 87 .38 88 .54 96.23 90.72 

lET 9947 (V3) 99. 18 106 .01 103 .92 103.04 

lET 1809 (V 4) 88.74 81 . 14 82. 72 84.20 

Biplab (Vs) 98 .39 97.40 97. 13 97.64 

MTU 7029 (V 6) 93.04 96.25 89.67 92.99 

Ajaya (V7) 97.85 95 . 54 98.95 97.45 

MVV 10 (Va) 98 .90 108 .94 100.76 102.87 

JR. 50 (V,) 91.09 82.68 93 . 31 89.03 

lET 10384 (V.o) 73 .87 86 .24 103 .61 87.91 

Mean 92.07 94.14 97.32 94.51 

Effect of" SEm ( ± ) C.D. (0.05) c.v. (%) 
Zinc 1.721 NS 7 .05 
Variety {V) 3 .670 7 .362 8 .24 
Zn ""ithin V 6 . 152 12.342 -
V -w-ithin Zn 6 .356 12.753 -

Table 4.1.2 Residual effect of" zinc applied to previous wet season rice cultivars on 
harvest index of" wheat during dry season in rice-wheat cropping system 

Treatment Zno I Znzs I Zn50 j Mean 
lET 4786 (V 1 ) 0 .360 0 . 353 0 . 3 42 0.352 
IR 68 (V2 ) 0 .351 0 . 355 0 .35 1 0.352 
lET 9947 (V3) 0 .327 0 .334 0 .367 0.343 
I:ET 1809 (V4 ) 0.357 0.400 0.415 0.390 
Biplab (Vs) 0 .322 0 .327 0 . 85 0.345 
NITU 7029 (V 6 ) 0 .326 0 332 0 .368 0 .342 
Ajaya (V7) 0 .328 0 .353 0 .357 0.346 
~ 10(V8 ) 0.358 0 .330 0 .374 0 .354 
l.R 50 (V,.) 0 .333 0 . 393 0 .377 0.368 
lET 10384 (V10) 0 .373 0 .334 0 .354 0.354 Mean 0.343 0 . 351 0 .369 0.355 

Effect of" SEm ( ± ) C.D. (0.05) C.V. ("/o) Zinc 0 .0082 0 .23 
Variety (V) 8 .9 

0.0091 0.018 5.5 Zn within V 0.016 0.032 
V within Zn -

0.0157 0.0315 -



4.2.4.2 Effect of rice cultivars 

The harvest index of wheat was markedly increased due to the residual effect of zinc 

applied in the soils of preceeding 10 rice cultivars (Table 4 . 12). From the table it was obvious 

that the highest harvest index (0 .390) was recorded in the soils where rice-cultivar lET 1809 

(V4) was transplanted, while the lowest harvest index (0.342) was obtained f'orm the plots 

where MTU 7029 (V6) was transplanted. 

4.2.4.3 Eff~ of" interaction bet:w'een residual ll:inc and rice cultivar 

The interaction effect between residual zinc and rice cultivars of" preceding rice plots 

on harvest index of" wheat was observed to be stati s tically significant when wheat variety 

• Sonalika • was sovvn during dry season as a succeeding crop. 

4.2.5 Plant height 

4.2.5.1 Effect of" residual zinc 

The plant height oC wheat succeeding crop during dry season was significa.ndy 

in:fl:uenced due to t.h.e eff~ of residual zinc applied in the preceding wet. season rice crop in 

rice-wheat cropping s ystem (Tale 4 . 13). The results showed that the highest plant height of" 

wheat. was recorded (97 . 47 em) due to 'the residual effect of'" zinc sulphat:e application @. SO 

K.g.lh..a u.s ba...sa.J in the pre.ceed_ing rico . .But. no s jgn...ifi c .ant. difference regard_ing plant. height. is 

obt..a..i..r-cd fi-om 'Lb..e t.wo treatmcnt.s like z inc s ulpha.:tc: {0) and z inc suJpho.Lc (25 Kg/ha) . 

