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'!h. aute of XeJ:.la aoecNDU fOJ." ,. per .. n~ of the 

v.a and proctuet1on of black pepper in the COUD~ry. Ko ...... r 

the proc:bacUv1ty ha. b .. n v0Wl4 200 -.t.tandard. OD. of the 

r.a8Oft. for the 1 ... produeti vi ty 1. the dearth of superior 

quali~ plantinG .... rial. of hilb yielding Y8r1etle. and 

hybrids. L.rge soal • .ult1plic.~on .f •• l.cted alon •• through 

Yeveu~v. propavaUon vill belp to lncr.a .. produc'tion of 

pepper to • conslderable ..... t. In Keral., the 1RQ_t. CCIIMtrclally 

aceepted •• thod of pl'opavaUon 1. b7 reo~ CU~t.1Dg. beG ... 

of the •••• Md econoay of th. OJMKaUon. 

S1Dce larg. ..ale lIN 1 t.1p11c.Uoa of the CUt.UDg_ i. 

one of the •• JOI' and cri ticel 1Dpuu ln~th. whole production 

aycl., .. lot of at.tent.ion i. r.quil'ed on variou. upecta of 

PI'OP4ageUon of pepp.r by cut.Urag • ., ob~aln max1mlaa ftUlllber of 

plaoting ,,"rial.. The .. eilabl1l~ of plant.1ng •• ~i.l. 

often l1a1~ the exunsioa of pl_teel area. 8y.baatic studi •• 

were th.refore uad.rUJeen w c:a.p.... the root.lng .f f ic1ency of 

41ff.rent types of plentlnt .... 1'1.1. under varying 8Dviron.ental 

C!OIl4J.Uon. w1th growth l'89ula.r v •• talenta. The .ajol' 

objecUve. of the present study v.re: 



(1) 'to ccap •• the rooUq lMh .. lour aDd the root 

growth per __ re.f 1 ..... 1. (plaoeotroph.) \WIth 

2 

otiler type. of plen~ .a.rial •• 1 •• , .t1IIUl.re (.t:olona), 

qrow1nv .hoob (orthoUopha) and han9iD9 ahooU 

(geouoph.) • 

(2) 1'0 f10ct out the •• , .. t of 41ff.rent 9rov'th rec;JUlator. 

on rooting of plantirag .... rial •• 

(3) To .wdy the aatolay of .hoo~. _4 roo~. end to relate 

the anetcalcal f.atur •• vltil root 1nlUaUoft an4 

deftlopaent. 





... uau ....... til. __ w' .. 17 ...... pranl... !'ttl. 

18 1 •••••• dYe. _" ....... aDd ....... ~u. M.'F 

...... 1 'teGha1cpae or .......... OYer _ ... _U_a1 pu-lty 

_ .. be lNia.uaed ............ the ....... b "'1._ ..... 

1. of .......... 1»7 ...... al facur •• 

2.1.1 .f'eel of .. _ .. _ noUaQ of .. "tift,. 
'IhtN9b 1. 1 ..... ibl. __ ... en ...... 4ulat 

..,. u.. of the ,..... tthe ... _ of oNl ..... _ of cut ...... 

ha. Mea .. .,...... .. 1M _ of til. It.,. , .. to... .. .. l'II1al .. 

the ....... of I"OOUDt 1a __ ,. pl_a. 

_Mbi...- ea4 &vi_ (1.6') " ... t .. to to 

.5 per ... t .... u., -_ ..... r ... "u... ,~ .. 1.~· 

3 

-.tbU p1_u ..... '1 ................... .s 10 to .0 pel' .eat 

..... 1 •• 1 _ell th ••• roe .. outu... ........ __ apl ...... wo _th. alter .... t.1.D9. AeconUDt to _ .... -.111ah .Il11.. (1"') 

.... :1_ .., .... ua, of ,. pel' .... and roo1:.l.., of 'I pel" __ 

....... ined vb_ -""DI. ,.,... pl .... 1. Jlul., Howe'Wer, 

~ ••• 1ag "entia 1ft Jao~ ttprcNUq an4 r .. tJ.ag wen ob .. ,.... 



.... pl .. Uav w .. doDe f ....... to .,... ........ ,,111 

4epeaa upon til. al ..... i. , ....... pAYal1la, 111 th_. 
Vaft. 81Dce )ar.ak of do .. ...,. 1a Much ...... aobl1l •• UOIl 

of .-.eh al-V wiO eabaaced -ua aeU.1~, I"OOUag f~ 

Kueh to July" •• be."., "'. hi .... c MiDI 1ft JuD •• 

• ..w..r .IS 51. (197.) reported th." rebnasy-Marah ia the 

_at 1&tel ..... for 1'.1.189 pepp.r .... ry UDder nor1tl\.m 

~a1. coacUU... rer air 1.Y.1:1119 Jua. to AU9WIt ••• 

foad to be .... l4aa!. 

Dol_ (lHO) obta1a .. ..,.. 10 pel' •• t ...... 

in •• rco.Uag of JO\ID9 .boob \rIIheD ctoDe wi ttl 'the _ •• " of 

2.1.2 salecUoa of IIOtber pl._ f ••• ua •• 

Pillai end aa.lkuaaran (I.") reported that tift. 

aup.r1or1t7 of mother pl_t ••• lected fol' taJdDg .'t189. 

ahoUl4 be .badl.d for aU ••• t OIle •••• on and preferably for 

thr.. • .... D.. lie al.o au....... the !aport.anee of ... of 

1IO~.r plants tor .. 1.et1on of CN't11l98. YCNDg pl_a of _ 

.-ut fl •• ,.ar8 produced h •• lthy robwlt and .1VOrold ahoou 

which _tau_ roou .a.1ly eoIIPare4 w .hoot. fl'Cll plana of 

10 or 11 y.ar.. It baa baeD prOYeCl .in .-7 plante that 

4 

CNtUG;_ Uken f~ 014 •• a.t.I'a plante al'8 cI1ff1cult .. ~ 

Whil. cutting a fram young plant. root ••• 111' (a • .u Sl 5l., 19.5). 



2.1.1 Phy.101001oal ..... of cat.UDo. _ root1ag 

1 ....... 1 pl._ .. t. ............ ua either Ire. 

.... t..t1 .. O~ fl ... ~la9 eboo_. I~r •• pectl •• of the faet 

th.t. rooUnV po .. ".1 yul •• be ........ t:wo qpe •• 

L.~ ... le culU •• Uoa .r 1IIp~ •• rl.u •• of pepper 1. 

aaialy handle.wed by ... I ............ 11.111.,- .f 

plant1ag .... .1'1.1.. Of p.~"",. ~r ... oe for • .curlng 

root.ed .. _U898 la t.he .. 1........ .f .t.Ung. of prop_ 

.. t;ur1.,- aa4 .f ttle rtght phy.101eo1cal at.age of VI'OVth. 

hIlford (1955) in .. awa f0ua4 that ~.tur. 

of 

5 

viD ••• t.nok roou be~t • .I' COIIIpQ"ed to .a ... e OD ••• John (1955) 

fouad that __ 1 h.rbaceeua cut.t.lav. vee -.. be.t. plntiD; 

.. ~1.1. oviD" to 1 •• aauft .. ~11. au •• _4 al •• 

f...-rebl. Ca. r.tio. 

Q ... .,..&" end Con.ra (1'51) •• ated tha. the 1108. 
iel.al ahoot. for propegaUon ".I'. tho •• that c .. Hd 

.1cmg ... lon .fter the .1'-.0.81 of _DiDal !N.d.. Accordl", to 

til ...... eD1 •• reJ.a.s fraa "'analnal -"laO. v.n f •• ..,. in 

growth get frulted wlthin thr .. yea ... a. 'ftl. plante 11'081 

baaal .beet. cutUD98 took fl .... yeer. to fl'U1t.. "'. plent. 

frma b .. _1 shoot. tbouVh _ally _ ... 1_roe1,. 1IIlpI'OCMctl ••• 
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Dr_. (lt5t) l'eponM the, the .. -.o ... el of top fzu1UDg 

1. __ .1 kenehe. w •• h19b1J' dev1laeDt.l to the pro4ucUY1.y 

of _th ... Yin ...... 4 then .... 1'UDft." ahoou OI'1gJ.oaUft9 

fro. the baa. of the y1a. wen to be ael.c~ a. pl-t:1nv 

.... r1ale 1ft pepp~. 

H .... and I1J .. (lt60) obUined ".I'f INai'll' plau 

by v ... fUnv pi ... of fruit .... 189 aboob a. .c1on on the 

root .to •• of P1eef hU ..... _4 Pip!! .... 1fo11_. 

Gillot: _d Va J)1qenen (1"0) ~rud tha' for 

.... uU •• propageUOft. ..... budvood cutting. were the be •• 

planUD9 •• -.1'1al •••• hould be well RPP11e4 w1th D\lvi_, •• 

OhenaUona .... 1D Pb111ppiD.. .bowed th •• 

vh_ P!.pc alP'!! v •• prop ...... bJ ".I'cotUng of fnl Uno 

bren •••• the •• reota <l4we1oped into BOB c11llb1D9 dwarf 

plau w1t.h buahJ' hab1. Which vue foaM to be prol1f10 _ct 

e_l,. beuel'a (AnOD. 1"1). 

Huthe. (1966) reported tha •• 1n91e DOde C\lt~9. 

of pl'1aaZ'Y woo4 .... ult:ed in to to '5 pel' eent rooUI'IQ wh11. 

c:utU .... f .eoondary tfOOd 1'OOte4 poor1J' r.nltJ.D9 bu.hJ' 

plana. Po .. r.. U'6') ob ....... that in pepper grafting • .-1 

h8l'4woo4 .at:er1ala re.ult.e4 in '0 to 7. per oeDt: ...... wh1l. 



auoo ••• w •• .ty 10 .. 15 per .. ~ in herbaceous __ rial. 

ChcNdhu.ry end Pha4n1. (19'1) in their .tudi •• fGUlld ~a~ 

l •• f bud cu.~g. ".1' • .up.rior ~o hard wood cutting. with 

or w1 tilou~ growth r.QUla.r ... tlaenu. 

7 

Pillai (19") I'~ th •• peppel' ri •• of c:Y. 

'KariaauDd.' vb_ rai ... fn. ~U8# h-91ag sboob or 

la"ral., the yie14 41ft ...... va •• 1lght 1a the fu •• fou 

y.ar. of bearing. aut 1a th. tifth ,.ear hlth ••• 1'ie14 w •• 

obuina4 frODl ruDnU •• 

Tr1als conducted by Bavappa ad Guru.1Dgb. (1971) 

1ndJ.c.~ that cuttings freal prialary v1Ma an~ groua.d 

rwan.rs 111ft. OB per in th.ir rooting ability and _tit could 

be .sed tor propagation depeadiDv upon the ave11a.,111-,. of 

the .. 'ter1al.. GeneUcallr eN,Unge fro. th •• e two typ •• 

of ahoou fra. the •• _ vine coule! Dot be .xpect.d ~ produc. 

any diff.r.nca. Lateral br_be. wa" not ... lul for 

propacJetioa .inee they grow •• --by plaau producing only 

lJ.at. tad caaopy. 

A .... _ by .... iu .u.l1. (19'.) •• ing pra-roohc! 

CNtUDg8 fre. .11 th_ fOUZ' type. of plenUao .. urlal •• 1e., 

p-owiag MooU (Orthot.l'oph.). b_lng lIhoou (Gaotroph.), 

suaa.r. (a.lOD.) end l.hl'~l. (Plageotl'oph.) 1' •••• 1 .. that 



Z1IIUl4tZ'a vu. ... 'be •• pl .. uaV .. uri.l., wi t:h r •• pec~ 

to I'OO~1n9 ancI ••• Uli...... Chan.,. aod P1l1.1 (1'79) 

rapoz'Ud tb.~ pepp_ 'riMa •• be p.ropa9ah4 ".ill9 growing 

ahoou, _ abOo~., 1.,-,.1 aboo •• , han9iD9 .hoob _4 
ruaner aI'loo... Ruan .. ___ ..,.... foua4 to be •• be.~ 

plaat1D9 ...... 1el. 8Wd1 •• conduoU4 •• Pepper a .... rch 

••• Uon, P_1yur (1'80) 1' •••• 1.4 ~a •• ~ flow.r1D9 

8 

'- and ,,1.14 coa14 be. o".!JUt4 frca .1gorou. runner .hoo~. •• 

i. ea •• bll.hed in ;he .ainfield quickly _4 ••• 11y. 

Pilla! (19171) produced .. hI' pl.au of black 

pepper auiUbl. tor 'a.row1av in flower pou. Korison.a1 ald. 

braDch •• or fnJ.Ua9 bruche. of a 12 ,.. • .1' old .in. could 

Vi •• abou' 1 kO green pepper per yea.r after 'tWO .,. • .1' •• 

Card.aod~9'1) 8180 pro4uoe4 tN8hy pl.t. fra. horizon .. l 

.hoob Of pepper Which ,,1.1det 1.16 kg/.in. wh.r ••• the 

"ield ".. only 1.65 kg/.in. for .. .rUe.l w •• iDoa. 

lrulawan as.l1. (19al) aMC1 tiu •• nod.-1 CU.t1nV8 

.aka f~ the upper 1 ..... 1 ... fniUIlO branches and 

.1891. nod. cu~UD9a frca nan.r aboou for p1_tiftV. Of 

the •• the .~ per.ea'av. of rooting (' •• 3) wa • .I'ecor4e4 

in cu'Unv. talc .. tro. upper laural. ccS thi. wa. t.aecUeW1y 

loll0we4 bJ' .11191. DOd. cutUDV. ,ak_ Ire. run_ ahoob 

(16.0 p.r cent). 



•• r1aUcm in Z'Mt.la9 per.en_ .. e of cu~t1ll9s _aken 

irca 4ifferent. porUona of the 111\00" wer. atudf.ect by moJ' 

work..... III black peppu ~ba ..... cutting. talt_ 

Ire. th.lI14dle porUoa .f the a_. rooted bet.ter the the 

hubeaeowl eut.Ung8 fr •• ft MJ:Ja1nal portion or tfOOdJ' 

cut.UD9. frca the hud ..... 1 ... portions of the shoot. • 

9 

.,.,. pere .. t... of root1a. aDIS apsout1D9 in .-1 herbaeeoaa, 

woody ene! herb-=eou. CNt.Unga wen 38, 27, 26 and 36, 39, II 

re.pectJ.yely (ltuanth_all1_ U 11 •• 1"'). 
Mi&Ue one ti'lil'd porUon .f the Z'\IIUMtr .hoot. v •• 

fowad ~ be the Mat. plaaUia9 .. ~i.l for bet.t.er rooting, 

~th .... final J'ield vh_ .-pUN t.o top one t.hireS end 

lower one ,third porUon. 1dI ...... .f1~ 1.") 

2.1.5 Effen of nwrtbc of JaOdea in cutting 

The" are 41ff .... _ 1. opinion IImOftg different. 

~ke... regarding tile nu.be&" of node. w be retained in the 

.t. eNtUng. u.ed for pl8llt1ng. A1.1mUan~. (1955) obs.ned 

that. cut.tings vith .... n node. zooted firat. but tho •• with 
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fi •• node. 8VYl ... ~ __ ... produoed .100rou. planu. 

iU.gh ..... h9. of ......... e •• illed witi'l .1ngl. 

"ode l •• fl ••• WittiDV., IN_ 1IVVi •• 1 .., .. hl9h Va .. leaf 

...... ,.ined (Indian ColaDail of Avrlcul tural ••••• rch, 1'16). 

AecoI1l1Dg to bnp (l'sa) ..... U .. lIJ pl8Dt.e4 .1ngle node 

cut:UD". wi. abo\at: 2- • __ abo .. an4 bel~ no4e. 'Wl~ou' 

1..... lnduce4 9J:owth .ore ... ap141y but tile percentav_ of 

.~l.al ~ .. 1.... 01110t ead Van Dlftgenen (1960) found 

th., ol"thotropic CU'tiD". with •• lD91. node 8ftd • ba •• l 

lnunoCle OJ: • plag .. ...,lcr loamode with • onhou-opio 

DOd. and • plapou-opic J.a_rDOCIIt .1. or without aD 

orth.~le h .. l weJ:. the be.t: plantta, •• iterl.1. lor 

vege,at1.e aNI UpllcaUoa. ODe tear old orthouopic _~8 

of abo\&t: '0 _ lonl and with tl.e ., .... _ nod •• "'.1". fo\ua4 

to be the be.t plantlAg "ul"1111 in peppel" (In.U ~t. of 

R •• earch ln Tropical Agronomy and Tissue CUlture, 1965). 

There 1. wide verleUon lD the aoure. of planting 

•• 'el"lal and 8i •• of cuttlDg •• aed ln 41ff .... nt countri ••• 

In Kaley.la, CN'tUnv. "i~ flve ~ ..... D !lOde_ ,_. fl'. 

acti.ely 9.-owi09 '.r..10.1 vine. .lODe .... uaed tor planting 

(now _4 Chou, 1973) whtle 1n Inti. be» to thl"" DOde 

cutting_ aollected Ire. the Vrouad naan.... .... ,eM1'811J 

preferred •• planting •• ~.r1.1 (Central Plantation Crop 

ae.earch ID.~tute# 1976). 
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18 pepper hybrid Paa.nlyur-l •• ..war d .11. (1971) 

COD_cUd •• tudy on rooting behn101U' ..,11th four to .la 

DOCIe -.Ua9. anel ~ node eu.Unoa. l'hey fcNDd th •• __ 

ROde out.UD9. were ~. bea't pl-Uno •••• rial. r •• ult.1D9 

... , __ rooU .. _4 fl.1d •• t.ebl18t.eDt. • 

• ,,~p. and Gurualn9fte (1981) developed • rapld 

1N1 Up11caUOD techDiqa. In pepp.r by ral.ift9 OIl. node 

eut.'1D98 and "'tty adYoeat.e4 ttl1 ... thoCl Whea .. er plentiD9 

.... 1'1.1 1. Mar •• 

-n.. tiaooYeZ'Y of .e,ual17 oeourlft9 _x1n. 11k. 

1M (lndole-_tte .cl.) and 8J'Ilth.Uc awd. •• 11k. 1M 

(1 ... 1e """"rlc ..... ) w.. • 1111 •• __ In the hl.tory of 

prop .. a'lon an. vaa of real .al.. 1ft .'tmulaUno the produ

~OD of adY.nt.1Uou. I'OOU In .u. CNt.'tino. 1ft .... 1'.1 

hor'tiftlwral planu (L1n4er, 1"'). 

01'_ (193') ... ted a .erl.. of Indole and 

aaphth.l... ".U bud ac14. end repo&"UK1 tha't 1M v •• 

t=h. 1108' effecU •• ewd.n 1n Indlac1av not. In .u. CNt.UnfJ. 

-.009 the 1.dol •• erl... Indole •• 1'1 •• ln gener.l vere 

lIOI'e effecU •• th .. the .aphth.l.e .erl... AwIu.a (1919) 

.v ..... the cc.Fere1al UN of XM. 1M _4 11M for bet. •• r 
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rooUn9 and •• Ubli ...... of •• Uag. ill borticul aral 

crop.. ...ide. th.... til. .-binaUon of th. aboYe auxin. 

with 2.4-D (2. 4 d1chl.oro pheraoxr _tio ao1d) _4 .81"1011. 

cheld.eal pr.puaUon. lile. 'rNton.· 'hoaaodin' oel t •• radlx· 

u. alao uaed 1n 1 •••• 1' .X"' •. 
h.era1 aweli •• he •• been carr1" ou. W ._~ 

the eff ... of growth r89U1 ator. Oft noUn; of cu..Un,. 1n 

pepper. 

Cooper (1951) aoUoed ,. per 0"'. rooUng Oft 21_t 

d.y vb_ l.af eu,Ung. of pep;~_ vi ... peUol. _d bud. ".re 

v •• b4 with 1M ., 2 IIQ/l1t 8De! pl_teeS 1n _11'41& .... c!1e. 

W1nt.r. and MwI11c (1"') fowa4 'th •• rood-rag of laural • 

• uleedlr J..proye4 by v ...... with 'roo.on.· en4 r.nl.84 

buellr plan... Leit_ .. d Inf •• a. (1966) obtain" _ ..... 

rootlnl of '2.1 pel' cent •• ba.. of th_ pepper eutUno. were 

-.1'." ill I1AA 50 III/lit. wh1l. 1M •• the ... eo_entraU. 

r •• ul.ed _ainly shooting. Aecol'ding to Hurov (19'7). blaeJt 

pepp_ CN.UD9. when tipped 1n 0.2 per 0811. IDA ... 4 plaee4 

1n ~ln9 _die recorded the .... r.1N1 ,.. Thi. ".. a1 ao 

aonf1rJN4 by Larch_ (1970) who foUDd tha. ~ .. node .tting. 

dipped ln 0.2 per cent 1M before planUD. illpl'OY.d I'OOtiag 

percen'''.' root nu.b4ir .ut root 1.119"" COIapuee! ~ unv •• ted 

-."119 •. 
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ChcN4hUJ' aDd ......... (1911) _t.uned be." 
r •• u1t.. ill rooting of leaf lNd .. tuag. with 8eradl.x-., 

1M + 11M at. 25 or 10 PJII ad 1M at. 10 ppm. Trial. 

oo~ at. Pepper a. .. arGh .UUon, PlIftft1yur, lter.l. (1981) 

1' .... 1.4 tilet. vb. baeal porUoa of pepper aat.Un9. wen 

V.a.ed w1~ IU. 1000 ~ it. 'ft"" __ ur noUn, aa.pued 

'to wao.. t.reaUd wl th hra4lJl-a1, -2 or .,. 

8t.u41 •• by lrulappu .IS 11. (1,.1) 1D .,atl 8a4u 

1' .... 184 th. h1~ •• t. ... __ ..... f reoUDg (84.3) of upper 

l.Ural cu.t.UD9. v •• U4 wi til 1M ·1000 ppa .. ava1nat. low 

paI'C-t. ... (ll.') in GOIlUo1. Oth.r Pn.1a1119 v ........ 
includ.e4 the .1ngle DOd. nan •• v ..... with 1M 2100 ... 

and 7100 p~ which pl'04uee4 ." per __ .. .,2.' pc •• t. of 

rooUft9 r.~t.1.e1y. 

Pilla! .as.tl.- (1,a2) aoncIueted. stud)' u.a1.ng bo 

DOCIe _t.Ung. of pepper dipped in 1000 PPIl 1M fol' 15 to 10 

HOODd. end •• n planUD9 1ft a .cooUng .___ c.tt.1n,8 

tipped for 45 HCOnda pr:oduced hi", ... per ... taw- of rootilaW 

OD 20th ad to'" day of ob8erYaUon. .... .... , the IIhoot _4 

l •• f 4eYelq_.t: w .... ..un. in coaVol. He&,e (1,e3) 

reported 'that. three node cut.ting. v.ated with 1M 21 _4 10 .s

roo .. bet.ur t.ban tho ..... t,ed with IU. 25 ... + I1AA 10 ppII 

or 1M 10 ... + JIM 25 ~. 
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2.1.7 M.tb04 of appl1eaUOD of 9zoowth ntg1Ila.r. 

W1ll1_ (1'.1) expujaea..- with the cut-Ung. 

of a.ru1n broad l •• yed ..... 1'_. uill9 CCI ucla! ho~ 

prepuaUon. 8UCh a. '~"ift' .c! 'Z'OOUDe' b7' .oalelng 

an4 c!aaSUD9 .. th04 to pn.ot. rooUa9 of wtUngs. !'ha r.ault 

of the stuM.s indic.~e4 that th. eutUa9s tr.ateet wi1:l\ 

aoluUon fo.I'IU r.sula4 1D higher percent._ of I'OOUng 

than d\a., va.-'u. 

Z~ (1,1-') st.ate. th.t. thou9h th.re ar. 

eUfferant. .. thods of t.raat1D9 tha aut.Uno. with hoJ:1lODe., 

dJ.ppJ.rac; tha wtUngs in • coacenu.ted solution for a sbort. 

period w.s the ••• 1.s. aDd ooaYeD1ant. to pr.ctic., Whezo. 

lll&'g. n\Bber of eNtt.1Dg. "... itO be 11_4184. 

Aud\Ia (1959) afteZ' studying the .ffeet of growth 

regula.zo. Oft rooting of CNtUDgs conclude. that the 91'0"'" 
regulators could be applied lD •• r10u. fon "i •• # povc1er # 

conaent.raUd dip, 411uu solut.1on dip, 01' a. p.ate. 

the .ff~1ven ••• of the •• tr.a~~ often .ar1 .. with plant. 

.pecle. and type of ahea1ca1 \1884. 

carda_ ( 1.60) worklD9 OD pepp." report.ect that 

tr.ating the ba •• l portion of the CNtUn. wi ttl • solution of 

8ara41. It. renl ~ 65 par caD' _ •• , "&'7 high conoeavaUon 



w.. fowad ~ .,. bJvl..... D1pp1a9 the en.. of CN~UD9. 

In· .. radix powder elllO ...... 1.. _ be •• flc:181 .ffee_ OIl 

rooUDg. 

2.1.1 .ff._ of l'ootl89 ...... 

15 

It. wide 1' ..... of &"OO'iD, 1HCI1. he .. __ vl" by 

--1' WOI'Ui". for the rooUng .WeSi.. of yar1ou. borUC\ll turd 

apeo1... Plana dJ.ff1oul~ t:o I'OO~ ugh, be ,r.aU,. lnflueoed 

by rootJ.ll, 1le4il8R, not only ln the pereeDt.ao. of CN.unga 

I'ooad, bu~ alao ln ~. queliqr of roo~ aya-. fomed 

(LaDg, 1"2). th. 9 ...... 11,. 1''''_ ..... Md1. for roo'18g 

of CN~UD9a u. a.d, pee~, _aa ( ....... , 1".). 

-.diu. of '0 per eren' _.4 and 10 p ... cent. l •• f 11014 (Anon, 193.). 

Aec:ordiD9 to Uehara (1911) pepp.r .. 4 beal CN~UD9a pro4uGed 

IIOr.l'OOu and ahoou wh_ pl __ ad 1. clua' •• fibre ttl_ 1D 

a.d or .011. Propa.aUon .tudi •• 111 blMk peppel' by 

ltoDatutlaOY ... ct Ilodrova (1"2) !neUe .... tile, pl .. ,. t.ra.t..d 

on pol •• ooyere4 with • ., apb...- _.a l'ooUCl w.ll ., .......... 
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'1'h4t plant.1ag eIWUo_t. of the cu .. t.lag for 

rooUDg ahould •• ue tbeu aaJ.nt.ell ... e vl thout. affecting 

the condlt1OD. of cut.t11'l9 at. 'the ._ t..tIDe enabling th_ to 

101t.l ... and .... lop DeW noU. a.die. by O'ltou&"lce (1940) 

and Oanav (1'.4) indica .. ed that. cut.U.,a IUbject.ed ~ 

lDUnait.bftt. aiat. at. h1gb light. iDtenalq roout! be .. ter •• 

It. preY.Dtad dealc.Uoa. K_ and a,a4er (1957) at:u41ed 

the l>eaeflci81 effeeu of ...... on moUao of wt.Unga. 

'!he .aJol' .yUoaaelltal 0011<11 t.iona that. influence the rooting 

of CUt.tiDg8 are light., relaU.e h .. i41t.y end t. .. per.~. 

(Oamer IS ti,., 19'6). 

