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INTRODUCTION



SrfEOilPCflON

One o f  -the m ost iEportaat p r a c t ic a l applications oS 

G e n e t ic s  i n  a m p  i^ n o v u a e a t  p ro sra a tM  i s  th e  e x p lo it a t io n  o f  % b rt< $  

vigour o r Ootcroeic. &Sale s t e r i l i t y  i s  a  device receiving iseroae&ag 

a t t e n t io n *  as an aid to  the production o f  large a a o u n t o f h y b r id  s o  eta* 

fo r  ra is ing hybrid v s r io t ie o  on a cosscereial eeelo. Iso la tion  o f  ee le  

otcrilQ  lin os  aid th e ir  largo scale use fo r  production o f hyb H i coeds 

in  s2ai.se- hews instsirea -she srastsr Kinds o f  plant breeders to  ok 

extensive search to  iso la te  spontaneously occurring ra le  s te r ile  lin es  

in  other crops.

The spontaneous oocurraace o f  raale s te r i le  lisas  i s  a fa c to r  

beyond human control. Hence a search fo r  a neaae o f  a r t i f i c ia l  

induction o f sale s t e r i l i t y  was necessitated f o r  a nore ext^rwive 

u tilis a t io n  o f  th ie phenomenon an brood 1253 prosraracoe. Ih vestics iiea  on 

the p ooe ib ilit io e  o f using efccaieol gesetooldco* which aid ia  olirAsatins 

tho Eisaual labour o f  cnaeeulatles* as w e ll as coaplote dependence ea 

spontaneous sale s te r ile  lin es  is  a revolutionary change i s  tSk ?Oth 

ccntasy chcsdLeol studios. A 'gsunc-toelde* Is  a substcnQo which S iH a 

g-jnotos and eskee eorrerolied po llim 'don  eas ier. I f  with the ntfi o f  such 

gaaetooidse eheaical emasculation can be successfully practise 1» i t  can 

augsjst the program's o f  hybrid *?©-.<? orof’uctlon in  crops lecfei^ ; H r iia b lo  

rsalo s t e r i l i t y .  Cnly tho chemicals which show selective  asaie c ie r tH ty  

can b e  used as a gasstocidc. She ehoaicale which had been tried  as
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gaiaetocids© or© ©odlna* 2 , :>di©hlQMisoln»tyrat©

t ,2-aiehloro 3*6»%rf,aaslnatierie ■ (t&leic lydrastde w  M )  21B1* Mh. etc.

Is an is?>©rt@at vegetable asst eaaiiaont crop* 

©specially la  southern regions of Sadia* Its adaptability* the m m  

w iih  which it  cm be cultivated# and its eeososie Ispovfett&s 4a ©very ' 

day hassan diet* saske 'it en iz & a r tm t vegetable crop to our etato*. I f  

liybrid vigour c m  be elicited .la tMe crop for yield m & §usliiy* and 

hybrid cced can be produced ©a a large ©ode# it  will be a booa t© the 

cultivators.

Hybrid vigour ha© bam reported in  L illie s  for height* 

sasBhcs? of brasehes m & the nuE&er and weight ©£ fruits per plant , 

(Seshpmde* 1933 sod $sl* 1945)* But the ees&I and tender nature of 

the hexmphrodite flowers reader the process of maseuSatioa costly and 

laborious* Aiy mm of ssale .sterility cm elimnate tMs mm. of 

ciHsbarsoss© woric, c m  facilitate the technique of csoseisg;* to Sals© 

the mx&mm utilisation of tybrld vigour' or heteroal©*

la chillies* heritobX© Ml© sterility ha© not y©b been 

reported* Hence an experiment for inducing Ml® ®terili% by folifi# 

application of eheslesl gamtooides* f,&4§0 (Sodiua* 2*3*

' dichloMisobatyrate) and Maloi© hydrasMo (?»2~dicbl©r© 3#§- 

lyridaaine dime) wa® undertaken* ffcle investigation appear© to b© th© 

first of its kind in this crop* and the practical sppltotic*i of it  any 

aid cultivators for raising hybrid varieti*© or a eoimaereial cede*
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I .  Chemical induction o f Bale s te r i l i ty

Chemical induction o f  Bale s te r il ity ,  & recent 

development in  the application o f  chemicals in Agricultural 

practices* hae become me o f  the branches o f plant breeding 

programmes. 'ibis lo  a sore recent development in India and 

only a fee  works have been reported. She f i r s t  report was fron 

Gujarat Agricultural JJapsrtesnt in 1960, using the chemical 

gamatooide* F,'Sf-450 on cotton. She aaae experiment was also 

conducted by the Indian Cotton Coszaittoo, Bombay, ^hess erperiments 

showed that the chemical can be u tilized  fo r  the induction o f male 

s te r i l i t y  end fo r the production o f hybrid oeods in cotton. She 

chemical emasculation is  a valuable too l in tho production o f 

hybrid seeds on a mass scale at low cost. Gobs o f the chemicals 

used fo r  the induction o f male s t e r i l i t y  and their application in 

crop plants are reviewed.

(a ) Sodium 2.5-dichloro isobutygata (P . *-450)

S’,*-450, is  a selective checlcal gsr.atocid* which 

inhibits the normal development o f  gametes. Ib is chemical induces 

functional male s t e r i l i t y  in crop plants without adversely e ffecting 

female fe r t i l i t y .
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The chemical i s  water soluble end 100 par cent active.

I t  can be applied as fo l ia r  sprays and is  eas ily  absorbed by plants.

The translocation o f  the ohoalcal has been reported to  be greater 

towards apical maristesa, especially to flowers and flower buds (shorn 

and Haas Company, 1960). Studies with C14 labelled F,tMS0 by Hittan

(195S) showed that th is chemical accumulates to a greater extent in 

the anthers than ovules. The fo l ia r  characteristics, lik e  pubescence, 

thichneao o f cu tic le, growth condition and environmental factors, 

are considered to  be the factors which govern the absorption and 

translocation o f F,W-450.

The exact mechanism o f action o f  the chemical fo r  

inducing male s te r i l i t y  has not yet been revealed convincingly. But the 

spray timing in  moat o f the crops indicates that the action o f tho 

chemical is  in  some way concerned with the reduction d ivision  process 

during male gametogenesia. Hittan (195$) gives a biochemical 

explanation fo r  tho o ffs e t  o f th is chemical. Hie experimental studies 

on cotton showed that P,iT-450 la  competent with pentoate, an enzyme 

which synthesises pantothenate, the absence o f which causes s t e r i l i t y  

in  plants. He states that the chemical accumulates to  a greater 

extent in  the anthers than in  the ovules.

Dicotyledonous plants show greater response to  P,W-450 

than t h e  Bonocotyledonous plants (Phom and H s g s  Company, 1960).
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Cotton

Cotton is  ths f ir s t  end best studied crop fo r inducing 

aaie s te r ility  and fo r tho production o f hybrid saed with Chemical 

ooosculation. She f i r s t  report on tho chemical induction o f nolo 

s te r il ity  using F, W-450 was made by Baton Rrank (1957) on cotton. 

According to his flowering was delayed in a l l  the treatments. She 

plants failed  to produce pollen grains when they were sprayed with 

1.2 per coat solution o f P,5?-450j hut when hand pollinated with pollen 

from control plants, normal belle with viable seeds developed.

Sfoyer et g l .  (1953) reported that plants sprayed with 

F»W-450 produced a negatively significant inorease o f growth over the 

eliecke owing to the death o f ths epical merlstem.

Boeaaegra at a l • (1953) state that, a fter treating the 

cotton, variety Sanguis, with 1.0 per cent solution, a reduction in 

size o f the flowers, and capsules and in the number o f viable seeds 

was observed. Pbur to six weeks a fter the treatment 90 -  100 per cent 

o f the flowers contained a high proportions o f s ter ile  pollen. Euring 

the third and fourth weeks some degree o f female s te r il ity  was also 

observed. Bitten (1953) end Hoax and Chirinian (1959) studied the 

e ffec t o f the Checedoal on cotton and reported that the chemical 

inhibited ths enayoatic synthesis o f paatotheaate and accumulated to 

a greater extent in the snthera then in  the ovules. Xmrestigatione 

o f  Pate and Duncan (1960) on cotton revealed that a l l  the concentrations 

used in their studies showed male and female s te r il ity  except 0,20 

per cent which gave a selective s te r il ity  Toe male gametes.



Santhaaam g t a l.  (1961) conducted ezi experteant at 

PIBRCOH, Coimbatore to study tho e ffe c t  o f F,1̂ -450 on cotton. Ths 

in i t ia l  spraying wag given eight weeks a fte r  sewing ami subsequent 

sprayings on weekly Intervals follow ing the in it ia l  spray.

Kssegardiag aoaa phytotoxio e ffec ts  a t high concentrations (0.25 

and 0.30 per cent} they obtained cent per cent male s t e r i l i t y  fo r  & 

long time, especially in  plants sprayed with higher concentrations. 

Female s te r i l i t y  waa examined by crossing with pollen from eaa island 

cotton, without emasculation. Seed s t e r i l i t y  was usual as in  the 

control.

Singh ( 1964)  reported that th is e'nealcal is  very toxic 

to cotton causing acute burning o f  leaves and shoot apices and 

reduction in  flower s ize  o f  flowers. He also reported successful 

induction o f male s t e r i l i t y  in  cotton by the use o f  P,W-450.

Tomato

To study the e ffe c t  o f F,W-450 on tomato Koare (1959) 

conducted t r ia ls  under Green house end f ie ld  conditions. Green house 

studies on 146 va rie ties  showed complete male s t e r i l i t y  fo r  1 0 -1 5  days 

without causing female s te r i l i t y  at concentrations o f 0.073 and

0.15 per cant.

H e ld  t r ia ls  were conducted on 11 early  va rie ties  with

S o u r  c o n c e n tra t io n s  (0 .0 7 5 , 0 .1 5 ,  0 .3  anS 0.6 p e r  c e n t) h a v in g  th re e

in tervals each. The lower concentration (0.075) did not show eny 

kind o f  pollen s te r i l i t y .  There was an increase in  the percentage
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o f pollan s ter ility  as the concentrations o f the chasical increased*

33i0 concentration, 0*15 per cent gave a high percentage o f s te r ility  

for 13 days with a slight reduction in fernle s te rility . The high 

concentrations 0.3 and 0.6 per cent almost prevented fru it set, whan 

sailed. The third concentration (0.3 par cent) gave couplets sale 

s te r ility  for about 12 days beginning ftan 12 daya after traateant 

and fscale fe r t i l i ty  was also satisfactory. She highest concentration, 0. 

par cent, gave eoaplete mala s te r ility  for 19 daya beginning froo 

12 days after treatant. Pollen production was normal after 37 days of 

application. Fr'.dts did not set when normal pollen ms applied 

between 15 and 22 days after treatment to the flowers of plants 

treated with 0.6 per cent concentration. This was taken to indicate 

female sterility . Femlo fe r t i l ity  was again normal after 37 days of 

treatment.

Balakribteea (1963) studied the effect of P,W-450 

on tomato. Throe varieties with three concentrations (0.15. 0.3 and

0.6 per cent) were tried. Spraying was done when flowers o f the 

f ir s t  truss were undergoing anthesis. Cent par cant s te r ility  was 

noted in a ll concentrations with certain phytotcxic effects. Ovule 

fo r tu ity  was normal aa in tho control.

ffatenaelon

Eena and iiohr (1959) tested the effect o f p,<>-450 on 

watermelon. The in itia l spraying was done as the firs t  p istilla te  

blosBorao appeared and spraying was repeated after six days. Hers
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the chemical prevented the Opening o f  the mature staminate buds* The 

e ffe c t  o f  P.W-450 in  preventing the opening o f  staminate buds appeared 

to be loca lised  in  the t ip  o f  the hud. Pinching o f the t ip  permitted 

tho immediate un fa iling o f  peta ls. Anthers dehisced with production 

o f  apparently normal pollen inside the mature unopened stamina! buds.

Ho deleterious a ffe c ts  upon female f e r t i l i t y  ware associated wlifa 

the application o f  P,l?-450.

Boswell ( i 960)  conducted the aaae experiment on watermelon 

va rie ty  Charleslon gray, with concentrations o f  0.12, 0.6, 2.0 and 

2*5 per cent. A ll these concentrations caused phytotoxicity with male 

flowers being prevented from opening fo r  a period o f  7 -  10 days.

Beet root and Clovers

Veslag handbouwkundlng Onderzoek (1954) applied F.W-450 

on beets. He reported a moderate to  a high le v e l o f  male s t e r i l i t y  

induced by th is chemical without any adverse e ffe o t  on the female 

f e r t i l i t y  on beets.

Wit (1960) reported an e ffe c t iv e  treatment o f P,5?»450 

in  red clovers, white clovers and best species with an aqueous solution 

shortly before blooming. He stated that a moderate to a high degree o f 

male s t e r i l i t y  was obtained without adversely a ffec tin g  the vegetative 

growth or flowering. To detect the percentage o f ovule f e r t i l i t y  he 

made controlled crosses with pollen  o f  untreated plants and concluded 

that the ovules o f  c lover va r ie ties  were l i t t l e  affected than in  beet 

species.
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Rabenbauar and Schuttis ( i 960)  applied F,i?-450 on eugar 

baets with varying concentrations. Tho normal fru it  setting in  a 

control plant was 79«3 pen cont while in  treated plants a much reduced 

percentage o f f r u i t  setting won noted. In  plants treated with 3 par cent 

solution the reduction in  f e r t i l i t y  was to  30.5 par cont and i t  reached 

up to 6 par cent when the same concentration wag applied twice to  the 

plant. Tlis highest concentration caused a certain aaotuit o f damage 

to  the plants.

Budlay ( 1960) conducted m  experiment to study the 

e f fe c t  o f  Fs'®»450 on sugar beats, under green house and f ie ld  conditions 

and recorded that the t ia o ly  application o f  the chemical delayed pollen 

shedding without adversely e ffec tin g  seed y ie ld  or subsequent generation. 

The ease experiment os the can© crop was conducted by Butter Face in  

1960. Ha sprayed twice with 0.33 per cent and got a high percentage o f 

pollen  s te r i l i t y .

A lfa lfa

Pederson (1959) studied the e ffe c t  o f  ? , ’7-450 on a lfa l fa  

with concentrate! one o f  0.5 *ffid 1.0 per cent, Thera was aa adverse 

e f fe c t  o f  this chemical a t the above concentrations on the vegetative 

growth o f  the plant and ths treated flowers, when s e l f  pollinated 

stowed a reduction in  pads per racere, and Beads pas pad. His 

esVMrir.enlal data indicate that dam^ra bad ocourad to the feraaie 03 

w ell as to the male gametes. He aloe resorted ea increased flowering 

in  r,r~450 treated plants. Moderate le a f  bum eobwesad a t 0.5 per cent
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e n i severe damage at 1*0 per cent*

Killer end Kittle (19^3) in their «tperlment on 

Alfalfa with F,W-450 reported that th© chesleaX 'caused turning of 

©hoot spices and leaf margin©, chlorosis of leaves and drying of 

young flower bufiaf hut 'they have failed to get i^y significant 

induction of sterility#

[\  '\\\

gBSBSS .''i'" }
To evaluate the effect of P,W-450 on ©arlisess,

yield and fruit quality on grapes en experiment wns conducted at

I.A.R*!,, lew Delhi (1961)* It revealed that 0*^,?pfe ■■.cent P,W-4§®
; i k

induced a high degree of pollen sterility*

! / ■ v

Iyer and Eandhewa (19$5) studied- /Jshe infect of F.W-450 

on four varieties of grapes* . fhey reported that; a ll \fkiev. treatments

caused various types of leaf abnormalities and t|e degree of daeeg©
/ %

m s depended on the ooncentratios of the chê rdcal fite extent

of pollen sterility that could he induced was f$ani| t|ĉxhe-dependant
. .  Y\“  . 

! < ’ 1>l \ ’ l '

on (1) tha stage of development of th© panicle at,- wMoh>«praya were
■ ’i  i\l *' ' v, V'- .

given (2) concentration of the eheaical (5) nutsMfc? said

(4) tha variety used for the study* fwo asplic^tioaL^ei©' ̂ ûnA to ho 

effective in tha induction of complete pollen cterilit^* '*• F,^-450'

(0*3 par seat) at an early stag® of the develep^ip of •■̂ ©NfnmCl©

(about 15 days after emergence) induced complete/ pollen a| eriXity.
’ ' %  i,

In a ll the treatments the germination of the seeds'/ ohtaanakwas’, normal.

Hence they reported that this method con be used î|Bh , in
V

scale grape hybridisation* . ■ \) \  \
' ‘ „ • \ i! • \
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Stasnesa and Hadley (1962) reported that in  soybean 

F.W-450 induced mala o t e r i l i t y  by the non-dehiecenee o f  anthers and 

caused pollen  abortion* ®iey sprayed aqueous solution o f the 

chemical* three weeks a fte r  planting on four m o ie t ie s  o f  soybean.

They etatsd that sodium, elpha, bata-dichloroisobutyrate appeared 

to  have become more e ffe c t iv e  aa a gametocide by v ir tu e  o f  i t s  

in terference w ith anther dehiscence rather than as a resu lt o f censing 

pollen  abortion. They fa i le d  to  ge t complete pollen  s t e r i l i t y .

Bocanegra e t  a l .  (1955) stated that the Erench bean,

Canaxio sprayed during flow ering w ith 1.5 per cent solu tion  o f  E,Y’-450 

resulted in  80 per cent s t e r i l i t y  o f  the pollen  grains a  fo rtn igh t a fte r  

treatment whereas the plants treated w ith 0.5 and 1.0  per cent solution 

had normal or nearly normal pollen . There was general reduction in  

vigour in  a l l  the three treatments and the pod set was lowest in  plants 

rece iv in g maximum concentration.

BMadi

Shir (1964) conducted aa experiment to  study the e f fe c t  

o f  P,W-450 on bhindi using the concentrations o f  0. 1 , 0.15, 0.20, 0.25 

and 0.>0 per cent. She chemical was applied a t three stages o f the plant 

growth v i z . ,  30th, 37th and 44th day a fte r  planting. A high percentage 

o f  s t e r i l i t y  was induced in  a l l  concentrations a t a l l  stages o f application , 

increase in  s t e r i l i t y  was obtained by an increase in  concentration. She 

maxiiBua o t e r i l i t y  was obtained in  plants treated with 0.25 and 0.30 per cent
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at the H ra t  stage o f  application. She higher concentrations showed a 

reduction in  fr u it  settin g.