4-2-5 - 2 E"ffect o'f"" rice c::ulti"Vnrs 

Th plant: height. ot: wheat: w n...s sig nit1 c antJy inc reased due to the residuW c'ff'cc:.t o'f" z inc 

in the s oil s o£ p r-eceeding 10 ri c c uttivu..rs {, . a ble 4 1 ""l ) Cro m the t: o..ble it i s obV"ious thu.t t:hc 

highest:. plc-t...n.L height (98 . 70 e m . ) w~c:. r cc r d e d i~ the s<> ilR where ,.. i e~ c~lt:iva...rs IE~ ..-. ? 8 6 ("V" 1) 

was t..ru..rLs pla..nt.e d . H owever., the lowes t pJu.nt: h e i g ht ( 9 3 . 97 e m . ) w o..._c; o b t aine d Cro m t:hc plot:s 

where ri c:.c c:.u lt:i" al"'lVf'VV'"IO CV• ) w as tr n n s plantc d 

4_2_5_3 Effect o£ inC.cracC:ion bet:wccn residual z in und rice culltivar.s 

T he int:eract.i o n effec-t: b e tween r esidu a l z inc and ri ce cullivars on plant h e ight during 

harvesting w as f"'ou.nd t. be stat:i s ti caJiy s i g ni ficant. . 



Table 4.13 Residual effect of zinc applied to previous wet season rice cultivars on plant 
height (em) of wheat during dry season in rice-wheat cropping system 

Treatment 

lET 4786 (V t) 

1R 68 (V2) 

lET 9947 (V3) 

lET 1809 (V • ) 

Biplab {Vs ) 

MTU 7029 {V <') 

Ajaya {V7) 

MVV 10 {Va) 
I:RSO (V,.) 

IET lc0384 (V, o) 

NJ.ean 

E ffect of" 

Z i n c: 
V a ri e ty ( V ) 
Z.n ~ithi .. V 
V """""i ~bin Zn 

Zno I 
9 8 .60 

97.7 0 

95 . 10 

96. 5 0 

100.20 

97.00 

97. 1 0 
94.90 
94.60 
94 .60 
9 6 . 6 3 

S E .... (±) 

0 . 189 
0 .793 
1 .309 
1.373 

Znzs 

9 8 .80 

96.2 7 

97 .60 

98 .70 

96.00 

99.00 

96.90 
94 .00 
93 .90 
95 .70 
9 6.71 

I Znso 

98 .70 

95 .73 

100.50 

9 8 .40 

9 8 .2 0 

9 8 .2 0 

101.80 

93 .00 
96.20 
94 .0 0 
97. 47 

C . D. (0. 05) 

0 .523 
1 .59 

2 . 627 
2 . 754 

I 

0 . 57 
1 .73 

Mean 

98.70 

96.57 

97.73 

97.87 

98.13 

98.13 

98.60 

93.97 
94.90 
94.77 
96.94 



DISCUSSIONS 

From the above results it was obvious that the yield of rice cultivars played an 

important role in the variation of grain yield of wet season rice in rice- wheat-cropping system 

under acidic terai Agro-climatic condition. The effect of rice cultivars on grain yield was 

attributed to increased number of panicle bearing tillers and higher number of filled grains 

per panicle. 

This result corroborated the findings of several workers. (Ramadass and Krishnasamy, 

1992 ; Balasundaram et ai., 1981; Saravanan and Ramanathan, 1 988; Velu and Savithri, 

1985). 

Production of crops is a result of co-ordinated interplay of" the hereditary factors and 

environmen1:al conditions upon the internal physiological processes of the plant, (Sahu, 

1967). In vicvv of the physiological significance of zinc and its poor presence in the soils all 

o"Ver t.b.e 'World '"' in general it a.ppea...rs t:b.at. t:here is enough scope of in:lprovement of" crops 

through zinc £erti.I.iza:.tion in rice based cropping system and it.s residu.aJ eJTec-t. t:o t..ho 

su~crops. 

5.:1 .Ex:perinnent N"o. 1 

.....-ide oC the e:x:periWTRent 

Studies on t..hc effect. oC zinc on wet seo..s on ric:::..o in rice- whca't cropping syst:em . 

The culti"Va.r ~"T"U 70.29 ("""c:o) rcco ded 'the hi,ghest: gra_in yield durins t:ho wet sc.a.s n in 

rice-wheat cropping systcrn o...nd the p Cormancc of- Bipla.b (V:s) was at par wit_h "IVITU 7029 

{"V6 ) . The soil application oC .zinc in t.he f"o rm of" zinc sulphut.c had no significant. cft"ect. on the 

,g-ra..in yield during wet: seas n oC oxperiment.at.ion {Table 4 . 4) . As the grain yield o£ rice 

depends on t.he three yield components, viz . . number o£ n1atured panicles per square metre, 

number of filled grain per panicle and thousand grain weight. s o matured panicles per square 

metre and number of filled grain per panicle mainly contributed in variation on grain yield by 

the cultivars. 