Creech (1955) reported that. .1ngle node cut.ting. 

of black pepper when plant. .. ln a e10ae propagating ca •• 

wlth low 11tht. int.enalt.y ad high maJ.cUt.y re.ulte. 88 per cent 

rooting. An e.17 aDd .. x .... rooting W •• obta1ned when the 

cut.Ung. vel'e planael in "allb •• a ...... or prepared 8011 

t.alten iD • Trinldad type cae_ propaqator Jeept. under 

'5-100 per CeDt r81aU.e huaidi.,. and H to 30 pel' eeDt. 11ght 

in-.ai .. y (Quayer end Coz-ber., 1"". 
T ... aaeAko aDd t;.naakoY (I ... ) DOUCad ~at. .1.t. 

under plaaUc 11a renl-.d ...... rooting 1n t.e1.'ll8 of 

peZ'ceDt.age, n\Bber _d length of Z'OOts. 1be length of shOot.s 



w •• 81ao .~ in till ••••• a.par.d to CU~Il'. pleat .. 

11l fr_. without ad., 0 ... 91 ... hcu .. 0'" open condit1 •• 

wl th .al.1:. Hu9h.. (1'16) .... 1bed the ... of • 91 ••• 

cover.d al.t ahaabel:' f .... the ZOOUD9 of c»tUno. 11l black 

pepp.r. 81119la DOd. CU~9. of priaary tIOOC! ..... ,,1 teet 
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90 to 9. per cent rooUft9 while rootlD, w.. poor in aeccnduy 

wood. It.. (1.69 J c:cap..-e4 the rooiWl9 and f1a14 

•• ' .. 11 .... ' of black peppel' ca",,,. by ~a .. thod • 

• 1&., IINtth bad" at_boo po, _4 ai., P&'OP..,a~r, aad fo •• 

tha' tN.n be4 w •• the be .... tb04 w1th ...... ard '0 the above 

•• peeu. Mi., P"'OP89.~ w •• el .. equally vooct ba1: the _a' 

of •• 'abllebaent v •• hlgbar. 

_.a,ak. an4 tt.t.nbJ..lnth (1.83) autecl th., 
CN,UD9a of black pepper pleatad _de&" 50 per c:aat .a.. and 

prOY1dJ.n9 1rr1,.Uoo 0ftCI. In ttl ... _ .. .,. g •••• ~ n~ 

of roob vith hlgh •• 1: dq we1p' of .. eota _4 roou. 

ADatGaUcal .twU.a ill .... l.U08 to 'De of cutUD9a 

and thair not lniU.'lon 1n black papp .. ar ••• _ to 1M 

_ag ... e. t'ha few work. conduoted .... a IH1nly confin." to the 

,eneral _.~ of ahoot. _4 roou. 
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_d (1911) ..... 1be4 ..... p ..... n .. of an ea4odula1. 

1n the .. r1al .--. of peppe .. _4 1 ..... loped only 1n 

•• aocl.Uon w1th the ...... r1a9 of •••• 1 ... bundl... 11t 1. 

w1 th iaeonaplCNMl. ca.pui_ .. l __ la, OIl th. outer .l&t 

of the .rU •• l bundl •• and w •• coaUft\lOu. ew.r I"a,.. and 

eN'te .... acula .. bundle.. Aecordln, t;o h1Rl _dodend. 1 •• 

v •• Uglal .vuc1ture of DO P .. Uuuy UIpor •• nce 1n the lnumal 

~of the .~. 

M.~.lf. and Chalk (1'50) repo .... d that .~ 

.1tZ'ucQI"e of peppel' .bowed ch ....... r. of both ... oceu .nd 

dlco... '!he •• aculer bundl •• ve .. e arr.nged 1n • deflnite 

p •• t:en 1n tovo larar., "te .. "1a9 eon.1d ... 1n9 of eerUcral 

bundl •• ara4 iIlne .... 1ft9 of IIedallaay burldl... V •• nlar 

bun41 .. WU'. tOUDCl ~ be open ad • 41.tlnct ca.b1_ pceMDt 

in both cortical _d medullary bUDdl ... 

Oaner and a.alcbane (1968) obaened en au_r 

ep1deJ:lda 1IIh1ch ",a. found 'to b. conUlluou. OYer th. r8ya 

.nd outer •• aculu buDdle.. Aoc:o .. dJ.D9 to ttl_ ..coneSuy 9~ 

1n pep},>e .. w •• typ1cal to thet of 41c:otyle4oAou. vine and 

.a.wla&' bundle ..... ained .acret ....... fter the a.OODd8J:'l' 

thlekeelft9 • 



Da't. end Daegup .. (19") .tudied 1ft de'.11 the 

••• culature of geDU RAw and aOlllnl&'ed 1t wlth tho •• of 

,aa". 1tptJ9N.. and ,._ ~ .. ShH. Aecortiav to tb.

the au.bel' of perlphual lNn41a. ".. 20 to 24 and .edulluy 

buDdl •• 9 to 121ft Pip. pl. .. , heh .,1_ bad IIO.Ur 
J to 9 t;rech •• .cy .1_nte _4 aac1o.1D9 .. group of pa .. eodlJII'." 
oell. ( ... Uy • u 18) fomlat •• -.t.1UDQ' patch. 

2.2.2 DeYalopaen't.f roou 

AocorcUag to Her._ ad X..t.er(1972) fOOlaUon 

of edYentJ.tiou. rooo ire:. ... cutt.1Dt. took pl .. 1n 

thr ... ,a,.. in general, firs' - da41ffezentla,lon end rapid 

41y1810ft of ac.e parenClhyaatoua eell. _ prO<!l.lCe root 

lnl tiel., eecon41y •• tabllaMteat of ..... gal.able roo't 

pr~r41u. ~i~ ... rl ..... t1c ~'t apex fraa the •• e.ll., 

and finally dewelopaent of .a.GUlar connection and ... cgenoe 

of 1'00' prilRord1\8B by ruphl"iag ~ cortical t.1 •• U8 of ..... 

It v.. reported tha' in ~ plan.. pr.-fo~ 

root 101 tiel. were pre ... , ia the J.nt.eet .... ..en bef.a 

cuttings vu ..... and lla dome., until 'the et_ wua -14e 

into outUD9' aa4 placed Wlde&' t.¥OU.C'able (!O!ditioa. 

(C.rlaon. 1938. 1950: eaa-p_ter. lMI and Nut.a _4 

lCe.ar. 1972). 



Pri •• "",..d -.J.a,l. (1'2') 4 ... 1bed the 

or191ft of root. 10 .... -tUD9. •• fn. a group of 
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_rl ..... Uc oel1. 0_11' 1'00. 1alU.1. whlch vere loe.11 ... 

Jut. ouulde end be."... tile .... 1· ... bundl •• in ..., pl_t. •• 

Different. view. ext.t. with r ... rd t.o the ... rvence 

of ,rowiAg I'oot. through thee..-.. It. ha • .,.. I'eporte4 

th.t. .a.e hydrol~c en.,. .. are 1Dvolv" which di.801 ••• 

awey the cortical .. 11. (aoanet., 19.9, .. 11 and Me Cully. 1'70, 

Xu •• an4 tie CUll,.. 1'71). Aoaord1D9 ...... Cully (1975) 

.. aln hJdrol~e ...,... played •• Jor rol. in the peaetret,ioo 

of l'Oob ant! the I'ole of mechanical pre •• .,. v.,.,. negli9ible. 

1 ... at of tile tiectyl .... ou. moa aortex 1 • 

•• 1oly eon.tituted of parencb,.. ee11a and the .. eell. v. 

Rae t,1aea vr_,ed 1n ,..41.a1 row., putleulllrly ill the 

inner layer. (Fehn, It'.). 

Det.u _d Da89UPt.a (19'7) .~cUe4 the arraDq ..... t 

of v~.cul.r buDdl.. in the root of PlpI[ evolved f~ • 

OImual cor •• of uac:h ... ry el_enu to • cont,inuoua riD9 

or radiatiag tracheary plates. 



~d.te'lit1.Lj I1nd. ~etho~ 



Th. pre .. n • .-1 .. of studi.s were carried ou~ 

10 the euu. for AclYaee4 StudJ. •• on H\1IIIlid Tropical 'IT .. 

Crops, ColleGe of HorUcul tu.re, V.llan.fJlk.. du.riD9 ~ 

pez-iocla frca Much 1987 to January, 19.1. ftl. stwli.s 

.aift17 consisad of the followiD9 bIG .spacta. 

The CU~UD9s w.e .-keo fre. 10 year olel hea1tth:r 

.iIle. of black pepper eY. • .. iyur-l .dnuined wader th. 

ICADP Pnjeet 1a 'the·...t.ft eeapua .f Ker.l. A9riCN1Wrel 

Ua1Y_si~. 

3.1.1 .. l.cd-Oll _d pr~.UOD of plenting .aurial. 

The c:u.t.1ogs " ... e prepana 4\lring March 198' l~ 
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all the four type. of aboo ........ l'UDftUS (stolons> 9Z'Owing 

8hoou (or'tbot.r:opb.) end haagl89 -.oou (9eoUOpha) an4 

laural. (plageotropha) (Pl." 1). The l81dd1e por~on of the 

shoota were .. lecu4 to prep8.l'. _~a • 

• iDee the laterals fdled to root, during Mueh, 

the .tudi.a ve .. e rep •• ted duriag .JUn., thr .. 8IODth. .t ... 

barYeat. 



4fwo DOdel CN_ua,. we.... Ulcea fl'. Rener. 
(.w1oa.>. growing .boo.. Conbotroph.> and bangin9 .hoot. 

(g"uoph.). !he ou-u... were .... J".~ below a DOCIe 
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le •• 1Dg 1 a. 1ft the H •• l ~1:ioa. The le.f blade. were 

r.-ove" oarefully k...,1a, the .... of petiole intact and 

c:uttiDoa were made J.Dto -.41 •• of fifty each. for treating 

with gl'OW'th rtt9\l1ator •• t .U'ioua GODCell'trationa. In the ea .. 

of lateral.. ~ •• nodal a.ttiDV. were u •• d for planting. 

3.1.2 PrepuaUoft of ftu .. ~ 

Pol:rthen • .,.. •• f 250 .auge ami 25 x 20 c:. .i •• 

were •• ed for p1a.ua, the ._U.... The bav. vera tilled 

with pott.iJl9 mixtur. eorud .• Uq of ram yard •• mare, .enc! 

and top .. 11 in 1.1.1 raUo ad l'equire4 nUlllber of ... +~ bag. 

were acr8llged in row. undu pard.e1 aha4e •• well •• in.ide 

• d., au_bel'. The • .-per ..... _d rel.tt •• hWlldi~ inside 

the .1.t ctuunber were .dj\l8." It7 prOYld1Dg .... , for 3 II1nute. 

at hourly lat. ..... l fr ... A.H. to 6 P ..... every day durlft9 

the cour •• of the J.n.e.Ug.U_(Plct1e.. IJ ). 

the no 9rovth l"egula'tO.r'. naNly XAA. Xu. •• 

their ec.DinaUOD each at e eonceratreUon of 100. 1000. 

1500 .,.. and a .... rd..l p%"19p8.l'aUOD •• ra41x. weI' •• .ad ill 





PI te .x 

Plate 11 



the pre._~ .t\ad7. '!'he .xper1aeft~ v .. 1a14 O\l~ in atD. 

!'we haued cu.~UIl9. we... ve.ted tinder each of ~e 

follOWiav .1 .... v •• -.. •••. 

1'1 

"1 
TJ if. 
"5 

", 
." 

", 
If. 

T10 

'Ill 

-

-
-

-
-
-

Coavol 

•• "iltix-a 

DA 1100 ppa 

1M 1000 Ppil 

1M 100 ~ 

18A 1100 pta 

1_ 1000 P.

IllA 500 P"-

1M + 1M 1500 pptl 

lAA + laA 1000 ppII 

lAA + 1M 500 ps-

Hundred C\I~Uft'. • .. of all the fO\lr type. of 

plan.1ag .e-'r1a1. ~e.ted w1~ .ach of the abO •• Cheml •• l 

"ere kept UDder Id •• _eI opIII __ lUon. for noUn9-

A .tock aolu.1on of 1500 pp. each of 1AA and 1M 

v .... p .... ep.red .eperlltel, by cU.seolYing 1.5 , of ...... peni .. 

, .. ow..., rfl9Ul ... r 1n .1n1_ ~ .. U_ of alcohol and 

2::l 
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... ~u,. tUluted wi ... 91 ••• dl.U11.ct w.U .. an4 .... 

up •• y01 ... to OD. l1v.. All the v •• -.n~ _lu~lOtl. 

1nclu41a9 tile 1M •• lu. .... .ta.Uoa of .. equire. ooDC.nuaUcn. 

we"e .npue4 f ... the atock aoluUOIla by addl .. 91 ••• 

41aU11.4 ".~e... 'lb. p .. e.lpl U~lOD DoUced 1n tile pAp ... ed 

p'owt,h ..... la~ aoluUOn v •• oy ... cc.t by t:ne MdiUon of 

... to thr .. ckop_ of -/10 ae41\8 hyaoxi4a •• aWJ94lste. by 

1U1le .. (tltJ). t'o p"e •• n~ p .. ~lpl~.UOD _11ghUy vana 

di_tilled ve~.r w ••• la. ", •• 4 .~ the .~. of preparation of 

uflt .... n. aol uti on 

th. .-UA9a w.... v •• ud 1n CI'lloJc dip _ti\od. 

!h. IM .. 1 one lach porUon .f __ cu.U.v_ incl udiot the 

Dodal .... loa w.a .oaked 1ft r •• pecUve v.a .... ftt aolution for 

45 a.ooo... For "' •• 'lag with ..... 41x-. the cut. end _4 

Na.l DOdal "89101l vue dlpped 1ft water fl .... _d thea 

_ued wl~ the _ .. adix pov6t... t'h •• xeea. powder 1" ....... 4 

by flo,car lmoc:k. Th. U •• ~ed GU.U .... we ... pl., .. 1aledlately 

1ft 'th. preparecl poly.n.e NV- a' the 1'." of ten au tUft,_ 

per H9. tthe CNtuaV8 we ... " ... net 4.-1ly OIIce durlft9 the 

~ •• of the .xper"'nt.. 
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a_,,- .-.pl •• of 20 .. -Ua9- ..... plant" u&tr 

...... uS at.t ooa41Uon. v .... lIpZ'OOte4. fn. all tile 

v ....... M v1veeJUy iDwn-1 fr. Karch .vud. 1ft the 

•••• of .,... ... _. growlRV .hoOD ad h_lne ahGoU. aut 

ln the •••• of law"al. the oba.nationa wKe reeol'"dect .~ 

b-i.VMk1y u_n-1. Ir • .,.. oav.... file followlnG 

... naUo .. _ ...... l'"eeol'4ed. 

!'he ~I' of attUftV. I'GOud WKa reeor ... ane! 

the pel'C___ of rooUD9 v.. wop" out. 

!he Du.ber of roota proch ... by CNtUq. ",el'. 

record .. .ad the ••• v .... k ... t. 

'ttl. I-9th of ntetu produeed by cutUnV. w •• 

....... d 1ft C8nd.aeur. 8ft4 the __ le&lgth wa. then worked out. 

'th. root. weI'". aepuete4 f~ the cutUOV. oarefully I 

w •• ned 1ft tap vater and .ub •• queatly 1n dl.Ulled •• ter to 



c-.. the dirt _4 Hil putlc:1.. edbered Oft tile EOOt 

nrf.... 'rhea __ frem wei;bt of the rooU wa. fou.ad 

out u.1D, a ah.a1cel balance. 

ae drJ weight of roo .. w •• recorded udng a 

c:hea1 •• 1 bal__ .,ur dlyiD9 the • .-pl. 1n a en.. flow 

air oy .. at 'O·C % 2-C for 2. bouca. 

3.1.4.6 Fresh w.lgh~ of 8h00ta 

!be .boot. wece .epu." Ir. the _tUB,s end 

til .... .: freah weight ..... fou ... wt ulhfJ • Ob.-leal bel .... e. 

1.1 ••• ' Dry veight of aoou 

'!he aeparetad ...... we... _led 1n .. oro.. flow 
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air 0... at ,~. ~ 2·C for 26 ~. and drF .... itht v.. fouad 

ou.t ulll9 a ob.ueal lMl .... 

1!'b •••• ehoot./root raUo wa. coeputeCi tl'Oll itl. 

fl'eah ve1pt of .moot • .act roota. 

J.l.1 Stati.tical ... 1,.1. 

"th. da" wa •• uti.Ucally .. ely'" •• per .... 

8Undel'd proc.duI'e s\lCl9 •• bId by Peaa. end hltha.e (19'7.). 
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The 4iffarenca be~ween ~a.tmen~. with regard to percentage 

of rooting v •• te.tee! for eignificance by u.inv chi-.quare 

taat. When the nu.ber of ~e.t:lnent W •• lIlOre than two, 

chi-aqu.re v •• ce!culated a. 

where, 

1 <_(_M_2 __ -__ J_n_l_)_2 __ _ 

L:. • + .' 
• 

a • The number of aucce •• under each tre •• ent 

.) • The number of failure under each treatment 

n l • The number of .ucce.. for all the treatment. 
"altan together 

D 2 • 'fhe number of failure for all the tr ••• ents 

t.en tDgether 

When there wer. OBIy bIG ~ea ... ts. chi-.quare w •• ealcu

let.a4 •• 

( /.d - be 1- i)2 D 
2 • 

X (a+b) (0+4) (a+e) (b+4) 

whare, 

a and c are the nWlbar .f .uoea.. under •• ch 



The d1ffe~enoe ..ang treatment. wlth ~eapect to 

quantitaUy. charaCQra .uch a. n .... r of roots, length of 
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roots, dry and fre.h weight of 100". end ahc;tot. "ere testee! 

for .1gnlflcance u.lng analy.l. of variance. 

3.2 An.ta.1cal studle. 

Thl. .tudy wa. unctertelten ln the Departlnen t of 

Wood Science, ItPRl, Peachl wlth en obJectly. to .tudy the 

.uucwre of at., root and the steges of deY.lopllleDt of 

adventitlou. root.. fre. ~ •• '- cuttinoa of pepper • 

..... cut.tlnq. were prepared .eparately for anatomical 

st\141e. fra. runners, vroviDv moot. (or1:.hotroph.), han91 .. 

• hoot. (Veotroph.) and lat.eral. (pla9eouopha) ln order to 

flnd out the varlauon in .... -.1cal .tructure of .te. cd 

root ln theae type of planting .... rlal •. 

To .tudy ln detell ~e .tage. of root development 

rooUn9 reglon. of the crutUng. fr. all 'tre.t.nU!Dta were 

collected. Fr_ each tre.tnae~t of .11 the four type. of 

plantlng a.terlala f1ve .-.pl •• Were collected on flfth and 

tenth day of planting the eutUnv.. Sapl •• were alao 

collectee! fra. t:hoa. cut.UnV. which fail.e! to root but 

r ... ined 9re.n. 



a_ple. of J'OUDQ' _d •• ~U&'e roo •• were collected 

to .tudy the I'oo't an.~. Young roob W81'e collec~ec1 In 

ti1e early .'tage. of I'OOt d"81~nt whe .. e •• ..ture roo't. 

wel'e collecud fl'C8 cuttlng. .fter thr_ IIODth. of planting. 

(1) ri.ation _d "tor8g8 of "pec~. 

7AA wa. u"ed fol' fixinG the •• teriala •• pel' the 

•• thode eSe.crlMd by •• rlyn end M1kache (19"). Speci .. a 

were kep't ln FAA for a 81n1Jn\a perlod of '2 houre cd then 

tranalerrect to SO per cent alcohol for ,,'torage. Prior to 

sectioning, the •• ter1al" were w-.h.d 1n running w.'ter for 

about 30 aln\lU" W r..,.e trace" of the fi •• ti .. and 

alcohol. 

(1i) hcUonlng end ata1n1nv 

Tren .. eree ".etion. of 11 .1o~n th1ckn •• " "er. 

cu't \I"ing aichert "liding a1cro ..... per .tenderd .iel'O~ 

.ugge.ted for hard wooda (Ca'tle .. , 19"). Section" were 

cut both fl'OlR nodal and inurllodal .... 10ft for comparlaon. 

1'01' cu'tting the cro" ... cUon of nob, the pith of tapioca 

(MIp1boS e"eulepM) aU. w.. u.84 •• ~e au.pporting .aUs'i.l. 

aoou "e .. e iD.e .. ted into _all loa9i1N4aal gZ'OOYe" .ade in 

ti1e "oft pith of apl1t ,,'t_. "1'''''''1' •• aect10na of 15 aicroa 



tb1olm ••• were cut. ua109 "'1. technlque fraa bo~ ycNng 

and aature 1'00'-. 

The following ."ining •• th0d8 were u.ed for 

.t.ainlng the .ectlens. 

U) Tolul41ne alue '0' 1ft cluab buffer at. pH 4.5 

(0' BrleD U .!!., 19M). 

(2) .afruin-al_ark aZ'OWD ("rlp .ad M1kac:he, 19") and 

•• fra.1ft alone (Slng1e S'.ining). 
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(3) Iodln.-Pot. ••• lu. Iodide ... , for at.arch (JOhan.en, 1940). 

(4) 8udan 111 (alcoholic) for 11pida (Bel'lyn and 

Mikach., 1916). 

The 01'1glna1 proaed~e .a. slightly .od.lfi.d for 

get.ting praai.ing resul'.. In Toluidine 81ue ataining, 

air drying the •• ~on. aft.er 41ffer.n~at.1an in water, "aa 

not. s.U.factory. Mence the f.11ov1ag achedule va. adopt.ed. 

aect.ion 
t 

Toluidine blue .t.ain (5-10 minut.a) 
t 

Dlfferent.iat.1an 1ft vat.c 

1 
DehydraUon ln 2., Ja., 'I" .cetone (1 minut.e each) 



1 
.. e Acetone (2 _ ..... ) 

\l 
.... Xyle •• (2 __ gea) 

~ 
Mowl~ in DR 

For .ta.tlling &'00_ .ecUoa. tid.s proced\az'e " •• 

not •• tl.fac:wry. "fraiD (a,,",l. auln1ftV) and hfraa.lrl

ai.arlc kOVll "a. employed for the pulpo .... per th. 

follow.t.av ate1n1D9 lIOhe4We. 

8ecU0D8 
~ 

Alcohol .arl.. (1«*, 2'-, ,. aut "0%) 

1 (1 ainu_ each) 

"frenin 1n 50J' alcohol 
1 

lOS alcohol (2 eta_a one .iDu_ aadl) 
t 

81..ulc ltI"ovn 

t 
807' alcohol (2 change.) 

~ 9'" alcohol 
J-

Ab801u~e alcohol (2 eta.oe.) 
t 

3.1 &lcohol • Xylene 
t 

1.1 Alcohol • Xyl ... 
J, 

la3 Alcohol I Xylene 
t 

Pure, X71ena (2 cnanQaa) 
~ 

Mount III DPX 
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The .1ldea _"8 _ined uia9 Cul-zel .. 

b1Docu1a ....... arch 11101'0 ..... fl ... wi'" -JecU".. of 

.~flG.UOft .. aaV11l1' f..- 3.2 x to 100 x and 10 x .ytrpl .... 

~ cheek the pre •• nee or ab.ence of cry.~el. ear~-&el •• 

1*1 ... 181129 alczoacope wa. Wled. Pho.am1e .. OCI"aph. w ... e ~.lt_ 

•• 1ft; • pho~CI'09I'aph .y.u. and ORWO black ancJ "hi. 

ne9.~1.. fl~ of 121 AlA. 
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tha .. aau1 U of tila pre •• _ .ar1.. of .t.ud1.. on 

tha eff~ of ,ro~ regulato... on roo~n, of 41fferen~ 

typ.. of plantift9 ...... 1a1. in black pepper are p .. e.en~ed 

in the fol1owiag P..... Sxeep_ 1.",,81. .11 other planUnq 

.. ur1a1. we .. e plan_" durinl ... reb INt. the fonaer ware 

planted in June. 

'!he raeu1t.. of the experJ.aent. to fiDe! out. the affeet 

of Vrow1:h .. ep1atora and iii." Oft noUng of cut.Unga and 

othe .. growth chuec:ura are _ar1 ... below. 

tha 4a.. fumll1hed ia '1ebl.. la, 2a, 3a, 8114 ,. 

c1 •• rly 1n41ca-.c! that. UDder lI1a. eoDd1Uon., all the pl._11l1 

.... r1al. prodW:aed _ .. t.. rooUra, .ea va.t.e<t vi"" lIlA 

1000 pp.. ~a.t.1a1 the cut.Uag. w1~ 1M 1500 ppm, 1M 1500 Its

and .. rad1x-a 81eo w ... e .ffecU.e in noUft9 (Pla •• III to X). 

'r .. a.pacU.e of the .ypa of •••• r1a1, open cond1 Uon ".. 1 ••• 

OODd\Ic1 •• for beat. .. ooUnv. Pooled analr.1a .f tha 4eta 

~eted in 7abl.. lb, a, Jb and 4b ag.1n indicated thet. 



~able 1a. B~fect of growth r89Ulators on rooting of cuttings under _ist and open (Z'\1Dl1era) 

.o.of II\mlber of cuttinq8 80.of cuttil'l9S Percant8ge Percentage of 
CNtt1ngs rooad established of initial fb.l .sUbli-

'fre.tmant s_- root1nCJ shlaent 
pled 

3WAP 6 WAP 9 WAP 12 WAP 3 WAP 6 WAP 9 WAP 12 WAP 

auadix-. 
Mist 20 15 18 11 11 75 90 55 55 
OpeD 20 12 12 8 • 60 60 40 40 

IAA 1500 ppa 
Mist 20 15 15 14 12 75 75 70 60 
OpeD 20 11 11 7 6 55 55 35 30 

:IAA 1000 ppa 
JU.st 20 11 13 9 8 55 65 45 20 
Open 20 11 10 4 4 55 50 20 20 

lAA 500 ppa 
JUst 20 10 13 14 8 50 65 70 40 
Open 20 5 9 7 4 25 45 35 20 

IDA 1500 ppa 
JUst 20 13 14 12 10 65 70 60 50 
OpeD 20 , 11 • 8 45 55 40 40 

IlIA 1000 ppn 
JU.st 20 17 19 16 16 85 95 80 80 
Open 20 13 14 12 12 55 70 .0 60 

IDA 100 ppm 
tist 20 13 14 , • 65 70 45 40 
Open 20 7 10 5 4 35 50 25 20 

IAA + IlIA 1500 ppa 
Miat 20 11 16 12 10 55 80 60 50 
Open 20 10 9 8 2 50 45 40 10 

lAA + lBA 1000 ppa 
JUst 20 14 15 10 8 70 75 50 40 
Open 20 7 10 8 4 35 50 40 20 

lAA + IDA 500 ppm 
Mist 20 7 15 10 9 35 75 50 45 
Open 20 4 10 8 2 20 SO 40 10 

Control 
Open 20 6 12 8 3 30 60 40 15 
Mist 20 5 8 3 1 25 40 15 5 

c,...:) . 

'5.8*~ a,_ J{7<c- *~ ~ ...... Chi square values 44.59 18.77 WN - Week. after planting - Significant at 1~ level 
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.. redia'" 

IM 1100 p~ 

1M 1000 Pa-

L\A 500 ppia 

IlIA 1500 ~ 

1.,. 1000 ps-

1M 500 ppa 

1M + xu. 1500 p,. 

L\A + IlIA 1000 p~ 

L\A + lIlA 500 ppta 

Conuol 

.c 

e leer. of 
cu..Ung • 
... 1 .. 

CO 

40 

40 

40 

40 

40 

40 

40 

to 

40 

40 

27 30 19 

26 26 21 

22 23 13 

15 22 21 

22 2S 20 

JO 13 28 

20 24 14 

21 25 20 

21 25 1. 