Brln.ial

heelocm ( 1965)  carried out an experiment to  Induce 

male s t e r i l i t y  in  b r in ja l with P,W-450. She chemical wac applied a t 

three stages o f  plant growth end i t  waa found to  decrease the s ize  

end number o f  clusters o f flowers. She reported the ccmpleto absence 

o f  dehiscent anthers in  the treated plants. Such plants showed cent 

per cent s t e r i l i t y .  Shis complete s t e r i l i t y  lasted fo r  a period o f  two 

wseke, beginning from two weeks a fte r  the treatment. There was a 

marked reduction in  the percentage o f f r u i t  setting on co ifin g . A 

reduction in  fru it  settin g  was obtained with the Increase in  the 

concentration. The atm  and weight o f  the aelfed fru its  were also 

found to decrease as the concentration increased. The fr u it  setting 

on crossing was normal in  almost a l l  cases. The s ice  end weight o f  the 

crossed fru its  were found to be unaffected by the chemical. The seeds 

fee® salfed  fru its  showed a marked reduction in germination while the 

eeeda fron  crossed fru its  were found unaffected.

Kustoelon

Rripondxa s t a l .  (1965) recessBended a multi d irection  

fo l ia r  spray o f  aqueous P.W-450 fo r  the induction o f  sa le  a to r i l i t y  in  

th is crop. The plants were severely daaaged In the case o f high 

concentrations and more nusaber o f  sprayings. A concentration o f

0.5 par cent es second epray showed the functional mala o te r i l i t y ,



while 0.4 per cent concentration with two sprays showed the desired 

results by inducing pollen s te r i l i t y .  Concentrations o f  F«V*450 

higher then 0.4 per cent produced deleterious e ffec ts .

Cajsnus cyan

Kaul end Singh (1%7) conducted an experiment to study 

the e ffe c t  o f  F,W-450 on Ca.laaus ca.lan using the concentrations 0.5,

1.0 and 1.5 per cent. A l l  the above concentrations proved rather 

injurious fo r  the general growth o f the plant. The treated plants 

flowered la te r  than the control. A ll the treatments caused a s ligh t 

reduction on s ize  o f  flcwera. Instances o f  fa ilu re  o f anther 

dehiscence were also noticed. A ll the treatments caused complete 

pollen s te r i l i t y .  Duration o f  complete pollen s te r i l i t y  ranged from 

15 to 25 days depending upon the concentration and the number o f  sprays. 

A fter the period o f  complete male s te r i l i t y ,  functional male s te r i l i t y  

ranged from f iv e  to nine days. A sign ificant decrease in  the y ie ld  per 

plant in  a l l  the treatments was else noticed. They concluded that, 

out o f the d ifferen t e ffe c t iv e  treatments, 1*0 per cant solution 

applied before the bud in itia tion  stags was the beat treatment as fo r  

as the to ta l y ie ld  o f  the plant and it s  components sere concerned,

M SS
Bains Robles (1959), with a view to  standardising 

suitable techniques fo r  inducing sale s te r i l i t y ,  tried  F.K-450 on 

maize. At 0.1 to  1.5 per cent concentrations white spots appeared 

on the leaves. At 2.5 to  3*0 par cent growth ceased, tassels end
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esra shoved abnormal development and pollen s t e r i l i t y  wsa about 

SO to 30 per cent end at 4 per cent end above a l l  plants died*

Coicercn and Eaton (1959) reported non-dahiaceat 

anthers in  treated plants* This non-dehlacence o f  anther was not 

a uniform feature o f the anthers o f  a l l  the treated plants. However 

they reported successful induction o f male s t e r i l i t y  in  th is crop.

kheat

Chopra e t a l ,  (i960) tried  the chemical F.W-45G 

on idlest at X .A .li.I, But they fa iled  to get any positive result.

Wheat plants ware sprayed once or twice with 0.23, 0.5, 0.?5 and

1.0 per cent aqueous solutions o f ?,W-450. Hants sprayed with 

lower concentrations were stunted and grass lik e  in  appearance.

Those plants which survived showed a delay in  flowering, small 

earheade with shorter awns and tougher glumes end with normal pollen 

grains.

& £

Wit (1960) fa iled  to  get any response o f Byff-450 fo r  

vegetative growth, flowering or even inducing male s te r i l i t y  in rye*

(k ) 1,2-dlhydropyridK2lrte 3,6 dlcme (Malelo hydrarida or KB)

1,2-difcydropyridazine 3,6 dione (Maleie hydraaide or MH) 

is  a  hot water soluble sa lt and contains 40 per cent o f active KB. Xt 

is  on antiauxin end a growth inh ib itor. MH is  a weed controller and 

m  anti-m itotic agent. MB was introduced in  the year 1949 by the United 

States Eubber Company as a plant growth regulator (Narayana Swaai i 960) .
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Several studies vers conducted by various workers on the 

e ffe c t  o f  this chemical on economically important crops. Varying kindsa 

o f  growth inhibition, deformities in  vegetative characters, reduction 

in fru it  setting and in  certain cases an inhibition o f  pollen production 

have bean reported. This review is  on the e ffe c t  o f MB on plants with 

special reference to  the induction o f  pollen s te r i l i t y .

MI is  & synthetic compound which is  frequently found to  

a ffe c t growth in a direction opposite to  that o f 2,4-0 and to cause 

retardation and inhibition o f  c e l l  d ivision  (Koaer sad Thompson, 1952). 

I t  proved core toxic to  grasses than to  broad leaved species (Currier 

end Crafts, 1950). Few cases were reported where this substance was 

considered as a growth promoter (F i le t ,  1956).

Halcio hydramide is  a unique growth reguleat (Schoene 

and Hoffman, 1949) cad a growth inhib itor (Saylor and Bavia, 1950). 

Saylor (1950) studied ths e ffe c t  o f  MI on flowering o f  tobacco, maize 

end cocklebur. Certain cucurbits and com showed male s te r i l i t y  at 

concentrations 0.025 -  0.50 per cent. In com fo l ia r  sprays o f  the 

above concentrations, induced a high percentage o f pollan s te r i l i t y .  

Growth inhibition by MS was described by Currier e t a l.  (1950).

Belay in  flowering by treating the plants with JSH was reported by 

David (1950) in  B risto l black raspberries and Joeephaon (1951) in  com. 

Induction o f  partia l male s t e r i l i t y  in hybrid com by the use o f MS 

was also reported by Warren end Mismock (1954). However Saylor (1950) 

and Baylor and Davis (1950) reported complete male s t e r i l i t y  in  maiss.
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Poljotov (1%6) reported that MB in certain oasss induced 100 par cant 

nale s te r ility  in  aaiae. The coot e ffective treatments ware 0.05 to 

1.5 par cant solution applied at ths tin* o f meloeie in  ths 

arohoaporial ce lls  o f the steam. Feaala s te r il ity  o f 50 -  50 par cant 

was however, induced a t the same tine.

Sola (1952) and Chopra at a l. (i960) reported complete 

Bale s te r il ity  in tomato by the fo ils *  application o f MB. Reha ( 1952) 

reported the period o f couplets pollen s te r il ity  to be o f 10 to 14 days, 

likewise Chopra at e l . ( i 960) observed coaplete pollen e te r il ity  to 

last fo r only seven days. But Wit ( 1960) found complete male s te r ility  

for the fu ll blooming period in red clovers.

In Chrysaathisua Beach end Leopold (1953) reported 

growth inhibition by the application o f HH,

The use o f MB as a chemical to reduce seed setting in 

weeds was reported by M iller et a l. (1955). Fruit setting was considerably 

reduced s t concentrations o f 4000 end 8000 ppm. Williamson ( 1958) 

reported total deduction o f fru it setting in wheat and rye* Hobart (1959) 

studied the e ffec t o f HH on saint paulia and reported that the chemical 

inhibited pollen germination and showed a high degree o f pollen 

s te r ility *

Wittwer (1959) generalised the e ffec t o f MB by oonperlng 

i t  with growth preaoting substances and stated that MH produced effects 

opposite to these induoed by growth promoting substances, such ae IM



end MAA. He reported that th is  chemical when sprayed during the 

la te  reproductive stage delayed the floweting in  tobacco, com , 

lettaoo and cooklebur. According to  bin "The chemical o ffe rs  promise 

as a means o f  'bhemically deflowering* the male inflorescences in  the 

commercial production o f  hybrid seeds".

Ora Smith (1959) studied the e f fe c t  o f MB on vegetative 

growth and pollen production o f  various crops lik e  com, twrkish 

tobacco, le ttu ce  etc* Be noticed a l l  kinds o f  abnormalities in  

vegetative growth o f  the plant and reported that the concentration 

and time o f  application are important factors fo r  I t s  action* Turkish 

tobacco plants sprayed with JIB during the in it ia t io n  o f  flow er bud at 

concentrations o f  0*4 end 0*8 per cent stopped a l l  elongation, k illed  

the flower buds and prevented a x illa ry  bud development. The same 

resu lt was a lso  noticed in  lettuce when applied to young head lettuce 

plants*

Maini and Sandhu (1959) conducted an experiment to 

study the percentage o f  seed set on Kruca sativa by treating i t  with 

some growth substances. A l l  the chemicals were sprayed as aqueous 

solutions at flower bud stage. They showed that higher concentration 

o f MB acted as an anti-auxin and in terfered more with pollination  than 

with pod set.
\

Koux and Chirinisn (1959) studied chemical induction 

o f male s t e r i l i t y  w ith MS sprays in  cotton. Their experimental resu lts 

showed that male s t e r i l i t y  could ba induced in  cotton by spraying with 

an aqueous solution o f  KH -  30 a t the stage o f micro-sporogenesis.
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Increase in  the number of secondary branches by the 

application o f MH was observed in cotton by Currier at a l. (1950) 

and Singh (1964). Reduction in flower else end induction o f partial 

s te r ility  were also reported by Singh (loo  © it). Meyer gfe al.(l950) 

reported complete pollen s te r ility  in cotton by the application o f SB.

Singh et §1.(1960) studied the varietal variation on 

the effect o f MH and other chemicals on toquat (Bgiebotgga .lapanice.1. 

The varieties studied were improved golden yellow and pale yellow.

They got a significant variation on the effect o f the chemicals on 

these two varieties. The treated plants shoved a rsduotion in fru it 

sica.

Jauhari and Ayodhys Ttaaad (1959) studied the e ffect o f 

MH on growth and yield o f brinjal. They sprayed the plants with 200, 

400 and 800 ppm o f EH. A ll these concentrations produced marked 

changes In the vegetative growth and yield o f brifijsl. The average 

number o f branches under different treatments woe materially affected. 

The highest concentration produced the minimum number o f branches per 

plant, while the lowest concentration (200 ppm) gave the maximum and 

significantly highest number o f branches per pleat. The results 

indicate that the highest concentrations (400 and 800 ppa) showed 

deleterious e ffect on the growth o f the plants. Higher concentrations 

were found responsible fo r delaying tbs flower bud formation, reducing 

the percentage o f fru it sot and causing delayed maturity o f fruit®. Tho 

number of fruits per plant was least under 800 ppm followed by 400 ppm.



Choudhury and eaoigo (1964) obtained poller. o te r i l i t y  o f  

90 -  100 par cant lasting fo r  5 - 1 2  days in taro variation o f  brin jal 

by spraying tho whole plants with MS.

Chopra e t a l.  (1960) studied tfca a ffect o f various 

ohoaicale on wheat, end onion. MH at concentrations 50, 100, 250 and 

500 ppm on wheat and 10, 50, 100 and 250 ppm on anion were studied. In 

wheat the in it ia l  spraying was done on 37 day -  old plants and subsequent 

sprays on 15 flays intervals before the eaergenoe o f fla g  lea f (5 eats) 

and a fourth set a t the tine o f f la g  lea f emergence. Pollen s t e r i l i t y  

flats showed a high percentage o f s te r il ity  a t 250 ppm and 500 ppm., 

abortion o f  anthers at 250 ppw at two or more tines and 500 ppm once 

or twice a t ths tine o f  f la g  le a f energence.

injection o f 100 ppm on onion caused a synapsis mid 

desynapsis and 250 ppa produced a very high degree o f  etiekineas at 

taicrosporogenesis. Here pollen s te r i l i t y  was found to be cent per cent.

Choudhury and Ranphal (i960) studied the e ffe c t o f MH on 

Cow pea (vigna ainensia) .  Plants were Bprayed just before flower 

in itia tion  with six concentrations ( 50, 100, 200, 400,  600, end 000 ppm) 

o f MH, inoxder to interrupt or destroy the apical dominance and fores 

up the number o f la tera l shoots. The apical dominance was interrupted 

with a l l  concentrations. MH (800 ppm) completely destroyed the apical 

dosunanco, whereas with other concentrations the terminal growth was 

resumed a fter a temporary interruption. SH sprays (50, 100 and 200 ppm) 

sign ificantly increased the y ie ld  o f pod per plant. Higher concentrations
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Proved tssde and reduced the yi©M ©f pod* .Maturity of the p©d©
; ' ■

ms delayed by about a week* ftere ms a© significant effect ©f . 

the ©prays on the ©is© ©a? viability ©f tbs seed.

Stan? ( 1963)  reported m  increase in She msber of 

secondary branches in @ «s m  by the application of MB*- 1 © also 

reported a reduction in .©is© of flower and a partial male sterility 

in seaaisuia.

IM r ( 1964)  studied the effect of IS  m  bhindi with 

concentration® o f 200* 4^0* 600f  000 and 1000 pps. Marked enppreasioa 

o f plant growth along with defeasible® and nalforaatiaa o f leave© 

were observed in the highest concentration of 1®  (1000 ppn)* belayed 

flowering and seduction in the t im e r  production wot© observed in 

higher concentration®* Ho failed' to got cent par cent pollen 

sterility, length of ■fruits ana number o f seeds pea? fru it were 

also seduced by a ll  the treatments*.

Iyer and Saadimwa ( 1 9 6 5 )  caiduetsd an' experiment to 

study the effect-of VS& m  gxapro* fhey chose these concentration© 

of Mi (850, 500 and"750 pps)* 111 the treatments caused various' 

types of leaf ahaesssalltiea- resulting froa th© injury da© to the 

spray of the chemicals. © »  degree o f  damage depended ©a the 

concentrations of tho chemical used*. f»o applications of MH (500 pm) 

at an early mt&am of tho devalopjsenb of the panicle induced, complete 

poll® sterility* MS 500 pps** which induced, chaplet© pollen 

' sterility gave the beat reduction in fruit and seed sat*
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Kaul and Singh (1967) conducted an experiment on the 

e f fe c t  o f  HH on Ca.lanua ca.jan using the concentration o f 0 .1 , 0.5 and 

1.0$ . Burning o f  the le a f  and shoot apices was noticed . A l l  the 

treatments showed a s ig n ific a n t decrease in  p lant height, A s ign ifican t 

increase was observed in  the number o f  branches and flow ers . The s ize  

o f  the flow ers was reduced in  a l l  the treatments. But they fa i le d  to  

g e t complete male s t e r i l i t y .  A l l  the treatments caused a s ign ific a n t 

decrease in  the number o f  f r u it s  per p lan t, number o f  seeds per f r u i t  

and to ta l y ie ld  o f  grains per p lan t.

( c )  Other chemicals

2,4-Dichlorophenory a oe tic  acid (2 ,4 -D ), T r ilod e  Beneoic 

acid  (T IBA ), G ibbere llic  acid (GA), M .C.P.B., Sthoxy c a ffe in e , U racil, 

Thymine, ITuclic acid , HAA, Coumarine e tc . have a lso been tr ied  fo r  

inducing male s t e r i l i t y .

Ehreriberg e t a l .  (1956) studied the e f fe c t  o f  Ethoxy 

ca ffe in e  fo r  induoing mutation and s t e r i l i t y  in  barley . These studies 

revealed that the chemical induced s t e r i l i t i e s  which corresponded to  the 

e f fe c t  o f  x-rays a t 6000 r .  Srivastava (1958) while spraying J3.C.P.B. 

a t pre-flow ering stage w ith 1000, 2500 and 5000 ppm on r ic e  (v a r ie ty  

’ Aman"'*') noticed a high percentage o f  s t e r i l i t y  and decrease in  y ie ld .

Nelson and Bossman (1958) tr ied  the p o s s ib i l it ie s  o f  

chemical induction o f  male s t e r i l i t y  in  maize by means o f  GA a t 

concentrations o f  500 and 1000 ppm. F o lia r  spraying o f the above
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concentrations whan tha inflorescence was 1”  in  length showed s te r ile  

o r  p a r t ia lly  s te r ile  tassels . Yeraanoo end Knowles (i960 ) produced 

male s t e r i l e , ea f flow er plants with a fo l ia r  spray o f  GA a t 100 ppm 

in  a l l  ths f iv e  va r ie tie s  used.

Robert e t  a l . (1961) reported 2,4-D as a  pollenioide 

on grape* Sipping the flowering clusters in  solutions o f  2,4-D 

increased the number o f  seed-less berries . This was supposed to  bo 

due to  the injurious e ffe c t  o f  2,4-D to pollen germination or in  otfearwards 

due to i t s  action as a pollen icide.

Chopra e t  a l .  ( 1961)  studied the e f fe c t  o f  U racil,

Thymine, Yeast nucleui acid and 53BA on tomato and the above chemicals 

and sodium nucleate on onion. Aqueous fo l ia r  spraying was done about 

a week p rio r to  the opening o f  the f i r s t  flow er. A l l  the Chemicals 

fa iled  to produce any kind o f  male s t e r i l i t y  in  tomatoes. Uhils in 

ths cose o f  onion aent per cent pollen s t e r i l i t y  was noted in  plants 

sprayed with TIBA a t 10 to  100 ppa, Ha-nucleate a t 4 per cent and 

Thymine and Uracil a t 250 and 500 ppm respectively .