It was revealed from the Table 4 .7 and 4 .8 that the soil application of zinc in the form 

of zinc sulphate did not register any remarkable influence on the yield and yield components 

of rice during the wet season in acidic (pH 5.8) submerged soils of experimentation. This 



result may be possible due to inclusion of both susceptible and tolerant cultivars in the sub­

plot treatments. Further, such results of zinc applied in the form of zinc sulphate as basal may 

be due to non-availability of applied zinc in submerged soil. Yosida (1975c) o'bserved that the 

availability of both soil zinc and applied zinc is much lower in submerged soils than in 

upland soils. 

The number of matured panicles per unit area m rice is influenced by hereditary, 

environmental (seasonal) and nutritional conditions. Thus, the number of matured panicles 

per square metre differed due to the effect of rice cultivars. Rai and Murty ( 1 977), Saba 

(1994) opined alike. 

The difference in number of filled grains per panicle and test weight due to the effect 

of cultivars was also observed by various workers (Brown et a/., (1972), (Mandai and 

Chattetjee, 1973b; Rao et al., 1984). 

From the results presented in Table 4 .6, it was evident that the different rice cultivars 

had played a crucial role in the variation of response. These variations of response could be 

ascribed to their genomic difference. The results of this study also revealed that cultivar Lalat 

CV:.) sbo'Wed poor response under Zn stress condition while rice cultivars IR 68 (V2 ) and lET 

1809(V4) showed considerable response. 

Thus it may be concluded that rice cultivar Lalat appeared to be tolerant to zinc and 

might be able to thrive well on soils prone to zinc deficiency and on the other hand adequate 

zinc fertilization to the soils is an essential pre requisite for obtaining higher grain yields 

response in susceptible cultivars viz., IR 68 (V2) and lET 1809 (V4) under zinc deficiency 

condition because of their low capability in utilising native and applied zinc. Similar response 

on grain yield due to zinc application in different lines of rice cultivars was observed in a 

continuous cropping experiment at IR.RJ (Yoshida et a/. , 1973). The differences in grain yield 

response of rice cultivars may be considered owing to the different abilities of" varieties to 
absorp and t.ranslocat.e zinc (Bergmann 1992; Yoshida, 1981 ) . 

5.2 Experiment No. 2 

Title of' the experiment 

Studies on the residual effect of zinc on wheat in the soils of preceeding rice crop on 

succeeding wheat during dry season in rice-wheat cropping system . 



Grain yield of wheat during dry season significantly increased due to the residual 

effect of zinc (as ZnS04) application as basal in the preceding wet season rice. It was 

observed from the Table 4.10 that an increase of 13 .82 and 4 .6 percent over control was 

recorded due to soil residual effect of soil application of 50 Kg and 25 Kg ZnSO,Jha in the 

preceeding rice crop. Increase in grain yield of wheat due to residual zinc in a rice-wheat 

cropping system was also observed by Prasad et a/., ( 198 1 ), Sharma and Das ( 1982), Boawn 

et al. , (1960); Brown eta/., (1964), Bhardwaj and Prasad, (1981), Takkar and Nayyar (1982). 

Grain and Biomass yield of wheat significantly differed (Table 4 . 10 and 4.11) due to the 

residual effect of zinc in the soils of preceeding 10 rice cultivars treatments in the sub-plots. 

This happended mainly due to the fact that the number of ear head per square metre as usual 

had a close relationship with the grain yield per unit area. The wheat yield differences among 

the soils (plots) where 10 rice cuitivars grown during the preceeding wet season, were mainly 

due to their differences in number of" ear bead per unit area and number of grains per ear and 

greater utilisation of" residual zinc. This finding was also observed by Sharma el a/. . ( 1 979). 

This may be due the more receptivity or stigma and thus more number of" grains per year. The 

lower wheat grain yield in dry season may be resulted due to much more utilisation of" applied 

zinc by the preceding tolerant rice cultivars . Ho""'ever. higher wheat grain yield in rice wheat 

crop-pi..n.g system was obtained from the s .oil s (plots ) where s usceptible rice c-uJt.ivar:s vvere 

tra.n.splant..ed . might be due t.o the less utilisation or applied .z-inc t:o t:he previous wet season 

rice. The sig.n..ifica.nt cont-ribut-ion of residuaJ zinc toward s the wheat grain yield in rice-wheat 

cropping system was also observed by several workers (Savithri 1978; Brown 1972). 