11 25 1. 

11 20 11 

CbJ.-8qtaue ye1 .. 

12 WAP 3 WAP 6 WAP 9 WAP 12 WAP 

19 67.5 75 47.5 47.5 

1. 65.0 65 52.5 45.0 

12 55.0 57.5 32.5 30.0 

12 '7.5 5S 52.5 JO.O 

1. 51.0 '2.1 10.0 45.0 

2e 7S •• 81.1 70.0 10.0 

12 50.0 10.0 J5.0 JO.O 

12 52.5 62.5 45.0 - 30.0 

12 52.5 '2.5 45.0 27.5 

11 27.5 62.5 45.0 27.5 

4 27.5 50.0 27.5 10.0 

37.'*· 55.2** 23.8** 19.!""'s 



Table 1 (0). .ff~ of .... ~ GIl rooUav of eu~'t1ft9. (Z1IDII ... ) 

Weeka _be .. of 
'fr ......... at..- eu.u.ga 

plaUDv .-pled 

lU.~ J 220 
Opea 3 220 

JU..~ 6 220 
OpeD 6 220 

lU •• • 220 
Opea , 220 

M1.~ 12 220 
OpeD 12 220 

Me. 

• .aber of 
CN~Ua9. 
rooted 

132 
.4 

164 
114 

121 ,. 
103 

55 

Percentap 
rooting 

60.00 

42.70 

14.54 
51.81 

H.al 
35.4. 

46.81 

25.00 

59.54 
38.14 

i:.. .... 1 •• 

~ 

13.13 

2'.4J*~ 

24.83 it- *-

21.64,>1. *"" 
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FIG. 1. EFFECT OF GROWTH REGULATORS ON ROOTING OF CUTTINGS 
IN RUNNERS (STOLONS). 
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'.rebl. 2a. B~fect. of growth regulator. on rooting of cut.tinq. under aist and open (growiD9 shoot..) 

Mo.of Mo.of cut.ting. .0. of cutting. Percentage Percentage of 
'lTeatmant. cut.tings root.ed e.tablished of initial final establillh-

.-.pled roo t1 119 ment 

3 WAP 6 WAP 9WAP 12 WAP 3 WAP 6WAP 9 WAP 12 WAlt 

.. radix-. 
Mist 20 10 17 14 14 50 85 70 70 
Open 20 5 15 6 6 25 75 30 30 

IAA 1500 ppm 
Mist 20 15 20 11 11 75 100 55 55 
Open 20 9 13 6 5 45 65 30 25 

1M 1000 ppm 
Mi.t 20 17 14 9 9 85 70 45 45 
Open 20 10 12 4 4 50 60 20 20 

1M 500 ppm 
Mi.t 20 14 11 10 9 70 55 50 45 
Open 20 7 12 5 5 35 60 25 25 

1M 1500 PIB 
1U.t. 20 16 19 12 12 80 95 60 6O 
Open 20 10 16 5 5 50 80 25 25 

1M 1000 ~ 
Mist. 20 20 20 17 17 100 100 85 85 
Op- 20 13 14 12 12 65 70 60 60 

IRA 100 ~ 
Mi.t. 20 13 15 9 9 65 75 45 45 
Open 20 10 12 5 5 50 60 25 25 

1M + IBA 1500 ppa 
Mist 20 15 16 .. 8 75 80 40 40 
Open 20 11 12 7 4 55 60 35 20 

lAA + leA 1000 ppm 
Mi.t 20 10 14 9 8 50 70 45 40 
Open 20 3 6 9 4 15 30 45 20 

1M + IDA 500 ppa 
Mist 20 12 8 7 7 60 40 35 35 
Open 20 1 6 10 3 5 30 50 15 Gr.) 

Control -.J 
MJ..t 20 6 14 8 6 30 70 40 30 
Open 20 3 9 5 3 15 45 25 15 

Chi lMfUare value 
~~ 

38.45 
.~ ~ 

74.10 69.54 44.59 

WAP - Weeks after planting 

** - Significant at 1% level 



.,.1. 2 (ID). &ff~ of 'P'owth regul.~. on rooUDv of eu"l..,. (grow1n9 Moot) 

ft •• _eat lIo.of .... 1" of autUn .. roobtd Percent..,. of J:OOtlll9 
c:m.UD98 
8-.pl~ , .A. 6 WAP 9 WAP 12 WAP SWAP 6 trAP 9 WAP 12 WAIl 

-- ----~ .. -,. 
Seretix-8 40 15 32 20 20 37.5 80.0 50.0 10.0 

1M 1500 p~ .a 24 33 17 16 60.0 82.5 '2.5 .0.0 

IAJ" 1000 Ps- 40 2"7 26 l' 13 ".5 65.0 32.5 32.5 

J.M SOO ppa 40 21 23 15 l' 52.5 57.5 37.5 35.0 

IRA 1500 ppaa 40 26 35 17 17 65.0 8"7.1 C2.1 C2.5 

IlIA 1000 p~ 40 33 J4 29 29 82.1 8'.0 72.5 "72.5 

leA 500 ps- 40 23 21 l' 14 57.5 ".5 '5.0 35.0 

lAJ. + IRA 1100 ps- 40 26 2e 15 12 65.0 "70.0 '"7.5 30.0 

IAA + lIlA 1000 pos- 40 IJ 20 Ie 12 J2.S 50.0 '5.0 30.0 

IAA + IRA 500 })pal 40 13 lC 17 10 32.5 35.0 42.5 25.0 

Control CO 9 23 13 9 22.5 57.5 32.5 22.5 

NS ~ *~ NS 
Ch1-aquare v&lue 13.77 4S.16 29.42 44.9 



2'able 2(e). 

-rr •• -.u 

Mtat 
Opea 

auat 

~ 

lUat 
Opea 

JUat. 
OpeD 

affect: of alat .. rooUIl9 of cutt1DQa (9row1R9 ataoou) 

Weeka • ..-bel: of 
af~ ewt.UD9a 
p1aaUft9 .-p1 .. 

3 220 , 220 

1 220 
6 2. 

, 220 

• 220 

12 220 

12 220 

.... r of 
cut.Unqa 
rooUd 

lee 
82 

1M 
127 

11. 
7 .. 

110 
56 

.erc:eata9_ 
rOOUftV 

17.27 
37.2' 

76.M 
57.'72 

51.81 
3' •• 3 

50.00 

25.4' 

'1." 
38.51 

X2 ya1ue 

39.68~* 

17.29,lE--..... 

12 ... * .... 

28.20-lf-t('-
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FIG. 2. EFFECT OFGROWTH REGULATORS ON ROOIING OFCUTTINGS 
IN GROWING SHOOTS(ORTHOTROPHS). 



Table 3&. Effect of growth regulators on rooting of cuttings under mist and open (hangiD9 moob) 

No.of lIo.of cuttings No. of cuttings Percentage Percentage of 

cuttings rooted established of initial final establish-
Treat:ment saapled rooting lRant 

3 WAP 6 WAP 9 HAP 12 WAP 3 HAP 6 WAP 9 WAP 12 WAP 

Seradix-. 
Mist 20 11 14 13 13 55 70 65 65 
Open 20 8 7 6 6 40 35 30 30 

1M 1500 ppm 
Mist 20 14 14 12 10 70 70 60 50 
Open 20 e 10 10 4 40 50 50 20 

1M 1000 ppm 
Mist 20 8 9 7 6 40 45 35 30 
Open 20 6 7 5 4 30 35 25 20 

IAA 500 ppm 
Mist 20 10 10 8 8 50 50 40 40 
Open 20 5 8 5 5 25 40 25 25 

IlIA 1500 ppm 
Mist 20 13 16 12 12 65 80 60 60 
OpeD 20 8 1) 8 5 40 65 40 25 

IRA 1000 ppm 
lUst 20 16 18 16 16 80 90 80 80 
Op- 20 9 15 10 9 45 75 50 .5 

IRA 500 PIX" 
Mist 20 13 10 , 9 65 50 45 45 
Open 20 9 8 8 5 45 40 40 25 

IAA + IDA 1 SOO ppa 
Mist 20 9 13 8 8 45 65 40 40 
Open 

1AA + IRA 1000 ppm 
20 7 9 8 4 3S 45 40 20 

Mist 20 6 12 9 7 38 60 45 45 
Open 20 3 9 6 4 15 45 30 20 

IAA + IRA 500 ppm 
Mist 20 13 10 9 6 65 50 45 ]0 
Open 20 8 8 6 3 40 40 30 15 

Control 
Mist 20 8 9 6 4 40 45 30 30 
Open 20 5 7 5 3 25 35 25 15 

....... 

43.64-?1-"'- 42.19~ 29.4~" ~ 0 
Chi square value 51.4" 

WAP - Week. after planting •• - Significant at 1~ leyel 



110. of 

.. ~tlD9· ---------------------------------------------------------------.-.pled 9 WAP 12 wAP 3 WAP 6 WAP t NAP 12 WAP 

Sued1.x-B 40 19 21 I. 19 47.5 52.5 47.5 47.5 

IN. 1500p~ 40 22 24 22 14 55.0 60.0 55 0 3S.0 

1M 1000 PS- 40 14 16 12 10 35.0 40.0 30.0 25.0 

IAl\ 500 ppIa 40 15 18 13 13 37.5 45.0 12.5 32.5 

IlIA 1500 PS- 40 21 29 20 17 52.5 12.5 50.0 "2.5 

IlIA 1000 p~ 40 2S '3 a. 25 62.5 82.1 65.0 62.1 

1M SOO p;;a 40 22 1. I? 1 .. 55.0 "5.0 "2 .. 5 35.0 

1M + IlIA 1500 p~ 40 16 22 16 12 "0.0 55.0 40.0 30.0 

I.AA + lIlA 1000 W- .. 0 9 21 15 11 22.5 52.5 37.5 27.5 

lAJ. + lBA 500 ppa 40 21 I. 15 , 52.5 4S.0 37.5 22.5 

Control 40 13 16 11 9 32.5 40.0 27.5 22.5 

NS ++- """f"f- *"7("-
Chi-Square v~lue 15.15 19.70 21.58 43."5 



--------------------------------------------------------_.---

lUat 

Opea 

Mla~ 

Op-

Mat 

Op-

lU.t 
OpeD 

Me. 

WeeJut tlu.ber of 
.fter cuttlDga 
plentin9 .-.pled 

3 220 

1 220 

6 220 

6 220 

• 220 

• 220 

12 220 
12 210 

121 
'76 

135 
&01 

10. .,., 
101 

52 

55.0 
34.54 

61.36 
49.10 

'9.54 
35.00 

45.90 

23.6' 

52.95 
34.75 

18.'1 "E- *" 

10.M""-.'f-

3.11 N3 

24. OS*""" 
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FIG. 3. EFFECT OF GROWTH REGULATORS ON ROOTING OF CUTTINGS 
IN HANGING SHOOTS (GEOTROPHS). 
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Table .... &ffec~ of QZ'OtIi'th reQUJ.ators on no't1Dg of CN~'t1D9. UDder .1a~ a."'ld open (laaral.) 

.0.01 cutt1Dga )lo.of cu~tiD9a 
. 

Percent ... "rcen~eve of 
lIo.of roo~ .at.bllatlect of initial finel .sublie-

Traataeot cuttings l'OOUfl9 _.t 
• ..,leet 

3 \fAP 6 MAP 9 WAP 12 MAP 3 WAP , WAP 9 WAP 1211AP 

"ad.1x-a 
lUat 20 - 12 14 12 60 70 60 
Open 20 10 12 9 SO 60 .. 5 

L\A 1500 p~ 
Mist 20 12 II 11 60 6(1 55 
Open 20 6 8 7 30 40 35 

IN, 1000 Pta 
Miat 20 10 • 7 - 50 40 35 
Open 20 2 6 5 10 30 25 

1M 100 ppn 
Mist 20 8 9 8 40 .. 5 .. 0 
Opera 20 .. 5 5 20 25 25 

IDA 1500 p~ 
JUst 20 12 13 12 - 60 65 60 
Opec 20 - 8 9 9 .. 0 45 45 

1M 1000 W-
lUat: 20 16 17 15 - 80 85 15 
ap. 20 12 14 11 60 70 55 

1M 500 p~ 
Kia~ 20 10 10 8 SO 50 40 
OpeD 20 - • 8 4 40 40 20 

1AA + lIlA 1500 ppa 
Klat 20 11 10 9 55 50 .. 5 
Op-. 20 2 8 5 10 40 25 

IAl\ + IBA 1000 ps-
Mlat 20 10 9 7 50 45 35 
Open 20 2 7 3 10 35 15 

1M + IBA SOO Ppil 
Mlat 20 9 11 , - .. 5 55 30 
Open 20 2 9 3 10 45 15 

Control 
Mist 20 3 4 5 15 20 25 ........ 
Open 20 1 2 2 5 10 10 w 

Chi square YGlue 58.26** 49.3r 45 .. 65~~ 

WAP - Weeks afur planting 

.* - Sl.;nlflc6nt at 1" leY .. l 



'l'abl.4(h). Hfecft of growth zoetU!etor. _ rooUD9 of cutUag (lateral.) 

1Io •• f • bel.' of .. tUB .. J.'GOtecI Percf..»nt ... of rooting ""_"at cutUD9. 
.-.pled 3 WAP 6 trAP 9 WAP 12 MAP • WAP , .. • WAP II WAP 

hradlx-a 40 1 22 26 21 2.5 55.0 65.0 52.5 
IU. 1500 ~ .0 3 18 20 18 '7.1 45.0 50.0 45.0 

UA 1000 ~ 40 1 12 l' 12 2.5 30.0 35.0 30.0 

.1M 500~ .0 0 12 14 11 0 JO.o 35.0 '2.5 
1M 1500 ppa 40 • 20 22 21 10.0 50.0 55.0 52.S 

1M 1000 P'- 40 5 28 SI 26 12.5 '70.0 '7'7.5 61.0 
1M 500 P"- 40 3 Ie 18 12 '7.1 41.0 45.0 JO.O 
L\J. + 1M 1500 p~ 40 2 13 10 14 5.0 32.1 4S.0 SI •• 
1AA + lIlA 1000 ps- 40 0 12 16 10 0 JO.O 40.0 25.' 
1M + leA 500 PS- 40 0 11 20 , 0 27.1 50.0 22.5 

Conuol 4O 0 4 6 '7 0 10.0 15.0 1'7.5 

* ~"If- *.If +-".11 S3.0I 25.19 37.48 



~abl. 4 (c) • Effect of .at OIl rootiag of aatUD98 (l.~.rala) 

'freamenu 

mat 

Op-

Mtat 

Opea 

mat 
Open 

JUat 
Open 

Me. 

w", -""r of 
.f~_ C\I~UD9a 

pl .. t1ftg a-.pled 

J 220 

J 220 

6 220 

6 220 

9 220 
9 220 

12 220 
12 220 

lluaber of .ercel'ltfUJe 
c:utt1n9a roottD9 
rooted 

11 6.01 

• 3.63 

113 St.M 
57 25.90 

11'1 5'.11 .. 40.00 

100 45.45 

" 28.63 

0.49 lIS 

3O.06 ..>f ~ 

'I." ;rH-

1'.3 ...... "" 
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1M 1000 PI8 ".. the bd. ........ 1ft roaD". the 

.uper1or1.,- .f ttl1. • ..... _ v.. .v1~. th.rou9h tNt the 

cour .. 01 .Wd7 111 vhJ.ch noUat' ...... ed w.. 10 per Gent. 

In ~e ea •• of pow1D9 .... u, t:h0\l4lh leA 1000 ppm gaYe 

46 

'2.5 per cent rootiD9 iD1Ua11l', .fur 81. "..lta of planting 

c:utt1aV. t.reated with 1M 1100 ppa produee4 maxJ.IaurR rootinQ 

(87.1 per cent). 88no_ aboot CNtUDe. 'tre.ted with IlIA 

1000 ppa produced 8 .~ ~oUn9 of 12.5 per ceat followed 

by 1M 1100 ppm, 72.1 peS' oeD-. In the •••• of l ••• rel. 

1M 1000 .,.. produ.ced 11.1 PH ..... rootlng. On th. oth.r 

haAeS in cont.rol rooting " .. Gall' 10 per cant (Plg8.1 ~ 4). 

Th. pooled 4ate pr ••• teel in 701 •• '(Ie, 2e, Jc: and 

4ft) 01 .... 11' lDd1c.U4 the ~.f1cial .ff~ of .t.t Q8 1'00tlng 

of cutt1D9a 1ft cUfferea • .,... of pl..u .... ur1.1. (rig. 15) • 

In the •••• of runners 8Dd 9J'OW ..... ahoou the bea.licJ..l 

.ffeet of lliat w.. "1'. pronouaeed ~t tn. period of 

.wdy. Laterals llProote4 .ft.er ~ .. week. of planting _4 

hang!" shoots .fter n1fte weeJul of planUftg .hOlied DO 81gnl[1oaat 

dilfe! eno. between op_ and Id.t ...... tllent and lt Iftay be due 

to the clillaUc var1.Uon, tNt d,uring all o't'J'a.r 1nt." 1. of 

.. _"aU • .uat .191lifJ.canUl' lftCnued roo'tiQ9 ccap.red to 

open eondl Uona. 

The data furn1.hed 1D 7abl.. 1., 2. and 3. 81ao 

r ... aled ~at ~ rootiD9 ~.a obaerve4 .'ter .Lx week. of 



.1 ... 111. affen of povtb 1"eI'll ..... _ noUa9 of ea.U,... 
ill naa.. C.1xth .... f pl_"", .... iii •• 
oon4J. don) 

"1 - c.Ue1 
"2 - .... ..,.. ... 'I, - 1M 1100 .... If. - 1M 1000 ... 

'II - 1M 100 ... 'I, - JaA 1.100 ... 

", - 1_ 1000 .,. !f. - 181' 100 PPII 'I, - 1M + 1. 1100 ppa 

1'10 - JAA + UA 1000 psa 
'I'll - 1M + 1M 100 ppa 

Pl •• IY •• f'..-.f ....... rep1 ..... _ noua ... CN_uag. 
ill n. ..... (.1nh week of pl ............ r __ coa41Uoa) 
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-rable I (a). &ff..- of P'OW-' regulator. on .... .1' of I'OOU 
pea- cu_U .. Wl4e1' ....... 4 opea (1'lUaDe.I'.) 

3 WAP 6 WAP 12 WAP 

".dix-. 
Mi •• 9.4 11.8 1.1 10.4 
Op4tn 1.1 6.1 5.1 5.5 

%AA 1 SOO PP18 
Ki.~ 8.0 10.4 8.0 9.3 
Open 6.4 s.a 6.4 6.0 

UA 1000 PPil 
Ki.t 6.3 S.8 6.3 8.0 
Open 4.5 5.1 6.5 5.3 

L\A SOO ppm 
Ki.~ 5.6 1.6 '.1 6.6 
Open 3.4 4.6 6.3 S.l 

IliA 1500 pp8l 
Ml •• 5.6 10.7 1.1 9.9 
Open 5.0 1.0 6.3 6.1 

IRA 1000 gpaa 
Mi8t 10.8 15.2 10.1 12.5 
Open 7.8 7.8 6.S 6.' 

1M sao PPIl 
Mia. thO 7.6 8.1 8.0 
Cpen 5.3 4.1 6.6 ~;. 5 

1M + IliA 1500 pp. 81._ 3.2 9.' 8.5 7.3 
Open 4.7 6.' 6.8 7.S 

lAA + IRA 1000 pp. 
,l;l1.t 5.' I.a 7.2 6.6 
Open 2.7 5.1 5.8 4.0 

1M + laA 100p~ 
Hi •• 3.5 9.5 5.9 5.8 
Open 1.8 6.7 4.0 4.0 

Colluol 
Mlat 4.1 5.4 5.1 5.0 
o~ 2.3 4.2 4.3 l.6 

CD 5.6·· 4.'** .8 6.3·· 
U. + - 2.1 1.' 2.2 2.3 

\CAP • W.ek. af~r planting 
CO • Critic.l difference .* • 8ign1flcan~ 8~ 1% le •• 1 ... • Ret significant. 

... an 

10.0 
6.1 

I.t 
6.2 

8.9 
5.5 

6.t 
5.8 

10.2 
6.2 

12.2 
7.2 

8.0 
5.5 

7.2 
6.4 

7.1 
4.4 

6.1 
4.' 
5.0 
3.6 



'fule S (b). &ffac~ of 9Z'OWti1 r~lator. OD a~r of roou par C8ttlft9 (ruaners) 

tfre.-"u 3 NAP 6 WAP ,WAP 12 WAP 

.... ..u..x-. 8.3 9.6 7.2 8.2 

lAA 1500 Ps- 1.4 8.4 1.1 1.2 
IM 1000 ps- 5.3 1.5 6.3 7.1 
IAA 500 PS- 4.a 6.4 7.3 6.2 

1M 1500 W- 5.3 9.3 7 •• 8.3 
18A 1000 p~ 9.5 12.0 8.8 10.2 
18A 500~ 7.0 6.3 1.2 '7.2 

lAA + 1M 1500 ~ 3.9 8 •• 1 •• 1.3 
1AA + 1M 1000 ps- 4.a 1.3 6.5 5.8 
lAA ... IDA 500~ 2.8 8.3 5.4 5.5 

Control 3.8 4.9 4.' 4.5 

CJ) 3.6·· 3.2·· •• 4.2·· 
ala + - 1.4 1.2 1.2 1.8 

!fable 5(c) •• ffect of Id.~ OIl .,.~s of roo~. per eutUD9 (RUDner.) 

CD 
alii + -

WA.P -_. -
CJ). 

, MAP 6 WAIt 

6.t 9.9 
5.3 6.3 

1.2-- 1.2·· 
0.5 0.5 

Weeks after plantlDg 
81g01 lcaDt at 1. le.8l 
Critical difference 

, WId' 

1 •• 
6.1 

1.1·" 
O.t 

12 1fAP 

a.I 
5.8 

1.2·· 
0.5 

.... 
8.3 

1.S 
6.5 
6.2 

1.1 
10.1 
6.9 

6.' 
6.1 
5.5 
4.5 

8.4 
5.9 



~ 
0 
0 
It 
~ 
0 

a: 
III 
III 
1" 
~ 

2 

T, CONTROL 

T2 SERADIX 

T3 I.4.A 1500 ppm 

T+ I 1/ 1000 " 
IS II 500 " 12 
T6 I 8A 1500 ppm 

T7 1\ 1000 II 

Te II 500 II 

1.4.A. +lBA 1500 ppm 
jl 

" 11 1000 

11 11 500 

T7 
10 

9 

TC; 

'"3 

8 T2 

T9 
Te 

7 T04-

's 
6 

'10 

TJI 

5 

I, 

4 

6 9 12 
--------w£ It K.5 A. F TE. I"l F" L A. NT I N Go ----------

FIG.5. EFFECI OF GROWTH REGUI..AIORS ON NUM~ER OF ROO,5 
PER CUTTING IN RUNNERS(STOLONS). 

11 

" 



-.r.ble 6 Ca). affect of _owttl I'eeul."". on aUilber of roou 
per c:ut.Ua9 ....... t IID4 opea (growlftCj eoot.a) 

3 NAP , NAP • WAP 12 WAP 

a ... 841x-. 
Mlat 7.3 9.8 11.7 12.2 
Opea 4.2 6.3 1.0 7.1 

1M 1500 ~ 
Mia. 7.2 '.2 6.1 11.1 
ap- 5.0 6.0 8.5 6.4 

1M 1000 ppa 
lUa. 6.4 7.3 9.l 9.8 
Open 5.2 1.2 7.0 6.0 

1M HOppa 
Mia' 6.' 6.2 10.2 8.5 
Opera 4.1 .. , '7.' 6.0 

lIlA 1500 ppa 
•• t 8.0 9.2 12.5 12.0 
OpeD 4.1 6.1 9.0 '7.1 1. 1000 Ps-
Mia. 10.3 11.' 1'.1 It.O 
OpeD 6.' 7.2 I •• I.' IRA 100 PJ8 
Mia" 6.3 6 •• 11.0 7.8 
Opea 4 •• 5.' 7.4 5.4 

UA + 1M 1500 p~ 
Mia. 5.4 7.0 8.5 6.' 
Op.a 5.0 5.0 7.0 5.5 

1M • IRA 1000 p~ 
K1." S.t 5.1 9.2 7 •• 
Opea 4.0 4.3 7.1 5.(', 

IAA + lIlA 100 pp 
M1at S.I 6.1 9.1 6.8 
ep- 0.0 4.1 6.4 6.3 

Coatnl 
M1 •• t.' 5.' 8.0 6.8 
Op- l.l 1.1 6.0 4.1 

• 
CD liS 4.'·· S.2·· 5.8·· 
S .. + - 2.5 1.7 1.8 2.2 

WAP • w .. le •• fur plent.1D9 
CD • Critical differenee •• • .lga1flc8At. at. 1" 1 ... 1 

•• a 1Iot. sign1ficant. 
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Mean 

10.2 
6.4 

8.1 
6.4 

8.2 
5.8 

7.8 
6.7 

10.4 
7.0 

13.2 
8.0 

8.0 
5.7 

6.' 5.' 
6.' 
S.1 

7.1 
5.7 

6.2 
4.3 



.-...-
(growl .. aoou) ~abl. 6(b). .ffect. of QrOWth regula1:ora _ .. bel" of root.. per c:at:UDfJ 

1T.e-.at.. 3 WAP 6 MAP 9 WAP 12 WAP ..... 
hrad1x-a 6.2 8.2 10.5 10.7 8.' 
1M 1500 PlS 6.4 7.4 6.'7 9.6 7.5 
L\A 1000 ~ 6.0 6.3 8.4 8.6 7.3 
IN. SOO PS- 6.0 5.4 9.3 7.6 7.1 
1M 1500 ppa 6 •• 8.0 11.4 10.'7 9.2 
lIlA 1000 ps- 8.9 9.9 13.1 11.' 11.1 
IRA 500 ppa 5.5 6.4 9.'7 '7~O '.1 
1M + 1M 1500 PPI 5.2 6.1 7 •• 6.4 6.4 
IAA + 1M 1000 PS- 5.0 5.1 8.1 6.1 1.3 
IAA + IDA 500 ps- 5.' S.6 7.5 6.7 6.3 
Coouol 4.2 4.' 7.2 6.1 5.5 

CD .. 3.0·· I."'· 3.7·· -+ - 1.5 1.2 1.1 1.4 

..rebl. 6 (e) .ffeet of lUat. OD .... r of roota per cut.tlD9 (grow1D9 ahoca) 

CD 
SEa + -

WA.P -.. -

3 WAP 6 WAP 

7.0 '7.9 
5.0 5.1 

1.2·· 1.0·· 
0.5 0.4 

w .... fur planUag 
Sl9tl.i flccftt at 1" leYe1 

... -------_., .. 

9 WAP 12 WAP .. e. 
10.7 10.2 9.0 
'.6 6.' 6.2 

1.3·· 1.4·· 
0.5 0.6 

CD- Critlcal differenee .. - IIot aignificant. 

c.n 
~ 
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,,1~ 1M 1000 ppa prodU ..... xS_ .. an rnDber of root. UO.2) 

followed tty SUad1x-a (8.3) _4 lIlA 1100 PpIJ (7.7). It. siailar 

trend w.a obaeryet! 1a the .~1ao •• vell a. ift hanviftg 

ahoot.. They pro&tee4 8 •• xt.nan .. en nwaber of 1'.7 and 

12." roots respectivelf _der IP 1000 PS- u.etlfteDt. In 

the •••• teri2'l. the open conc!1t.10ft control pr~\tC!" low •• ' 

D~r of rcots 5.6 _d ".4 reapeetlvely. tn tile ca •• of 

laterals IRA 1000 ppM tr.a~t showed its 8up~rlorlty OYer all 

other treatments. .fter a1ft. weeks of plantinv it produced 

13.7 roots on an ".1' ••• (P19.5 to .). 