Choudhury and Georg® (1964) obtained pollen s t e r i l i t y  

o f 90p -  1005' la stin g  fo r  5 - 1 2  days in  two va rie ties  o f  b rin ja l by 

spraying tha whole plant with HAA and 2,4-D. Spraying with 2,4-D a t 

concentrations higher than 10 ppm. caused elongation, curling and 

cracking o f  tender parts o f  stem. HAA induced the conversion o f 

stamens into miniature p is t i ls ,  indicating some hormonal action in  

sex determination.
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lyor and isadhawa ( 1965)  els© studied the effect ©f 

.SXBA on grape* - fir© epraye ©f fIM  (400 ppi) at an early atsge of 

the development of the panicle (ebaut 15 days after emergenco) Induced 

complete pollen sterility*

Kaul and Singh (1967) conducted an osspenimeat to study 

the effect of eotmanise ©a Catenas caiea as sale gamctoeide* Application ■ 

of the chemical at all- conoeatraticna proved rather in3uri©ua for the. 

general growth of plants* Belayed flottorixjg* reduction in else of 

flowers and induction ©f partial sale sterility was© also recorded by them.

XI* Pollen studies 

Ci) Pollen morphology

Pollen grains serve heat in distinguishing’ between and 

allowing relationship among1 the higher groups of plants such as fseailies« 

tribes, genera and eometieas species*

A great deal of work had hem done on the morphology of 

pollen grains by aaveral investigates* Polios groins caaeiat of an 

intine and an eadn©. fhe cuter surface of the escine say he sculptured, 

raticulato or smooth &M  with or without spines* Wed# Sousa (1935)#

Lang (19575 and- SedtBaa (1954) studied the pollen noaepholcjgy of 

solanacsaa and reported that they are found and nay he 2-3-4*-5-6- 

colporate*

(11) PollegAterility '

Cytologtcal studies m  the. sterility of pollen groins 

w«m caroled out . by too methods* •
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a ) By staining methods, and

b ) Germination in  e r t i f i c ia l  media.

a ) Staining methods.

For the study o f  pollen s t e r i l i t y ,  seotooaMina staining 

technique nss adopted even fro® tha e a r lie r  days. S irkle (1937) had 

dosoribed a method fo r  tooting the v ia b il i ty  o f pollen grains by 

acetocamins staining- method. Pollen grains were dusted on a e lid e  

containing on© or two drops o f  aeetoearmine. She s lid e  was then 

examined under a  microscope a fte r  15 minutes when ths grains were 

properly stained. She grains which stained w e ll and looked plump 

and normal were vaken as v iab le . Unstained and shrivelled ones wore 

considered as non-viable or s te r i le .

Yietew (1952) used 2, 3» 5 -  triphenyl te tra  aoniun 

chloride fo r  testing the pollen v ia b il i t y  o f  Zga aara. The best 

resu lts were obtained, when the tes t was carried out a t 50 *C using s 

2 por cent solution. Oberle and bhtson (1953) while u t ilis in g  the 

above method on peach, apple, pear and grape pollen remarked that 

th is method was in e ffe c tiv e  fo r  the determination o f  pollen v ia b il ity  

in  theoe crops. Jaoopinl (1954) recommended the treatment o f  pollen 

grain which 2 per cent sodium b iee len ite  fo r  periods ranging from I; -  2 

hours, depending on ths species fo r  a rapid re la ib le  Keans o f 

determining pollen v ia b i l i t y  in  stone and pome fru it  trees. Grains 

with fu l l  carminative power turned pale yellow  while non-viable grains 

did not change. King (1959) recraasended a peroxidase agar aedxuta.
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Hera, the s te r i le  po llen  grains showed a blue colouration while the 

v iab le  po llen  grains were colourless and swollen in  appearance*

Ostapenko (1956) showed that the above mentioned 

stain ing methods would not g ive  a good evidence fo r  tha s t e r i l i t y  or 

v ia b i l i t y  testin g  o f po llen  grains. According to  Ida  those fethods 

could on ly gave e  r e la t iv e  value in  determining the percentage o f  

pollen  v ia b i l i t y ,

b) Gemination in  a r t i f i c ia l  madia.

There era experimental evidences to  show that pollen 

grains could be grown in  a r t i f i c ia l  nedia containing sucrose solutions. 

The concentrations o f  sucrose required by the po llen  groins to  germinate, 

varied between plants o f  d iffe ren t species and even w ith in ths ssuse 

species.

The use o f  a r t i f i c ia l  nedia fo r  pollen  gem ination goes 

back to  the la te r  h a lf o f  the 19th century. Adams ( 1916)  studied tho

use o f  culture media fo r  the gem ination o f  pollen  grains o f  apple 

and other f r u i t  trees* He found that a good percentage o f  pollen  

gem ination was obtained, in  apple a t 2.5  -  10 par cent, in  pear a t 4-3 

per cent, in  strawberry a t 8 per cent, in  longterry a t 4 per cent and 

in  raspberry and blackberry a t 16 per cent sugar solution.

Kebel ( 1926)  geminated po llen  grains o f certa in  fr u it  

trees in  sucrose solution and reported that aa optimum concentration o f  

sucrose solution o f  5 per cant fo r  quinces, 10 par cent fo r  peaches
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and apricot, 1 0 -1 5  per cent fo r  plxaas and pasrs, 5 -  15 per cent fo r  

apple and 15 per cant fo r  cherries. S fkshit (1956) found -shat loquat 

pollen garsdmted successfully In  1 per cent sucrose solution.

Singh (1956) studied the pollen  grains o f  tan va rie ties  o f  peach and 

reported that there was a va r ie ta l variation  fo r  requirements o f 

sucrose eolation  fo r  successful germination o f  pollen grains.

Various workers reported that Boron can induce pollen 

germination and pollen tube growth in  various crops. SehusHieker (1935) 

(studied the pollen grains o f various crops end discovered that Boron 

as berate was l, stimulant to pollen germination and tube growth in  

many oppcios. Thompson end Batjer (1950) ctudied the pollen o f 

d iffe ren t crops and found that Boron in  low concentrations 2.5 -  40 ppm 

stimulated the pollen gem ination ssad. pollen t»ubo fTOwth* "but Inhibited 

pollen germination with higher concentrations * Psghav n and Barash

(1956) reported that orecanut pollen grains cultured la  sucrose medium 

shoved a considerable degree o f  pollen germination and pollen  tuba growth. 

Hunsoer (i960) found that 0.001 to 0.01 per cent o f  Boric acid had a 

stimulating e f fe c t  on pollen  germination and pollen tube growth ir» 

more than s ix ty  angiaapero species. Singh (1960) obtained an increase 

in  pollen  gem ination and tube elongation in  mango with addition o f 

20 ppm Boric acid.

Hsastov and Gencew ( 1964)  studied tha pollan germination 

o f  red pepper in  connection with find ing va rie ties  suitable as components 

fo r  hybridisation. Pollan tube growth o f d iffe ren t red pepper va r ie tie s  

on a medium consisting o f 10 per cant sucrose and 1 per cent agar wa3
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stimulated when flower extracts o f eny one o f the f iv e  va r ie tie s  having 

good combining a b il i t y  were added to  the medium. Prasad e t a l .  (196.3) 

studied the pollen grains o f  eight va r ie tie s  o f  WEato and discovered 

that 10 per cent suoroea solution gave tha best re ca lls .

loan ( 1964)  reported that a Esdiua containing 15 per cent 

Buerooa and 39 ppsa boron gave sa tis factory  results with fresh pollen 

o f tobacco* Higher concentrations o f  both substances are however, 

required to stored pollen.

Addition o f  s o lid ify in g  materials l ik e  agar sad gela tin  

sera need from the e a r lie r  deys fo r  the preparation o f  culture sedia 

fo r  pollen grains. Iyengar (1939) used an flgsr-eugar medium fo r  

a r t i f ic ia l  gem ination o f  pollan grains o f  cotton. Johri and Vasil (1955) 

got an increase in  the percentage o f  pollen  gem ination on the above 

medium, when Boric add  was added to i t .  Agsrwal, Rhanna and Singh (1957) 

found that 1 per cent agar medium containing 6 per cent aucrose gave 

best resu lts with pollen o f  Moasordica charantla. Dvornic (I960) 

reported that tha optimum eendi tic® o f  pollen  gem ination o f  most o f  

the vine va r ie ties  studied were 1 2 -1 4  per cent suosose-agar and 

85 -  26*C. Glrindra end fohan Misbra ( 1962) reported that b rin ia l 

pollan was foum5 to gem inate w ell in  media with 5.0 and 10,0 per cent 

o f  ouoroae and pinch o f  agar-agar.

Balakrishnan ( 1962)  stated that tomato pollen was 

found to- gem inate w ell in  15 and 20 per cent aucros® solution with 

addition o f  100 ppta boric acid. V ila s in i (19*>3) studied ten va rie ties  

o f Hlbiaoua rosaainenais and recommended a suitable medium o f 45 par cent
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sucrose, 100 gpa boric acid and 1 g  o f  agar. Heir (1964) with a 

v ie *  to standardise a suitable saediuE fo r  hhtedi pollen , obtained a 

medium o f  20 per cent sucrose solution ”sith 2 per cent agar which 

gave tho boot results and was selected the so lid  medium fo r  t^e study 

o f  geraination o f  pollan grains, loelatass (1955) found that 1 gss o f 

agar medium containing 15 par cant sucrose solution and 50 P i *  bone 

acid gave best resu lts with pollan o f  bolanna aelongens.



MATERIALS AND METHODS



MATERIALS AMD KBESOBS

The investigations reported here were carried out in 

the Division o f  Agricultural Botany, Agricultural College and Research 

in stitu te, Vellayaai, Kerala, during the year 196&-1967* The purpose 

oi' the experiment was to etudy the e ffe c t  o f tha ehenicals, 5',W-45Q 

and MH on the induction o f male s te r i l i t y  in  ch illie s  ( Capoisum frutescens.Ii)

A. MATdMAIfl

(1 ) Seed caaterial.

C h illies  (Capsicum JVutoscons.l), variety , Dutta S eries.I, 

was selected fo r  the studies on the chemical induction o f  sale s te r i l i t y .

Tha seeds were obtained from the College Stas, Agricultural College and 

Research Institu te, Vellayani. V ia b ility  as s e l l  as the percentage o f 

gesainapion o f ths seeds sere tooted before being used fo r  this 

investigation.

(2 ) Chemicals.

The chemicals used were sodium, 2,J-dlchloroleobutyrate 

(F,#-450) and 1,2 -  dichloro 3,6 «  pyridaainedione (Msleic Hyflraaide or MH).

Each chemical was tried  in  f iv e  concentrations with 

three stages o f application. Control plants (no spray) end plants 

sprayed with d is t ille d  water thrice, at the same stages o f growth as 

tho ohe:--ical s p ra y  were ateo studied.

Tho chamicle wore obtained from the tli'fision o f  Agricultural 

Botany, Agricultural College end Stsearch Institu te, Vellayaai, Kerala.
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( 3)  teaataanta.

( i )

(a ) F.&-450 at f iv e  concentrations.

0.1Q& 0,15?,, 0.50$, 0.5%  and 0. 30$.

(b ) ME a t f i t *  concentrations.

25 ?pB»* 50 ppm.* 100 ppm., 200 ppm., ana 40© ppm, 

{oS B latilled  water

( i i )  Stages o f  application -  Three stages.

(1 ) At tli* onset o f flower proauction and antheaia.

(2 ) 15 aaye a fte r  the onset o f  flower production ana 

anthesis.

(3 ) 30 days a fter the onset o f flower production and 

antfcoais.

Vim following symbols have been used fo r specifying the 

treatment combinations.

* Maleic hydraaide (MH)

a P«iM50

V Stages o f application

% S istilloa  water

c Control

«1 MH at 23 ppa

MB a t 50 ppo

MB at 10Q ppm

“4 MB at 200 ppm
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VELLAYANI

3 I f  * UGhA-Yi V>

%

h
*4

MH at 400 ptJE 

r,W-450 a t  0.10$ 

FfW-450 a t  0 .1 5 ^  

F,W-430 a t  0*20,? 

F,\^450 a t  0.25/5 

P,ir-450 lit  0*30-5

f«  H r s t  s ta g s  o f  a p p lic a t io n , on  th s  on se t o f
flc w a r p ro d u c tio n  and an tfee3 is.

Seeonfi s ta g e  o f  a p p lic a t io n ,  15 <Uye a fte r  
t h s  o n se t o f flo w e r p ro a u c tio n  am? a n th o sia ,

T, T h ird  a t-'g e  o f  a p p lic a t io n ,  30 d a ys a fte r
5 th s  on se t o f  flo w e r p ro d u c tio n  and sn th e s io .

She  d if ie r e n t  (ateatoent co tab ina tion s t r ie d  wera a s  f o llo w s : -

1. 12. V s 23. Hr- %
5 1

a. I ,? 2 13. V s 24. V 2
3. 1 T 3 14. v 5 25. V 2

4* 15. v 3 26.
V s

5* V i 16.
V 3 27. V 2

6. !?
3 1 1T. ■4*3 20. *1 *2

7* 3. 5, 4 1 18. }i 5 *3 29. M1 23
8.

V i 19. «1 *| 50. ^ T 3

9* V 2 20. V i 31. M3 -3
10. V 8 21. v 32. U ^

4 '3
11. *3 *2 22. V 33.

34.
V 3
c

5
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3. jgHBHsa

I sslM

A jja idw aise fi b lo c k  d e s ig n  w ith  t h ir t y  fo u r  t x c s i s e a t s  

and th re e  r s p lio a t io n s  w as ad ogta d . Thora w ere fo u r  p la n t s  under 

each treatment, 0  it  o f  t h s  four planiB one was used f o r  f lo r a l  M o lo egr 

and p o lle n  studloo, one f o r  b re a k in g  w o rk s, eus3 beto p la n t s  f o r  the  

stu d y  o f  other morphological characters anti y,e ld . The sp a a in g  

adopted »aa 80 ea ac 80 cm*

2. Sowing

Sh e  aeads cocked few SO hours in water were sown on 

3 rd  O e to ta r 1966.

One rcenfch o ld  seedlings w ere selected fo r te - s s j s la a t in g .  

Transplanting w as done on 3- 11- 1966. H e a lth y  and m lforsc socdlirgs 

were fcst>neplantod in  th e  ce n tre  o f  e«ieh prepared pts. The seedlings 
were protected £eaa th e  sun b y  g iv in g  a  shade until th e y  become w e ll 

e s ta b lish e d .

4.  greataents

Application o f tha cheaicalo was carried out with the 

help o f  an. atomiser and using d io tillod  w a te r as th e  BcdJara.

The f i r s t  sp ra y in g  w as g iv e n  a t  th e  o n se t o f  f le w s  

p ro a u c t io n  and a n th e sia  and sub sequen t spra -fo g s w ere g iv e n  a t  an
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i n t e r v a l  o f  1 5  d a y s .  I n  a l l  c a s e s  I t  w a s  4 c u e  w i t h  e x t a s a s  c a r e  t o  

o b t e i n  a  t h o r o u g h  e n d  u n i f o r m  w a t t i n g  o f  t h e  p l a n t s  e s p e c i a l l /  t h o  

t s i s j i n a l  b u d s .

5.  C h a r a c t e r s  s t u d i e d

I .  B r o r r t h  a n d  t t ia r p h o lo g f  s a l  c h a r a c t e r i s t i c s

1 .  V < f in a l  o b w r v w i i o r o

2 ,  F c i f h t  o f  p l o u t s  

i*  Suiober o f 'H.otferfe 

A, Pollen studies

a) ?ollcm saorpfcolocy

( i )  fa llen  shape 
( i x )  P o l i o n  s i s e

b )  P o l l e n  s s e r U i t y

( i )  A e a t o c a m i n s  s t a i n i n g  m e th o d  
( x i )  G a r o x a a b in g  pollen g r a i n s  i n  a r t i f i c i a l  m e d ia .

21. fru it  set end fru it  c’ruigactern

1. Itaber o f  fru its  par plant

2 .  S e t t i n g  o n  s e l f i n g  

} •  G e t t i n g  o n  crossing

4 .  S i a e  o f  fsu ite

j o  H u n t e r  o f  s e e d s  p e r  f r u i t  

6t  H e i g h t  o f  f s u i i o

I I I .  Seed v ia b il ity

1.  V i s u a l  o b s e r v a t i o n s

Z .  C r c g t h  a n d  g o r p h o lo g iC Q l  Q h s r a o t g r iB t x Q o

V i s u a l  o b s e r v a t i o n s  o n  t h a  g e n e r a l  g r o w t h  o f  t h e  p l a n t  u n d e r  

e a c h  t r e a t m e n t  w e r e  c a d e .
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2. Height o f  planta

Haight o f  plants was recorded by aoaouring tha height o f  

ths main stem 15 days a fte r  the f i r s t  application  o f  tha chemicals. 

Measurements were taken from ths ground le v e l to  the base o f  the 

terminal bud. flao data were onaiyced n fcatia tico lly ,

5* Kunber o f  f l o wers

Opened f  lowers were counted dt>aly in  she moaning from 

5“ 12-1966 to  ^0~2~19t>7, a t th is  tin e  flow er production ceased 

completely. 5 ie to ta l number o f  ilowers produced was eatitrated.

She flowers produced by plnats sprayed in  the 1st stage o f  ipp licetion  

o f  tiW cheuicols r/ero analysed s ta t is t ic a l ly .

4» Po llen  studios

(a ) Pollen morphology

Pollen  morphology was studied two weeks a fte r  tho treatment. 

I t  was done by ecetocarmine stain ing technique. Thfeahly opened flowers 

were co llected  and kept in a dosaieafcor fo r  one hour to obtain pollen 

grains fo r  rtudy, The shnpa and s ize  o f  the pollen grains were studied.

( i )  Pollen  shape

Pollen  grains were dusted on a s lid e  containing a diop 

o f aootooeiroine -* g lycerins mediun. She unctehisced anthers war© 

crushed with the halp o f  tho blunt end o f  the needle. I t  was then
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covared w ith a  cover g lass , fen  pollen  gra in , a t rondos frets each 

treatment; wore taken from each rep lica tion  and nhe shape o f  the 

•pollen grsino was studied.

( i i )  Pollen  siao

In order to study the sis© o f  the pollen  grains an ocular 

micrometer v m  used, She s>leromeusr was sfcandaifiiead under the high 

power of a eompoijnd microscope. The a ise o f  hundred pollen  grains 

taken a t rondos from each treatment was measured and the mean diameter 

o f  po ll® ) grains vm  calculated*

(h ) ro llen  s t e r i l i t y

Po llen  s t e r i l i t y  o f  the treated and control plants was 

estimated by two methods.