SUMMARY AND CONCLUSION 

Rice and wheat are the most important food crops in the world, on the consideration 

ofboth, the area under the crop and the number of people depending on it . 

To study the effect of zinc on rice cultivars and its residual effect on wheat, a field 

experiment was designed in split- plot at the teaching farm of Pundibari d~ring 1999 (wet 

season rice) and 1999-2000 (wheat during dry season) . The treatments cons1sted three level 

of zinc i.e ., main plot treatments 0, 25 and 50 Kg ZnSO.Jha (symbolized as Zno, Zn25 Zn50 

respectively ); ten different rice cultivars as sub-plot treatments viz., lET 4786, IR68, Lalat, 

IET 1809, Biplab, MTU 7029, Ajaya, MWlO, IR 50 and IET 10384 (symbolized as V~, V2, 

V V V V V v V9 and V 10 respectively ) during wet season and wheat (Variety L ~ ~ • h L 

Sonalika) was sown in the plots as succeeding crops without further application of zinc in a 
rice-wheat cropping system. 

Different levels of zinc sulphate had no significant influence on growth attributes and 

yield of wet season rice. However, soil application of zinc as zinc sulphate showed an 

increasing trend. Application of 25 Kg. ZnSO~a recorded the highest mean grain yield 
(26.80 qlha i.e ., 1.72 percent increase over control) and the plots fertilised with 50 Kg. 

ZnSO.Iha recorded mean grain yield to the tune of 26.73 q/ha. Grain yield was significantly 
influenced due to the effect of rice cultivars. The highest grain yield (36. 13 q/ha) recorded 
with rice cultivar MTU 7029 was associated with higher number of matured panicles per 

square metre. The decrease in yield was associated with decrease in the yield components. It 

was also evident that the different rice cultivars had played a crucial role in the variation of 

response. These variations of response could be attributed to their genomic difference. The 

results indicated that IR.68 and IET 1809 were susceptible and cultivars Lalat and IR. 50 were 

tolerant cultivars to zinc. So adequate zinc fertilization to the soils is an essential pre-requisite 

for obtaining higher yields in susceptible cultivars viz., IR68 and lET 1809. 

Grain yield of wheat during dry season (1999-2000) as succeeding crop in rice-wheat 

cropping system significantly increased due to the residual effect of zinc. The resu lts 

indicated that an increase of 13 .82 and 4 .6 percent over control was recorded due to soil 

residual effect application of 50 Kg and 25 Kg ZnSO,iha in the preceeding rice crop. 

However, higher wheat grain yield in rice wheat cropping system was obtained from the soils 



(plots) where susceptible rice cultivars w.ere transplanted and it might be associated with the 

less utilisation of applied zinc to the previous wet season rice. 

Keeping in view the results obtained from the experiment as summerised above, it 

may be concluded as follows : 

1. That application of zinc as ZnS04 improved yield components and yield of zinc 

susceptible rice cultivars in tarai soils. 

2 . Wheat sown as succeeding crops after susceptible rice cultivars in rice wheat cropping 

system achieved higher grain yield . 

3 . That 25 Kg ZnSO.c/ha applied as basal in the wet season rice may be recommended for 

cultivation of susceptible rice cultivars in rice-wheat cropping system where wheat 

variety Sonalika is recommended . 



FUTURE SCOPE. OF RESEARCH 

In the present investigation only one source of zinc namely zinc sulphate in three 

different levels was applied in ten different rice cultivars during wet season to study the effect 

on yield components and yield of wet season rice and its residual effect on wheat during dry 

season. There is a further scope to include more number of rice cultivars of three different 

durations namely, early, medium and long. Besides the rice cultivars other methods of" zinc 

application namely basal and foliar may be included. No attempt has been made in the 

present investigation to measure tbe pattern of" uptake of" zinc by rice as well as residual zinc 

in soil and uptake of" residual zinc by the succeeding wheat crop. This experiment was carried 

out during wet and dry season. There is a s cope to investigate such trials for atleast three 

years to recommend the amount of zinc to be applied in wet season rice and to screen the 
susceptible rice cuJtivars. 
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