The reRlb of the ..-led .alysi. of the observed-on. 

furnished 1n Tabl.. Sc. 'e, 1c .. Ie on 1:1\41 .ffect. of mist 

OD the number of roots prodUced br eu~tlno. clearly In~lceted 

the aupex10rlty of. mlst Oft thi. per_tel' (:r1g.13). Runner. 

uader mist produced an ... r ... of 8.3 roots compared to 5.' 

under open coutU tion . In grow"" lIhoota end haagi.. shoots 

throu9h out the courH of atwtr the eff~ of Jd.st w •• found 

to be hiqh1y slqnlflc~~nt while ln 18-.r61a durinq t.he tilDe of 

initial obaerYet1on the effec~ of .1st was found to be 

Don slgnific~n' due to the ... eone1 .&ri.ti~n, but later on 

miat a1 ;nlficently influenced I'OOt prodtleUon. 

with regard to thi. par ... ter alec ruaners exhibited 

8ignificant dlffer~nae be'ween ~. treatments throu~ out 

the perlOC! of study but in the other tlu' •• types of planti.ag 
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'lable '(a). affect of growth ..... l.tIR. _ • ..,. of roota p ... 
cutUaO _del' lI1a_ ... open (b ... i09 .hoot.) 

T ....... t 3 WAP 6 WAP , NAP 12 NAP lie. 

SeradJ.x-a 
lUat 7.2 '.0 11.2 10.' 9.5 
Ope 5.7 6.a 6.1 5.8 6.1 

1AA 1100 P"-
JUat 8.5 10.1 12.0 11.5 10.5 
Open 6.5 '.0 7.1 6.5 6.5 

1M 1000 p.,. 
KJ.at 6.7 '.0 9.5 8.0 7.' 
Op- 3.3 5.0 6.0 5.5 4.' 

1AA 500 PPII' 
JUat 6.t 6." 9.1 8.1 7.6 
Open 5.2 3.1 7.2 5.0 5.1 

1M 1500 PpI 
IIlat. 7.8 8.5 12.1 10.9 9.8 
Opea ".5 7.5 '.5 6.6 6.5 I.,. 1000 ppa 
JIIl.t 9.1 12.' 13.6, 13.t 12.4 
Opea 6.a 9.1 10.' 8.1 8.1 

1M 500 P18 
IItat 5.6 5.6 8.1 6.5 6.5 
Open 3 •• 3.8 6.3 4.0 •• 5 

lAA + llA 1500 PPI' 
lUat 5.6 7.7 9.6 7.2 7.5 
OpeD S., 5.5 6.0 5.0 5.5 

1M • lBA 1000 PS-
JUat 5.0 1.8 8.0 7." 6.5 
Open 4.' 4.8 7.1 4.2 5.2 

1AA • IRA SOO pta 
.. tat 7." 6.7 7.4 6.8 7.1 
Opea 4.' 4.1 6.8 4.3 5.1 

Coauol 
JUat 4.1 5.1 6.2 5.0 S.1 
Open 2.6 4.1 l.1 l.O 1.3 

CD NS 4.1·" 3 .... • S.O*· _. - 2.6 1.5 1.1 1.9 

NAP • Week. .t~r planting 
CD • Critlcal 41ff.renee 
liS • IIot Significant .... .1~nlflcant at 1~ 1 ... 1 
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~e .... t. 3 WAIt 

8ea'atUx-8 6.6 
L\A 1500 PiW' 7.'7 
1AA 1000 ppa 5.3 
1M 500 PpIll 6.3 

lIlA 1500 PpKi 6.5 
lIlA 1000 ppa 8.3 
lIlA 500 Pt:a S.O 
%AI. + IliA 1500 p.;.a 5.6 
lAt-, + IDA 1000 ~ 4.8 
1Ah + IBA 500 PI*' 6.3 
c:c.uol 3.5 

'-_.-.- .... 

eD •• NIl + - 1.5 

, "NAP 

a.l 
8.' 
6.1 
4.9 

8.0 
11.2 
4.' 
6.8 
5.4 
5 •• 

4.6 
• .,,-. __ .""... .. .,. ...... _.~ •• '._". _~b'4 •• 

2 •• •• 1.0 

9 WAP 

t.l 

••• 8.0 
8.1 

10.3 
12.4 

7.2 

7.3 
1 .. 6 
1.1 

4.9 

2 •• •• 1.0 

12 'NAP 
.. ~ ~ ._." ... ~.- , -" 

9.1 
10.0 
7.0 
6.' 
t.6 

12.0 
5.' 
6.5 
6.3 
6.0 

4.3 

1.4·· 
1.2 

Tabl. '7(0) . Sffeet of Ida. aD ..... r of root. per eattlll9 (hanvlD9 sboou) 

Tr •• tIIeJlU 

III a" 
ap-

CD ..... -
WAP • 
* •• 

3 WAP 6 MAP 
-- --'~.'--,.,-.-

1.0 8.2 
5.0 5.' 
1.3·· 1.1·· 
0.5 0.4 

Weeka .fur p18fttinV 
Significant at 1. lavel 

• MAP 12 WAP 

10.' 9.5 
'7.0 5.'7 

1.1·· 1.3·* 
0.4 0.5 

CD. Critical 4ifference 
••• ~t .1;nlficBft't 

lie. 

8.3 

9.0 
6.6 
6.6 

8.6 
11.0 
5.6 
6.6 
6.0 
6.3 

4.3 

... 
••• 5.' 



1'able • Ca). affect of growth 1'_1._~. oa D\IDlber of rooU 
per cuttJ.ag \IIl"_ 111 •• _4 opeft (laura.la) 

"~ee __ t. 1 WAP , WAP , WAP 12 WAP 
.1 

auacl1x-B 
MJ.at - , .. 12.0 11.8 
Open - 6.3 10.4 8.0 

lAA 1500 ppm 
mat. 5.1 11.5 11.0 
Open - 1.0 9.2 7.7 

IAA 1000 PpBl 
Kla. - 5.' 10.3 8.2 
Open - 4.1 10.1 7.2 

1M SOO ppaa 
Kia. - 5.1 11.1 7.3 
Open - 4.0 1.4 5.0 

leA 1500 ppm 
Kia. 6.4 12.0 10.8 
Open - S.I t.O 7.0 

1M 1000 pprIl 
Ml •• 8.' 15.' 13.0 
Open 6.5 11.S 8.' 

lBA 500 ppm 
Mia. 5.1 10.3 7.5 
Open 2.'7 1.0 5.0 

1M + IDA 1500 ppm 
Mla. 4.2 10.0 9.0 
Open - 1.5 1.2 7.0 

1M + 1 .... 1000 ppa 
Hla. - S.O '.1 8.0 
Open 3.1 t.7 6.3 

1M 't- lU. SOO ppII 
Ml.~ 4.6 '.1 8.1 
Open 2.1 6.5 4.3 

Canuol 
Ml.t. 3.1 6.5 4.2 
Open - - 4.1 4.0 

CD .. 6.0·· 6.5·· a_ .t - 2.6 2.6 2.7 

NAP • Week. .fter plant.ing 
CD • Critical 4ifterence 
*. • 819011ic&ot. at 1. level 
NS • Hot. S1gnJ.f1c6Dt. 
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Mean 

10.2 
8.2 

9.2 
7.3 

7.9 
7.2 

7.8 
5.' 
9.7 
7.1 

12.5 
8.' 
7.6 
5.2 

7.7 
5.5 

7.3 
6.5 

1.5 
4.4 

4.' 
4.2 



Tr.atlUDU 

•• ra41a-a 
IAA 1500 Ppia 
IAA 1000 p~ 
lM 500 ppIa 

IBA 1500 ppll 
IlIA 1000 Ps-
leA 500 ppa 

lAA + 1M 1500 
IAI. + 181. 1000 
1M + 1M 500 

Control 

lUat 
Open 

CD 
... .1 

CD _. 
-

3 WAP 

-
~ 
ppIl 
ps-

-
,~ ~" .. .~.' -",....... .~-.. ~ 

--

--
-

.. \flAP 

6.3 

5.1 
5.2 
4.' 
6.1 
1.' 
4.1 
3 •• 
4.2 
4.' 
3.3 

, ....... - .~.-.... --... ,,-,-"" .. - .' 

4.1* 
1.5 

5.' ,., 
.s 
0.5 

WAP. W.eka afur pi anUD9 *.. 819111 f lcant at'. "' level 

• trAP 12 WAP Me • 

11.3 10.1 9.3 

10.6 9 •• 8.5 
10.3 1.' 1 •• 
10.1 6.4 7.1 

10.a '.2 8.6 
13.7 11.3 10.9 
9.3 6.6 6.6 

'.2 8.2 1.1 
9.3 7.5 7.2 
8.0 ".2 6.4 
5 •• ..1 ,., 

. ..... ",,,,,,_, t~,,··~.· , ..•• __ .• ,.~ _",_~.". ___ .0.--. ~'''~''''''-'''''_''''''''''''~~'''' _ .... ,"' ...... _ ~ .... ~»_._ .. ~ ·._v~._,._. --_-..." " .. " ... .-..... 

J.6--
1.6 

11.3 
9.1 

1.1** 0.' 

'.9** 
1.1 

12 WAP 

9 •• 
7.1 

1.3·" 
0.5 

CD - Critical 41fferenee 
••• .ot 81gnlficaat 

... 
8.' 
7.0 
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.... r1al. all the grow'" regula.,r U .... enu WIder .1.t and 

ope were foud to be OD per with r.apect to ..... 1' of rooU 

pZ'OClu.oed dur1ng t.he flre_ lnwn-al of ob8U.aUon. 1ft J:UIlner • 

• fter aix week. of plantiftg ad 1n grow1Ag ahooU and laurela 

.fter alll11 week. of plentiDg the 1M, 1000 PpIIl v .... nt .hoved 

a1ga1f1ceDt incr.... 1n root pro4\act.loa ooaapared to all oth.r 

u .... t. (l'lg.16). The .. ax1Ia\a number of root. prodUced by 

th ••••• -.l'lals during the aboYe ~erl04. were 15.1, 12.5 and 

12.1 r •• pec:t.l vel y • In the c... Qf henvlftQ .ncot. afHr bel.e 

~e.k. of plantinG ~OU9h there .-i.ted .igniflcant 41fference 

aaoft9 the v •• tlftenb, 1M 1000 and 1500 ppm, Bera41x-B and 

1M 1500 ppm un&tt mlet were found to be on par. !'h. poolec1 

data. on effed Of m1.a. on numbtU' of roots i)rc~!uced inrUc::et.ed 

that 1n growing shoots the .ffect wu 1 ••• significant .fta' 

=ix weeks of planting ~t during «he l.~or .~&9 •• it wa. 

highly 31gn1ficant. 

The .ffect of 41fferent growth r.9Ulator8 and ml.t 

OD the len9th of roou produo.ca by cutUag8 ue tabulated 1n 

-tabl •• 'e, 10a l 11. and 12.. It 1e ev1dant from the dau thet 

1n general ln all tne planting •• terials, IDA 1000 ppa tended 

to produce longer roota followed bf Ser~d1x-B, lAA 1100 PpM 

uc! leA 1500 ppm thouoh tn. u ..... t .ffect ~ •• not: s191l1-

Ileum". '!his effeet. W •• IDOre prOftOWlCe4! under mist. In rUDner., 
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.,.,.le '(e) •• ffect. of 9.l'O"'~ ~ ... l.to~. on 1_~ of noU (aa) 
per cu&Uag UDder 111.. _4 opeD (lWUler.) 

3 WAP , WAP , NAP 12 WAP Me .. 

• e~acU.a-. 
iii •• 3.1 15.3 18.S 23.1 11.3 
Open 1.' I.' 10.1 14.5 1.3 

1M 1500 PJII 
IU.~ 2.6 9.S 16.5 24.1 16.4 
Ope 1.1 4.1 ,., 14.' 1.' 

1AA 1000 ppa 
Mi., 2.0 1.1 12.1 18.S 10.1 
Open 1.' 4.0 9.' 6.1 S.I 

lAA 100 p,. 
1U..t. 2.3 1.2 11.4 11.0 9.8 
OpeD 1.6 4." 1.5 15.0 1.7 

1M lS00 PS-
Mi •• 1.2 '.0 17.1 25.4 13.9 
Open 1.' 4.6 ".1 1 .... 7.3 1. 1000 ppI8 
Mi.t. 1.6 13." 22.3 28.7 17.6 
OpeD 3.0 5.8 10.1 15.0 8.7 

laA 500 ppaa 
Mi.~ 2.0 1.1 14.4 20.' 11.2 
Open 1.1 4.2 7.' 12.6 6.7 

lAA + laA 1100 ppa 
au •• 2.1 7.0 14.2 22.' 11.5 
OpeD 2.1 4.1 ,., 8.0 5.' 

1M + lBA 1000 Pi8 
Mia. 2.7 6.1 13.1 20.' 10.' 
Open 2.0 4.2 1.7 8.9 5.1 

1M + IRA 500~ 
Mia. 1.6 6.5 13.2 19.4 10.2 
OpeD 1.3 5.7 7.1 2.' 4." 

CoQUel 
IU. •• 1.8 5.1 11.7 15.7 1.8 
Open 1.8 4.6 6.1 1.1 4.' 

-
CI) 1.1** 4.4-· 1.'-· 16.0*· 
... + - 0."7 1.6 3.1 J.' 

WAP • week. after plan~ 
CD • Critic.l diff.rence 
** • 81gn1f1cent at. 1. 1 •• el 



'h' ..... t 1 MAP • VA. 

SeracU.a-8 2 •• 11.' 
1M 1500 p __ 2.3 7.1 
IAA 1000 ps- 1.9 6.2 
IAA 500 PE* 2.1 6.1 

1M 1500 p~ 2.1 ?2 
UA 1000 p~ '.5 10.2 
lIlA 500 ps- 2.0 6.2 

lAA + 1M 1500 p~ 2.2 1.9 
IAA + 1M 1000 Ps- 2.5 5.6 
lM .. IRA SOO ~ 1.5 '.2 
Coatz'ol 1.5 5.3 

'" ~, .. _, •. _ •. ~.~,, __ ... , .~ _ .•... _" ___ ._.M ____ A ___ · _____ ~,~··, ........ _.~ 

CD 
-!. 

CD -+ -

1.1** 
o.t 

2.9 
2.2 

0 •• •• 
0.2 

NAP - W.-. .ftel:' pl-UAv 
•• - algnlflcaD~ at IS 1 ... 1 

3.1·· 
1.2 

'''AP 
9.0 
t.a 
1.2·· 
0.5 

9 WAP 

15.0 
14.2 
11.3 
10.a 

1'.2 
18.5 
12.1 

12.3 
10.' 
10.'7 

10.2 
~--.. -,--~ .. 

5.5·· 
2.'7 

15.6 
8.1 

1 •• •• 0.'7 

12 NAP 

1'.' 
11.2 
14.4 
16.' 

20.1 
22.' 
18.2 

20.2 
1'.' 
16.t 

lJ.' 

a 
2.5 

12 .. 

22.'7 
12.8 

2.3·· 
1.0 

CD - Critical Dlff.cenee 
lIS - !lot 81galflc_t 

... 
12.1 
11.3 
•• 5 
9.0 

11.2 
It.O 
9.6 
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8.? 

'7.' 

12.5 

'7.1 
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, wu • WAP 12 WAP lie • 

lerac1lx-1 
Mi.~ 6.2 12.1 21.8 30.' 17.' 
Open 3.6 7.9 16.0 25.0 13.2 

VtA 1500 ps-
Miet 4.' 9.1 12.1 29.1 14.2 
Cp- 2.7 7.0 16.0 20.0 11.5 

1M 1000 p~ 
M1s' 4.2 9.' 15.5 25.5 13.7 
Opea 2.0 '.7 12.6 16.5 '.7 

1M 500 Ps-
m •• 4.3 7 6 15.1 24.2 13.0 
Ope 3.2 7.5 12.0 18.7 10.4 

lIlA 1500 PS-m., 6.5 10.1 20.4 35.2 18.3 
OpeD 3.2 8.4 15.2 28.0 13.8 

1M 1000 ps-Mi., 7.7 15.1 27.1 35.1 21.7 
OpeD 5.2 .. , 15.' 25.0 13.8 

1M 100 pr-
lUst 4.4 '.6 16.0 27.0 14.3 
Open 3.3 1.4 IS.7 28.0 13.4 

1M + lBA 1500 ppa 
Mist: 4.0 8.1 16.1 27.0 14.1 
Open 3.8 6.3 11.2 24.0 11.4 

1M + lIlA 1000 Ps-
Mis' 4.7 7.' 16.2 27.0 13.9 
Open 3.0 1.3 12.' 24.0 11.8 

1M + IDA SOO ppa 
IU.t: 4.2 8.0 16.7 22.S 12.t 
Open 2.5 7.1 11.5 17.6 9.t 

Conv:ol 
Mis' 4.1 5.1 13.4 16.1 ••• Opea 1.7 4.3 1.4 10.4 6.2 

CD liS 6.0·* 5.1·* 10.'*· -+ - 4.3 2.2 2.0 4.1 

WAP • Weeks afwl' plandno 
CD • Cr1tical 41ffereno. 

.'* • 81gn1f1cBDt .~ 1" 1 ••• 1 



.. rad1x-a 
lAA 1500 ppa 
1M 1000 p~ 
1M SOO ppID 

1M 1500 p~ 
181. 1000 ppIl 
IRA SOO pa-

lM + 1M 1500 PS
IAA + lIlA 1000 ps
IAA + lIlA SOO ps-

Control 

CD 
SIfa + -

JU..~ 

Open 

CD 
a .. + -

3 JIM 

5.3 
4.1 
3.4 
4.0 

5.2 
6.1 
3.' 
3.' 
4.3 
4.1 

3.3 

as 
1.4 

3 WAP 

5.2 
3.4 

1.1·· 
0.5 

• MAP 

10.5 

8.5 
1.9 
'7.6 

9.'7 
12.' 
1.2 

'7.8 '7.' 
'7.9 

4.8 

,., .. 
1.5 

6 WAP 

9.' 
'7.3 

1.3·" 
0.5 

WAP - Weeka aft8r plant1D9 .*. algnlflc_~.~ 1. 1 ... 1 

9 WAP 

20.0 

13.4 
14.3 
14.0 

18.9 
22.' 
15.' 

14.0 
14.5 
13.6 

11.5 

4.0"· 
1.6 

9 MAP 

18.5 
13.3 

1.6·· 
0.6 

12 WAP 

29.1 
26.'7 
22.4 
22.' 

'J.l 
31.3 
2'7.e 

26.0 
26.0 
21.0 

Ie.' 

6.9·· 
2.6 

12 1fAP 

28.8 

22.' 

2.7·· 
1.1 

CD - Crl~lcal difference 
as. Mo~ .1QDlflcaD~ 

16.3 
13.2 
12.3 
12.1 

16 •• 
18.e 
13.' 

1'.9 
13.1 
11."7 

8.6 

..... 
lS.' 

11.'7 
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FIG. 10. E F'FECT OF GROWTH REGULATORS ON LENGTH OF ROO, PER 
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9Z'01flaO aDd bant1a9 ehoo .. , the bivh •• ~ a._ leavtha recorded 

_1'. 17.6 ., 21.6 .,al.' ..... tIp"", .. l,. _del' IlIA 1000 p~ 

with ai.~. Ie 1aur.1a .180 the aboYe v .... n~ w .. fOUlld to be 

b19hly aigraif1e .. ~ (20.4 .) .-puett to 1M + 1M ccabinaUon 

ue ... U and coDtrol. ... pooled .... fUl'll1.h." 1n '1abl •• 

Ib, lOb, lib .. 121» al .. allowed _. auper10rity of leA 1000 p~ 

OD thia ron par.e_l'. Ira runner •• a~ ... 811 le1'l9th of 

14.3 ca ".a reeGr4e4 wh11e coRvol reau1-.4 a1DiINIa of 7.6 c.. 

Wbell w_Ua9. of lrowiae ahoou, h-9189 ahoo~. end later.l. 

were ve.UHI with 1M 1000 p.-, __ ..... lengths ob •• rYe4 vere 

la.4 .. , 17.9 _ an4 11.1 as re.pectively "iV.' to 12). 

DA 1100 p~ wa. fouac1 to be the aeooD4 be.~ tz •• __ t. 

Th. ren1t.. of the pOOled .aly81a of the d.ta 011 the 

eff ... of Ilia. OR lea9~ of roots produ4Md by CN~Ua9. rneel" 

the beDefic1a1 effen of 111.. Oft t:I\e producUon of 1089er 

roota (T .. le te, lOc, l1c and 12 .... Fi;.14). In 1a~rel. 

vbUtt the effect of Ml.~ w .. very IIUCIh proDO\JDCed, the _an 

leD9ti'l of nob \Illdel' .i.~ _d opeD c:cmtU t1on. were found to be 

19.4 _ 8ftd 8.3 _ reapecU.ely. vad_ lI1at naaner. p.roducec1 

..... roo~ leD9~ of 12.6 _ while .~J.ag aboob _d hangin9 

tIhoota pro4uced reapecU ".1 y 15.6 a. _4 15. J ca. 

I~ i ••• 1c1_~ fn. the •• ta tha. ill all the four type. 

of plantiDg •• uria1. the 18ftQ1:h of zoou incre •• ed f~ the 
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7ebl. 11(.). Bff.c~ .f pow'" rep.l ....... leD9th of nou (.) 
PlI.' eu.Uag .......... ad op_ (JUIDV1nV aboo~.) 

••• 12 NAP Me. 

"I.'adix-. 
IIi ... 4.' 11.1 aO.l 32.' 17.3 
Open 3.0 '.0 12.1 16.6 6.9 

1M 1500 ppa 
Kist, 5.1 10.0 17.9 27.5 15.2 
Open l.' 6.3 11.1 17.1 1.2 

1M lOOO ppm 
Miet, 3.8 1.9 16.4 l4.' 13.2 
ep- 2.2 5.1 10.3 19.4 9.5 

lAA lOOPS-
Mi.t 3.1 7.' 15.' 2l.2 12.1 
Open 3.3 5.1 8.1 13.0 7.1 

1M 1500 p~ 
Mi.t 5.0 11.1 24.2 29.' 17.8 
Open 3.9 1.2 11.1 16.4 9.8 

IliA 1000 ppa 
Mi.t 6.9 18.2 27.1 34.' 21.7 
Open 4.3 8.9 13.1 19.4 11.5 

1M 500 ppa 
Mi.~ 4.4 8.2 15.' 26.0 13.1 
Opeft 3.1 6.4 11.6 11.1 8.1 

1M + lIlA lS00pPII 
Mi.t 4.' 9.3 15.5 26.4 14.1 
Operl 4.1 7.1 10.0 16.1 9.4 

1M + 1M 1000 ~ 
Kiat 4.6 7.1 1t.8 25.1 12.9 
Open 3.4 5.1 10.4 12.9 7.' 

1M + lilA 500 ppaa 
141 •• 4.5 7.' 13.9 20.5 11.7 
Op- l.7 5.0 10.' 11.1 7.1 

Coatrol 
Mi." 6.5 4.9 10.5 12.4 a.1 
Open 1.9 2.4 6.1 6.3 4.2 

CD N8 4.2·· 5 •• •• 9.4·· 
SI'a+ - 1.8 1.5 2.1 3.6 

w.u • Week •• fter p1anUn9 
CD • Critlc~l difference 
•• • 81gn1flcent at 1% le.el 
H8 • Not .i tJIli f iean t 



T:r ..... ~ 3 \!lAP 

Sua41x-a ".2 

1M 1500 ppa 4.' 
IAA 1000 PJa 3.1 
1AA 500 PI8 1.' 

IlIA 1500 PS- ••• lBA 1000 Ps- 5.9 
lBA 500 p.- 3.9 

lAA + lIlA 1500 PS- .... 
IAA + IV. 1000 PS- 4.2 
lAA + lilA SOO Ps- ".2 

Conuol 4.8 
-".,_ .... ""_.-'" -,.,. .... ' ,"" __ >._ .... ~._ .... _ •.. ~ .... _ ...... ~., -"' _A .... .,._' ___ • __ •• ___ ••• , ._, 

CD ... + -

CD ...... -

.. 
1.0 

S.O 
3.5 

0.8-· 
0.4 

MAP • W .. k. after plantlDg 
•• - aign1f1cant at 1. 1 ... 1 

6 DP 9 WAIt 12 MAP lie. 

9."1 16 •• 27.' 14.5 

8.1 15.0 2 •• ' 13.1 
7.0 13.9 22.5 11.6 
6.0 11.1 10.3 10.7 

9.0 19.2 25.' 1 .... 
1 •• 0 21.3 10.3 17.' "I." 13.2 15.2 10.2 .... 12.1 21.2 11.' 
6.2 13.0 20 , 11.0 6.' 12.' 17.' 10.2 

3.a a.3 10.4 , .. 
"'. ~,"."" ._ ..... -....... ~ .............. --.. ~~ ._,_ ....... "-.~ .. --<,,.-.-.. -,."- "."", ..... ,.. .. ----..... ~ .. ~-.......... '. '"~. -.- ~ -~' .. " .-~----.. ,.-~ ... :".-.~.,''' .... -. 
3.2·· 
1.1 

10.2 
1.3 

1.2·· 
0.1 

S.Z·· 
2.0 

18.' 
10.8 

1.'--
0.1 

••••• J.O 

12 MAP 

21.3 
15.3 

2.5*· 1.1 
CD • Critical 41ff.renee 
as • ~~ significa.t 

lie. 

15.3 
8.9 
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Table 12(.). &ff..- .f 9COW'" 1'_1.",.1'. OIl leD9t:h of root. (am> 
per cnatu.g ..... Id., an4 open (laurala) 

T ......... ' ) tIM 6 WAP 9 WAP 12 WAP Me. 

".I'a41x-a .... - 1.1 14.3 28.9 16.8 
Open 6.1 •• 1 11.4 8.9 

lAA 1500 p~ 
au., I.' 16.0 30.' 18.4 

Opea - 5.8 I.' 12.4 6.7 
L\A 1000 PPII IU., 5.1 12.6 22.' 13.7 

ap. - 3.1 6.2 10.0 6.6 
lM SOO ps:a 

Ml., - 4.' 11.2 23.' 13.3 
ep. - 3.1 5 •• 10.0 6.5 

lIlA 1 SOO .,. 
au •• '1.1 IS.4 28.2 17.2 
Open 5.'7 10.3 15.1 7.1 

IlIA 1000 p~ Mi., - 8.1 20.3 29.3 19.3 
Op- 5.'7 10.'7 15.' 1.' 

lBA lOOp,. 
au.t S.' 10.0 23.8 13.2 
Opea 1.4 7.1 9.6 1.3 

1M + 181\ 1500 p~ 
Mi., - 5.' 10 •• 21.2 9.5 
OpeD - 4.1 6.4 9.4 6.1 

1AA .. 1M 1000 ~ Ill., - 4.' 11.1 23.8 13.4 
Op.a J.' 4.0 7.5 5.0 

1M + .taA 100 p.,. M1., - J.2 11.5 22.3 12.4 
Op- 2.' 4.' S.O 5.2 

CoDvol 
au., 2 • .1 8.2 11.5 7.4 
Op.a 1.1 5.4 6.4 4.4 

CD - '7.3·· 1.'·· 10.'** 

-- .t - 3.1 3.2 3.1 

MAP • Week. .f ... .I' pl an Unv 
CD • C.l'l~e.l 41fferenoe .* • 81;nlflc .. ' a' 1. level 
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llliUal a~ .. e to the f1881 ...... f obeeZ'YaUcn. 1ft ruanera 

a. the .~11e.t ••• 98 1 ... lf .ff .. _ of beat g.owth regulator 

under lI1et w.. highl,. p.......... Dur11l9 tillE'. weell of pIaU .. 