( i )  Acotocaraine s ta ining method

C ollection  o f Pollen  grains.

’•’lower;) wrra col^ecte-5 a t in  ten ''1 la  o f  f i v e  days 

oosfnenolng from the fift>> d°v a fte r  application . This waa continued 

until the restoration  o f  male f e r t i l i t y  as in  the con tro l. Z&eehly 

opened flowers were co llected  and kapt in  a dessicator fo r  one hour 

and than pollen  grains were eub/ieated to studies.

S t a i n i n g  a n d  c o m t l c i ;

Pollen  ssrsina ware studied by mounting in  on acetocarmina 

radium. A 'l  tne three rep lications iue each treatment ware studied.
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Pollan grains o f  each treatment were dusted on clean s lid *  having one 

drop o f  acetocansino and examined under the low power o f  a compound 

microscope a fte r  30 minutes. Pollen o te r i l i t y  was estimated by 

counting the f e r t i le  end s te r ile  pollen grains separately.

g t e & a a s
Well stained and pluapy pollen grains were taken as 

fe r t i le  and a l l  other namely unstained and shrivelled ones were taken 

as s te r ile . Countings were made on 10 d ifferen t microscopic f ie ld s  

tilth 5 replications. Krem thane studies the mean percentage o f pollen 

s t e r i l i t y  o f each treatment was calculated and the data wore tabulated 

and s ta t is t ic a lly  analyses using the analysis o f  variance method.

( i i )  germination o f pollen grains in  a r t i f ic ia l  media

With a view to study the germination percentage o f pollen 

grains and pollen tube elongation, preliminary studies were dons to 

st"ndRrdiso the culture aadio. The experiment was conducted in  three 

stages aa follows.

Stage 1

On Sucrose medium

Sucrose solutions o f  varyias eor-centrations o f  SjS, 10$,

15$, 20$ and 25$ were prepared and usod to test the percentage o f 

pollen germination and tube elongation.. Small drops o f sucrose solutions 

were placed on cleen saicrossopic elides and pollen grains were dusted 

on i t .  A fter a  fa-’ s in jtas the alidaa wore Inverted and placed on two 

glaee rods in  a patxidisk. A huald ©nvironaent was provided by a wot
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f i l t e r  paper a t the bottom o f  the petrld ieh . Serminatsd and non

geminated pollen  grains were counted a fte r  24 hours fro® ten 

d iffe ren t raieroecopie f ie ld s .

Sires eoncentrationet depending on the percentage o f 

gem ination «tnd tubs length were ee l acted.

SU tge  17

Sucrose Sonc acid nofltwi

The above \bree crocgnuEaironc., v is . ,  10", 154 and 20i 

which gave the best resu lt in  the exicmaeat, .’Cop I’ sed ir. combination 

with 50 ppa.» 100 pjsa., find 150 ppm. bcrrc acid.

Stage I I I

S o lid ifica tion  media

Hie sucrose concentrations which gave the best resu lt

I . e . ,  sucrose solution 15'  ̂+ 50 ppa boric acid was tried  i r  combination 

with 0.5f», 1 »5fo and 2jS o f agar.

H’e standard nodiunt w s  tai-on in  clean s te r ile  petridishao. 

Pollen grpins wore aown 'm ifo ra ly  in separata potridisbea.

A fter 21 hours no oh p rtnd ich  pun examinaS under the low 

pcv.er o f tnt. microscope. ww'ibor e l  gorciia led  tin,, non-^eminated 

pollan. gi*«5.as In mtcroecojnc f ie ld  .iis go need. I r  a pstoidieh ten 

such co^atinge -?ir« "eds i K ’ r»- ard the po-cs^ntn^o o f  'ernination 

was do.exiaiaeu.



i-'is length o f  tubes o f  pollen  grains selected a t random 

frou each getrid lsh  was measured using a standardised ocular nicroaetea? 

and Van tassn tube length was found out.

" l i e  c c u b i n a u i o n  o f  15 p e a 1 o ^ n t  s u c r o s e  o o l u t i c n  w _ t h  

50 p jy s  b o r i c  s . c i d  a n d  sass g r e a t  o f  % a t? g a j o  Wte b e n ®  r e s u l t s .  H e n c e  

t i l l s  w a s  a a e d  f o r  <Ao s t u d i e s  o n  p o i l o n  g o r a i x t a i i o n  a n d  t u b e  e l o n g a t i o n  

c t  s h e  c x p e r i n e n i a i  m a t e r i a l .

Baoh trpatEenfc was t?4-en in  separate petrldishes with a 

rep lication  c f  times p istes "or eech treatment. The gem ination test 

in  the culture media was done when the maximum s t e r i l i t y  was attained 

in  the three stages i . e . ,  15 days a fte r  the treatment in  three stages.

The peicentege o f  gemainetion and the necn pollen tubs growth 

were calculated ob mentioned above.

" s ? u i t  s o t  a n d  f r u i t  c h a r a c t e r s

1. iteboff o f  fewlt-i p e r  giant
Ti> e  n u m b e r  o f  f r u i t s  w a s  c o u n t e d  a t  th s. t i m e  o f  e a c h  h a r v e s t

and the data were recorded and analysed s ta t is t ic s I ly .

T n  o r d e r  t o  s t u d y  t h e  s o u r c e  o f  s t e r i l i t y  t h e  t r e a t e d  p l a n t s  

w e r e  n e l f e d  a s  w e l l  a s  c r o s s e d .

2. Getting on s o lf lng

S e l f i n g  w a s  e f f e c t e d  b y  b a g g i n g  a e t h o d .  T h e  f l o s e r  t a d s  

w h i c h  w o u ld  o p e n  n e x t  d a y  w o r e  o s ^ g e 41 i n  s h e  ’ r e v i e w s  e v e n i n g  b e c a u s e  

t h e  n o r / i S l  e r . t h e o i s  i n .  o h i l l i e s  i s  b e t w e e n  8  A .M . a n d  9 A . k .  T h e  b a g s  

w e r e  r e m o v e d  a f t e r  f i v e  d a y s .

33



3. Setting on crossing

The treatments which fa iled  to set fru its on selfing were 

subjected to crossing. Hand pollination was done between 8 A.ffi. and 

9 AJi, by collecting the pollen in a weteh glass from control plants 

and poll inawing- with s camel*s hs-’ i  brush.

4* Sige o f ljnaiys

Tne length i f  f iv e  selfed and fiv e  crossed fru its  was 

xeo rded and the averare length Of se lfe l fzuifcs as well us crossed 

fru its per treatment was calculated.

3. Kumber o f ^eeds per fru it

The seeds evtracted frcu selfed as well is  roeeed fru its 

were recorded seoaxuoely and the ave^t.ge nuaoer o f seeds per selfed 

fru its a& well as ciossec fru its per troatmenc were calculated.

6. Weight o f fru its

The fru its  from each plant were weighed at the time o f 

each harvest and the data were recorded and analysed sta tis tica lly .

1 X 1  S e e d  v a b i l i t y

Tested br termination

J w a d r e u  w c ._ c  i n  r  .  *  m d o j  f r o *  e a c h  t r e a t m e n t

a n d  s c a n  i n  n o i o t  f i l « . e j .  p a p , . .  i  a  > 3 u . r i a . i t u  C e r d n a t i o n  c o u n t s

? o i d  t a i c ,  f x c m  ^ j  - f t  .o w i n g  c-'tu o o n . ^ a a s )  ■ ' J U t i l  t h e  8 t h

l
cay. Tne l i r a l  i s v  v £j.‘ t« es X r  m ’1,,. .3 .



EXPERIMENTAL RESULTS



KXPEfflBIESm HBSPtfS

The various effects of P,ff»450 and MH on Chillies were 
studied and the data obtained are given below

!• Growth and morphological characteristics
1. Visual observations

Application of the chemicals, F,1̂ .450 end MB at 
all the concentrations proved rather injurious for the general 
growth of plants. Coopering the two chemicals this effect was sore 
pronounced in the case of !!R. Tha.'se offecte were found to be directly 
proportional to the increase in the concentrations of tha chemicals. 
Higher concentrations of both the chesicals showed a suppression of 
growth, lasting for one to two weeks* Leaves became yellow with 
burning tips. But normal leaves began to appear a few days After 
the treatments.

Plants sprayed with ths 200 ppm and 400 ppm 
concentrations of !BI shoved tho ssaxismn suppression of growth. It 
was observed that this reduction of growth wee brought about by the 
death of apical aerietem. These plants showed delayed flowering.
The leaves of these plants became thicker and larger in sice and 
darker in colour. M il alone showed these marked differences. The 
effect of the chemical was more in the first stage of application.
In general, plants sprayed with high concentrations of SH showed 
definite toxio effect*
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2. Haight of plants

Height of plants under different treatments 15 days 
after tho first stage of application is presented in Table 1 and II.

These data indicate that the treatments with the 
chemicals in general reduced the height of plants. Of the two 
chemicals, MH showed significant reduction in height over tho control, 
distilled water and F,?M50. The effect was found to he directly 
proportional to the increase in the concentrations of MH. Of the 
different concentrations of KH, 200 ppm and 400 ppm reduced the height 
significantly over other concentrations, to the case of F.ir-dSG also 
the higher concentrations 0.25<' and 0.30̂  reduced the height considerably.

3* Htetiber of flowers

Su-taary of results and the analysis of variance of 
the data are furnished in tobies III and IV respectively. She results 
showed that treatmantc had a striking effect on delaying the flowering 
of plants, The data also showed that there was a marked reduction in 
number of flowers within the period of 20 daye after the firet stags 
of application. All concentrations of *2H showed a core carlsed effect 
in delaying flowering than P.tMSO* The reduction sad delay in 
flowering were found to bo detercind by the concentrations of the 
chemicals. The higher concentrations of HE (200 ppm end 400 ppci) and 
the highest concentration of F,W-^50 { Q , 3 0 f )  ahowad significant reduction 
in the number of flowers and a delay in flower production.
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Mean height o f  plants In  cas. 15 Says a f t e r  the f i r s t  

stags o f  app lica tion  o f  the chemicals

rCreatnent8 Hep* I  Pep* XI R e p .II I  Mean

Control 20.12 25.50 22.12 22.58

B.W. Bprayed 22.62 24.00 22.50 23.04

F.0-450

0.10^ 24.00 16.25 20.50 20.25

0.15,£ 17.50 22.00 22.87 20.79

0.20-5 20.87 21.62 18.25 20.25

0.25,5 20.25 17.00 21.25 19.50

0.305 21.62 19.75 20.12 20.49

Mean 20.85 19.32 20.64 20.26

MK

25 ppn 19.75 23.75 23.12 21.8?

50 ppa 22.00 25.50 22.37 22.62

100 ppm 21,75 19.50 20.62 20.6?

200 ppa 18.25 22.12 15.62 18.66

400 ppa 12.8? 12.37 12.00 12.41

Mean 18.74 20.25 18.74 19.24

General moan 19.79 19.78 19.69

C r it ic a l d iffe ren ce  fo r  comparison between concentrations o f  MH or
F ,  7 - 4 5 0  -  3 * 9 1

„  , ,  , ,  , t betneen chemicals »  1 *75
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q m g  i i

Analysis o f variance fo r  scan pi cent height, 15 days 

a fte r  the f i r s t  etege o f application

Source S. S. d f Variance F.ratio

Total 380.759 35

Block 2.292 2 1.146

Treatment 259.599 11 23.599 4.367

Between chaaicals 7.762 1 7.762 1.437

Between concentrations 103.931 4 25.931 4.799**

Between concentrations 
o f  p,w-450 2.744 4 0.686

Between concentrations 
o f W 201.692 4 50.4?3 9.332**

Error 116.060 22 5.405

* *  Significant at 15$ le v e l.
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A general ccoparison shewed that) the ciwnicals at 

a l l  the concentrations tr ied , sere s ign ifican tly  eupsriod to the 

a is  t i l le d  water and the control causing reduction in  the number o f 

flowers and delay in  flowering within the period o f  20 days a fte r  

the f i r s t  stage o f  application.

The to ta l number o f flowers produced by the treated 

plante are given in Table V. Results showed that there wao no sssrSred 

reduction in  number o f flowers by the treatments. Regarding the 

stages, both chemicals reduced the number o f  flowers in  the third 

stage o f  application over the f i r s t  and the second stages o f  application 

o f  the chemicals. There was no such d ifference between the f i r s t  and the 

second stages. Between the chemicals, P.’MSO produced lesser number 

o f flowers than H3 treated plants. Regarding concentration, the lowest 

concentrations o f  F,F-45o (0.10$) and HB (25 ppo) produced leeeer 

number o f  flowers than other concentrations o f  the respective chemicals. 

The highest concentration o f  KH (400 ppm) in the f i r s t  stage o f 

application produced mere number o f  flowers than in  control, d is tilled  

water and F,®-450 sprayed plante.

A ll the treatments o f F.,W-450 a t a l l  the stages caused 

a s ligh t reduction in  e ise  o f flowers. This was not found in  plants 

sprayed with HR. Another interesting observation in  F,1M50 and KE 

treatments was that the flowers immediately a fte r  th@ application o f 

the chemicals possessed smaller anthers than control. Such anthers



Hean number o f f  lowers par plant, 20 daye a fter the 1st stage o f 

application o f the chemicals

'JreataeJits Ho. o f flcraro

Control ft* 39.66

B.W. sprayed • ft 57.66

&&££>
0.10% • ft 24.33

0.15?; . . 24.33

0.20$ • • 37.66

0.25'? • ft 22.66

0.30$ . . 11.33

Keaa • • 24.06

m
25 ppa • « 33.33

50 ppm • • 54.00

100 ppm •• 15.33

200 ppn •• 6.33

400 ppn •• 5.33

Keen a • 18.66

General mean • ft 21.96

C ritica l difference fo r  ffl Vs F,s?-450 -  7.47
, ,  concentrations o f JS3 or i\>"-450 «  3.83
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sms iv

Analysis o f  variance fo r  tho to ta l nunbor o f  flowers per plant, 

20 days a fte r  the f i r s t  stags o f  application

Source S. S. a f Variance F . r a t i o

Stotea 5 2 2 2 9 . S 1 7 101 *• »«

Block 4 6 5 . 3 1 7 2 2 3 2 . 6 5 8 2.643

Ereataent 1 0 4 2 4 . 4 1 0 1 1 9 4 7 . 7 6 4 2 . 0 1 7 *

Between chemicals 2 0 2 . 8 0 0 1 2 0 2 . 8 0 0 2 . 3 0 5

Between concentrations 2 1 5 9 . 4 6 7 4 5 3 9 . 8 6 6 6 . 1 3 5

Between concentrations 
o f F . W - 4 5 0 1 0 4 7 . 6 0 0 4 2 6 1 . 9 0 0 2.976*

Between concentrations 
o f ISJ 2 3 7 3 . 0 6 4 4 5 9 3 * 2 6 6 6 . 1 2 8 * *

K t r o r 4 1 3 3 9 . 0 9 0 89 4 6 9 . 7 6 2 ••

**  Significant a t 1$ le v e l 

*  S ignificant a t 5$ le v e l
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TABItS V 
M e ®  nu m b e r o f  f lo w e r s  p e r  p l a n t

S t a g e s  o f  a p p l i c a t i o n  
SreaTOienta Ms®

X I X  I I I

C o n t r o l 3 7 5 . 7 3 7 3 . 7 3 7 3 . 7 5 7 3 . 7 0

D .W .s p r a y e d 4 7 2 . 3 366.7 3 8 5 * 7 4 0 3 ,2 3

F .W -4 5 0

0 . 1 0 ? 3 1 7 . 3 3 6 1 . 0 ? 7 9 . 7 3 1 9 . 3 3

0 .15 3 ^ 3 5 1 . 0 4 3 7 .0 3 3 0 , 7 3 7 2 .9 0

0 . 2 0 ? 4 0 9 .7 3 3 6 . 7 2 9 7 . 3 5 4 7 .9 0

0 .2 5 3 ? 3 8 0 .3 4 2 0 .0 3 2 0 . 7 3 7 3 .6 6

0 .3 0 ? . 406.7 4 4 4 .7 2 9 1 . 7 3 8 1 . 3 3

M e ® 3 7 3 .0 3 9 9 .8 8 304.02 3 5 9 .0 2

MS

2 5  HP® 3 2 3 . 3 3 1 9 . 0 3 3 3 . 0 3 8 5 . 1 0

5 0  J3JS1 4 3 2 . 7 2 8 4 , 7 3 4 6 .3 3 5 4 .5 6

1 0 0  ppm 4 0 0 .0
\

3 5 6 . 7 3 7 8 . 7 3 7 1 . 8 4

2 0 0  p p a 4 1 5 . 3 4 4 2 . 7 4 2 1 . 7 426.56

4 0 0  p i® 4 9 ? . 7 5 6 7 . 7 2 9 2 . 0 3 9 4 . 1 3

Uaw 4 1 2 .8 0 3 5 0 . 1 6 3 5 6 .3 4 3 7 2 .4 3

G e n e r a l  m ean 3 9 2 .9 0 3 7 5 .0 2 3 3 0 . 1 8
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did not dehisce cod they dried up. ®h is  was observed in  a i l  the 

concentration* o f both ube chetoieale a t a l l  the three atogas. Shis 

waa more pronounced in  the case o f F.W-450 sprayed p lants.

4* Pollen stadias

a) Pollen morphology 

( i )  Pollen shape,

She normal pollen shape, spherical and 2-6 corporate 

was found to be s lig h t ly  affected by the ohesical treatment. Some o f 

the pollen grains o f P.»*450 and MS treated plants mere found to he 

irregu lar.

( i i )  Pollen s iz e

Sable 7 1  furnishes the summary o f the re s u lts . The 

aiae o f pollen grains o f treated plants varied frost 13 .5 9  p to 28. RJji, 

whan compared with 30.76 p  In control p lants.

Between ohaoicale the d ifference was not s ig n ifican t. 

But in  general the reduction o f  pollen s iz e  was tsore in  treatments with 

P,‘#-450. She concentrations and stages o f application o f the chemicals 

olso showed some a ffe c t  on reduction o f pollen s iz e , m  the case o f 

P.W-450 the highest concentration (0.30^) produced maximum seduction 

in  pollen e lse  a t the second end third Biages o f application, where 

the mean pollen diameter was only 23.65 find 24.24 j» respectively .

The highest reduction in  s iz e  v i a . .  18 .39  jj  obtained by MH was a t  a 

concentration o f  50 ppm a t  the second stage o f application. In the case
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lA S K B  7 1  

S i s e  o f  p o l l e n  g r a i n s  i n

r̂eatmsnts
Stages of application

Mean
X IX I I I

Control 50.76 30.76 30.76 30.76

B A  sprayed 31.51 37.06 28.06 29.08

Pf'fT-^O

0.10$ 29.15 26.86 24.82 26.94

o.as$ 20.82 25.10 24.53 26.15

0.20$ 23.51 25.52 24.66 26.23

0.25$ 26.79 24.82 24.79 25.46

0.30$ 23.25 23.65 24.24 25.38

Mean 28.31 25.19 24.61 26.03

SI

?5 ppm 23.16 24.07 24.29 25.51

50 ppa 29.33 18.59 24.57 24.35

100 ppm 27.39 25.67 24.51 ?5»86

200 ppn 28.56 25.10 25.57 26.34

4CO ppra 26.56 25.26 24.02 25.28

Kean 28.11 23.74 24.55 25.47

General saan 23.21 24*46 24.59 • •
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o f  MB t h s  h i g h e r  c o n c e n t r a t i o n s  a i d  n o t  r e s u l t  i n  p r o p o r t i o n a t e l y  

h i g h e r  r e d u o t i o n  i n  p o l l e n  e i a a .

b )  P o l l a n  s t e r i l i t y

( i )  A e e t e c a a a i n e  s t a i n i n g  m e th o d

T h e  p e r c e n t a g e  o f  p o l l e n  s t e r i l i t y  w a s  c a l c u l a t e d  

a t  f i v e  S a y s  i n t e r v a l s  s t a r t i n g  f r o m  f i v e  d a y s  a f t e r  t h e  a p p l i c a t i o n  

o f  t h e  o h e n i c a l s  t i l l  t h e  r e c o v e r y  o f  c o m p l e t e  f e r t i l i t y .  S h e c a l c u l a t e d  

p o l l e n  s t e r i l i t y  a n d  i t s  a n a l y s i s  o f  v a r i a n c e  a r e  g i v e n  i n  t h s  T a b l e s  

V J I  e n d  V I I I  r e s p e c t i v e l y .

B e a u l t s  o f  t h e  T a b l e  V I I I  s h o w  t h a t  a l l  t h e  c o n c e n t r a t i o n s  

o f  b o t h  t h o  c h e m i c a l s  a t  a l l  s t a g e s  o f  a p p l i c a t i o n  w a r e  h i g h l y  s i g n i f i c a n t  

o v e r  c o n t r o l  a n d  d i s t i l l e d  r a t e r  s p r a y e d  p l a n t s  f o r  t h o  i n d u c t i o n  o f  m a le  

s t e r i l i t y .  P e r c e n t a g e  o f  p o l l a n  s t e r i l i t y  a n a  f o u n d  t o  v a r y  f o r  e a c h  

f i v e  d a y s  p e r i o d  a f t e r  t r e a t m e n t .  T h e  c h e m i c a l s  i n d u c e d  ® a s i n « K  

s t e r i l i t y  1 5  d a y s  ( t h i r d  i n t e r v a l )  a f t e r  t h e  a p p l i c a t i o n  a t  a l l  s t a g e s ,  

. a f t e r  t h a t  p o r c a n t a g e  o f  s t e r i l i t y  g r a d u a l l y  d e c r e a s e d  i n  t h e  f a l l o w i n g  

i n s a r v a l s .  T h e  s t e r i l i t y  o b t a i n e d  i n  t h e  i n t e r v a l  w a s  s t a t i s t i c a l l y  

s i g n i f i c a n t  o v e r  o t h e r  i n t e r v a l s .  T h e  m a n i f e s t a t i o n  o f  t h e  e f f e c t  o f  a  

p a r t i c u l a r  c o n c e n t r a t i o n  o f  the o h e n i c a l s  w a s  Q u i c k e r  i s  the f i r s t  s t a g e  

o f  a p p l i c a t i o n  a n d  w a o  f o u n d  t o  s l o w  S o w n  a s  t h e  s t a g e s  o f  a p p l i c a t i o n  

a d v a n c e d .  T h e  d u r a t i o n  a n d  t h e  p e r c e n t a g e  o f  s t e r i l i t y  w e r e  f o u n d  t o  b e  

d e p e n d e n t  u p o n  t h e  c h e m i c a l s  u s e d ,  t h e  c o n c e n t r a t i o n s  o f  t h e  c h e m i c a l s  

a n d  the stages o f application .
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Batmen intervals the s t e r i l i t y  obtained was 

s ta t is t ic a l ly  sign ificant in  the case o f both the ehesicals, F,!r-450 

and KH, at a l l  the concentrations and a t a l l  stages. Batmen 

treatment x  in tervals tha s t e r i l i t y  obtained m s highly sign ifican t. 

Batmen stages end treatment x stages a lso  tha s t e r i l i t y  obtained 

was highly sign ifican t.

tables VII and VXXX c le a rly  shoe that between the 

two chemicals KH waa more e ffective  a t a l l  the atagea o f application 

than PflMSOt whilo F.VM50 showed i t s  superior e ffec t only in  the 

f i r s t  stage o f application. Ihe resu lt showed that the higher 

concentrations (200 ppa and 400 ppm) of HH were more e ffective  fo r  the 

induction o f male s t e r i l i t y  than the other concentrations (25 ppc«

50 ppm and 100 ppm). Hie two concentrations. 200 ppo and 40°  PP® of 

KH induced 100 per cent s t e r i l i t y  15  days a fte r  the f i r s t  stage of 

application. In the case o f F.Sf-450 the 0.25 per cent concentration 

was the most e ffe c tiv e , producing 100 per cent s t e r i l i t y  15  days a fte r 

the f i r s t  stage o f application.

Hie re su lt showed that though the highest concentrations 

(200 ppa and 400 ppm) o f KH induced maxim® s t e r i l i t y ,  no ouch relation  

between increase in  concentration end increase in  pollen s t e r i l it y  m s 

obtained in the case o f  F.W-450. The resu lt also indicated that 

application o f tho chemicals a t tha onset o f flower production end 

enthesis was more effeotivo  than la te r  stages of application.
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TABLE TOI

Analysis of variance fo r tbs percentage of pollen s te r il ity  
by ocetocaralne staining wjthea

Source S.S. d f Variance F.ratio

Total 52791.3538 215 • • • «
Treatment 13134.2859 1 1 1194.0258 14.4288*
Between Intervals 12090.5932 5 2418.0786 29.2204*
TreatEanto s  

intervals 5697.7393 55 105.5952 1.2518*
Between stages 5159.1861 2 2579.5930 51.1722*
Treatasnts x  etagea 6221.9543 22 282.8161 3.4175*
Intervals x stages 1384.9741 10 138.4974 1.6736
Siror 9102.8227 110 02.7529 • •

*» Significant at 1 $  level 
*  Significant at 5$ level

M a e  XX

Pollen gemination cnfl tab* elongation in  sucrose 
aabia

Concentration of tbs Keen percentage Mean pollen tabs length
sucrose solution of gemination in  j i  (a fter 24 hoiass)

5$ 57.52 46.75
1Cf£ 61.38 95.28
15 $  05.28 124.43
20$ 72.50 109.71
25$ 54.89 85,50
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(ii) Gemination of pollen grains in artificial media

(a) Standardisation of media

The results obtained during the three stages are 
presented as follows.

(1) Sucrose solution alone

Table XX shows the gemination percentage and 
the length of pollen tube in a nadium containing sucrose solution 
mono. All the concentration of sucrose solution induced the 
pollen gemination and the tubs elongation after 24 hours revealed 
that 10 to 20 per cent.sucrose solution gave a high gemination 
percentage with aajsinumppollen tube length* The highest concentration 
vis., 25 par cent showed a retardation in tho gemination percentage 
and elongation of pollen tubes.

(2) Sucrose solution with Boric acid

The gemination percentage and the length of pollen 
tube in the sucrose boric acid solution are presented in Table X.
Boric acid was found to increase the percentage of gemination and 
tube growth. 15 par cent sucrose solution with the lowest concentration 
of boric acid (50 ppa) gave the best results. There was a retardation 
in the gemination percentage and length of pollen tubas as the 
concentration of boric acid Increased.

(3) Sucrose solution in coablnatlon with boric acid and acar
The euisnary of the results is presented in Table XX. 

teong the four concentrations of agar used, 1 grsa of agar with 15fS
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m s x
Pollen gemination and tut© elongation is eucroe© 

with Boric acid media

Concentration o f 
auoxoso solution 
with Boric add

Mean percentage 
o f pollen
germination

Mean pollen tubs 
length in  u
(a fte r  24 hours)

10j6 ■*■ SO ppm 74.13 118.21

10?? + 100 ppm 71.49 102.67
10$ ♦  150 ppm 69.35 98.43
15$ ♦  50 ppm 91.20 154.56
15$ + 100 ppm 88.32 121.27
15$ +150 ppm 60.94 110.50
20$ + 50 ppm 65.00 127.34
20$ + 100 ppm 79.35 110.21
20$ + 150 ppm 72.43 97.67

TABT. S XX
Pollen germination and tub® elongation in Sucrose and Boric acid in 

eonbincbicn with ages agar madia

Concentration of 
Sucrose solution 
with Boric a d d  
and agar agar

Kean percentage 
of pollen 
germination

Mean pollen tube 
length in u  
(after 2 4  hours)

1 5 $  +  5 0  ppm  +  0 . 5  gm 7 0 . 3 8 1 1 9 . 0 0

1 5 $  +  5 0  ppm  ♦  1 . 0  ga 9 2 . 4 1 1 3 6 . 4 7

1 5 s?  ♦  5 0  p j a  +  1 . 5  g o 0 0 , 3 7 1 2 3 . 6 1

1 ® ?  +  5 0  g p »  +  2 . 0  gm 7 4 . 4 2 1 1 6 . 9 3

CJ
t
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sucrose solution and 50 ppra boric acid was found to bs the bast 

combination*

Percentage o f s t e r i l i t y  In culture medium

Gemination peroentago o f  pollen grains in  a r t i f i c ia l  

medium was found to be adversely affected by chemical treatments. Summary 

o f re su lts  i s  presented in  Table XU .

The percentage o f s t e r i l i t y  o f the treated plants 

varied from 100 to 2 9 .13 , when compared with control having 14.05'?.

Cent par cent s t e r i l i t y  was obtained a t the higher concentrations 

(200 ppm and 400 ppo) o f SiH and 0 .25 Per cent o f  f,W-450 fo r  tha 

f i r s t  stage o f  application cod the lowest s t e r i l i t y  o f 29 .13  per cent 

in  the second stage o f application of JiH a t 50 ppm.

Between the chemicals HH was found to  be superior fo r  

inducing a  high percentage of s t e r i l i t y  than F.IMSO. In the coca of 

concentrations o f the chemicals the difference was s ig n ifica n tly  d iffe re n t. 

The stage o f application was found to have a major ro le  in  determining 

the percentage o f  s t e r i l i t y  in  the cane o f both the chemicals. F ir s t  

stage o f  application o f  the chemicals was s ig n ifican tly  superior over 

the second and third stages o f application.

( i l l )  length o f  pollen tube

Summary o f re su lts  in  Table X III revealed the e ffe c t  

o f treatments on pollen tube elongation. The length o f pollen tube 

was ouch affected by a l l  the treatments. The reduction in  length o f
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s a a & jg g
Pareoatag© o f pol l m  in culture m & im

t&aatssnts
Stag*# o f application

lean
1 11 h i

Control 14.05 14*05 14.05 14.05

U*W. apsayed 15*34 14*05 15.67 15*02

&&4SK

0.10$ 5T.23 31*12 35.24 41.19

0*153? 52.30 50*89 46.85 50.01

0 . 20$ 31*95 4 2 .0 1 36.51 36.82

0.25$ 100*00 47*50 31.31 59.63

0*30$ 52*24 50.77 36.27 46.42

Mean 58*74 J M J . J2-25 46.81

B
25 PP® 33*77 40.92 35.55 36.75

50 PP« 51*41 29*13 42.71 41.08

100 ps® 52*04 51.82 40.23 48.29

200 pp* 100.00 48.51 52.89 67*13

400 pps 100*00 46*49 60.20 68.89

ltoan 07.60 J 2 £ L 46.51 J i d L
General aesa 63*17 43.92 41.77 *•

§
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Z* 4 LIPRfv1'1'

gABXiB XXXI 

length of pollesi tub© in -a (afbw 84 house)

Srsatrae&is
Stages of application

Jfean
I II in

Control 157.21 137.21 137 .2 1 137.31
D.W.sprayed 136.67 137.56 135.27 136.50

Z£MS2.
o. 10i 112.53 115.34 109.33 113.40
o.i$S 114.40 106.21 98.21 106.90
0.20,1 36.33 93.67 89.34 93.12
0.234 4.4? 38.27 66.43 36.39
0.301 37.21 43.21 42.35 40.89

Itoan 73.00 79.34 81.11 77.34

11
25 Pi*a 113.21 117.55 121.23 117.33
50 ppm 102.33 99.67 99.33 100.44
100 p35 93.30 93.17 94.23 95.33
200 Bps 3.43 67.54 82.55 6 1 .1 1

400 spa 4.67 39.61 44.37 29.5?
Bean 64.39 83.54 88.32 00,72

General naan 68.69 81.44 84.71 «•



pollen tube was found to be dependent upon the chemicals used, the 

concentration o f  the chemical and the stages o f  application.

The tabs elongation o f  treated plants varied from 

3*43 p to  121.23 p. when compared with control having 137*21 p .

Between the chemicals ME was found to be more e ffe c t iv e  than .P.W-450 

in  reducing tube elongation. The highest reduction in  tube elongation 

(3*43 p ) wsb obtained in  MB a t SOD ppm at the f i r s t  stage o f  application. 

In tint case o f  £.15-450 the highest reduction (4.47 p ) was obtained 

at 0.25 per cent in  the f i r s t  stage o f  application. Thera was a 

correlation  between the stages o f application and each concentration, 

that i s  as the stages o f  application advanced the same concentration, 

showed a reduction in  i t s  e f fe c t .  Sesults showed that the e f fe c t  o f  

various concentrations o f both the chemicals was s ign ifican tly  d iffe ren t.

XI. Bruit set and fru it  characters

1 .  Humber o f fru its  per plant

Summary o f  resu lts and analysis o f  variance ate 

furnished in  Tables XIV and XV respectively .

Analysis o f variance in  Table XV shows that the 

overa ll e f fe c t  o f  the treatment was s ign ifican t a t 1 per cant le v e l.

The two chemicals did not d i f fe r  in  their e ffe c ts  s ign ifican tly , 

eventhough there was a tendency o f  reduction in  fr u it  set in  the oase 

o f  MH. The e f fe c t  o f concentrations in general was s ign ifican t. In 

the case o f  individual chemicals the concentrations o f  HE alone were

59
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TA8U3 XIV 

Hmaher o f fr u it s  per plent

Xreatraente
Stages of application

Mean
I I I I I I

Control 17 5 .16 175 .16 17 5 .16 175 .16

B.W. sprayed 179.83 16 7 .16 165,50 170.83

F.fli-450
0.10?5 159.00 137.83 145.33 147.38

0. 155; 166.65 192.00 156.50 17 1.7 7

0 . 205; 140.50 158.66 152.00 143.72

o.as?; 143.50 144.33 135.00 140.94

o .y% 162.33 156.66 14 1 .3 3 153.44

Kaan 154.43 153.89 142.03 15 1.4 5

mh

25 K ® 151.66 163.33 162.66 159.88

50 BPS 179 .16 150.50 14 3.16 157.61

100 ppa 14 3 .16 145.50 143.16 143.94

200 ppm 102.83 140.35 167.33 136.8?

400 ppa 98.66 106.03 136.83 1 14 .1 1

Msec 135.09 141.69 150.63 142.47
General mean 144,76 147.79 146.33 • •

C.B. fo r  comparison between stages fo r the seme concentration » 43.91 
»* •> n  i i  m 19.64
, ,  , ,  „  Concentration o f K3 or F.W-450 » 22.6$
hi , ,  1 ,  chsmlcRlo ■ 1 1 .3 3
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Analysis o f  variance fo r  to ta l nun’oer o f  fru its  per plant

HftKuS XV

Source S. S. d f Variance P. ra t io

Sotsl 391741.136' 101 . . ©•

Replication 14271.342 2 7135.671 2*451

treatments 186099.000 33 5639.364
* *

1.945

Between chemicals 7254.014 1 7254.044 2.502

I?-stween concentrations 43762.155 4 109*0.539 3.773**

Concentration* *  
ehardcule 27324.467 4 tw3i . i l ? 2.355

Between stages 1592.266 S 796.133 . .

Chemicals x  stages 14051.29 2 7025.645 2.423

Concentrations x 
eheoioals 20102.845 3 2512.856 00

Cfces. x  conc. x 
stages 27610.333 8 3476.292 1.198

Between concentrations 
o f  1VM50 21735.867 4 5433.96? 1.874

Bate©«i concentrations 
o f  m 49350.000 4 12337.5 4.255**

Control Vs .F,VK50 6324.93B 1 6324.938 2.181

Control Va.MH* 12020.889 1 12020.889 4.149*

M s t i l le d  water Vs. 
F,W-450 11264.940 1 11624.948 3.775

Si s t i l le d  water Ve.t® 24121.401 1 24121.481 7.319**

Error 191370.794 66 2899.557 «•

* *  S ign ifican t a t 1r5 le v e l 
*  S ign ifican t a t 5'« le v e l
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s ign ifican tly  d iffe ren t. Hare the concentration o f  50 ppa sprayed at 

the f i r s t  stage gave the highest nuaber o f fru its  per plant and this 

d iffered  s ign ifican tly  fros  the higher concentrations o f 200 pp® and 

400 ppa sprayed at the f i r s t  stage. The narimua redaction in  number 

o f  fru it  set (98.66) was obtained in  plants sprayed with 400 pp» o f MB, 

when compared with control having 175. 16. Rodnotion in fru it  sat was 

found to he dependent on the concentration o f the chemical and stages 

o f application in  the case o f  both chemicals. The e ffe c t  o f  stages, 

chemicals x stages, concentration x stages and chenical x concentration s 

stages were not sign ificant in  the case o f f.U -150.