• lengtit of S.' CIa va. DO"'" aa4 'lsally .fter t.vel •• weeJr. • 

..,. l-9th w •• 28.8 •• thtNgh the e,fect of growth regulator 

w •• no~ 81Clft1fleant in th. fbel •• a,,8 of o}).ervaUon. In 

9rowiD9 "oob and haa;ia9 I'hoou ~ tile trea_ent.. d1d Dot 

41ft ... sigDiflcaaUy 1n the 1niUal .~89. \&pte three week. of 

plantJ.ng at all other J.D_nel. 1t w •• fOUD4 to be .ignificant. 

In l •• ral. moa' aignlf1cant .ff~ of the be.t tre.tIIlent v •• 

DOUe" afur alne ••• k. of pl .. Ung en4 up to thr .. weeka of 

planUIl9 they 414 DOt produce _y not.. .1 th.r undu' lIda' or 

open (rlg.1'). 

'!he ... au1 U of the 4aU on th. effect of ~ovtb 

reeul._ra and ml., Oft fresh ",.lottt of root. per c:uttlng are 

pre.ente4 1ft the -rabl.. 13 to 16 . 

• \lDDe ... , \IIldv tia' recorded a .~ __ freah 

v.tQht of 324.' JIg wheD treated with IIA 1000 ppm. Afta' nine 

wee1ca aad tval .. " .. lis of planting thou;h there v •• no 

significant d1fference betveen the tre.-..nt. 18A 1000 ppm and 

1500 ppa ueatlRenta resul'tec1 ill MOre Ire. weigh •• sluea. 

Growiat shoou sh0we4 .... i ... __ freah " • .lOh. of 

lSI Mg, 'When v •• ted wlth IaA 1000 ppa under min ecnd1 tioa. 

I 
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b:) 
I 

j 

j 

'eb1. 11. Sff"- of ~owth ..,ul ... r. Oft f~ •• h wei9h~ of j 
no_ c...) per .-U1a9 ......... OpeD (nan .... ) j 

!'r •• "'_ 3 WAP , NAP , WAP 12.P ..... j 

j 

..... d1x-. j 
JUat. '5.1 240.3 270.1 370.4 241.1 

j Open 11.7 1" .. 2 230.2 280.S 176.5 
1M 1500 p.,. 

j Mia, 69.4 2'6.'7 290.0 35'.1 24'.' 
Ope 46.5 116.4 24'.' 2.t.4 180.1 

j 1». 1000 P .. 
Mi •• .,., 218.2 2'8.0 301.5 2Ie., 

j Op.a 42.5 109.5 251.0 270.' 169.4 
L\A SOO .s-

IU ... '78.6 217.4 258.0 291 •• 213.2 j 
Opea 14.2 11'7.' 225.0 260.2 159.4 

1.,. 1500 pa- j lUe" 108 .. 6 219.0 311.' 3tO.4 301.0 
Cp- 53.3 117.6 280.1 275.1 196.' j lBA 1000 pp8a 
aue. 139.1 187.0 117.' 454.1 324.' j Op- '1.6 268.' 289.1 320 .. 1 2.1 •• 

llA 500 ~ j Mla" 60.'7 238.2 24'.' 325.3 2 Ul.. 6 
ap. 37.3 112.5 2S0.' 250.0 162.7 j L\A + 1M 1100 ppa 
Mia" 'S.4 22.' 239.1 2".' 206.' j Op.a 35.' 11'.3 210.1 240.0 161.S 

XAA + 1M 1000 ppa 
j lUa~ 80.6 219.1 238.1 300.' 2ot.' 

0.- J2.1 108.0 240.' 238.0 IS4.1 
j Coa .. 1 

M1.~ 49.3 14S.0 155.4 1'70.4 130.1 
j OpeD 30.0 80.2 99.0 110.' 19.' 

CD 1'.0· 167.'· .8 .. j 

j ... .t 33.' 101.0 '2.0 121.4 

j 
1fAP • w..u ...... pl_ua. 

j CD • Critical 41fl.reDO. •• • lignifi.... •• IX 1 ... 1 
j ... • ... aip1fic ... 

j 

j 

j 

j 

j 



.,able t •• .ffect of 9*'OV'th 1'419'&1 ...... OD. f.-e. we19t\t of roo .. '-9) 
.. ea_dA9 ..... iii •• _4 opea (911)1d ... _GOt.) 

ifr .... t. 
" WAP 

, WAF , MAP 12 WAP Me. 

"841x-. 
lUst 12.1 281.1 "'.4 "'.5 286.3 
Op- '6.S 129.'7 240.1 320.' Ill.' 

1M 1100 ppII Mi._ N.' 2H.2 360.' 398.4 278.5 
Op- ~.1 119.'7 2'8.0 268.' 174.1 

1M 1000 .pa IU._ '2.0 201.S 320 •• '22.6 235.1 
OpeD '1.3 111.1 210.2 251.0 t62.1 

lAA 100 PJIII 
Mis. 76.1 178.8 300.0 316.0 211.6 
OpeD 30.1 "., 2,f1.2 260.4 IS8.5 

1M 1500 ppa 
fUs. 110.4 310.' 397.' 419.' '37.2 
Op- 54.3 157.7 280.0 J16.1 2t2.1 

1M 1000 P .. 
Mist 121.5 "8.2 '.7.3 .'1.1 35'.1 
OpeD ••• 0 178.' "7.0 315.1 251.3 

1M 100 PJIII IU._ '0.3 229.1 296.2 '40.6 2'4.1 
OpeD 31.S 105.0 280.8 258.1 1'8.9 

UA + laA 1100 PS-
au .• , 6'7.' 171.' 300.8 315.' 215.7 
OpeD 18.1 101.3 2.0.1 241.2 167.0 

L\A + lU 1000 ppII lU.' 19.1 191.2 2'8.0 311.0 217.5 
OpeD JO.l 103.1 22'.0 100.0 115.4 

IAA + 1M 500 .,. 
K1., 6::.1 192.4 230.' JOO.O ItS.' 
Open 29.1 78.3 1'5.' 220.0 IG5.8 

Con vol 
Mi.t 41.' 14S.1 184.5 189.' 140.5 
Open 19.2 91.' 112.1 120.5 '5.9 

CD 161.'· 1'4.1" 24'.1* 8S 

-.1'. 71.1 ".t 73.4 100.1 

WAP • Week •• fur planUD9 
CD • Critical differ.n .. •• • .1gn!'1..... .t. '" 1 ... 1 •• • 110. .tonil1 •••• 



... 12 WAP 

hre4f.x-a 
au •• '7.1 a .... ' 266.1 376.3 2.3.' 
Opea so., 1M." 110.1 290.S 1'2.0 

JM 1100 ~ au. ... .,., 2SO.2 2 ... ' 379.' 251.1 
Op.- 15.4 lJO.2 199.8 210.2 191.4 

L\A 1000 .". 
Kia" 77.1 212.' 270.1 310.4 217.' 
Open 29.' 111.2 241.' 255.' 159.1 

1M 100 Pr-
Mia. 75.4 210.0 2.' •• 325.4 317.1 
OpeD lO.3 lH.8 234.8 210.3 160 , 

1M lSOO PJII 
KI. •• a2.' _., 127 •• 390.1 272.7 
Opea 4S.' 1'9.' a ... , 2aO.4 196 .. ' 

1M 1000 PPII 
Kia. 22.1 156.' 1'7.2 '60.4 319.2 
Op- 85.1 187.0 217.2 311.1 217.1 

1M JOO PPII 
_at. '1.0 222.1 2'2.1 JlO.5 272.2 
op.. H.' lJI.J 280.' 2St.' 1".0 

L\A + 1M 1100 .s-
.11 •• ".1 '92.5 2 •••• 315.' 201.1 
Opea 26.3 120.' 2'0.3 2".5 16'.' 

1AA + 1M 1000 ppa 
Min 68.0 111.1 238.0 lot.1 192.4 
Opea '0.2 110.1 I".S JOO.O 111.7 

1M + 1M 100 PX-
Mi •• 59.0 17'.1 210.' )oJ.O IM.a 
Opea 33.1 101.1 215.S In •• 160.0 

CoDvol 
Mi ... '5.2 110.1 117.0 175.5 132.1 
OpeD la.t 15.2 112.1 115.0 '2.1 

co ••••• lS3.'·· •• NS 

... % 36.1 H.t 65.' 9'.0 

WAP • w ... ., ... pluUa.9 
CD • C¥1tloa1 d1'f.~.noe •• • .i_f1o._ a.. 1" 1 ... 1 

•• • .... .igaifiGan .. 
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.,able 16. .ffect..' gZ'O'W~ repl..to~. OD fr ... wapt of 
&'GOU <-a> pea: cu-u.v _dK aJ. ..... opea (la.1:81.> 

.,... .... , 3 'NAP I WAP 'WAP 12 VlAP Me. 

.... ..u.a._ 
1U8~ - ... , 24'.' 260.0 198.1 
Open 42.1 1".' 200.0 1".3 

1M 1100 ~ 
111 •• - '1.' 2".2 240.0 1".2 
Ope - 39.' 2'3.0 l'S.O 151.9 

lAA 1000 Ps-
Mi •• - 70.1 215.0 120.0 118.5 
Open - 21.1 16'.5 110.0 121.7 

DA IOO~ ...... - '9.1 211.1 211.0 163.1 
ap. - 26.1 182.0 18'.0 132.1 

1M 1100 Pl* 
leU. - 18.G 2U.' 2".' 225.' 
Opea 43.0 210.' 261.1 171.1 

lIlA 1000 pta 
IU.~ - 127.' 2'4.1 150.0 25'.1 
Op.s - 49.2 210.1 21'.9 1".1 

UA lOOp.,. 
M.1at - 60.6 219.1 210.0 110.2 -- .- 40.' 115.1 205.1 14J.t 

L\A + 1M 1500 PPI 
Hiat 58.1 214.2 221.1 164.9 
OpeD .. 32.8 244.1 202.0 159.6 

IAA + 1M 1000 .,.. 
IU.~ - 71.1 202.0 211.0 162.8 
Open JO.I 1'6.0 17S.2 127.2 

1M + lIlA 100 p~ 
lUat - 65.3 189.3 210.0 151.2 
Opea - 22.1 167.1 1'0.0 119.' 

Control 
MJ.a~ - 16.1 110.2 160.1 l1t;.4 
a.- 20.' 82.4 H.9 "., 

_ T 

CD 127.4· a. 154.7*· 

-~ - 17.5 •••• 52.' 

1IAP • W •• k. af'ter plantll19 
CD • Critical d1tfez:ence •• • .1QDlfl.aD~ at 1. 1 ... 1 •• • IIot 81gnJ.flc_t 



M_ freah •• 1gh~ v.. f_4 .. be low •• t f. control perU

CNlarly UDder op __ 1l41~i_ (IS.t -V). '!her .... no 

.i9D1fio .. " ellff __ • _be. I. 1000 -.4 1500 P.- 8ftd 

..... d1x-. u •• _u CD the .1x" weeJt of ob •• nad-on with 

r •• pen to fr.tIh roo" ".IVll.. 1ft hllll9i09 .oo~. alae th. 
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aup.riori~ .f 1. v •• ___ with r.apecrt. to thi. par_t. "a. 
nl4eD" f..- ~. da~a. Undu al •• the __ aax1Ia1a fre.h 

".i;h- (11'.2 -V) ".a ob •• n" for I. 1000 Pt:- followed by 

xu. 1100 ppa (272.1 .. ) and laA 100 ~ (212.2 1Il9). With "ttfJar4 

to fr.. ..1gbt of root. the 1.""8la reoor..a aignificant 

tiff.r ..... ___ ; vee __ t.a on ai. week. ad t.wel .. week. of 

pluUnv. HoveY.r, the 41ff.renoe " .. 1lO~ .t.aUaUcally 

.ignif!o .. _ OD D1a~ ,week of pi_d.... '!he •• 6ft freah "el;h" 

yal.e. of 217.3 119 ancI 19'.1 at r.apect.1 •• ly for lBA 1000 ~ 

uaeter ...... and op_ con4lUon ...... rlHlOr4e4 follow.4 by 

lIlA 1100 PJ8 and au-a4ix-a v ....... _de&' mi.t. con41UOft. 

Ia cUff.~_t. pleatin; .... rial. the Ve •• en". cUffered 

.igaifie_t.ly with revert! to free we19ht. of 1'00". In o .... ral, 

all the ve.tlDeDt.. UDder Id._ paul t.ed in MOr. fresh "'.iObt. 

cc.pared to v •• -..ot.. under open coadlUona .. 

t.1.5 ...... ve1Qht. of abGOa 

Th. results on til. effect. of Qrowth revulator8 _4 al.t 

on fr.eta weight of .hoots per oa_t.1D9. va t.abulated in 

.,ab1 •• 17 t.o 20. 
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12 WAP Me. 

hl'a4la-a 
Ill •• 204.1 ,.4 •• 15S1.' 16.1.2 1038.1 
Op- ., .. "'.t IH.S 1819.' 159.3 

1M 1500 ppII 
IU •• 16 •• 1 "'.1 1001.2 21'6.' 10'8.1 
Op.- II'.' 15'.1 "'.5 11'3.2 6'5.' 1AA 1000 Pc-au._ 211.1 '.0.' "'1.' 2310.5 '92.2 
Opea 115.1 .'9.4 6.3.2 1111.1 158.' 

1M 100 PJIII 
M •• 210.' 602.' 1".0 130.' .'1." 
Open 102.0 329." "'.1 1701.3 102.' 

lIlA 1100 p~ 
M1 •• 140.' "I.' 1135.0 11 •••• 7".2 
Open 21.0 394.0 "10.1 1531.2 '75.1 

1 .... 1000 ppm 
M •• 2".6 65'.' 1135.' 1'9'.1 1022.0 
Open 102.4 310.1 1214.1 1599.6 116.1 

1.,. 100 PPII 
au •• 311.t 510.2 1161.2 659.' 61'.! 
Open 113.2 602.0 913.4 163 •• ' 118.' 

1M + 1M 1100 p~ 
au •• 121.0 62'.1 1204.1 162.1 "9.4 
Opee 84.2 "3.1 "6.1 1322.3 686.' 

lM + laA 1000 ppa 
au •• 2'1.1 "'5.0 1011.' 1168.1 126.5 
Opea 101.2 '26.1 1".4 14".3 '20.3 

1M + 1M 100 ppII 
JUn 111.83 621.4 1001.8 697.0 62 •• ' 
Open 11.60 411.1 '21.' 114O.' 114.6 

CoG,"l 
IU. •• 161.' .. , .. '14.3 1162.5 '31.0 
Opea '1.1 1'2.1 "8.1 1211.3 516.0 

CD 1.'.3 .... ., .. ,. .. 1201.'-

-.1 12.' 1'1.1 313.' 411.6 

~N • - .. Jut .fter piuua. 
CD • Cr1~ •• 1 41ff.~ .... •• • aigDiflceat •• 1. 1 ... 1 
•• • IIot .1gaifl .... 
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,eJ.. 18. .,fen of ynwtb .. ep1a .... _ f ...... lgb~ of 
81\ooU c.. paz' .. -u.. ..... .s..~ .act open 
' .......... ahooU) 

~ ....... ,WAP , MAP t taP 12 WAP lie. 

a..acUx-a 
"'.~ 122.2 tl'.t 1101.3 1512.1 914.0 
Open 38.1 41'1.2 1614.4 111'.1 812.1 

1M 1100 ... 
Ki.t 185.0 I16.t 134'1.3 161'.1 t61.2 
Opea 142.' 121.' 1'21.3 1112.' '51.6 

1M 1000 p~ 
IU.~ 114.2 115.2 1"5.1 103'.1 135.' 
Op- 131.2 5".2 1138.4 1503.1 128.1 

1M 100 W-
II1n 131.0 115.0 1'115.8 191. '1 113.3 
OpeD 14.1 116.2 111.1 1734.' 120.8 

1M 1100 ... 
IU •• 128.3 "'.2 151'.' 1.11.3 '62.1 
Open 142.6 401.5 3046.0 1953.4 l1l6.' 

1M 1000 p,-
Ill .. 1' •. ' 614.' 2068.0 1816.3 1110.t 
Open 112.t 123.1 1443.1 2Y6.0 1358.1 

1M 100 PIlI 
lU.n 322.1 .. ,.J 1108.6 1005.2 830.' 
Open 'I.' 101.4 1356.' 1810.0 "9.2 

1M + 1M 1500 ... 
lU..t 115.1 485.' l11t.0 1701.' 812.1 
Op- 10S.4 "3.0 1006.1 810.3 618.1 

1M + 1M 1000 P"-
Kin 1.1.2 1012.' l't3.' 113.1 830.2 
Op- "., 159.' 1163.2 "'.4 196.1 

1AA + 1M 100 PJII 
JU •• 141.8 l1tl.0 1562.1 544.1 860.1 
Open ".0 '13.' 115.' 118.' 1'1.4 

C.U'ol 
JU.~ 143.5 •••• 0 I".' '21.6 .82.1 
OpeD 16.5 ,',.1 5t1.2 1680.1 "3.0 

CD 1.1.0·* •• 144.1·* •• 
-~ ".1 '210.1 2'8.' 128.0 

WAP • ..... ,,_1' p1allUA9 
CD • Cl'ltical tiff_eDGe 
.* • 81gn1floan' ., 1. 1 ... 1 •• • __ .1pifl .... 
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"ul. It. .ffect of ,ntI'" .. ep1 ..... _ f ....... wel",. of 
.... <III) .... eQUal.'" al ..... ... 
(baagla, 8I\ooa) 

• WAP 12 WAlt Me. 

...... , .... 
IU •• 170.1 •••• 0 12".0 1'71.1 "'.1 
OpeD 17.1 29t •• 1111.1 It''.l 10t3.1 

1M 1100 ~ 
IU •• 177.0 • J •• S .. , .. 1016.' '40.0 
Op- 71.1 12'.' 1116.4 1135.1 1021.2 

1M 1000 ... 
Ki •• 14'.1 27'.' 1006.1 1023.1 614.1 
Opea 49.0 MI.' lt21 •• ltl8.1 875.2 

1M 500.,.-
Ml •• 164.t '72.' "2.' 1M'7.2 "9.1 
ep. J4.1 181.1 18'1.' 14'3.' 180.1 

1M 1100 ppa 
Mi. •• 124.0 160.3 1052.2 17'2.t '7'.2 
Opeo .a., 256.0 17.t.4 10'1.' 7tO.' 

1M 100G ps-
MI..~ lt6.4 61S.1 1'20.' 1582.1 104'.1 
Op.a '4.5 '26.2 1512.1 10 •••• 74'.0 

1M 100 ppa 
IU •• 210.0 8a..1 100' •• 960.' 711.2 
Op- ".1 284.9 '17.1 "'.1 514.0 

lAA + 'M 1500 Its-
Mi •• 280.4 117.' '92.0 lS77.1 866.1 
ep- ".2 21 •• ' "1.1 '7 •••• 4S7.' 

lM + lBA 1000 Pf8 
lU.t 2'2.' 'UI.' 18JO.0 14'71.' 1012.2 
ep. 11.1 211.' .to.o 750.' 448.' 

1M + 1M 500 ppa 111._ 1'2.3 122.6 10'4.0 1128.1 711.' 
Op- 16.8 298.S "8.' 11'1.5 H6.3 

Coau.l 
IU •• 94.3 471.t Hl.4 1802.1 71'.1 
Open 52.' 238.' , .... "7.1 51'.1 

CD 121.5*· •• I19.t·· as 

-.1 •••• 221.2 21t.4 448.1 

MAP • Weelc •• fur planU., 
CD • Crlt1ce1 cUff ___ 

** • 81gn1floan ••• 1. 1 ... 1 
•• • ..~ .1pltl_._ 
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.,.. ..... , MAP ... , MAP 12 NAP .... 
..... 41x-. 

IU.~ 24.' 2".' 1128.' 1134.4 185.' 
OpeD 23.1 134.S 101 •• ' 13'8.1 628.1 

lM 1100 psa 
JU •• 21.2 .,'.1 1314.1 1550.' '.'.1 
OpeD 11.9 S1.' 1066.1 691.2 459.t 

1M 1000 Pl=-au ... 23.1 491.1 '11.1 7'8.4 504.1 
Op- 1.4 72.4 160.0 '40.2 395.0 

UA 100 .s-
IU •• 24.1 6'1.' "1.5 I.' .• S14.' 
OpeD 7.1 46.' 1295.3 732.3 S20 •• 

1M 1500 ppII 
Mi •• 20.7 "2.1 "1.1 12.'.7 124.' 
Opea S.4 16.7 '43.' 180.4 402.1 

1M 1000 Its-
Mi •• 24.4 690.1 121J.' 1145.1 '88.' 
Op- 11.0 68.2 '24.' 1'7'.' "2.4 1.,. 100 ppI 
Mi •• 30.1 8S •• 9Ot.J .4'.1 4'8.1 
ap. 13.1 ".3 2041.3 776.1 725.2 

1AA + lilA 1500 P'-
Mi •• 11.1 '''.2 '53.1 112.' 1'0.1 
Op.a 28.' ".1 1113.1 1171.0 120.1 

IAA + laA 1000 PIS 
.u.. .'.1 "2.' 'tl.3 197.' 314.2 
OpeD 7.2 '4 •• lS21.3 '57.2 5'1.1 

1M + lBA 100 Pr-
IU •• 21,,1 3'0.3 '11.1 603.' .32.S 
OpeD J., 22.2 10".1 "8.1 4'S.4 

CoDVol 
Mia~ '1.1 30'.' I •••• "0.2 313.' 
0ptID lS.1 " .. 400.' 41'.1 220.' 

Q) 35 •• *· 113.2** .. 1000.1* 

-.1 13.4 246.1 taO. I 346.' 

WAIl • W .. lea .f_ .. pl_uag 
CD • Cl'lUo.l cUffer_. 
•• • 81gnlflcent at '" 1 ... 1 
.8 • Hot .1~flcent 
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111 ruDDer ..... ~ .... f .... v819\t of 10.1.8 .. 

"' •••• ened "'.. v •• ud wlth 1M 1500 ps- .... Id •• 

COn41UOD. Durlng the third week of ob •• n.Uon IAA 1100 .,. 

ahowe« algalflc8ftt lac.r .... 1a fre" ".lgb. but later Oft 

tr: ..... t. lAA 1000ppa, "rad1x-a .. IlIA 1000 PJII we ..... 

pea- w1.n retJU'4 to thi. p ....... r. 1'_ 91OW1av "oob dub, 

.1~ end. -.elth wee1c 01 ob ...... U. the"8 W •• ItO a1I81f1_. 

cUfferenee Mtwe. V .. __ U. IN ............... Ir ... welght 

of 1358.1 119 was recorded whea ve.ted wi'" 1M 1000 PS- wa4.,. 

op. conti tiOD. 

In h .. ,109 ehoou duriq the .... 1,. .~... .. to .la 

__ a .-biruaUoa v ........... 1M + 1M SIOO p~ _4 

1000 ppm produced •• x~ fr •• h weight. alo .... end 212.1 .. 

.... pecUvely. aut l.~, Oft nlnth week. 1M 1000 ~ _4 

aeredlx-8 v ....... with aJ.at pnchtled _"8 f .... 1\ weltht. 

0. the l •• t o}).e"a~OD th."e ...... DO .UU.u.ea1 41ff.untle 1n 

aboot "elth-- lNt maxi .... hoot we1gbt. ~_ r_ ..... ... 
v •• teeS cutU .... 

In lateral. root pro4ueU_ ... __ .~ .... thz' .. 

week. of planting but e .191'1iflcmt tif .............. "'_ 

v •• tlDeDt. were ob.erved ln fre. v81 __ 0' __ b. ea.ltl •• tlon 

ue ... U IAA + leA 1500 Pi8 ... 1000 ~ uad. alat pn4u.oed 

hi9hu .. oot weight.. A rae •• ax .... "'eaih we.l9ht .. '''.1 .. 

v •• produced by OI"Uno. treated wi. 1M 1100 ... ad •• 1n 
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,DP ... 12 WAP ..... 
a.a41x-a 

Mi •• 17.' H.O 60.0 80.' 5'.2 
OpeD 10.' 11.' 11.1 '2.3 39.2 

IAA 1100 .,. 
au •• 15.1 '2.0 64.' "~e' 19.' 
Open 10.6 30.1 15.' '4.3 40.' 

1M 1000 Pta 
IU •• 19.' ".1 " .. ".0 49.2 
OpeD 12.3 24.3 H.1 47.1 35.2 

I.AA 500 ,.. 
IU •• 11.' ".3 ".3 66.3 46.' 
OpeD 1.1 25.' 4 ••• 57.0 35.2 

1M 1100 ~ ...... 24.6 6a.O 10.5 89.' 61.' 
Open 12.1 "., 62.3 61.5 43.5 

1M 1000 PPI 
IU •• 11.1 85.9 ., .. 100.' '1.' 
OpeD 20.1 59.' , ... 11.2 53.8 

1M 500 ppa 
IU •• 12.9 12.' 54.3 12.4 48.1 
Open 1.1 12.8 15.'7 55.5 35.' 

1M + 1M 1100 PJ8 
.U ••• 14.1 49.6 11.1 '6.1 4S.' 
ep. 8.2 2'.1 11.'7 53.4 36.0 

1M + lIlA 1000 ppa 
au •• 18.2 4S •• 12.'7 66.8 46.6 
Opea '.2 24.0 5'.1 52.1 14.' 

1M + 1"" 100~ 
IU •• 13.' '2.1 '5.6 69.3 42.'7 

ConU'oor 6.2 19.2 46.1 66.6 I •• ' 

Kla. 11.1 12.1 34.1 )6.1 28.' 
gp. 6.8 11.8 22.1 - 15.' 

• -CD 20.0· 36.'·· .. H8 

-:t '.6 13.' 22.' 26.7 

WAP • W .. k •• 'tAtE' pl_t.tao 
en • Critical diflea.nee .... • 8itaific". at 1. 1 ... 1 •• • Mot 8igaificru • 



!fable 22. .'feft of' Irowt:h ret'll..... Oft 4Q' "'WI' con,*,~ of 
nou bit> pee _"''' ••• mJ..~ aD4 apeD 
(,",,1"9 ahoou) 

h-...... u , .. 12 WAP 

.... 41x .. 
lUa. 22.1 '3.' 86.0 1S.3 65.1 
Opea 8.1 28.' 51.1 11.2 40.0 

1M 1500 PJ8 
JU.~ 22.0 '1.1 10.1 ".2 51.5 
Opa 9.1 40.' ".3 60.1 '1.8 

1AA 1000 ~ .'a. 20 •• 29.' 11.2 11.3 4e.3 
Op.a 1.1 23.' 15.1 51.1 35.' 