Between stages in  general, in  the case o f  MS highest 

reduction in  fru it  set was found in the f i r s t  stage o f application.

As the stages advenoed fru it  eet gradually increased. But in  the case 

o f F.w-450 fee  naaisjuB reduction in fru it  set was noticed in  the third 

stage o f application.

2. Fruit setting or. salflng

Susanary o f  results is  given in  Sable XSI. Results 

showed that the treateents were sign ifican t. Both the chemicals, P.^-450 

end KS were found to be equally e ffec tive  in  inducing a reduction in 

fru it setting on selftng.

She number o f fru its  set on co ifin g  o f  treated plants 

varied froa 2.53 to  7.33 when compared with control having 21 .63. Thie 

high reduction in  fru it  setting depended upon the concentration o f tha
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m s  m .

Psreoatsga of fru it setting on salfing

Stage o f application Heaa
Sseataaato X 1 1 ITS

Control 21.63 21.63 21.63 21.63

B.W« sprayed 21.66 22.00 21.67 21.7?

E & m

o.tc^s 5.33 5.63 7.00 5.32

0. 1 # 2. 6? 2.33 3.69 2.96

0.205? 3.66 3.33 4.67 3.BS

0.25^ 2.33 3.00 2.35 2.55

0. 30’S 2.53 2.67 3.33 2.77

| s s £sH 3.39 H I SHI

m
25 Kpa 4.6? 5.00 7.35 5.66

50 Epa 3.66 2.35 5.37 3.7S

100 ppa 3.00 3.67 2.66 3.11

200 ppm 2.33 3.53 2.33 2.66

400 ppm 2.3? 2.33 2.66 2.45

Mean
General mean

H I
3.04

H i
3.36

4.07
4.13 *  *
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chemical and stages o f application. In the ease o f  P,W-450 msadsus 

reduction in  fru it  sat nos obtained in  plants treated with tha higher 

concentrations o f  0.25 per cent end 0 .JO par cent. Sim ilarly in the 

case o f  also, nastEaiss reduction in  fru it  set was obtained in  plants 

treated with the higher concentrations o f 200 ppm ssjd 400 ppm.

Between the chemicals, P,W-45Q «®s more e ffe c t iv e  in  the f i r s t  stage 

o f  application while in  the second and third stages 111 was more 

e ffe c t iv e  than ? , Vi-450. Between the chemicals the e ffe c t  was not 

s ign ifican tly  d ifferen t from one another in e l l  the three stages.

3* Peuit setting on crossing

Summary o f results is  furnished in labia XVII. The 

results showed that the percentage o f f ru it  set on crossing was not 

much affeoted by the treatments in  the case o f both the chemicals. 

However, in tha case o f F,'~-450 the highest concentration o f 0*30$ 

a t the second stage o f  application showed a reduction in  fru it  set

i . e . ,  92 per cent, when compared with control having 100 pa® cast.

The reduction in  fru it  setting percentage was found to  depend upon 

the concentrations and stages o f  application o f  the chemicals.

Stages o f application irera found to have a caior 

ro le  in  determining the percentage of fru it  set on crossing. The 

BBudmas reduction was found to ha in  the second stage in  the case o f 

“,!”-450 and in  the f i r s t  ataje in the case o f  MH.
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TJBKg m  

Percentage o f  fru it  setting on crossing

Treatments
Stage o f application

Mean
I I t l i t

Control 100.00 100.00 100.00 100.00

B.'ff. sprayed 99.00 99.67 99.33 99.53

SV1M50

0. 10$ 100.00 98*33 99.00 99.11

0.15$ 95.67 96,66 96.00 96,11

0.20$ 97.00 93.40 94*67 95.02

0.2% 94*00 93*00 93*33 93.44

0.30*5 94*33 92.00 94*67 93.66

Mean 96.20 •94*67. 25*2i 2Ss4t

Kg

25 W® 99.00 100.00 99*33 99,44

50 ppK 97.33 100,00 98.67 93.66

100 pjst 93.00 98.34 98.67 96.66

200 ppn 95*37 96.67 93.00 96.68

400 pps 94*66 98.67 97.33 96.22

Mean 95.87 , 3 fc » . 99.40 -97. 55-

Cenai’f i  scan 96.03 96.50 96.96 **
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la general the results showed that both the cheaical© 

did sot adversely affect feh© fesBl© phase of the treated plants*

4* 31ae of fruits

Sable WUXI ®hmm th© seas length of oolfeS feroits 

is m» Both the eheaieals reduced the fruit length signifieeatly#
e

She length of fcuita is tha treated pleats varied £sm  3*f to 5*9 c® 

while it  wa® 6o1 m  ia coats©! plants#

By comparing the effect of both the &bmimt© the 

data shewed that M  sarhedly • reduced th© fruit length ia a ll the stages 

the® PsW»45©a - Mattel® reduction ©f fruit length (3*7 on) aae obtained 

ia pleats treated with 25 pj® of IB and fertile eaa© ©f F*!?-450 nsudiaua 

seduction (4.0 m ) m s obtained is  pleats treated with 0*25 per cent 

at the second stage# By ©©sparing stage© the tsmbsm reduction was 

obtained ia the first stag© of application of both th© etsaaicaXs#. As 

th© stag© advanced this seduction gradually decreased., fti© results 

stowed that plants treated with 0*25 par cent of S’8'P*450 racesiei 

isasisiaifi reduction ia fruit length compared to th® other ©aicmteati^?a 

of the mm etaaieal# 2tt th© case of Itlf the lowest concentration 25 pps 

reduced the fruit length o®aprod to the other concentrations of th© 

mm  obeedeal# So ia general th® higher ©oaceutratieas of v?;i ' .

F*w»450 aafl lower concentratione of SGS reduced the fruit leagtfe in 

all the thraa stages#



m i s  x n i i

length  o f  selfe3  f iu x t  in  Centimeters

Traateeats
Stage o f  application

1’eaa
X IX i n

Control 6.1 6.1 6.1 6.10

S.W.sprayed 5.6 5.5 5.4 5.54

0 , 10$ 5.5 5.5 5.9 5.63

0.15;' 5.0 5.5 5.0 5.16

0. 20$ 4.5 4.5 4.6 4.53

0.25$ 4.5 4.0 5.0 4.50

0 .% ' 4.2 5.0 5.0 4.73

Mean 4*75 4.90 V > 4.91

M

25 ME® 4.8 5.7 4.0 4.16

50 ppa 4.5 5.2 5.0 4.90

100 pgn 4*6 4.5 5.5 4.86

200 ppm 4.7 5.2 4.5 4.60

400 ppn 5.0 5.2 5.0 5.06

Mean 4.72 4.76 4.60 4.65

General naan 4.73 4.63 5.15 ••
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(b ) Length o f  crossed fru its

Bata re la tin g  to  the length o f  croaaeti f r u i t  are 

presented in  Sable XIX. She resu lts  showed thet treatments had a 

s ign ifican t e f fe c t  on the reduoticn o f  f r u i t  length. Haro a lso  the 

varia tion  in  length o f  crossed fi-u it yaa re lated  to  the stages o f 

application , the concentrations o f  the chemical and the chemicals 

used.

Between the chemicals was found to he more e ffe c t iv e  

in  the reduction o f  f r u i t  length than l',Yf-450. Kaxlmua reduction in  

fr u it  length was obtained in  plants treated ^ ith  25 ppa o f  Vm in  

the f i r s t  stage ( 4.0 c » )  and in  the case o f  plants treated w ith 

0.25 per cent o f  P,15̂ -450 in  the third stage (4»3 cm). She length o f  

f r u it  in  treated plants varied from 4»0 to  5»S era, when compared with 

control having 7*0 wa. By comparing concentrations 0.25 per cent o f  

P,t *̂450 and 25 ppra o f  Kfl produced nKudmus reduction in  f r u i t  length.

Xn the case o f  stages maximum reduction wao obtained in  the f i r s t  

stage. As the stages advanced there was a tendency fo r  increase in 

f r u it  length. This was true in the case o f both tho chemicals.

In  general the higher concentrations 0.20 per cent and 0.25 per cent 

o f  iyy-450 and the loser concentrations 25 PS® and 50 ppa o f KB 

reduced the fru it  length in  a l l  the three stages.

5. humbgp o f  seeds per fru it

(a ) Nunbor o f  seeds per ee lfsd  fru it

Summary o f  resu lts  ie  furnished in  Table XX. The e f fe c t  

o f chemicals was markedly s ign ifican t. This wee found to bo dependent
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TABLS m  

Lengtli o f  crossed f r u i t  In  cm

S tag ea  o f ^ p p l i o a t | o |   llem

Control 7 .0 7 . 0 7 . 0 7.00

B .W .s p ra y e d  5»8 5 .8 6 .3 5 -9 6

0 . 10$ 5 .6 5 .5 5 .5 5 .5 3

0 . 1 5?o 5 .7 5 .8 5 .5 5 .4 0

0 .2 0 ^ 5 .2 5 .5 4 .6 5 .1 0

0 .2 5 ^ 5 .6 5 .0 4 .3 4 .9 S

0 . 30$ 5 .5 5 .3 5 .3 5 .4 3

Been S d 0 h M

MS

25 K ® 4 .0 4 .7 4 .8 4.50

5 0  ppat 5 .5 4 *5 4 .5 4.83

1 0 0  ppss 4 .2 5 .0 5 .0 4.73

2 0 0  ppra 5 .5 5 .5 5.5 5.50

400 ppm 5.5 5.1 5 .0 5.20

Mean 4.96 4.95

Oerraral naan 5 .2 3 5.21 5.16 e«
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upon the oheatcals used, the concentrations of the chemicals and the 

etagea o f  application. Tim number o f  seeds par fru it in treated plants 

varied from 15 to 60,5, when compared with control having TO,

Between chemicals the adverse effect of IS! woe found to 

bo more then that o f  P,V7»450. Maximum reduction in  number o f seeds 

i . o « ,  15 was obtained in  plants treated with 400 ppm o f  *3H in the 

second stage. In  tho case o f F»lf-450 the concentration o f  0.30 per cent 

in  the third stage resulted In the sbsjcUsus reduction o f  seeds (31 ).

In the acae o f  concentration of the ohaaicsls the highest concentration 

(0«31‘,J) of r,F-4S0 and 100 ppa o f  M B  produced the minima aostar o f  

ceeda per fru it 36*66 end 29*33 respectively . Between stages the 

ffiininum reduction was obtained in the third stag® in the esse of both 

the chaaicala. Headman seeds sere obtained in  the f i r s t  stage o f 

application o f  the chemicals.

Tho data clearly showed that 0.15/', 0.25$ end 0.50 i  of 

F» *3-450 end. 100 ppm, 2C© ppa and 400 ppa o f  IS  aarlcadly reduced the 

number of seeds per fru it, whan compeared with control and d is t il le d  

water oprayad plants.

ftgafaer o f  needs per crossed fru it

Sable XXI shows the eusacary o f results, She treatments 

were markedly significant. In sons cases certain concentrations o f 

both the chaaicala produced sera number o f  seeds per fru it  than the 

control and d is t i l le d  water sprayed plants.



M .E  XX 

Sastm: o f  aaode per aaltad fru it

TrBRtnsnte Stages o f  application Mean

t I t i n

Control 70.0 70.0 70.0 70.0

B.W. apreyad 59.0 6O.5 60.0 59.83

P.W.450

o.Kl'S 53.5 55.0 49.0 54.16

0 .1 5 $ 52.0 40.0 43.0 47.66

e.ao$ 60.0 60.5 58.0 59.50

0.25$ 45.0 41.0 39.0 41.00

0 . 30$ 43.0 36 .0 51.0 36.66

Mean 51.3 49.1 44.0 47.77

M

25 Pi® 45.0 49.0 19.0 37.66

50 ppa 54.O 46.5 50.0 50.16

100 Pi*i 24.0 36.0 28.0 29.33

800 ppe 32.0 48.5 31.5 37.33

400 gpa 32.0 15.0 54*0 53*66

Kean m 39.0 36.5 37.63

General aasn 44.35 43.55 40.25 «•
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Th© number of seeds per fruit in treated, plante varied 

S te m  50*0 to 87*5# when compared with 78*5 in consol plants* in the 

ease of fVW»450# 0*10 pea? cent in the firet stag©, 0*15 Pds cent in 

the first and second stages and 0*30 pen cent in the first stage 

produced acre number of seeds than control and distilled water sprayed 

plants* In th© mm. of MS* 25 ppsa in the first and, second stages 

and 100 pjffi end 200 pp® in  the first stage produced, sore muster of 

seeds then control and distilled water sprayed planta. 0*10 par cent 

©f FfW-450 in the third stage produced th© aasimua number of seeds*

87*5 thm a ll other treatments and control* The highest reduetim

of seeds 50*0 was noticed in 400 ppn of SSH spayed in th© second

stage* Between the concentrations of the chemicals 0*20 per cent of F,W-45Q

produced the naxizsum Auction of seeds i*e«* 6 6 ,33 whare as in MS

the highest concentration* 400 ppa showed the Basimuia reduction

i*e*t 59*16* Between stages* th© second stag© of F,1̂ -458 and third

stage of application of HH showed the m x is s m  reduction*

. Both the chenicals ware not markedly different in their 

'effect. ’ A ll the tseatnents of both th© cheaicale except the highest 

concentration (400 ppm) of ME* produced sore nusber of seeds than 

distilled, water sprayed plants*

6. Weight of fralta

Suaeary of reeulta and the analysis of variance are 

furnished in Tables XXIX and XXXIX respectively. The over a ll effect
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g m g  m .

IlsMbar. of aeode per crossed fruit

Troatseata
. Stagea 

I
o f application 

I I .221 Mws®

Coatrol ?8.5 78.5 70.5 70.50

^•W.eprayad 65.0 71.0 60*0 65.33

P.SM50

0 . 10$ ?2 .0 6tiO 87*5 73.50

0.15$ ©5.0 55.0 8 5 .0 75.00

0 .20$ 6 8 .0 6 2.0 69.0 66.33

On 25$  ' 57.0 74.0 71*0 67.33

0.30$ 82.0 6J.0 6 0 .0 . 68.53

Mesa' ?g.a 63*0 74.5 70*09

M  .

25 Pftt 80.0 95.0 74*0 83*00

50 PS® 65.0 72.5 70.0 67.53

iOO'Spat 81.0 6 3 .0 62.5 68.83

200 ppa ,82*0 75.0 60.0 72.33■

400 PS® 57.5 50.0 70.0 59.16

Mesa 75*1 71.1 67*4 70.13
General tsaan 72.95 67^5 70.95
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of the treatment ma significant at § pa? cent level* ffee te@ cfcesriLcals 

i l i  not d iffe r in  thslr effects* ©venthough there era-0 a of

roduotlon in yl©M la the ease o f IS* Uh@ offset ©f edaeea'tetioa in ■ 

geroral was siga lficsit* la  the cose o f P*W-430 £l«ais treated with 

0*15 P©r cent gam the aasisisa yield whereas ia  10* 25 ppm gave the 

sasasius yield*

In the ease of individual ehmieals the Gomeatratioa 

of IS aloae was significantly different*. Her® tbs concentration,

25 Pi® with tho highest yield differed significantly fa?©© 400 pga 

with the lowest yield* Other comparisons' were not significant* fli© 

effect o f stugm9 olionieals x stages* eoneentrsiioii x stages, end 

Chemical x concentration x stages were not significant in the sas© of 

both the ©tessicala* However the Bias!!®® yield was obtained with the • 

©fwlea.1* Ft^*450 for the conc^tr&tion ©£ 0*15 per ©tat at the seeead 

stage* S?hie was higher than that of controls For 11 the ssasdwm yield 

was obtained for the concentration o f 200 ppa sprayed.at the third 

stage* But this was lower'than that obtained £om F9.ll»4fO* Tbs 

maaeimw reduction in yield mm obtained In plants treated with 200 j>pa 

and 400 $pa o f I® at the firs t stage*

Bstee® the stages the Esxiswn?. yield was obtained in the 

second stage of application ©£ f fP-450 aid third stag© of application 

©£ 1SI« IS at the fira t stag© gave tha wssdrnm reduetien -is yield*
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Weight o f .fruits per plant in  gran

mass xxix

Eroataant Stages o f Application Baan
I xx 1 11

C Control 133.33 188.33 1S8.33 1S3.55

3). W. sprayed 192.55 168.33 164.16 175.01

F.W-450

0. 10^ 176.83 139.33 I 64.66 160.27

0.1555 174.33 192.66 166.16 134.38

0. 20$ 136.44 170.50 141.66 149.53

o.25:4 152.33 150.00 145.33 151.66

0. 30$ 146.83 174.33 150.00 157.05

Bean 157.55 166.97 157.56 150.57

bh

25 pps 160.00 176.50 161.83 166.77

50 ppa 170.60 152.16 143.35 157.69

100 SE® 163.85 144.16 170.16 159.38

200 ppa 98.33 146.33 187.50 144.38

400 ppa 99.16 110.00 147.50 118.88

Mean 139.78 146. 63 162.06 149.42

General aeon 140.56 156.79 159.31 »»

C.D. Sos ooaparison between stages tog tbs sane concentration •> 52.87

99 ft 99 99 stages •  25.70

f 9 99 99 99 concentration o f 22H or FtW-450 *  30*62

99 99 99 99 chooicals -  14.43

in
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Analysis o f  variance fo r  weight o f  f r u it s  per plant

TABUS X X III

Source S.S. d f Variance P .ra t io

Tota l 576545.294 101 » • . .

Rep lication 68944.647 2 34472.323 7.959**

Treatments 221753.627 ^33 6719.80? 1.552**

Between chemicals 11178.511 J1 11178.311 2.531

Between concentration 47916.178 J4 11979.045 2.766*

Chemicals x 
concentrations 31247.078 4J 7811.769 1.803

Between stages 8086,222 2 j 4043.111 « •

Chemicals x stages 11125.256 2-I 5562.628 1.284

Concentration x
stages 24953.2?3 e i 3119.153 • *

Chemicals x
concentrationsx
stages 5S008.188

i

ai 7376,024 1.703

Between concentrations 
o f  Fv."-450 27907. 467 4 6976.867 1.611

Between concentrations 
o f  m 51256.222 4 12014.055 2.958*

Control Vs. ]?,V.-450 8625.066 8625.066 1.898

Control Vs. ME 16965.313 16965.313 3.917*

hi s t i l le d  water Vs. 
F,W-450 6182.437 1 J 6182.437 1.427

D is t il le d  water Vs. 
ME 19507.50C

/
1 19507.500 4.504*

Error 285845.020 66 4330.985 • 0

* *
*

S ign ifican t
S ign ifican t

at \fc le v e l 
a i  %  le v e l .
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in  the ©see of ©caparison with control and- d istilled  

water sprayed p la n t®  the effect of m alone was significant* It  

tended to decrease the yield in ©caparison with control, distilled 

water end P,15-450 treated plants* So the data dearly showed that 

the higher concentrations (200 ppa and 400 gps) of ME adversely 

affected the yield#

III#  Seed v iab ility  

1# Percentage of seed geaMmtlon in selfed fruits

She percentage of seed viab ility  was calculated fro® an 

entirely made® saiople* Bis calculated percentage' of seed sterility

Is given In fable 3007#

Results showed that the treatments were significant#

Froes the data it  was seen that the percentage of seed s te rility  was 

highly correlated with the chemicals used, the concentration of the 

chemicals and the stages of application* ffe® percentage of seed germination 

of treated plants varied fro® 40«&7 to 80*21 * ■ when compared with control 

having 8*?#6? per cant*

In a ll tie treatments'gemination m m  completed within 

eight days after sewing# In the controls complete germination was 

observed by the sixth day after sowing# Between chemicals ME was 

found to have nor® adverse effects on -seed germination than F,15-450#

Between concentrations, 100 ppm, 200 ppra end 400 ppet of ME end Q#25 per cent 

end 0#30 pee cent of F,f-450 were found to give leaser gemination
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ffABIIi x n v

Psrcsatage o f  oood germination in  salfea  fr o ita

Treat&oate
Stages o f  application

I XZ I I I
tfesn

Control 85.67 65.67 85.67 85.67

B.W.ojwayaJ 83.33 S5.67 81.33 83*44

Jt&SSSL
0.1 Ofi 7S.6? 80.21 76.49 70.46

o-i5?£ 72.42 79.67 69.67 75.92

0.20$ 75.24 69.34 69.24 72.61

0.25:5 56,33 60.14 56.53 58.53

0.30$ 51.49 48.41 52.49 50.79

Mesn 68.03 67.55 64.88 66.82
omnsMlt

HH
25 Pi® 72.64 73.67 69.41 71.91

50 Epa 69.24 64.66 65.00 66.30

100 p jf f l 57.33 51 ••*■3 54.6? 54.47

200 PJ5«9 52.73 53.13 49.49 51,88

400 pgt» 43.33 40. 6? 45.55 43.11

Me«m 59.05 56.67 56.82 57.53

Seneral osbk 63.54 62.11 60.85 •  *
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p e r c e n t a g e .  H i g h e s t  c o n c e n t r a t i o n  o f  F . S M 5 Q  ( 0 . 3 0 ' S )  a n d  MS ( 4 0 0  ppm )  

ch a w e d  t h e  m axlm usa r e d u c t i o n  i n  s e e d  g e m i n a t i o n ,  t t s  h i g h e s t  r e d u c t i o n  

i n  s e e d  g e r m i n a t i o n  ( 40. 67$ )  w a a  f o u n d  i n  p l a n t s  t r e a t e d  w i t h  400 p p n  

o f  H H  i n  t h e  s e c o n d  s t a g e ,  w h e r e a s  t h e  m ax im u m  p e r c e n t a g e  o f  s e e d  

g e m i n a t i o n  w a s  o b t a i n e d  i n  p l a n t s  t r e a t e d  w i t h  0 . 1 0 $  o f  ? ,  5 - 4 5 0  

i n  t h e  s e c o n d  s t a g e .  T h i s  w a s  l o w e r  t h a n  t h a t  o f  c o n t r o l  a n d  

d i s t i l l e d  w a t e r  s p r a y e d  p l a n t s .  C o m p a r in g  S i e g e s  t h e  m a x in c m  

r e d u c t i o n  w a s  o b t a i n e d  i n  t h e  t n i r d  s t a f f s  a n  t h e  c a s e  o f  b o t h  t h e  

c h e m i c a l s .  A s  t h e  s t a g e s  a d v a n c e d  t h e  p e r c e n t a g e  o f  s e e d  g e m i n a t i o n  

a l s o  d e c r e a s e d .

2 .  P e r c e n t a g e  o f  s e e d  g e m i n a t i o n  i n  c r o s s o d  f r u i t s

T h e  g e r m i n a t i o n  p e r c e n t a g e  o f  s e e d s  f r o m  c r o s s e d  f r u i t s  

i a  g i v e n  i n  T a b l e  X X V .  T h e  d a t a  i n d i c a t e s  t h a t  t h e  g e r m i n a t i o n  w a s  

o n l y  s l i g h t l y  a f f e c t e d  b y  t h e  t r e a t m e n t s .  T h e  p e r c e n t a g e  o f  ^ e d  

g e m i n a t i o n  o f  v r e a t e d  p l a n t s  v a r i e d  f r o m  63.66 t o  91*13  w h e n  c o m p a r e d  

w i t h  c o n t r o l  h a v i n g  92. 27*

B e iw e e n  c h e m i c a l s  t h e  a d v e r s e  e f f e c t  w a s  m o r e  i n  t h e  c a s e  

o f  VE, MB a t  4 0 0  ppm  I n  t h e  t h i r d  s t a g e  o f  a p p l i c a t i o n  p r o d u c e d  t h e  

m axim um  r e d u c t i o n  i n  s e e d  g e m i n a t i o n .  O t h e r  c o n c e n t r a t i o n s  o f  b o t h  

t ^ a  c h e m i c a l s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  B e t w e e n  s t a g e s  t h e  

t h i r d  s t a g e  o f  a p p l i c a t i o n  sh o w e d  t h e  m axim um  r e d u c t i o n  o f  s e e d  

g e m i n a t i o n .
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TABLES XXV

P o r e e n z o g e  o f  s e e d  g e m i n a t i o n  i n  c r o a o e c i  f r u i t s

S t a g o o  o f  a p p l i c a t i o n

Treatments I IS m Mean

Control 92.2? 92.37 92.2? 92.27

sprayed 93*69 50.82 59.33 91.23

m & o

0.10$ 89.67 90.33 91.13 ^OOT

0.155 9903 8407 83.27 35.62

o.ko;' 82.27 83.13 ftO.1? PI .86

0 .2 51 7606 75.43 74.00 76,03

0.301 7403 69.33 71.43 71.66

Vyn 82.85 80.46 30.00 31.11

»>y

25 M® 8303 88.43 85.6? 85.01

50 ppa 80.67 0105 79-34 50.52

100 j?pia 71.00 79.6? 72.17 74.28

200 pjpra 76.38 73.43 74.13 71.65

400 ppa 69.17 67.27 63.66 6<b«?0

Me>"n z ^ n 78.09 74.97 Ih M

Oenoral mean 79.48 79.23 77.40 « *
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P1SCUSSX0N

The p ractica l u t ilisa tio n  o f chemical gaaeteeides, though 

i t  i s  in  i t s  infancy, has attracted the BaoteraindB of plant breeders a l l  

over the world. Chemically induced male s t e r i l i t y  has been successfu lly 

u tilise d  in  the exploitation o f hybrid vigour, in  sexually  propagated crop 

plants l ik e  cotton, tomato etc .

The yie ld  of c h il l ie s  c<st he increased by exploiting 

hybrid vigour as already demonstrated by Eeshpaade (1933) end Fal (1945). 

fha d i f f ic u lty  in  the production o f large scale hybrid a s ;53 can be 

overcome by the use of male s te r ile  l in e s , so fo r no mala s te r ile  

lanes have been discovered in  c h i l l ie s . Ac ouch, chemical methods of 

inducing sa le  s t e r i l i t y  appears to be the only Bay out o f th is  d if f ic u lty . 

The present study -bus thus underiaKon to evaluate tha aolootiveneso 

o f a s id e  hydrazide and P,t'-450 oa c h i l l ie s  as mala genctocifies and to 

study th e ir side e ffe c ts  on the general growth and y?eld o f the crop.

I .  Growth and morphological chagaotoristics

1 .  Visual observation

In tha present investigation i t  was observed that in  

general a l l  tho concentrations o f both tlia chemicals produced aide 

e ffocta  lik e  suppression of growth, yellowing of leaves with burning 

t ip s  and burning o f younger buds. Vhe application o f the higher 

oansenteationo a t  every stages o f growth were comparatively sore
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i n j u r i o u s .  T a i n  i s  i n  a g r e e m e n t  w i t h  t h e  r e s u l t s  i n  o t h e r  c r o p s  

r e p o r t e d  b y  'f u r h a y  (1959)* E a s c o r  a n d  i h r k e y  (1959)» P a t e  a n d  

D u n c a n  (1960), K r i s b n a i t  H a i r  (1964) a n d  K a u l  e n d  S i n g h  (1967),

5he injurious e ffec ts  w e r e  more pronounced in  the 

esse o f  treatments with Ha as compared to 5',¥W150. Conperatively 

higher tosie e ffec ts  with Kf! than with r,l?-450 has been reported 

by Hair (1964) in  bhindi and Kaul and Singh (196?) in Ca.janus oa.lan, 

suppression o f growth as w a ll as other injurious e ffe c ts  persisted 

only fo r  a few days and plants recovered within on© week, 'This is  in 

agreement with report o f  Hair ( 1964) m  bhindi,

2 »  H e i g h t  o f  p l a n t s ,

Hants sprayed with highor concentrations (200 and 400 ppxa) 
of M  significantly reduced vho hei&ht» whereas <<here was no narked 

rad action in plant height in the tieatnant with f,V'-450 (Plate, It, III, 
I? and V). ?eduction in plant height with PH has been reported by

Curries? el, (1950) and 'Singh (1964) in ootvon, Choadliury and 
Kiraphal (i960) in oowpea and 7eul and S m?h (1967) in Ca.ianaa.

3 « H u r b e r  o f  f l o w e r s .

E e s u l t B  p r e s e n t e d  i n  t h o  S a b l e s  I I I  a n d  I V  c l e a r l y  sh ow  

t h a t  b o t h  t h o  c h e a i c a l s  s i g n i f i c a n t l y  d e l a y e d  f l o w e r i n g .  I n  t h i s  c a o e  

t i l e  e f f e c t  o f  MH w a s  f o u n d  t o  b e  s u p e r i o r  t o  t h a t  o f  P ,’5-450» H i g h e r  

c o n c e n t r a t i o n s  ( 2 0 0  a n d  4 0 0  p p a )  o f  MH d e l a y e d  f l o w e r i n g  s i g n i f i c a n t l y .  

D e l a y  i n  f l o w e r i n g  b y  t r e a t i n g  t h e  p l a n t s  w i t h  MH w a s  r e p o r t e d  b y  

D a v i d  (1990), J o s e p h s o n  (1951), W it t w a r  (1959) e n d  M a i n !  a n d  S a n d h n

(1959) i n  s e v e r a l  c r o p  p l a n t s .  I h  t h e  c a s e  o f  r , f ' - 450,  H a t o n  (1957)



reported tha aone r e s u l t s  in  cotton . Kaul said Singh (19 6 ?) reposted 

th at both the chem icals caused delayed flo w erin g  la  Cajaaas.

2a v is  (19 50 ) suggested th a t  d e la y  in  flo w erin g  was due to  the to x ic  

e f f e c t s  o f  the c h a n te d , which retarded th s growth o f  the p la n ts . 

Consacmently the treated  p la n ts  flowered l a t e r  thrm the c o n tro l.

J i l l  th e p la n ts  sprayed w ith  By'5-450 showed a  s l ig h t  

red u ction  in  s in e  o f  f lo w e rs . (P la te  FX and T O ), The red actio n  in  

flo w e r s ia e  was a ls o  reported by Kunar (19 6 3) in  ooBtme and Singh (1964) 

in  cotton . Another in te re s t in g  fe a tu re  observed in  r ,  >1-450 and I S  

treatm ents wee th at th e flo w e rs  produced iE B e d la te ly  f o ’ lo w iry  the 

a p p lic a tio n  o f  the ch esd cals possessed easaller anthers which g e t 

dried  up without dehiscence. Such r e s u l t s  were a le o  reported by 
Xtail ord diagh (126 ?) in Calama.

Sum ary o f  r e s u l t s  in  T ab les V shows th a t F ,®-4 50  and 

Htt did not shew any marked reduction  in  the to t a l  nuiaber o f  f lo p e r s  

produced. ( r ig .  I ) .  A s l ig h t  reduction  was observed in p lan ts  sprayed 

a t  ino th ird  stage  o f  a p p lic a tio n . In  the case  o f  F ,7 - 4 5 0  th is  lin e  

o f  r e s u l t s  tras reported by leelatam  (13 6 5 )  in  t a in ju i .  In the ca se  o f  

JS3 the h igh est concentration in tho f i r s t  s ta g e  o f  a p p lic a tio n  

re su lte d  in  s ig n ific a n t; in cre a se  In  the t o t a l  number o f  flo w ers 

produced. Such r e s u l t s  reported by C u rr ie r  e t  a l .  ( 19 5 0 ) , Kumar (1963) 

and Singh ( 19 6 4 ). Raul and S i n #  (19 6 7) oupgestcd th a t  t h is  in cre a se  

wan brought about by th e inor'aase in  tho number o f  branches due to  

the death o f  a p ic a l m r is t e n s .
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4* Po llen  studies 

(a )  Pollen  shape.

T h e  s h a p e  o f  t h e  n o r a a l  p o l l e n  g r a i n s  o f  c h i l l i e s  i a  

s p h e r i c a l  e n d  2-6  c o l p o r a t e .  " o r  s h o r t  p e r i o d s  f o l l o w i n g  e a c h  t r e a t m e n t  

w i t h  t h e  c h e m i c a l s  t h e  p e r c e n t a g e  o f  p o l l e n  g r a i n s  w i t h  n o r m a l  s h a p e  

w a s  e m a i l  a n d  t h e r e  w e r e  l a r g e  n u m b e r  o f  p o l l e n  g r a i n s  w h i c h  w e r e  

d e f o r c e d  i n  s h a p e ,  s m a l l  a n d  s h r i v e l l e d » T h i s  o b s e r v a t i o n  i s  i n  

c o n f o r m i t y  w i t h  t h e  f i n d i n g s  o f  a a t o n  (1957), Karayona Rwatai ( i 9 6 0 )  

a n d  C h o p r a  a t  a l .  ( 1960)

( h )  P o l l e n  e t a e .

S a s n l t e  p r e s e n t e d  i n  T a b l e  V I  i n d i c a t e  t h a t  t h e  p o l l e n  e l s e  

w a s  m u c h  a f f e c t e d  b y  t h e  c h e m i c a l  t r e a t m e n t .  ( J i g .  I I ) .  T h e  r e d u c t i o n  

i n  p o l l e n  s i c e  w a s  c o m p a r a t i v e l y  m o r e  I n  t h e  "!H t r e a t e d  p l a n t s ,  t o o n g  

t h e  c o n c e n t r a t i o n s  o f  F , t ? - 1 5 0  t h e  h i g h e s t  c o n c e n t r a t i o n  r e s u l t e d  i n  

m a x im u m  r e d u c t i o n  i n  s i z e  o f  p o l l e n  g r a i n s .  I J a l x  ( 1 9 6 4 )  e n d  h e e l a a s i a  ( 1 % 5 )  

a l s o  r e c o r d e d  r e d u c t i o n  i n  pollan e3.se i n  plants t r e a t e d  w H h  ' V & » 4 5 0 .

5* Hver''11 vV.

( i l  W o n -d c h i g c c n g c o ^  a n t h e r s .

B o t h  I ' ,  u - 4 5 0  a n d  K H  t r e a t e d  p l a n t s  s h o w e d  t h e  p r e s e n c e  o f  

n o n - d e h i o o e n t  a n t h e r s .  T h i s  x s  a n  i n d i c a t i o n  o f  p o l l e n  s t e r i l i t y .  P l e a t s  

s p r a y e d  w i t h  j y ' M S Q  s h o w e d  m o r e  n u m b e r  o f  n o n - d e h i a o e n t  e n t h e r s  t h a n  

p l a n t s  a p r e y e d  with VH, T h i s  o f f o o t  w a s  m o r e  p r o n o u n c e d  w i t h  b a r k e r  

c o n c e n t r a t i o n  o f  t h e  c h e m i c a l *  I n s t a n c e s  o f  f a i l u r e  o f  a n t h e r  d e h i s c e n c e
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t'EU ,

because o f  the application  o f  P,%-45G wars reported by li 'e n s a  and 

Mohr (1959)» Cameron end Eaton (1959)* ?&ta and Duncan (i9 6 0 ),

Santhanam (1961)* Kair (1964) and Kftal and Singh (196?). Cameron 

and 3aton (1959) reported that the non-dehiscent character was not a 

uniform feature o f  the anthers o f  treated com plants. B it Eaul and 

Singh (1967) reported that the e f fe c t  was quite uniform in  Catenas.

where the plants ware treated with P, ”-450 and VS., In  the present

enpr-ritient however* the e f fe c t  was not uniform.

( i i )  P o l l e n  e t e m l i t y .

(a )  Acatoearinine stainin'? method.

Pollen  s t e r i l i t y  determination by acetocarmine stain ing 

method revealed marked varia tion  in  the e f fe c t  o f  chemicals on inducing 

s t e r i l i t y ,  (rig . I l l  A & B, I ?  A & B and T A S, B ),

Phougu there were differancos botwoan tha treatments 

for the aexinum par'entife of & -am 11 ty  tni/oeo .wO fo? the pariod o f 

its  reten tion , all the treat, ante of both bio chemicals could indues 

nale s t e r i l i t y .