1AA 100 ppm 
mat. 17.' '78.1 , ... 69.8 57.5 
Opea '7.0 36.3 5'.5 57.' 38.1 

1M 1100 Ppa 
II.' lila, '5.1 87.1 9'.2 62.' 

op- 10.1 23.1 59.6 52.6 36.' 
lIlA 1000 Psa 

mat. 27.1 84.6 105.' 108.5 81.5 
Open 19.1 '0.3 81.' 12.9 55.1 

I8A JOO W-
Hin 16.0 50.1 66.2 75.6 52.2 
Opea 1.4 23.7 62.' 51.4 37.7 

aA .. lBA 1500 p,. 
Mia. 15.f 3'.1 66.8 '0.1 47.' 
Open 8.7 24.3 62.2 53.6 31.2 

1AA + laA 1000 ppa 
K1a~ 1'.' 42.' '4.0 69.1 48.4 
Open , .. 22.' f8.3 '6.1 36.2 

1AA ... laA 500 ~ 
klat. 13.6 '2.1 51.2 66.7 43.' 
Open 19.' 41.7 56.3 'O.f 

Coavo1 MJ.a. 9.5 12.4 '1.0 '2.7 31.3 
Open .f.4 20., 2 ••• 26.8 19.1 

CD 26.4- '9.4-· S ••• • HS 

-.t 9.5 IS.1 17.6 22.1 
• 

WAP • Weeka .'tel' plant1Dg 
CD • Crlt1eel 41tterenee 
*'* • S1gnificant. a. 1" 1 ... 1 
liS • lIot. alonlflc._ 

79 
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2.atl. 2'. ."eet of ~'" nt\1l .... GO ck~ ••• tel" croaUnt 
of nou (JIg) ...... ,Uat ......... , ... __ 
O'_ia9 ahooU) 

b' •• '" , ... • WAP 9 WAP 12 WAP Me. 

.... acUx ... 111., 21.1 .... 5t.2 aJ.I 54.' 
Opera 11.S JO.' 46.' 14.1 II.' 

.1M 1100 PJM 
Kl." It.' Sl.' ".1 84.J 11.1 
Open 12.' 28.' '6.1 56.' '1.2 

1M 1000 p~ 111., 17.5 '7.1 60.0 M.9 'I.' Op.a I.t 2'.i SJ.I 17.' 35.7 
lAA 180 P'-

Kie" 17.1 '6.6 H.2 72.2 ".0 
ap- , .. 25.' 12.2 55.' J5.1 

1M 1100 ... 
JUa' 11.0 , .. , '2.7 ".7 60.7 
OpeD 11.1 '8.J 'J.9 62.3 'J.' 

1M 1000 PI8 
Mia' 27 •• '9.2 " .. 102.1 71.1 
Opea 19.1 'I.' 62.' 7S.t 't.t 

1M IOOp~ 
Ilia" '.3 •••• '2.' ' •• 0 .7.4 
Op- 16.1 27.3 62.2 56.0 '0.4 

lAA + lilA 1500 ... 
Ilia, 17.1 "., M.I 70.2 46.J 
Open 6.0 2'.7 5J.' 59.' 36.' 

1M • 1M 1000 ... 
Na. 15.5 J7.0 12.' 79.5 46.2 
Op.a 7.' 24.1 M.2 66.' '8.2 

IAA + 18A 100 PPI 
JUa' 11.1 11.' ".1 ".7 42.0 
Open 1.2 22.1 .6.0 64.J 40.' 

Con"l Mi., 10.1 ".4 14.1 37.1 28.9 
Open 4.3 18.' 20.1 25.5 17.3 

CD 20.2* 29.'·· •• as 
-.1 8.1 10.' 1'.J 21.' 

Q •• 

IfAP • W'" .fur pl_d.D9 
CD • C~lt1cal 41fl.renee 
•• • algnlflc .. , at 1" 1 ... 1 .. • .,,, al9ft1fl_ .. , 



2abl. 24. .ff..-.f 9rowtb ~ep1._ ... _ 4Iy ••• ".1' coateD. of 
neg c.,) ..... -u.e • .s. .s.. _4 opeD (I-ural.) 

-tr ....... , .. 12 WAP 

.... cU.x-. 
Mi •• - 19.J SJ.' 57.1 'J.6 
OpeD - t.1 44.3 4'.5 '2.8 

1M 1500 ~ 
Kia_ - 20.' 12.4 51.2 42.0 
Open - I.' 52.3 52.1 37.' 

1M 1800 Its-
tUn 15.' '7.8 48.5 3'.4 
Opea - 4.' '6.3 39.' 2?0 

XAA IOO~ 
Mi •• - 15.4 46.8 4'.5 16.2 
Open - 6.0 40.' 41.' 29.4 

1M 1500 ppa 
au •• - 19.5 64.4 66.7 50.2 
Open - t.1 46.6 58.0 18.0 

1M 1000 ppaa 
M1at. - 28.4 65.2 77.8 57.1 
Opea 10.9 SS.l 62.0 42.7 

1M SOO PPIl 
JU..~ -- 22.6 48.' 50.4 40.5 
Open - '.1 41.1 44.8 31.' 

1AA + 1M 1500 PJa 
au •• 1'.2 47.1 47.1 36.1 
ep. - ' .. 1 14.1 54.9 38.7 

1M + 1M 1000 P.-
m •• - 16.' 46.1 46.8 36.6 
Opea - I.' '8.5 38.8 28.0 

1M + lIlA 100 Ps-
Mi •• - 14.' 43.' 46.' 35.2 
Opea 4.' ".0 37.' 26.5 

CoDvol 
N •• - 1.1 12.' '2.7 24.6 
OpeD 18.' 18.' tB.6 

CD - 26.7 •• '4.5· 
-t, ... .. , 19.1 10.2 

WAP • _k. .,ur p1anUn9 
CD • Critical cUffer __ .* • 8ign1f1cant. a. 1" 1 ... 1 •• • I10t aJ.gnif1c_t. 
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eondl Uon while the lowe.. ' .... h w19ht w.. obaerved for 

OODtnl v •• __ ~ -da' .... _cUUOIl. 
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The 4 ... pl'ea .. ted 1ft .,tabl.. 21 1:0 28 Ind1eated the 

effect of tiffen •• p-owUl rtl9Ulatora •• varylD9 cOfloenUaUona 

... iii •• _ 4Q' ••• _er oon-. •• of no_ and eoota pl'oduo" by 

different typea of planting •• -.rlal •• 

1ft .11 the plaaUav ..... 1.1 •• 

__ dQ' ooatent of zeou w .. DOU." for ve.taent wl~ 1M 

1000 ~ follow84 by 1M 1100 ppa ad h .. ,u:u.x-a. 'lb. naner., 

91'0w1D9 Root. end h-911l9 Moot. did __ prCHluce aay .1-,ficeD" 

cUfferenee 1ft the 4rJ' •• tar prodlaoUoa of roo". durlag the 

.wel ~ week .f oba.naUoa wbl1. 1.terale tid ~ pro4uee any 

e1Qalfi.a.t 41ff.I' .... dur1ag the 81ath week. 

The effect. of dlffer_t 91'owid\ I'.tul.tor. on day .. ttel' 

conteDt of the 8hoot. r •••• le« thet 1ft 1'UIUl81' ••• 1UdJMa __ 

day •• tur content of 114.1 .9 w.a obtained 'Wbea O1tU... vera 

u.e-.cs w1 ti\ aer..u.x-a lIftdu alat OOIldi ~iOll While the low •• t 

'as.9 at) v .. recorded for control puUcul.rly ader open 

oon41tJ.on. lA 9I'owlnO 8hoou and 1\-91_ MOOt.. xu, 1000 ps-

r .. ultetl a a_a.. .. 6ft cky •• tter content of 191.4 .... 

171.8 .. 1' •• pecUvely \til .... al.t while 1D l."al. lISA 1100 ~ 

pa-0duee4 bJ.9h •• t An' •• th% cont .. t. of aheot.a (166.8 .. >. 



~-------
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.,.b1e 25. .ff .. ~ of r:::' ..... 1..... on 4I'y •• ".. COIl". of 
.hocu <-. per ... t.t.ag _der iii.. and op.a (.l'\IDIl4tr.) 

'fr ...... J WAP • 1fAP , WAP 12 WAP Me • 

.... ad1a-. 
Mi •• 14.0 106.1 11'.0 281.1 108.' 
Opea 8.1 40.' 142.6 286.9 119.' 

L\A 1100 ppa 
Ili •• 60.' 111.0 1'6.' 356.1 1'4.' 
Open 31.2 ".2 128.8 1'6.2 "., 

IAA 1000 ppa 
iii •• '2.1 106.1 127.3 185.0 165.3 
ep.a 19.3 15.0 115.4 296.1 126.5 

1M IOO~ 
ai •• 42.' 100.1 129.' 127.2 100.1 
Opea 24.8 54.' 112.' 284.1 119.1 

tat 1500 W-
ai •• 18.4 'S.l 190.2 190.0 123.4 
Opea 1.1 65.4 118.' 2".1 109.1 

1M 1000 p.-
IU •• 19.1 114.9 255.8 212.0 160.1 
Op.- 11.1 54.' 204.' 26'.1 136.0 

1M 100 ppa 
IU •• 52.1 '5.0 1'4.1 109.' 111.' 
Op-. 22.2 100.2 163.8 212.4 119.1 

1M + 1M 1500 p~ 
Mi •• 20.1 104.' 100.5 127.0 113.2 
Opea 11.1 M.I 124.2 21'.' 114.1 

1M + 1M 1000 PPIl 
iii .. 4a.S 120.' 118.6 1 .... Ill.' 
Opee 14.' 66.1 1'1.2 2".8 118.2 

1M + UA 500 PPII 
JU •• 29.1 lCM.2 161.' 111.' 104.2 
Opea 1.t 68.' 120.1 169.1 90.0 

C.vol iii." 2'.' '1.1 l1J.8 193.' 106.1 
Open '.6 28.1 , ... 212.' II.' 

CD 24.1·· •• •• 199.'7· 

-.1 , .. 26.' ".1 12.1 

tIM' • V.It. .fur planUag 
CD • ~itJ.c.l differ.noe •• • a.t.gai fic_t a. Ul 1 ..... 1 .8 • IIot .i9llil1o_t 
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"abl. 21. I"'" 0' ,""tria ..... 1 •• 1'. _ 4Iy •• t:ter conuat of 
.noo •• '-9) pea" -hiat .... a1a. _4 op-
(9cowhlg ahoou) 

'1fU • WAP • IMP 12 WAP Me. 

.... 41x ... 
Kl •• 18.;a 14'.2 1".' 252.0 14S.1 
Opea '.1 "., 268.' la,., 135.3 

1AA 1500 PPIIl 
.u.a. 21.1 109.1 224.' 21'.' 159.' 
Ope 21.1 IJ.' 251.0 215.2 155.2 

1M 1000 ppa 
Mia. 19.1 108.1 229.1 171.1 131.' 
Opea 22.a .... 119.7 301.1 110.' 

lA.\ 100 p~ 
Ml •• 11.2 120.1 295.1 130.' 142.5 
Opea t.O "., 129.1 141.2 11.3 

1M 1500 ppa 
Miat. 21.3 110.1 202.1 246.1 160.4 
Opea 21.' ".1 '40.' 124.' 1'6.5 

lIlA 1000 ppa 
M., 27.' 105.3 '44.1 312.' 19'.4 
Op- 18.8 13.1 NO.1 411.' 182.2 

lIlA 100 .,. 
M •• 51.4 81.S 2S1.S 16'.2 13'.' 
Ope. 11.5 10.2 225.' 304.' 148.1 

1M • IDA 1100 pa-
Kia. 29.8 80.' 189.4 162.2 115.' 
Op_ 1'.5 131.' II'.' 134.' 111.0 

1M .. I. 1000 P .. 
aua' 23.1 109.' 214.1 118.' 121.' 
Op- 9.' 94.5 1".' H.1 H.4 

1M + lIlA SOC) ppa 
au •• 24.0 198.4 260.2 90.' 143.2 
OpeD 14.2 102.2 138.1 129.' 96.0 

CoDvol 
lUa. 2l.' aO.4 '6.' 120.3 80.3 
Opea S.I 56.2 ".2 260.0 101.3 

C» JO.S· a. 121.4·· 211.'· 

-£ 12.3 39.' 43.3 101.3 

WAP • Week. .ft.ee planUn9 
CD • eciti.el differ.nee 
•• • 8ignil1eaat. at. 1~ 1 ••• 1 a. • 1Iot. 819Olf10._ 
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table 21. &ff __ of r= . ...,..-.. Oft ..." •• t .... COIl_at of 
-.... <tat pea' C\lt"at u4c lI1.t ... opea 
(l'ulft9189 lIboou) 

l'~ .. __ t ,tfA&' • WAP , WAP 12MP lie • 

..... 41 .... 
Id.n 28.' 114.' 211.4 2.S.1 1.' •• 
OpeD 9.5 ., .. 210.' 12'.1 158 •• 

L\A 1100 ps-
M1.t 29.1 16.2 1.,.1 175.8 109.1 
OpeD 11.1 1',.' l09.2 222.1 110.3 

1M 1000 p;e 
111 •• 2 •• 8 46.' 161.' 170.5 102 •• 
Op- 8.2 8' .• 236.1 24 •• ' 143.2 

1M 100 ppa 
111, •• 29.4 112.1 162.0 .08.' 178.0 
Opera .. , 11.2 JO •• I 2.5.1 146.5 

1M 1100 ps-
JUat 20.' 93.4 115 •• 295.4 1.'.2 
Open 1.1 42.6 21'.' 148.0 121.' 

IliA 1000 ps-
Ml •• J2.1 11 •• 1 286.1 261.' 178.8 
Open 11.1 54.3 252.0 110.7 124.1 

IDA lOG ppm 
Mi.t 37.1 13 •• S 1., •• 159.9 125.0 
Open 10.5 47.1 162.' 121.6 '5.5 

IAA + IaA 1500 ppa 
M1" "'.0 52 •• 186.1 '11.7 14 ••• 
Opea 12.' ".1 12 .... 116.4 1 ••• 

loU + 1M 1000 • .-
MU. 38.1 117.1 21 •• ' 2.5.2 16 •• 1 
Open 2.t 15.' 135.1 125.2 1 •• 1 

1AA + IRA 500 PS-
mat 22.1 1".1 11'.' 181.9 130.3 
Ope 2.' .t.1 lIS.' 1'5.2 '0.' CcmUOl 
lUet 15.1 ".1 '8.1 100.2 122.1 
Open 9.' ., .. 111.0 166.4 86.' 
CD 20 •• •• •• IJS.4 .s 
-.1 1.5 to.2 50.1 77.1 

MAP • If.... .'UI' plantiftg 
CD • Cr1t1a61 41ft.rene. 
•• • 819ftlfle ..... 1- 1 ... 1 
lIa • IIot .ivai'1c .. t 



86 

• WAP 12 w.v ..... 
..... 41x-a 

Mi •• 4.1 " .. 1".0 289.0 141.2 
OpeD 3.1 31.1 161.3 147.2 ".0 

1M 1500 ppa 
KI.~ .... 11'.t 218 .. S 327.1 1 •••• 
Opea 2.9 9.a lT7.0 116.0 16.4 

1M 1000 p.-
m •• 3.8 aa.8 131.4 122.9 .... , 
Open 1.2 12.0 12!.1 123.1 65.6 

1M 500 Ppa 
M1 •• 9.5 105.3 16S.' 101.6 ".01 
ap- 1.1 22.1 1 .. 2 •• 121.9 12.0 

leA 1500 PPIB 
.u. •• 3.2 1'0.4 143.1 20'7.4 121.2 
Op- 0.' 14.' 140.1 111.1 66.' 

1. 1000 PPI 
Mi •• .... 2 98.6 215.' 190.' 127.' 
OpeD 2.8 11.4 136.1 211.1 90.4 

1M 500 PS-
M1 •• .... 173.1 151.2 140.' 111.1 
Open 2.2 10.' 2'6.' 12Q.S 10 .... 

1M + leA lSIO Ppil 
MI." 11.0 111.2 125.7 129.1 94.' 
0"" .. 3.1 13.' 26a.4 195.1 120.2 

1M + lIlA 1000 PPI 
MI •• 10.1 114.9 11 .... 99.' 84.' 
OpeD 1.2 15.' 254 •• 126.2 ,Q .• 

lAA + 1. 100 PS-
M1 •• 1.1 64.' 119.0 100.5 '2.0 
OPeD 0.1 3.' 111.0 129.' '9.3 

Convol 
Ki •• 6.1 so •• 61.5 114.' 59.1 
OpeD 2.6 6.3 66.' 68.t 16.2 

CD li8 117.7·· •• 135.'· 
-.1 l.t "4.3·· '''.0 53 .. ' 

WAP • Week. at'te&' plaauR9 
CD • Critical d1ffcrenee •• • 81gn1fl •• n" a. 1. 1 ... 1 
.a • Jto~ .1p1fl .... 



"abl.. 29 too 32 ftal'nl... vl th tile cI.~8 Oft _oovno~ 

.. au. of dJ.ffU'eft~ .,..,.. of pluUft9 .... rlal. at tri ... kly 

bun.l. .. .... led t:b •• .t.a ~e.... growlng shoot. and h_ging 

ahoou ..... abooVroot .. aU. v •• hlgh.. .fter ~e ..... k. cd 

.u weeJt. of plent1Dg \1II4ea' 111 •• .-pared to open. Later on 
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4u&' ..... autts v .. Jc of ob.enaUoa r.Uo uaded to in ••••• und.r 

opeD .. 1Mc •• alao •• equal to th •• of ... al •• 0_41t10ft. 

'.in.l1y .fter a.l.. week. .f plenUD9 h1",.r ... Uo ".. • ....... 

un4_ open. 

18 1."r.1 •• ,ur .ix weeka of plaUng ~e aheot/root 

.. aUo v •• found 'to be hip \l84e1' at •• JrMt: I ... 011 .'tc alnth 

end t.v.1 ttl week. 0' oD •• naUon the moot: weight dear ....... 

conai4eraW.y .... haa ...... 1 ... ill a 1-. r.Uo. '!'h. I"e4ucUon 

i. ehoot: weith" UDder Ida. cJuiD9 1 ... 1' .t:age. 1I19ht: 1M due 

to tile inoreaH4 1... fall ...... . 

•• 2 •• --.tcal .adi •• 

•• 2.1 All • ..,. of the .... 

la ordar .. \Iader.tand 1th. lnJ.UaUon aa4 .... lopllent 

of roo.. 1a .t. C\lt~lnQ. _d to i"-tUfy the tie.. or191D 

of the root: prJ.aor4la. the .vuaWZ'e of the .... wa •• tu41ec! 

iD deuil. The detail. are pre •• ted below. 
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'1fU , UP 12 WAP 

.... s .... ...... I.' '.0 I.' '.1 
OpeD 0.' 1.' 3.1 6.1 

IAA 1100 ... 
1118. 5.2 2.5 J.' 5.' 
OpeD '.0 4.1 3.1 J.' 

1M 1000 ppa 
lUat I.' 2.t 2.1 1.' 
Opea 2.' '.1 2.1 6.1 

1M 100 PJII 
au" '.1 2.1 J.O 2.' .... 2.t 2.' 3.0 6.' 

llA 1100 PIlI 
IU •• 1.3 2.0 3.1 2.t 
OpeD 0.' 2.2 2.1 S.1 

1.,. 1000 PPII 
IU •• I.' 1.1 '.1 3.0 
Op- 1.1 0.1 '.3 5.0 

1M leO PJIIl 
IU •• 1.1 2.3 4.' 2.0 
a.- J.5 S.3 I.' 6 ... 1 

1M + 1M 1100 ppI 
JU •• 1.1 2.1 1.0 2.1 
Opea 2.3 '.t 2.' S.S 

1M + leA 1000 ppII 
au •• J.t 3.1 ,., 3.1 
OpeD J.3 J.t 3.5 6.2 

1M • 1M 100 PJII 
iii •• 2.1 J.' ,.t 2.2 
OpeD 0.4 2.1 1.2 1.1 

C.vol 
Hin 3.' 1.1 '.2 '.1 
Open 1.1 2.1 5.1 11.1 



.,..,1. JO. 8boot/l'oot ... Uo at. VlweltlJ' 1oter •• 1. 
<growiDg aboot.) 

3 ... • WAP 

"ra41.-8 
"tat 1.' J.l 2 •• 
ap- 1.0 3.5 6.7 

lAA 1100 ~ 
IU.~ 1.' 2.1 3.7 
Opa 3.5 2.1 6.3 

1M 1000 p.-
lUat. 1.2 J •• '.3 
Op- '.J •• a 4.5 

JM 500 PJa 
kl.~ 1.' 4.0 5.' 
Op- 1." 3.2 3.1 

lIlA 1500 ppa 
Mi ... 1.1 2.1 3.' 
Open 2.' 2.1 7.3 

IP 1000 PPII 
Mte' 1.1 1.6 4.' 
Open 1.3 1.1 I.' 

1.,. 500 ppa 
Kie' 4.5 2.1 5.0 
ap. 2.1 2.1 4.8 

1M + 1M 1100 PJ8 
Kia' 2.' 2.1 3.7 
Open 2.1 1.J 3.5 

.IAA + JM 1000 ~ 
mat 1.1 5.' 4.1 
Op.a 2.3 5.4 s.o 

1M + lIlA 100 ~ 
JUat 2.3 6.1 I.' OpeD 2.t , .. '.2 

CoRvol 
me. 3.' 3.J 3.1 
Opea I.' J.' 5.J 
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12 WAP 

3.8 
3.5 

'.2 
6.3 

3.2 
5.8 

2.1 I.' 
3.1 
5.4 

4.0 
6.8 

2.t 
7.0 

5.4 
3.3 

2.2 I.' 
1.8 
3.1 

3.8 
13.' 



Table 31. ShooVroot raUo at tl'1weekly intuyal. 
(to,antli.. MOOg) 

'WAP 

.. radix-_ 
Mat 1.' 2.8 4.1 
Open 1.1 2.2 1.1 

1M 1100 Ps-
lUat 2.0 1.1 3.0 
Opea 1.2 6.3 6.1 

1M 1000 ppa 
au.at 1.' 1.3 3.1 
Open 1.6 5.0 5.a 

1M SOO ppm 
M.t 2.1 3.2 3.1 
Opera 1.1 1 •• 7.1 

lIlA 1500 ps-
.a. 1.5 1.t 3.2 
OpeD 1.0 1.5 6.2 

1.,.. 1000 PS-
Miat 1.1 1.' 5.1 
OpeD I.' 1.1 5.2 

laA 500 p;.a 
JIll •• 3.2 3.' 3.5 
Open 1.' 2.1 3." 

1M + 1M 1500 p.-Mi., 3.1 1.1 4.0 
OpeD 2.t 1.9 3.2 

18A + 1M 1000 ~ 
Kl., 3.4 4.5 7.' 
Open 0.4 1.t 3.3 

lIlA + IlIA 500 ppm 
JUst 2.2 4.1 4.' 
gp- 0.1 2.' 3.6 

Convol 
JUat 2.0 3.1 3.1 
Open 2.1 2 •• 7.0 

-
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12 WAJI 

3.' 
6.1 

2.7 
4.7 

3.3 
5.1 

4.8 
5 •• 

4.5 
3.1 

3.4 
3.4 

2.' 
2.' 

5.t 
2.1 

1.1 
2.5 

3.1 
".0 

10.2 
8.6 



711bl. 12. ....t/I'OO. I:-UO at v1 ... llly bWrYala 
(1_ .. _1a) 

9 MAP 

.. edJ.a .... 
lUat - 3.2 ..5 
Opea - 3.1 5.1 

1M 1100 ... 
lUat - 9.1 5.6 
Open - 1.4 '.1 

1M 1000 ps-
MUt- - 6.' 3.5 
Ope - I.J 4.6 

UA 100 p". 
lUat - '.0 4.' 
Open - 1.' '.1 

1M 1100 ppa 
Ilia" - 1.1 2.9 
Open - 1.' 4.0 

1- 1000 Pfa 
Mi •• - 5.4 t.4 
Open 1.3 3.1 

1M lOG ppa 
Mia. - 12.1 '.1 
OpeD - I.' to.' 

lAA + 1M 1100 .,. 
lUa .. - 11.5 3.5 
Opea - 2.4 6.5 

1M + 1M 1000 ppa 
lUa .. - 10.0 J.4 
Open - J.l 9.6 

1M + 1M 100 .s-
lUa. - 5.' 3.5 
Opea 1.0 6.5 

CoDvo1 
aua" 1.4 2.5 
Ope - 1.1 4.1 
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12 W» 

6.6 
6.' 
6.' 
l.S 

3.l 
•• 1 

3.0 
3.8 

4.1 
2.1 

3.2 , .. 
3.6 
3.7 

J.' 
5.8 

2.8 
4.3 

2.8 
4.5 

•• 3 '.1 
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Th. 0\1-'1' 180 •• 1a,..1' of • 7OUft9 .t. v1ti\ primuy 

9nwth vu the epJ.4eml.. .. epidental .. 11. v.a tabular 

in .hap. aa4 appe... at.oat ..... Ul9Ul_ in a CS'O.. nc:t.1oaa! 

.1_. ap1demal bur • .,.... ".H, aillple and un1 .. r1e_ 

aDd ,.,... UMlally ... ....1.... Ina .al1ow "pr ••• iat. in 

the 1.,..1' (Pl.te XV .A) • 8e1ow... epidentJ.. were ten to t1f __ 

layer. of ..... "y .. tell wall .... 11. of colleach,._ .i ... 

with patch •• of aelu __ ,... th ...... 1' pal" of the 9l"OUDd 

U.n. w •• con.tim", .". tbJa "all.d, ia041_t:r1c parenchylaa 

eell.. An eDdc •• ad.. with 1 ... cU.t:1net: •• .,,_i_ thick_in •• 

".. ..\tally pr •• ent_ 

there wera ___ rlag. of .. 8eUlal' bundle. pre.ent. 

'I'h. outer ring (_rUeal) .. al.'" Of JJ .... bundle. 

Hp ..... -.ct f~ the 1aner .. 1D4J Caeaalluy) by a continuous 

• .I.auo'u .... of H1ueDCh __ (.1_ .. XV •• _d c:). ",,1. layer 

vaa of ....... ~1elaa.... .. .. Uo.e of the rag cl0.er at tha 

pe .. iph_,. w .... 5 to 6 .. 11. tIli_, wh ..... r •• t of the portion. 

_1'. 6 to ••• 11. thick. JIttdu11~ buDdl •• V8I'. el.o e .. renged 

1a • defin1te circle end YU7 'a .--bel' Ina t ., 15. Xyl_ 

....... 1. V8I'. ""1'-9" 1D U __ .... ~p. within the l:Nft41 ••• 

hlueachJIM p.ttch •• vu. pr ••• t _ the outer.1 •• of tite 

.. G.. ..WiD9 tha phI ... or _u... lonaift9 a .ore or le .. 

CODtiaUOU. lay.r. 



PIe. XV. Aoeuar of t.b ..... 

A 

• end C ez.o.. ... Uoaa .f the .... Ilhov.s.ag ......... of 
••• cu1u: .. cU.... Ib_ ...... ciDg (CoI'Ucal) 
ap ............ ..na , .... ~iav ~11uy) b7 • 
.. ,a __ aiataou.a ... of .. 1.~""" layec 
<at ~) X 12.'Ox 

MuoU ... _.al ",J._b vida l_en end 1U'l'WaM.a, 
-.pi ~.11a1 oall. X &Ox 

'" Tren.-..r .. MOUon of the at. with aac0n441Y 
til1crJt_1ng. Rot. larger Md radially .1 ....... 
".80&1." b\mdl... X.o. 96x 



Plate XV 
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1 

• 
1 --

of aZ' ••• .. .1'.' b • f 

• • .-11. of pi • • • 1-.. 
• ial 11_ ........ 

of • • 
• 

• 
t.I.2 

lal 9 , • I 

• t 

f • k J I • 

.. 111 e • 
a. y 

.... al P • 

7 .. c t 

111 h llul. II) • 
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Aa a resul. of tile ..uviq- of a •• aCNl.ar ca.blw. 

the bun41es in a ••• u.re .... appeued 1al"ger and radially 

e101l0atect in the CQOss MCUon (P1au XV.I). The c~i_ wa. 

no. cSiaUncrt. in the I.ftterfuc1cu1_ regiOll# tNt it. w.. eli.t.inct. 

in the fue1culu ..... 10&. • ...... ,.. oe11. in the 1ftur

f.ec:icu1u ..... 1011 .ppe ..... rtMlteD9u1ar .ad ra4J.a11y e1oDgeUd 

(P1au XV.F). 

1ft pepper su. CN.u"",8# roots are prCidueet! \lsually 

fra. the node! re,lons or 1 ••• frequent.ly fl'Olft the eell.s • 

• prefonaed roo~ pr1llordla w ... observed In fresh cut.Unos 

nor in plant. .. stela wt.Uft9a tha. 1.11e4 to root. "et.erlel. 

ooll.at.e4 5 and 10 •• ,.a after p1ant.in, the eu~ft9. showed 

roota or roo~ pru.ortUa at. .uioua .ug •• of deY.1os-ent.. 

!'he deer .. of dev.l ..... of the pr1aordl. 1n eut.~lft9. dlffered 

DOt. only bebe. cUffe ..... u •• _.ta but. .180 heW-en different 

mea of planUft9 .... rial ••• iDtUYldllal cuttlnqs. 1ft general, 

three sup. heye beeD .. eaopts.. in the cle.elopaen t of roo~. 

Ire. CNttinga, they .... 

1) ~edlfferenUaUoa aad. rapid 41n.ion of few 

p.r.nchy:ae~a cell. to prod\loe root Inl tiel.; 

li) .... ~abli.lI.en~ of • recoOlllsab1 • .root. pr1mordJ.u. 

with a .. rlat. .. eUc root. apex froll th ••• cella, end 



11i) .... los--. of .uoular __ eetlOD eDd ~. 

of roo~ p ......... '" nlpwa-.t.n; ~e corU.al 

U ... of the .... . 

•• 2.3.1 Cell diVi.ion. 

A .-11 gzo ... of ia __ fa.1CNl8.l' p .... nch,.. lyJ.ag 

be .... Vl. _rUcal MIDdle ...... diyi4ed reaulUll9 1n _all ... 

.. 11.. the •••• 11 ...... cI1.v1) .. ~" UllOa_ .~ the ._ 1 ..... 1 

•• the ... 1_ .. pbl_ U ..... of the "Jeeen~ cortical 

.. 41.. 'Plau XVI. A .ad .). ~. t:wo or .or •• raGp • 

• f ftob roo. biUal. ooul. al ... fouad bet.w_ cUff ... _ 

pair. .f ••• aular buDdl.. ia • .1ngl. ~en ... r.. eecUon .n4 

pppo.J.u to .-.h 9""P. th. abDllOU. r i ll9 of .c1er_ol'aJIIa " .. 

cUaoonullU.CN. (Pla. XVI. C aa4 D). __ 1011nal ad peric1inal 

..... 1.10.. w.. otNterYed in the 1a1 'tiel. •• • r.wl ~ of wh1dl 

th. 9roup. of 1nJ.t1al. bee ..... aily distinguiehable f~ r.e~ 

of th. ~rt1ca1 .. 11a. Dle 1.iUel. cUffue4 in th.u 
.U1Dabl1i~ alao. In cu~U .... whieb failed _ proctUOI nou, 

ao eel1 41v1.108 v .. noU ... . 

Parther divi8ion., both anticlinal and perlcl1nal 

".ul uc! 1n • dome-shaped .... of .. rl.e._Uc cell. 

(Pl ••• XVI. & end. 1'). "lb. 81. .. of th ..... 11. " .. con.iderably 
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c, D 

a 

Ca-oa. MGUon. of th. au. lIhoviag "'. 
iourfa_1eNl" r .. 1011 of cortical bua41 ••• 
Mob the 1ao41_""1. (I'1V.A) or .. a41ally 
fle.t ••• (rig •• ) eell ... _lUD9 fre. acU •• 
cell dJ.yl.1oft. • ........ X 10. 

en.. HCUOU of tile .... ahow1D9 the 
tillaont,1auit;y 10 the ai."OWI 1.,. ... of 
aclueneh,.a. 110_ that the t:blcJme •• of th. 
1..,... 1. 1' ...... ("ig.C) eel a ... 1 ..... 1..-. 
('19.D) .. low the diff.renti.t1a9 p .. t.oc1 ... 
X 11.20. 

"-- shaped .... of .. rl ..... Uc cell. 
... aul tiD9 • ..- antlc11Dal 8Ild .... lallaal 
cu.yl.loaa. X 20.11a 

BDluge4 .... epee! prJaor41_. X 20.16x 



Plate XVI 



•• XVII • t 

• 

c 

• 



a I 



a. ~.red 

to the eurouDd1Dt .c-Ueal .,. __ pMl eel1.. 'the ... eheped 

pc-uor41_ enlupd bC'theZ' ,,1tft .. ~ e.Ubllahing conneet1oD 

w1th ~e aurreuad1D9 pare_,.. eell.. A~ this .~ •• e the 

wu..o •• 187ez: of tha pz:ilDH4ila W •• \lRa117 cU.UDe~ at the 

11 ..... • f the .. ri.--.Ue ... aa4 l~ eon.i.ted of deft .. ly 

.tained co1_ .. cell. (P1e. XVII.A). 'fbi. primordlwa 

ep1 ....... OODtlauecl to delt..I._ the C'OO_ U ... Irca ..... eortea 

eYeD .f-.r ~e _r.enee of a JO\I89 roo_ (Plau XVII •• ) . 

'!he J.anu .ell. 01 tha 1'00_ p .... d1 .. wez:. th1D welled wi til 

..... cytopla..a.c con.... ud "era Wr8ft9M in 1 ••• deliDi te 

layer.. t'be root pc-iIIoz:d1_. before i~. __ genee, 81ao 

abowed • a..Uncft Md "ell d.e •• lopecl roo~ cap cona1sUD9 of 

.... y layers of cell.. the .. 11. of the root cap .bowed poor 

s~1Dabill., end wera .. finlte17 az:range4 (Plata XVII.C) • 

•• 2. 3.3 DeYel~ • .n~ of .aacv.lar coanecUoc end ._1'9 __ 
of no. 

AocMwpaaylD9 tile Qr~ of the pr1.lnordium, 411181'_

UaUoD of .erla-.uc eel1a beQ_ .~ the prox1lnal end. 

the .e.rly 18Od1 ... trle c.ll. of the .. rlst .. were found to 

u0Dgete c-e41a117 (w1th reluen_ to tha .a. axia). 

DlffannUaUon of •• 8CN1_ u. ... ".. alao ott....,.. a~ the 

!Ja ••• f the pria\or41\a, a~ f1r._ coanecUD. the proY."",lar 

Ua.... to the xyl __ 4 phlo. of the cortical bundl.. _4 
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pl'OOfM41D9 further ...... tal17 'Pla. XVl1.D). the e1onv.t.loa 

of the pr'-ord1ua wa. -11,. 111 the redial direction. 

HGweYer, I.a aa.e • ...,1 •• 1t. ....... t.eftgentially before 

~911l9 ou. fa-oa the ..... apeelally .eD •• ac:ular t.racea 

wen a1 •• -.4 .. aiaat. 1t.e path. It. v .. obeCftd that. the 

WS'OWth of ""e prillordi_ .... ut.ed ozullh1a9 cIovft of ... 

par ... ,.. cella eapeclally tho .. ooeUgU0U8 to the -.r1.tea\. 

A. lq .. of darkly .t.alDed aubet. .... along wJ.th ... (U.80r9an1 ... 

cell. va. fouad lining the priMrcU.\WI ... 1 .. outer .,de 
(Pl.te XVl1 •• ). tbe ou.. au ... w.. fouad ruptured at. ""e 

point. of _rgenee .f ~t. _4 the expMec5 oel1a fOUDd 

II\Iberl.... Ia .... -.pl ••• 41aUact. perldera wa. fOUDd 

CItY ........ the at. uowad the point of 1'OOt ~9en- (Plat. 

XVIl.r) • 

•. 2.. An • ..., of root. 

•• 2 ••• 1 Young root 

A JOUDQ root 1' .... 1.4 the follOwing ... tom1cel 

f •• t.ur.a. '!he out.eraoat. 1 eyer of the J:Oot va. the epl4enu. 

It va. COD.t.1tut.e4 by clo •• 1y pac .. 4 0.11. wlth rather th1n 

Mat. ....,..1 ... wall.. Finger llk., u1 .. 11uJ.ar root. beir. 

we .... U'1aiD9 f~ ... epl4enaa1 _11.. ..low the ep1C1enal • 

• to 10 1.,. •• of the par.achpaa _ranged 1n le.. 41.Un" 

ra41al rova couti wte4 the not. cor.. (Pla. XVIII.A.). 



P1_. XVIII. Aaa-.y 01 not 

ez-oa. aec:t1oa of _ JOWl; I!OO. abowln9 .... 
'V'.acu1.~ avand.. Itou also a d...,lopinv 
1.te~ a1 1'001:. X 20.11x 

• &Iller9e4 .1_ of not. aecUoa. \'he xy1_ 
e1 __ a fomiDg cU.a.... auencl. al tem.tiD, 
with equal awaber of ph1 .. group. X 51.20. 

c enaa aecUonal .i_ of •• ar. roo. ahoving 
•• 11 4eYeloped .,.1 .. ti .... _d pi ttl. Phl_ 
ue. eeD al .. be a_. X 20.16x . 

D Por~lon of eecondarr •• aculer ti.sue •• p.r .... 
by broad avip. of p..-.neh,.. cella. Mote 6n 
arc of phl.. (at U'Z'OW) and C-.b1_ 1a 
inti.Une.. X 11.20x. 



II 



Cell. of the OOrMK ."'84 1a their ai •• end "ap.. In 

,"I'd .. aller oell. wue .een tow ... the pe .. iphery an. 
luvu on.a towarcla the lanez- CIOrux. A d1a~net. endodermi. 

waa aeen chez-ector!." Dr cella with c •• par'en thickeninga 

on their _UeliDa! walla. ..low the eado<5e.nn1. w.. the 

per1CJCle uaually a ain;l. layer 18 thickne ••• 

!'he hmer p8r~ of the roo~ ... ooeuped by the 

•• 8CUler ti.ne _4 the a.8OO1ated pareRClh,.a. The xyl_ 

el __ U foaud discn •• trands alumatJ.ag w1~ equal 

awaber of pbl_ pou.p. end were arranged 111 • cJ.rel. 

'-cU..tely below the "e,,1crele. Sach xyl_ group w .. COD

.Utu~ Dr larger radially arran;ed eell. an4 " .. e •• rch. 

'lb. phlo. group. "ere CIOD.Utu.ted Dr _11er oell •• 
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the Du.bU' of xyl_ .u .... 1' ..... In. thr_ ~ .u. HoweYer, 

in ___ ttl1 •• " root.a .. -.or .. • .... a .. lu avenda wer. 

ob .. n_ (Pla~ xnIX .8) • A .u..U_t. pith con.i.UDg of 

par-chJlla w.. uatally P"._~ to J'OUII9 l:Oot.a. How ... r, 

.ue1l ... canel. were DO~ ~. 

A .awr. not. showed • "ell .... 10pe4 .ule with 

• cS1.00ntiaucNa ayl1n4er of .,.1_ INrroUDdinv • .all pith 

(P1au XVIII .C) • Th. MCOD4ary XJ'1- oecupie4 major pu~ 

of the aul. ad w •• c:aapoae4 of ....... 1. m4 fibre.. In 



GOIlva" W ~a yo-v no... phI ... oecund •• nurov 

uo. Oft ~. eN"'" a14. of ....... -.. aped xyl_ patch •• 

(Pl •• XVXll.D) •••• -*',.,. l~ .. a were bow ... n~ 

read11J' r_OIDiaabl.. 'ft\e ....... of aeoon4uy xyl_ were 

aepara-.. by broad etrip. of ra41a11J' elong_ted cella •• 

Gb....... .In •• atur. .~. 1'h. endo4enl.l. v.a found intact 

.... at. t:h1. at .. e. '!he corU.al 0I11e of •• aWr. not 

appeared .t.a • vana.er .. eeeUoo _ be ~uallJ' mor. 

aUeun_ .. .-pa .. e4 to " youD9 root. -me out._ moat f. 

lay.r. of cortex diff.red 1ft their at..inability fra. .. eat 

of ~. _rUoal cella. 
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mllCUa8XOII 

Black pepper, .e of the .... 1aaporten. oa.h crop. 

of Kerel., 1. propagated ~erclel17 b7 Yeg •• et1ve .ean •• 

'01' J.n ..... 1a9 the prc4uc:UoD of pepp.- 1n 'the COWlUy 1.rg_ 

aea1. replan~g .f the .anlle and poor yle1ding vin.. and 

alae exteD.1.e Dew p1antJ.ng. wlth h19h yl.1d1ag .ype. are 

r8q\llred. Type of plartUD9 .... 1'1.1. end Uae of telling 

0\l~t1a9. ... acae of tile iMportant factor. to be conaldere4 

wh1l. propevat1D9 pepper (a'.-b1u and Kurian, 19631 

8hath ... l11ah .u .!.l., I"., and • ..,1 ... .11 £i., 1978). 

Tr8diUonally 1n hra1a the l'\IAAel' .hoots pl'orJuce4 fn. the 

baa. of the plmu a.r:e being " •• d c:canuclally •• planting 

...... 1.1., tilough OfUD odler .t.. porUOD. .v.c:h a. growing 

.boota (ol'1:hoUOpba), h1lD91ft9 aMob (geotropha) end l.teral. 

(plapoUoph.) are alae "Md. .,. ~e .... en. the a.ailabili.,. 

of pluUft9 .. urla1. cu a1ao be 1fter ..... (Piltel, 1977, 

Ba.aw. ant! G\uUah1D9h., It'., .sablar .IS. .11., 1'7', aDd 

Ch .. ., aDd Pll1al, 1979). ApplicaUon of .ariou. p'owtil 

regulator. at proper ooneenuaUoft haY. been found to lncr .... 

the Z'Oot.1Dg percent ... in pepper (Cooper, 19551 Lelte and 

lnfonato, 19661 Hw:ov, 196', Choudhury end Ph.dnl., 19711 

Pack89. of lTacUca, ICAU, 198& Irulappan .!! .!l., 19811 

Pl1l.1 .s ~., 1982 end Hedge, 1983). 
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5.1 affect of _owtb .I' ... la .... OR rooting of eu~Unvs 

The PI'OOe" of .... vaeraUOD in outUn.. 1ft a 

"i" rage of cl1fflau1 t to coo_ pl ... _ ~eei •• CCNld be 

_l.rated with th. u •• of reot pr.oUD9 aubstance. at 

propel"' COftCttDU'aUon.. .,.,. ...1N1 t8 of the pre •• nt 8'tUdr 

clearly indic .... that 1n all ~ tow qpe. of planting 

.aterlala ~. growth .. epleto... 819D1ficaaUy lner ••• eeS the 

rooci09. "oag "'. 9Z"O"'h .I'.."la.r8 vied yls., .... ad1x-a, 

1_, 1AA and 1M + lIlA coal.aU., lIlA at 1000 pr- resulted 

in ........ aUClC4ta.. 4fh. ...aul ta of the pre.ent study 'thll. 

conflnl. the .-11 ... fia41og. of P4IppU' ....... oh at.,lOft, 

.... lyu (1981) 8114 Pillet .IS.!l. (1'.2). The .ff..uy_ ••• 

Of awdD in 9_ .. _1 _d 1M 1D .uUCNlu for 1ndu.c:Uon of 

POUav of eNtUno. ha.. beaD vel1 -s>l.lf1ed by "".1'81 

wol"'k •• 1n JHftJ' epic. crop. ud a .vl.t.y of other hort.icul

.. aJ. crop. ()l1ch:ol •• and PQde, 1'18, 1Ilu'oY, 1"'71 eD4 

8pIp.. aDd Chin, It801. 

lb. rootiD; .ff1cl..." Of growth .. egulator. are 

V--.. elly ..... eed by the anabel' of root. proc!uee4 Jty the 

eutUDg, I-9th and w.1ght of root., a1nce the •• par.ate ... 

ul'~.tely decid. th_ final perce.tav_ of •• tabl1.~t of 

.. ooud CNtUDg8 in the •• iD fl.14 (H_._ 8114 Ke.ter, 1972). 

In th_ pr .... ' study aleo th ... _ wa. a cl.ar lndication of the 



..... fid..l .ffeeR of llA 1000 ppII _ all.. IIboft no. 
growth pa,._t.u-•. 

P111a1 d!.l, (1M2) al_ .U ..... the poeJ.U .. 
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• ffect of IlIA 1000 PPIIl Oft the rootiDO of 1'!U.~tJ..9a 1n pepp_. 
III the v •• ~ cutt1D98 .-ber, 1_9th and .. 1ght. of the 

roots bad incr •• sed bf .or. ttl. 100 .,... _at coaapued \» til. 

WlU •• Ut4 cutUng. end h_ tlle v.ate<! eutUll9a .... loped 

• 9004 root. ayatem wh1eh fiaall,. 1' •• ,,1 tee! in their qu1_ ~ 

end •• tablishment In the •• 1nfleld. !be e~rnel application 

of ;row'th revulator. would he •• pel'hap. iner .... d the 

.. riau.fltic act1vlqr and root d1fferenUaUOl'l (PonU-Kia.ll 11 • ., 

191') • Moreover., the production of more n\Rber of note in 

a"xi. treated cuttinga 1. otteD atuibuted to the mOb1li •• tion 

of ~. r.aerYe food .. uri.Ia frca the tendn~l to tn. ba.al 

---1ft .. a .. of the pla.t trpee1.. JlpI'OUUDg of ehoot. is 

aD lndicetlon of 1'00' lD1 uaUon 1ft CN'~. (HartilM Met 

X.ster, 19'2) A1shabl (1'81) .1ao fOUDd that. cut.ting. th.t. 

produced _hoots •• rl1er fel1.d to root. on .... 1'.1 occasion •• 

How."I', ln peppu flUll the pre_.t aQa4y 1. t 1. obaerYed that 

the inl tial aprouu of .boob ,_ eot. • ole.r .tndleaUon of 

root aulke. 

la the initial atage. fr.sh welght of shOot. va. obeer¥ed 

to be .~ ln autUn". treated with IAA + IlIA 1500 and 1000 PJII 
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_d CODUol ~r, leur _ trtHlh wel9h~ v.. fouad t.o be 

.. e 1ft _tUngs u .... v'-' lIlA 1000 Psa _4 "1"841 ... -8. 

lJ.'be iD1Ual .et back I.a ...... ....,. 1ft 1M vee ... t ...... ' 

be clue to the .ore uUll .. ,,_ .f aadlobydl'a .. for 1:00' prorJu

aUoa and reeu1Unt e*_"" of ...... eubobydra. 1D the 

plaaUn9 .aurlal for ahoot VJ'01If'h. J'u.rtiler the dadn ... of 

tile ax111uy bwI. 1IIOU14 haft __ 1DhlblUd bJ' the applled 

aux1D •• t the ba .. of the cut........ After the I'OOt. ha .. 

e.tabll..... they 111gb' heft ...... abaorblng auU1 .... Ir_ 

~e eol1 aa4 this aecoun'" fe .. the I"eooupaant of shoot growth 

rau laur 1D th ... tree .. _ (P111.1 .IS .Il.. 1982). 

"'e pooled aaall'.1. of' the d... 1adicebd the 

"'eflclel .ffeet of .tst Oft coottag of a.'Unga ln 811 the 

fOUl' types of plantJ.ag .... rlal.. !'he .1p1floan' .ff .. , of 

.is' _ rooUD9 of peppel' wtUDg. v ••• 1_ reporU4 by 

.. 11er worker. (Cre"" , Itll, ... ", ... 1'" 1ID4 at.p, 1,.t). 

1ft all the qpe. uf planUlag aat.eriala the auperiorl tl' of 

..... , v •• alao clearly appu_, ..,ltb .. eape" to other r.o' 
9Z"O"t:h pu.eur 91... auaber. l_gth, fre.h weight and cJZ')' 

.. ,tel" p&'04ucUon of root.. ft. beDeflcla1 .ffect of al., 
GOuld be .'trlbubtd w the pre.ence of blQh hum1d1~ ""leta 

pr ... D" cIe.ciceUoa and keep. the CNttJ.ag8 0001 th". reducing 
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ven.piraUon aad .... plr.Uoa ....... Ttli. r •• ul ta 1n • 

COIl4itioft .,.t 1de.l '0 .. cooUae aa4 aprouUDV (SO •• .IS .11., 

1'721 81agb, 1'7' ad 1'10 .. a1Dth and HoUlal, 1ge1) < 

M1a. had • dep.l' ... J.D. efleeR Oft the ebootl~. r8U. 

in the fiD.l .u... ,. ".. el.u '.rca the ... 1IUl t. th.. .f~ 
t.vel.. WMk. of plaat.ia9 b.I.",_ .......... 1.. wer. ob ..... ed 

uade .. OpeD CODdl Uon. thi • ...-.u. in .noo. wel9ht Uftdu 
" 

Ids. d\arlag l.t.r ...... .ugh. 1M ... to 'the lncre.n4 l •• f 

fall obauYe4. 

Mi •• helps .1gaif1e"~7 root 1alt1.Uon and 

.... 1 ..... 1ft .11 .... fev ~. p1_t.1a9 .... .I'lal.. No .... r 

Oft .. lOOting h •• uk.a pl_. futiMtr ... t.ea.101l of •• cutUng. 

in the al •• c:h ...... do •• DOt appeu to be con ... i.. for 

peppel' .iD.. the ll1cldence of di...... " ...... . 
S.J aooUft9 of cutUIlQ. 10 diff.r .. t type. of planUD9 

... rlal. 

the pr ••• nt .t1a47 v.. • ... .1'184 out uain9 fou 

differeat type. of plantLDg •• -.rlal •• 1& •• ruaner., 9~iDl 

aboou ( .. thOuophs). h8D9189 aboou (9t1Oaoph.) _d 1a'tes'al. 

(p1aveovoph.). J'rca the I'8nlt. of the pr ... nt. •• c:ty it 

could thu be .... tha. ttl .... " .. ao. IB\ICh 4t.ff.renee ..,... 

tile planUng •• brlal. wlth 1'0:9 .... 4 to "".ir rooUft9 ab111~, 



tilO\lgh laurals wue fouatl to be ah1 roob.ra 1n the 

1nitial .teoea. ttle,. CICNl •• 1_ " liNd a. pIanUno 

.... iala •• ttl.,. pnclutle .uf IN..,, plenu. 

10" . ~ 

As faJ:' •• rootiD,. euece •• w .. eoneerned th ....... 

Dot Inch 41ffez-en .. be __ ••• eu~Uft4Ja fr~ growing ahoo~., 

hell,.1_0 eboo~a end ruan •• ( ... app. ea4 Guru.ingh •• 19"), 

P1l1.i, 1''771 • .-btu • a-. 1.'7' and Chand7 en4 Pilla!. 191'). 

acU •• aetabollc ata __ aDd also • fawourable c •• "aU ••• 

ha. bHa .. eported by H ....... " •• 1' (19'.2). All the 

plqua; aahr1al. except 1 .... a1. 1'00-'4 r.acUlJ' I!1ulD9 

Kuah. ..axt ... aprCNUq and rooting ONe"84 vben pIanUD9 

v.. done fl'Oll March to Juae .ct poe&" rooUD9 d\u1nV ..,bUr 

•• a8OD frca .OY .... r to ... bRa..,. _\llel be expl aiDee! dwt \0 

btad doClHllCJ'. the br.ak of donner 1a March a19ht be du 

to the .ab1l1.aUOD of aUJ:eh beG ... of eDh_ced auxia 

conteDt (8ba~..al11al\ .IS Il .. 197.>. \'he f.llure of lateral. 

to not durlao March al9ht be due to the l.ck of food 

.... erve. in the cutting. a. the,. wer8 taken t.med1etely 

at.1' huvest.. DuriDt the fluahlll9 ... eoa i.e. duriDg 3tme 

the lateral cut.tings also ~ .... ati.fa~rily. 

'" .1. .lnUI'.aUDO to note 1n tne pre.4!,nt. abldy 

that ~ ....... k. atter planting the .ff~ of growth reguletol'. 

on !'OOUng percen"ev. and otiler root growth par_ehr. • •• 



alpl flcaD~ ln .r\IIUlCa ea17 ... ill ;rowinG ahooU and 

h4lll01a9 ahooU ~ •• ,fen we. 1lO~ f01lftd to be .1901fio ...... 

A~ thl. • ... e l.u .... l ....... led .. cy POOl' l'ooUIl9 uncl .... 

al.t .. ".11 •• open .. diUoa. • .... ly rooting 1. 8 very 
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.. slrable a~trlbu~. a. 1. ,,111 .ubatantia11y reduce ••• uallty 

of the ~Uc1 euttin9. ill the BUl'Mq end _ .uly lnl tl a ted 

.eac! well deYeloped root qau. _av •• th.ir quia ••• abli8h

aent ln t.tae uan.plllDtAt4 .. iD field (Pil1a1 .IS .!!., 19E2). 

U.e of p.... ~ cutUno. of .-nu. "aa feWld to be the 

\ b •• ~ planUft9 •• terlal. with .......... to rooUng and ••• ebl1. __ • 

( • .ml_ .IS !1 •• 1"., Chaady _d Pillai, 1'19 and Pack.v-

of PracUoe, &AU I 1'as). 

In the cu. of ·nnnerJ'J. growlnv ahoou and hM91D9 

MooU rootiDg was COIIPlete4 by the end of 81x w .. le. of 

plantlft9 whe ... e a. In lateral. rooting wa. generelly 4elayecl 

and it ha. 90fte upto aine ..... lca fo ... cc:.plet1on. 

la all the plantlng ....... 1.1. the lnltial roo'ln9 

recorded a higber p ...... nt ... , whll. ul~~.t.ly the peroeat ... 

of .atull.baeDt .howed 1\ r~1OD. This would ir.<.UC8W 

that in pepper th .. e ar. fector. Whlch tnurf.r. 1n the growth 

of root. after the in! U.I roo, ."ike. L.eck of ~>roductJ.on 

of sufficient number of roots or the iaproper d .. elopmeD~ 

of 1'00 •• aDd Y1gro". vevetaUve 9r~ oow.4 be 1:he 1" •• 8OIl 

•• U UNte4 to th1. ph~. Mel"eoY.". peppel' l'OoU J.a the 



ln1 Ual .~.. _. pnae to f\lD9al pa~oven. lilt. 

Dtopbhl., PUb&- ... IN....,.' .... ul UD9 poor 

•• ~ialBell~. ldeDtlfriav th. exact faator. for the 

.. ..tucUoa in ...... UItl1 ....... of l'ooUd CU~Uft9. wl11 be 

helpful to ob~.J.D ~ _.. 1D I'OOUng of CUt:t1DQ. 

5.4 Anataay in ... laUoa _ I'OOting 

5.4.1 Aa.t:cmr of the ft_ 

the .... a"-J' of peppac abov. '1:he chareC!~.I'" 

of both ~t. end 41cou. t.rh •••• enllar bundle. are 
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.c •• tea-ee1 in the 9LouncS U.R. in IHIIY members of P1pel'aceee 

•• in *>DOCOt. <M.tcalf. and Chalk, 1'50). In lip" pigM 

the 8Z'reng_ant 1. more d.f1nl t. •• the bund lea are 8l"ral19ec1 

1ft ... d1.~lDn leyers 8ft oll_r r1ng of cortical bundle. 

and _ 11Ulu ring of llu!tdullU)' bundl... £ven in RIOnocoU 1 

at_HII. _4 1'callnaon U'72) reoognl •• d the .xi.t .... 

of _ • J.Dner· and ·ou~er I .,,,\Jl_ ay.~. baaecJ on the 

thr .. c:U •• na1on.l COUl". of the .a8CNlu bundle.. But 

lIDlik • .moco~. the •• aeular buDdl •• ue open 1n pepper ••• 

dJ..~ c.ab1ua 1. pr ... nt 18 both GOr~1cal and medullary 

bUlldl.... Thus the .t_ .vue ... 1n papp.r i. __ alou 

"'9 the dicet. _d be .... ac::.e r._blance to th.t of 

IIOftOCOU (Me~.lfe and Ch.lk, 1950). 



Erldo6tD1. 1 ..... loped ., •• ay1ag ........ 1ft 

41f'er .. t .peci •• of .1ptJ. Aeeo,.di..., to _4 (1"1) tile 

_do4eJ:al. 1a the ..-1al .... of URI' 1. d ... l0pe4 alw.,.a 

1D aaaod.aUon w.1 "" ~ .. te,. 1'1n; of .... la.. bwu!l ••• 
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1. ec.e epee1 •••• -do4eJ:ala ,.... • aoaUftvou. arlin4e1" 

__ 4 th. INDCUe., 1a .th_a ,. 1. I'eplaoed bF • layel" of 

,.elaU"ely luge eell. vlth DO •• apar1_ thick_iag8, .in • 

thl~d oroup of specie. 1t: 'a p ...... but 1Ilcon.18tantly 

41atr.1buted. 1n~. pr ...... at.tadJ 1. i8 noi:lce4 that the 

_dod.Die wi ttl lnooaaplewN8 •• apul.. thickenings 18 p~.aent 

_ the ..... aide of the ... tioa1 ):Jundl •• 1ft Plpv HAr-. 

!he eell al •• 1. almo8t 8imilar ~ othe,. col'ticol cell •• 

Bond (1'31) b.ll •••• that the .ndo~e~. i. fA •• 8tigial 

atructur. of no primery 1aportaD •• in the in .. ~Dal eoonoay 

of the 8~. He obe.ned th.t .ndo4exala wee eonUauoua 0"" 
the raJ'a and outer •• lIeUl u btmdl.a 1ft the .... of PIp!J p19rP t, 

8111ilu oba ... ".Uon. 1tIU'e .,..., .... by Gamer and BeekbfJne(1968). 

Du.r1D9 the aeconduy IZ'Ovth 1D woody pe .. eaniela th • 

• tabJ.,. ~. e ct.:nt,1nuO\18 aylin4u an4 the aecondary 

.ascular tl •• u.e. are j?roduce4 all alOft9 the o.1rcn.f ... enoe. In 

... herbaCeCNa plut.a and d1eotylecloDota •• In .... .:HU1184 

'om Of aecondary thickeD1nv teluta plaoe. Here the c.-b.1wa 

40 •• DOt extend lau ... 117 beyond the lia1t.. of priIRazy xyl_ 

and pnl_ Of tb~ buIleU. or th. fomation of •• aculer Uaau •• 



1s ~ •• victect to the f.NiANl_ J:..,ion. 1ft ~e 10_ .. f •• -

e1c:ul.~ rev10a .1til_ ..... eneb,.. U.n. 01' no t.i •• ue 
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i. fomed (sa., 1965). la the p" •• en~ sway 1~ i. found 

th.t. the .. c:cmcSuy pOW1lll ill ptItp... ,. qpical ~ the~ of 

cUcot;ylecloaoue .1"... ft •••• eN1ar bwldl ....... in 41.01' •• 

eY_ .f~.1' ~. HCOn4uy thiekeDiD9 •• obIt_"_ by Guaer 

and aeaJcban. (19n). .. .... uy gl'OlNl of thJ.s t.D. 1. _u... u •• ~ •• aodel ... _U •••• _alo", •• Aeeord1n9 

to a ... (1.61) • cle_ 4eliJd •• Uoa of .... 1a.aa 91"01It1lh i. 

difficult. end 4ep.da oa hew DaaTowly tile DO .... 1 type 1. 

cll'~8a'ibetl. 

In geDuel theforaat.Um of ...... U Uoua roo~. t.aka. 

pl~c •• ft.er the eutUngs ue pI_teeS. 110"' ..... , in IICIIfte planu 

prefo~ roo~ initi.l. er. reported ~ be pre .. n~ ln the 

inU.. .u. "f'll bet.". the cut.uav. ... •• ada (Carleon, 1 •• 8 

aa4 1910. Her__ ad !te.ar, 1'72), 'Ita ... pre-fomed 

1alt1al. 9 __ al1, l1e dont_t. uaUl the ..... are .... lnto 

CU~t1Dg. end planted und.r fayourable ... ironmenta1 condit.ion. 

for rooU .. (Cacpeaua-, 1.61). It. 1 •• lao 1alovn thet. Vi • 

• peel .. h .. ln; pJ:e-for.ed inltial. root. ••• 11y .. campared 

to the .... t. (£ .... and Mac Dui.l., 1'.7 and "ahn, 197.). In 

peppe .. DO pre-fonM4 initial. ha •• __ obaa"ed. Th. 

dedifferentiation of interfascicular perancb,._ into root. 



Ini~ia1. and e.t&b1.1~t .f • ~~ prt.ordiu. are ~e 

.... l ..... u ........ _t to p1.nUa9, •• 18 _jorlty of 
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other epeeie.. Dau. the f.11w:e of • __ CN~UD9. ~ roo~ 1. 

u_able U) the lack of 1nltlaUIl9 cell division. _d ftO~ 

du. to any .atade_l barr1er •• repor~ to be pre.en~ In 

.... other -.peele. (Cl-.pl and Gell1ni. 1958 and leakbane, 19.1). 

ftae orig1n of roou ill .~ cuttings 1. fro. ,roups 

of aerl.~~1e cell. a.ely root ialU.ls Which ue localis" 

u.ually Jut oU~814e and bet..... the ••• euler bundle. In -"I' 
her_MOU. plana (Prie.Uey end hingle. 1'2'). Root initial. 

OeD ar1.. fro. • layer of p .... encbJllawu. cell. in.ide the 

fibre .heath .. in oamaUOIl ( .... ler, 1'.9) or tr. the 

parench,..~. cell. of the phl ... a. 1n CJI!lb!ta 1112, 

1M. til_W, LXsopu"" 'fIU1S. end 1!tdV. btl'" 
(hui U .11., 1960 .. Girouard, 1961). Root prillordie u. 

allO reported to orl~1n.te from various other tissues like 

non c.Uff.renUated phl_ and c-w._ be .... the y.sc:uler 

buDdl •• , 1nterf.selc~lar caabiu. and perlcyal., par.llch,..~ou. 

laurrupUvn. In the secoadqy xyl_ foD*t by l •• f 9ap. or 

.... Ir_ the epiduaal .. cortical or pith U .... s (Pebn, 191.). I. is obMned tba~ In pepper the root pr.tmor4J.a O.I'lqinete 

f~ Interfa.cicular pareDchJIU be.eeD the cortical .eRU1.r 

buDdl... Ito pr1moDdla u. found originating fna the vlc1nl tJ' 

of the IIe4ullary bundl... Aecordill9 to as .. (1965) the 
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adYeaUUou. pr1llor41 • ...,.lope froe .ella n •• r the 

perlphuyof the v.aouler .,. .... 1D youft.er orQ~n. and fr. 

11m. U .. ue. 1D •• ar. ODe •• 

O.e peculiar fe.~ure of the pepper .t_ i. the 

.1' ..... of • coatJ.aUO\l. 81Duoua rin9 of aelveaeb,.a fo1lft4 

_ the ian •• ide of ~. oort.lcal. buDdl... It i. lDt ••• U"V 

to DOt.. that. prior to t:b. fozaaUoa of .root. 1nJ.tlala • gap 

.... lop. In the riD, agaln.t. •• ch group of inltial.# eo thet 

the pi ttl of the 4eYeloplD9 root. and that of the .t.. are 

iDt.erOODftected. aa .1plflcsace of thi. hi.~lotj1c.l chenve 

c!u'lDg the d ... lopaent of roo... 1. not. fully WlderaW04. 

HoweYer, it. 1. pr.ataed that a eont1D\l1~ bet.weell the groWl4 

Ua .... of the .... _<I roo ... ay be of .... .&.port,eftc. In 

the uen.f.r _4 .tor ... of ...... lite •••• t.erch and lipid. 

are '-lOftl,. foWl4 .tored ill the pueaeh,.a U •• utI In peppu. 

'lb. gap 1n tile ae1er_chy..tou. rlD9 probably deYalop. bf 

tha v ... fonaaUon of ac:ae of the thick w.lled oella. 

lfh1Dn1n9 of the cell wall. and 10 •• of lipiD a.alnabl11 ty 

ha .. be .. ob •• ned clur1n9 the la"r81 root. • .".lopRlent in • 

f .. tJped. •• al~U9h oplnlona 41ffer with regard to the 

~81bl11" of .ellgDlflcaUon ~ CUlly, 1'75). 

Kar .. and Me CUlly (1'73) ObHrYed that. in con the 

ee11. of 'the pr1mor41.a ep1demJ.. are dl.UncUve, be1Jl9 
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ao1W11l ..... end are .... 1,. .,topl ...... c. th ••• cell. he.e 

been fOUDd ., ....... a pA8-poelU .. auul8Qe l1nlD9 tile 

CN~ slde of the _rg1ng prJaor41_ (Mo Cu.lly, 19'5). In 

pepvu alao prilaorcU.-. epic!ed1. shove eJailer charac:br •• 

A layer of den •• ly .tained •• -.ri.l ,. 8180 •• 1dent. .urrounding 

the powift9 prUlord1um. DuriD9 the •• rly 4e.elos-mt ln COrD 

the apictemal cell. of the prilaordi\8 a.t.vl48 onl,. ant1cllnally, 

l.~ on divld. p_olift&lly and thl. pl'Odu ... I'OOt cap 

initial. (hl1 end Me Qally, 1970). The dau9hter cell. of 

ti\ •• e divislon •• how p(K:'r .~ftab11it.y end before the la •• re1 

root .erge. out 1t has a fully deWeloped root cap. '!'he root 

cap ln pepper 18 apparently a product of pericllnal 4iy181ona 

a. ev14ent. from the ur8Dg __ nt of cell. 1n radiating rowe. 

The cell. are poor 1 y .tained •• in eom. 

•• growth of the developing root through the at_ 

cortex of pepper 1. 1ft the racUal direcUon and 1. brought 

about bf eell d.l v1.10ns at the apex end elOD9fJUon en4 

aat.uret.1on of cella at the proxtaa1 end. Occ •• 10nally the 

prt.or4iua cury.. tangentially before .. ergence •• p.cially 

Wh_ aoae Ya8CUlu tUi'" pa •••• "0 •• it.. path. It ha. 

baeD ob .. na4 iD ORu1n .¥ecl.. that the advent1 t:lolJ. root. 

orl~lD.~n9 1ft older at ... grow obliquely through outer 

U •• " •• probably becau .. of the re.i.tance off"'!recl by 

aol.~ .. ch,.. ouUJ.de It (Tclalinson, 1961 and B.au, 1915). 
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Wi til the .. tuJ>aUoD of proxillal cella the 

p.t1lao.tdi-. l'eee1v •• th. y&8ftlu npp17 Ire:. the con~1guou. 

buncU... U.uall,. the pwenGhJIUI cella at the prox1mal end 

of the pl'~rdiu. d1ff.ren~1ate 1nte v.aoular el...nts 80 

a. to pro.lde the connection (1 __ , 1965). 'the dJ.ff.ren~iaUon 

of pro yascular ti •• u.a of the prt.or41u. in pepper 1. 

acrope'al ec.pare4 to other specie.. !'he penet.ration ot 'the 

young root. through s-.. cortex involve. break.dolm of • few 

cortical cell.. Different view. exi.t "';ith l'''9ard to the 

pa •• Age of • ~1.; root through the col1:e)(. The inYOlvement 

of hydrolytic • .,... which 41aaolv€ 8Ol'ne of the corticf!l cell. 

had been .peculetad by early WOt:ltus. More recent works 

(Ionne~, 1969, 8811 end Me CullYI 1970; Karas ~nd Me Cully, 

19") al80 a .. " ••• that hydl'o.&.ytic enaJlll •• are involved in 

the peaet.ratJ.,c·n of the roo. and the role of mechanicftl 

pr •• .ure may be neglig'ble (He CUlly, 1975). AlthOUGh in the 

pre.ent. atudy e •• lua,J.on Of tn. role of .nay... and mechanical 

factors wa. DOt po •• ible, eVidence. sU9geat ~~at tn. 1mpor~eDCe 

of _GhanJ..al pre. aura C«DI'lO. De totally ruled. Oll t. The finel 

ph... of the .. rgence of YUUftg roou in pep;..>er involv •• 

ruptU&'e of • few corUcel 1d,.."8 end epidenl1.. 1'h. expo.ad 

cella are auba.quently 8Uber'.ad or covered by e per1der.. 

5. ". , Aaatalty of the root 

In moat of the dicotyledons the cortex of the root 

•• iDly oona1at. of perench,.a cell.. !he •• cella are 8Om.tiM •• 



arr_984 1D radial cow. p.,.UCNla.rly 1D tile lImer 1.,..... 

(raM, 19'.). In pepper. the oorUeal cell. are arranged 

11~ 

in Ie •• d1.Ufte~ redial ~.. "'e 1"841.1 arreng-.nt. 1. the 

renl t of cell di91aion 4ur1D9 .e proce •• Of fonaation of 

oorux (Reta.ch, 1960). • ......... Ucli.al 4191.10n. l"e8\l1 U 

in the 1nore •• ad gag_tiel dl_aioD of eroru_ wh11e 

per1c11Dal 4191.10n. Mel to the .laber of _11 lay.r. 1n racUa1 

cUrecUoa (raha. 1".). 
In the root .a.euler ay .... the pbl._ OCICUI'S 1ft 

the for. of .uands d1.trJ.buttMI neer the periphery of .aacular 

cylinder beneath the par1qcle. 4Jhe xyl .. e1ther fonts 

discre" .uancla. 81 ternauno with the pblo.t avandJI or 

occupie. the centre end then •• in ... y pi_ .. , xyl.. ~peu • 

• tar .h_pe4 1n cro ••• acUon (B.au, 19.5 and Fahn, 19'.). 

III peppel', the xyl_ al_'. fODl 41.".t.e .tr~n4a al temet1no 

with equa! aWDber of ph1e. 9roups and are arranged 1n _ 

circl • .t..ed1_tely below 'the per1eycle. ~. e cU.Unct pith 

1. pre.ent aurrouaded by the r1D9 of 9.acNlar .vand.. The 

n\8ber of .aSCN1ar bwldle. app.er. to be vulabl. in pepper. 

'fr18&"ch to hexarch errenq.e.t 1s IDOre ~n in thieker 

roob and 1D ... c.... eYen upto ....... cular .vands ha •• 

been noticed. Aecor41nv to Pahn (191.) the II\IRIber of prot.oxyl_ 

groups ill • root and .. en the pre.ence or abaence of a pi til 

are dependent upon the dl.eur of the .a8CUlar cylln4er. 
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Varl •• 1on 1a Dumber of Yaaeulal' .vend. in the roc·t ",,1 thln 

a .peele. ud .. ell w1thia the ... plent hay. been reportAtd 

by ren (197.> ln IDODOCOta u4 d1cots. 

A. reported •• r11er CMea:alf and Olalk, 1950), no 

aNCJ.lave canal. he ....... ):)aened 1n the root of peppel'. 

~ ... awe root \I •• ally ahowe well develope4 xyl_ p1ete. 

aurroUA41ft9 •• all pith. Aa obaUYe4 by De.t. end na89Upta 

(19") the a\lllll)er of ueehe.Z'Y pl ... var1 •• frca flv. to 

.1x 1n _wre roo •• of "per " .... . 

. The .ucce •• of rootiD9 in the different typ •• of 

cu.Ungs 1n general wa. thus foWld to be lnf1uenced by the 

aaataalcal fe.tur ••• 
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21M p .. e •• ' ........ U •• Uoa. Oft ttle effect of Ixowtlt 

retUlator. _ ~Ung of tiff.ent type •• f pl_U ... 

.... riel. _d the .atoa1cal aW41e. _ iaJ.U.Uon ad 
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.....u., ... , of roo .. ill blMlc pepper we" cerrleet out 1. the 

Cenve f ........... bdl •• on H-.14 Ifnpleel Crop.~ Colleve 

of Ho .. tJ.wlt.ure~ VelleniJdc.a. .. .all .. , ... sula of the 

.tucU ...... 8\1 a .. 1eed below. 

1. 1a all th. pluUag ...... I.al. yis., ~. ( ... lou). 

9RW1n9 _oot. 'o .. t:hotnph.). h_ia. __ .. (.eovopha) ... 

laurel. (plavevoph.) 1'OOUft9 va. attD1f1oan"ly influe.'" 

..,. gnwth .4I9\11e.. v ....... .-panel to OOIlvol. --. 

all th. ve. __ ta, lIlA 1000 .,. ..... dec! ._~ reotJ.n9 

followtcl tty auatUx-a, DA 1100 ... _4 lIlA 1500 ppm. Wi~ 

....... 4 .. other ..... p-ovth. p __ ......... a." ..-be .. , I_9th, 

f.e. walth' 8114 dr.r ... ~ pn«hoUoD IlIA 1000 PPII v •• fo\1ft4 

to be aupe .. lo ... 

2. lb. f .... ve19h" IIIld dzy wal.ht of .hoob were 

.... 1_ iD cam1neUon U ....... u, MIeh •• XM + 1M 1000 ps

and 1100 W- clurift9 the e .. ly .ta9... HoweYe .. , in the leUr 

."89 •• of ob8 .... aUon xu. 1000 ppa v .. tOUd to be 900d with ..... r. to th ••• p ... _.~.r .. 
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3. l .. reapecU .. of "'e pow. I'epl.tor v ......... , 

iii •• had prODOuneM ef' ... _ noUDt .ad OIl o~r roo~ 

9""'" p ... -_ ... 1ft all the .,... of planUe •• at.eI'1&1 •. 

How..,., lIi.t had 4epr ••• ia9 effect 011 lIhoot weith_ end 

ahootl'l'OO1l raUo .apecd.a117 ... 1ft, Iliath weeJl .f •• r planU .... 

4. "".1'. v .. ao. __ differ._ -.oft9 the pleoUag 

.. or1al. v1th "8ape .. to ...... I'OOUnt 8111_ .... 0UIh the 

laural. wer. 'CNDd ., ... 111\7 no..... 1ft th. 1ft1 tiel .~_ •. 

Afg.l' th&' ....... of plaaUD9 the .ttNt of t.l'OWtil refUl.tor. 

OD ~t1 .. " .. aivaif1e._ 1a ..... n •• 0817 _d 1a 1a.ral. DO 

I'eOUaI va. ob.4Rftd at thi. ...... 1a th .... of naau., 

,row1 .. trb001l. eel h_V1ng 8I\oob lUXiata l'ooUno v .. ob •• ned 

at.r aLa weeu of p1anUll9 whl1. 1a.ral. produced aaax.lIn8 

notillO afUr alae weeu .f p1anu... 

I. 1D nlDfte .. a. growiDg ehooU ad "-.1110 shoo .. 

rooUll9 w ... aU.faotol'Y vb ... cu1lUDta v •• pI_ted du'1ft9 

"arab whel'''' 1a 1.ural.# th .... v .. y..,. 11.tle .l'OOt1IlV 

4tu1D9 thi. per lod. Lateral. l'eGQI'ded .""'\8 rootift9 •• n 

cu.U ... wer. pla.u.! 1D June. 

6. 'th ... ai:ola1cal .weli •• of the .u. of blade pepper 

.mow .. the c:tulrecu .. a of both .aonooou ami 41oou. 

The ou ...... t 1.,.1' in yowa9 .... " .. the ap1 ... 1. with 
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.p ... ep1eSe ... l ba1&'. fell ..... "" lif __ layer. of 

coll __ ,.. 111 ... with eel • .....,.. .. iDe&' 9&'O\1D4 papa-

ohJIa.'" U.... All .I • ...u wlth 1 ••• 41.U •• oupul_ 

tb1 __ 'D9 v .. pr.aen.. ther.~. Qo .. iDg. of 9aaeulu 

1ND41... Mae11... _.al. ,,1th w1_ 1 ...... wen .1110 _ 

.. be pr ..... 

I •• ~ .... iD9 ...... .,. tb1 __ 1a.. til. ap1cJua1. 

w •• fOUDd to _ repl .... bf IIUlUlquad p41r14ena. Vaaeu.lar 

buacU.. appeared l .... r .t r .... all,. .lOD.aUcl -.4 thu 

.... 8Mb,.. ..11. 1ft ..... ia .... 'ue14N1.&' l'-.loa 81.. IIIppe ..... 

r ... ~ ..... r .. all,. 81_..... lb. p1_UD9 10..-1.1. 

..... no. cUlf ... 1n9 1. ..u .... .vuo.w: •• 

7. In pepper • __ •• Un._ root.. .... procJuoed uauall,. 

fro. the D04al reg1oD. or 1 ••• Ir8qUe •• l7 fra. the •• llu •• 

110 p •• fol1l84 1'00. p.l'imoI'U. h... beaD ..... Ye<!. The roou a:"'e. 

1111 U.Ullg t&'c. • _all vrGUp of 1DUrfaac1fNla ..... DClbpaa 

1:r1ll9 be .... the corUcal badl... Anticlinal &n4 par1.1iDal 

cU.yidoa. of th ••• ti •••• r •• ulUcl 1ft • CIoae-lIhaped .... 

of aau1 ..... U. eell. whieh 4eYaloped 1ftto a not p .. iae .. di_. 

Aaa.-p-.y1ag the 9~wth of the prieord1ua differenUatioa of 

yaaeu1ar Uasu.. also take place and flnally reaul tacl 1ft the 

~.u.I'. of 0;.11:81' cort.ex and tne I'oot. ....... eDc •• 
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I. Cute&' ... t 1.,.. .. of ,.... no~ v.. the epi4em1. 

_lew "'1ob .1ght ., aa 1.,. .... f par..-,.. ooa.t.s. tau the 

lOOt GOZ'UlX. It. d1.Uftft .......... w.. __ chuaeterl ... 

by .. 11. with .-.put_ thi __ SIl9. _ their .Uc11rua1 wall •• 

V.8CN1u U ....... U .... .." ___ 1 ..... of xyl_ ad 

pbl_ 9nup. U'Z'a"," 1a • eUc1. al.tcaat1D, with eaeh other 

w .. __ to be p ..... ". 

A •• 'tUI'e ro.- ...... vell .... loped ._1. w1th a 

tiHODU-, .,.11n4_ of .,.1_ ~ •• al1 p1th. 

PhI.. OIICN.I'.... .. DUrow .... _ the _-.r.Ue of the wedte 

.... .,.. .,1- paUh ••• 

... 11~ &'eeotnJ.aebl.e. 
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Ap;;en4ix-I 
Weath.r data durirag t:b. per:iod of experllMfltat10n 

--.... ----......... -.. ----~--.. -----.-,-.. -... --..... --------... ~-.-----.-.- ........ ---..... -------....... ---.--------------" ..... _...,..---_ .... 
Mean Mean 1e.4m Hen 8011 Sunshine 
1Nld.-.. aJ.n1a\& a.H. ....p.r.- hours 

P"r:lod "taapera- ~r.- (%) tuZ'e 
tore ture ee) 
(OC) (OC) 

---------~-----------~--~-~~~-~---------~---~----~~-~~~---~-------
.. ~- ,.'_ ..... _----- ... -_ .. _--... 

i'ebrui: ry. 1987 35.6 22.8 57 35.6 10.30 
March 36 •• 22.2 55 36.2 10.20 
April 36.2 25.3 ,. 37.5 7.97 

May 3e.l 24.7 66 35.9 ,1.68 

June 30.7 23.7 83 27.6 ".53 
,July 30.3 23.5 a. 2S." 5.6"7 
August 29.6 23.S .7 21.6 3.66 
September 31.5 23.9 79 31.1 6.72 

October 31.' 23.9 79 30.2 7.66 

Rov_blitZ' 31.6 22.8 77 29.3 8.11 

.o.cf:!rnber 31"' 23.3 70 29.3 7.81 

January. 1988 32.4 22.0 56 30.4 9.20 

Ft:lruary 35.8 23.1 56 36.2 9.80 

Much 35.7 2 ..... 67 35.8 10.10 

A.1-'r1l 35.1 24.3 70 36.8 8.30 

... _-----......... ------ ... _------..... -----,- -------- ----.... -- -------... --------- .... ------------_ ... _-_._---_ ... 
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.,. ..... u.c .t:u41 •• wee. een-l.d ou~ ia CeaU. ,. 

Advanced •• ti •• , ColI.,. of Herd_lare, V.l1.n.t.ltk .... to 

• ..,. diff.ent. aapeeu .f no"" of --u..- .. _.~ 
of the roo. lat U...... _d deYe1., •• "t. 1a bl .. peppel'. 

I'or p~op".U_ atll4i •• , fO\U' 41lf .. _ type. of planUft9 

Murlal. ria., ......... <.-lana), POWUag aboot.. (OZ'thOUoph.), 

"_1.., 1IhOo~ (g •• gnph.) aIlCI 1 ..... 1. (p1 .. eov.ph.) vwe 

ve.'" wi i:h llu'e4lx-a, IAA, lIlA 8I1CI 1M + 1M .,.,In.U_ 

.aCIh •• 100, 1000 and 1500 Ps- """.-"'oa. plan'" WIde .. 

..... _d .. OODdit.lon.. ~ .... au1 •• n'ftal.4 ~. 1D all tne 

p1eaUag •• te .. 181. 1M 1000 ppII v.a ... _ wa. auperlol' vi ttl 

~,,"'cI to noUD9 per ...... aDd othel' nott powtih pu •• UI'. 

...... .. • ..-... , 1-Vth, f ... _ w."",_ .ad cky .. tur pl'04ueUoe 

of nob. 

a .. udl... of th. gl''' ... etUla-.1' v •• taeDU, al •• 

had pJ:ODO\lDCl4lCl iDfl_ on no_ 9Z'01fth lD all the planUn9 

•• url.1 •• 1Iow ... ~, 1Dl •• cItNu-.d the lIboot. veight. and 

aboot/roo. ...Uo particularly 1a the flDal .~ge. of 

... r" .... on. 



All ~. plantJ.ag •• tuiala exeep. laural • 

.... U4 ... adily cSuiDG MarClh •• la.ral. recor4ecl .~ 

ncUnt during 3uD.. though th ....... ~ ..... d1fference 

_, til. planUft9 ••• rial. with .... ard to th.ir zooUat 

u11i.,-, laurals ve .... y no~s and produced roow only 

afur six week. of pl_uae vbl1. all oth.r t;ype. pzoduced 

roob readily wJ.thlD ~ ...... of p1en~1D9. 

For .atoa1eal s..u.s, l'OoUD9 1'89100. of the 

CNttiog. f~ all the u .. _.u ~e uaecS. The U ... origiD 

of 1'00.. w.. to.. to .. \\he pueAClh,.. aJ."~ in .... . 

hurf •• cicular rev10n an4 tha'.. atep. were identif1ed 1ft 

the proc ••• of ~ ..... lo,..a.. Svucture of the .... end 

1'00" we. 81_ .",,4i ••• d .... ibed. 
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