In tho case o f  S*,u-450 complete ro lis a  e t e r i l i t y  was

obtained in  plants treated with 0.10^ and 0.25 on tho 15th day o f

the f i r s t  stage o f  application  only. Other ooncema’aviono induced 

only p a rt ia l male s t e r i l i t y  in  e l l  the throe stages, .juecaseful 

induction o f  male s t e r i l i t y  w ith P.P-450 hee bean reported by 

Eaton (1957) and Singh ( 1964)  in  cotton, Moore (1959) in  tomato.
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Caueron end Eaton (1959) in com, Kumar (196?) in sesas®, Hair ( 1964) 

in bhindi) Leelamaa (1965) in brinjal, '.'it ( i 960) in red clovers and 

Kaul and Singh (196?) in Calamus. But Pederson (1959)* and T iller and 

Hittle (1963) working on alfalfa and Starnees and Sadies* (1962) with 

Soybeans could obtain only partial pollen sterility.

MH could b rin g  about 10 0 ;' p o lle n  s t e r i l i t y  on ly  in  the 

p la n ts  sprayed w ith  200 and 400 ppa a t  the f i r s t  s tage  o f  a p p lic a tio n . 

Induction o f  co ap lete  B a le  s t e r i l i t y  by th e uee o f  UH was reported by 

B aylor (1950). Naylor and D avis (19 50) and P o ljakov (1966) in  noises 

Meyer (195S) ih  co tto n , Eohn (1952) end Chopra a t  sX (1960) in  tomato 

and Iy e r  and Bandhewa (1965) in  g rap es. However, th ere  ware other 

re p o rts  l ik e  Warren and Dissstoclc (1954) in  hybrid corn , Hobart (1959)

Qn S a in t p attlia .  Ewsar ( 1963)  in  sesan e, Singh ( 1964) in  co tto n , K a ir  (1964) 

in  bhindi and Kaul and Singh ( 1967) in  Ca.jaaua. where asaleic hydrazide 

was found to  induce o n ly  p a r t ia l  s a le  s t e r i l i t y .

As is seen from data in Table 711, this induced aale 

sterility  was of tenporary nature, beoause after some liras pollan 

sterility  was gradually reduced and the plants regained their original 

fe r t ility . Table VII also shows that in a ll the treatments with the 

chenieale the sterility  percentage increased for a  period and after 

reaching xhe wadmua o f  eech concentration and the stages o f  application 

got gradually deoressed and after a few week® pollen viability was 

restored. This is in line with the reports of various investigators 

like Moore (1959). Santhanata (1961) and Leelarca (1965) with r," '-4 50
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and Jteir (1964) w ith l?,®-450 and KH. In tha present experiment 

naxiEtaa pollen s terility  was obtained on the 15fch day after the 

application of tho chemical in the early stages o f  application*

Saul and Singh (196?) a ls o  reported tha same effect o f P»tW50 and 

HI on Caianus.

Complete pollen s te r ility  in the present experiment 

lasted for 12-17 days, depending upon the concentration and stages of 

application o f the chemicals. In tomato Relsa (1952) reported the 

period of complete pollen s terility  to be of 10-14 days. Chopra et al

(i960) observed complete pollen e te r ility  to lest for only 7 days.

Kaul and Singh (1967) reported the period of complete pollen s ter ility  

to be o f 15  to 25 days in Oalanus. But In sad clovers Wit (i960) 

found male e terility  for the fu ll blooming period. Choudhary and 

George (1964) obtained pollen s terility  o f 90-1004 lasting for 5-12 

days in two varieties o f brinlal by spraying the whole plants with 33.

(b) Oaraination o f pollan grains in a rtific ia l media.

The results of the present investisetions m  this aspect 

presented in 'fables IX, X and XI indicated that a sodium containing 

15$ sucrose, 1t5 agar and 50 PJ®> ° f  boric acid gave tne BGziswm 

percentage! o f pollen germination and pollen tube elongation. Stimulation 

o f pollan germination and tube elongation by the addition o f boric acid 

to the culture nedia was reported by Sohiarucker (1S5S), Thcspoon and 

Batjer (1950), Uunaoer (i960), Sing (1960) end Sean (1964). Hristov 

and Oencev ( 1964) found that 10 por cent sucrose and 1 per cant agar
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stimulated pollen gemination and tube elongation in red pepper whan 

flower extracts were added to the medium. Higher concentrations of 

sucrose retarded the pollen gemination and tube elongation in the 

present study. This is  in line with the reports o f Prasad and 

IfuaaffapuB? (1%2) In the spaoiea o f Ealvacaas.

(©) Percentage o f s ter ility .

In nutrient nadiua also the pollen grains o f different 

treatments showed a high percentage of ster ility  (Table XII and 

Pig. VI). F,v?-450 at 0.25''j in the firs t  stage o f application showed 

100/ sterility. Other concentrations were net capable of inducing 

100 a sterility. Tho effect was more in the firs t stage then in the 

second and third stages of application. This is in agregnont with the 

results reported by Hair (1964) in bhindi and Seelaaana (1965) in brinjal.

MH had also reduced the gemination percentage in the 

culture medium. MH at concentrations of 200 and 400 pen in the firs t 

stage of application showed 100'S sterility . I t  was found that the 

higher concentrations resulted in higher percentages of s ter ility  and 

that EaxiinuB sterility  was obtained in the firs t  stage of application. 

Such results were also reported by Hair (1964) ift bhindi.

A comparison of the two methods disousoed above revealed 

that the sterility  percentages wore always higher in tbs culturo medium 

than those obtained under acetocarmine staining method. This is in 

agreement with the findings of Ostapenko (1956), Hair ( 1964) and



89

Leelawsa (1965). This variation nay be due to the fact that in agar 

nediuni only the pollen grains which are completely fertile  r i l l  

geminate, while in staining technique, pollen grains having leas 

viability cay also take etain and w ill be counted as fe rtile  ones.

(d) Pollen tube elongation.

All the treatments had an effect of reducing pollen 

tube elongation compared to control. {Table XIII and Hg. V II). K&simuia 

reduction was obtained in plants sprayed with 0.258 of ?,W-450 end 

200 ppa and 400 ppta of MB at firs t stage of application. Such 

reduction in pollen tuba elongation was observed by Hair (1964) in 

bhindi with F,s?-450 and MH and heeloKEa (1965) is  brinjal with F,A-450.

I I .  a-uit eet and fau lt characters.

The effects of tho cheraicris on the number and weight of 

fruits per plant are given in tables XIV and XXII respectively. The 

results clearly showed that both the chemicals significantly reduced 

the number and weight o f fruits per plant. (Fig. V III). The two 

oheaicals did not differ in their effects significantly oventhough 

there was a tendency o f reduction in fruit cat end weight o f fruits 

in the case of 111.

In the cane o f  r,W >450 the number and weight o f  fruifce 

per plant in general shewed a negatively significant increase over the 

C ontrol. Such reduction in  f r u i t  s e t t in g  and y ie ld  were reported by
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Bocaaegra ot a l. (1953) In French been, Huberihauer and Sehuttis (1960) 

in sugarbaets, Pate and Duncan (1960) in cotton, Hair ( 1964)  in bhindi, 

DeelafflEa ( 1965) in brinjal and Koul and Singh (196?) in Ca.januB.

However, Dudley (i960) reported no reduction in yield in eugarbeeta 

sprayed with F,'1̂ 450.

Plants treated with KH showed EiodHun reduction in yield 

and fru it setting per plant. The higher concentrations 200 psre and 

400 prssa proclucef3 tha laasciiaun reduction in number and weight of fruits 

par plant. Other concentrations also showed a negatively significant 

increase over the control. The result also showed that early stages of 

application had a profound effect in decreasing the yield whan coaparod 

to other atagac o f application. Such results sere also reposted by 

tftlliarason (1959) in wheat and rye, Jaahexi and Ayedhya Prasad (1959) 

in brinjal, Hair (1964) in hhindi, lyase and Bhandhawa (1965) in grapes 

end Ksul and Singh (196?) in Ca.lanue. Choudhury end Hamphal ( i 960) 

reported that in cos-paa I® sprays (50, 100 and 200 ppa) significantly 

increased the yield o f pods per plant. Higher concentrations (400, 690 

and 800 ppm) reduced tha yield o f pod.

2. Fruit sorting on selfing.

Results presented in Table XVI show a high reduction in 

fru it setting on oelfing consequent on F,̂ **450 and ?® sprays.

Tho Bcximus reduction in fruit setting of r , '7-450 treated 

plants was observed in higher concentrations (0.25 and *30/0 at the
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firs t  and tMrd stages of application. Seduction to fruit setting on 

eelfing ®as aloe reported by several workers like Moose (1959) in 

tctaato, Pederson (1959) in alfa lfa , Hair <1364) in bhindi and 

bealansa (1965) in tainjal.

ffl also reduced fruit setting on eelfing, The highest 

concentrations (200 sad 400 ppa) showed naxiaun reduction at a ll the 

three stages o f application. The fru it setting on selfing was found 

to be dependent upon the concentration of the ohemical and the stages 

of application. These findings are in agreement with the reaults 

obtained hy Beta (1952), Hamyana Bsraai (1960), Chopra at a l. (1960) 

and Hair ( 1964) .

3. Rralt setting on creasing.

Hesults presented in Tables XVII did not show any 

significant difference between the treatments and control for the

percentages of fruit set on crossing.

In the case of F,tf~4S0, this reduction was sore with 

hi^ier concentrations end i t  was likely that fe r t ility  of the fessle 

phase was also slightly affected. Those findings ere in lino wish the 

observations of several workers like Baton (1957), Posse (1959),

Sate (1964) and leslassaa (1965)*

to the case o f KH also more reduction ia fruit setting 

on crossing was obtained in the higher concentrations. This ia in 

agreement with the findingo of Hair (1964) in bhindi.
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4. length of fru its.

Results presented in Tables X7III and XIX show that 

both the chemicals reduced the length o f fru its to a email extent both 

in eelfing as well as in crossing. (Plate f i l l  & IX). Plants sprayed 

with JjH showed more reduction in fru it length than P.W-450. Toe sane 

trend o f results were observed in P.Sf-450 by Moore (1959). Sfejb? (1964) 

and LeelsEEa (1965) and in IT! by Karayana Sfram i (1960), Singh et a l. 

(1960) and Saul aid Singh (196?).

5» Humber o f  aeeda p e r  f r u i t .

With regard to the effect o f chemicals on the seed 

setting o f selfed as well as crossed fru its, a marked difference was 

observed in tho case of both the chemicals. These results are presented 

in the Tables XX and XXI. The number o f seeds per fru it was found to 

be markedly reduced in selfed fruits (RLg.IX), whereas the reduction 

was not so marked In crossed fru its. In the case of F.W-45Q the 

maximum reduction o f number o f seeds por fisuit on salfing was obtained 

under the higher concentrations o f 0.25^ and 0.30 per cent at t’ie 

f ir s t  stage o f application. This is  4a agreement with the results 

obtained by Pederson (1959), Santhanam (1961) end Khlr (7964).

Maximum reduction in /seed setting with BH was obtained 

in selfed fru its o f plants treated with 100, 200 and 400 ppa at the 

f ir s t  stage o f application. Efarayana SwasriL (i960) reported the effect 

o f MH in tho reduction o f seed setting in various crops. Reduction of
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(1955)* Hair (1964), Iyer and landhawa (1965) and Kaul sad Singh ( 1967) .

2X1. Seed viability.

She percentage o f gemination of seeds in selfad fruits 

as wall as crossed fruits revealed that the chord Gals had brought about 

saarkec! differences in germination. Seeds in selfed fruits of both the 

cheaicsla shewed significant reduction In gernation (Plg.X) when 

compared to the seeds in crossed fruits. Sa the case of P, .r-450, 

comparable results were obtained by Bocanegra et e l. (1960) in cotton 

end teolanraa (1965) in brlnjol. Higher concentrations of both the 

chemicals showed masked reduction in germination of seeds in selfed 

fruits, fthile the data presented in Table XOT show that there ie no 

narked reduction in germination of seeds in crossed fruits. Iyer and 

Handhawa (iSCSj’̂ ^ ^ o s ^ l^ o r te d  shat there was no reduction in 

germination o f seeds obtained from plants treated with F,7-450. Bs 

the caae of MB, Ohoudhury and Haaphal ( 1960)  also reported similar 

results in cow pea.

Seduced fruit set on selfing may he due to pollen 

sterility , non-dehiscence of anthers or fenale s terility  or due to a 

combination of two or sore o f these factors. In this study there 

was marked reduction of fru it eat on selfing in the treatments with 

the chemicals. She fru it sat on crossing was however, not reduced 

to any appreciable extent in any o f the troatnente. Shis suggests 

that the female side is  not nuoh affected.
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®q further c larify  this point the number o f eeeda per 

fru it on salfing as soil as crossing was compsred. Tho number o f seeds 

per fru it on selfing was found to be markedly reduced in the treated 

plants whereas number o f seeds per crossed fru it was not much affected. 

This further confirms that tha functioning of tho ovary was not much 

affected. She other observation that germination of seeds was more 

affected in selfed fruits than in crossed fruits again confirms that 

female fe r t i l ity  generally remained unaffected by the treatments.



SUMMARY



2 2 U S 4 & X  '

T/m present investigation was undertaken in the 3&vision
5

-of AgricuIturi'Sl Botany, igricultural College and Heseareh institute* 

Vellayani during 1066-1967* with a view to evaluate the aaleotiweness 

. o f ?9W*4SO m & m  m  chillies 08’ sale gaestocides and to study their 

oMe effects ©a the general growth and yield of the crop*

. F,W-450 at 0.10* 0.15,: 0.20* 0.25 and 0.50=5 and MH at

2%  50* 100, 200 and 400 twsse were applied es foliar spray at three
=)

stages of plant growth* She first spraying was given when the first 

flower was undergoing anthesis* Subsequent sprayings were given at an 

interval of 15 days in between two sprayings. Control plants {so spray) 

and plants aprayed with distilled water thrice, at the ease stages of 

plant growth as the Chemical spray, were also studied. Plants were 

raised in a raadOBised block design.
r

Sillies were made ©s the effect of cheais&ls mi the 

general growth and height of plants, masher of flowers* pollen sice 

and ehsape, pollm  sterility by staining and culture methods, pollen 

• tube elongation* number and weight of fruits per plant, and fm it 

setting, length of fruits, number o f seeds* m i seed viability in 

selfed as well as crossed fruits. Salient results obtained, frost the 

present investigation are summarised belows-

1. Sid© effects like suppression of growth, yellowing 

of leaves with buaeaig tips buraig of younger buds followed the chemical
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ap p lica tio n , th e ir  In te n s ity  being so re  with higher concentrations a t  

e a r l ie r  stages# SSias® e ffe c t s  were nose pronounced w ith MH than with

Ft®»450.

2# Higher concentrations (200 and 400 ppm) o f  MH 

s ig n if ic a n t ly  reduced the plant height in  the f i r s t  stags o f  ap p licatio n . 

HO such harked reduction in  p lant height was observed in  plants sprayed 

with F ,3-450.

3 .  Higher concentration!} o f  both tho chemicals a t  the 

f i r s t  stage o f  ap p licatio n  resu lted  in  a  general delay in  flower 

production, the d e lay  osing s ig n if ic a n t  with KH a t  200 and 400 ppau

4.  Jo ta l flow er production showed a  s l ig h t  redaction in  

p lan ts sprayed a t  th ird  stage o f ap p lication . Highest concentration o f  

lid in  the f i r s t  atage o f  ap p lication  resu lted  in  s ig n if ic a n t increase 

in  the to ta l number o f  f lo c e rs  produced. Other treatments had no carVed 

e f fe c t  on th ie  ch aracter.

5 .  A ll  the p lants sprayed w ith F,W*450 showed a  s l ig h t

reduction in  s iz e  o f  f  low ers, and in  the case o f  both the ohenicals the

flo « a rs  produced immediately follow ing the application  possessed 

sm aller end non-dehiscent anthers.

6.  Pollen  an a ly sis  shoved the presence o f deformed and

sh rivo lled  pollen  gra in s in  the treated plants w ith a  general reduction

in  s in e , the e lse  reduction being Bare in  the MH treated  p lan ts .
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7. Complete pol'ian sterility  was obtained in plants 

treated with 0.10 and 0.25?s of ?,«-4S0 and 200 and 400 ppa o f KH at

tha firs t stage of application. fhie induced sterility  was of temporary 

nature and got gradually decreased, and after & tm  weeks the pollen 

vidbiliiiy was restored.

8. domination studios o f pollen in  11S agac medtua

showed a  higher percentage o f s t e r i l i t y  in  cu ltu re  medium compared w ith

the stain ig technique.

9. Bio rate o f pollen tube elongation was aleo much 

effected by tho chemical treatment. The maximum reduction was noticed 

in the higher concentrations of both the chemicals at the earliest 

stages of application.

10. ®se higher concentrations 300 end dOO pp» o f IS 

produced saraHum reduction in numbor and weight of fruits per plant.

In general the early stages o f application had a profound effect in 

decreasing the yield when compared to other stages of application.

11. Hhe fact that tha fruit set was reduced on eelfing

and that i t  was almost nosaial on crossing in the treated plants

suggested that in general the effect of chemicals at the concentrations 

need in this study was selective and affecting only the isale side.

12. Both the chemicals inhibited the length of fruits 

to a small ©stent both in selfing as well as crossing. Plants sprayed 

with SEl showed sore reduction in fruit length than F.W-450.
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1 5 .  She h ig h e r  c o n ce n tra tio n s  o f  both  r , '7-450 and 1 3  

induced nasiiaua se d u ctio n  o f  seed s e t t in g  in  a a lfe d  f r u i t s ,  As in  tha 

c a se  o f  f r u i t  s e t t in g s  th a  seed s e t t in g  a ls o  was not isarfeedly reduced 

in  cro ssed  f r u i t s  o f  tre a te d  p la n ts  a g a in  in d ic a t in g  th a t  th e  o vu le  

f e r t i l i t y  w as n o t much ’ usupered w ith  b y  the t r e a t e d * t c .

1 4 .  Set-ds o f  s e l fe d  f r u i t o  o f  tre a te d  p la n ts  chewed 

reduced g e m in a t io n  compared to  seed s o f  c ro sse d  f r u i t s  s u g g e s t in g  

th a t  even sone o f  She f e r t i l e  p o lle n  g r a in s  which c iu ld  o .feefe  

f e a t i l i a a t l c R  o f  tho o v u le s  w ars n > t f u l l y  n o m a l. 'Unis i s  a ls o  

supoorted b r  the f 8o« th e t  th e  r a t e  o f  p o lle n  tube e lo n g a tio n  was 

found a ffo o te d  in  th a fe e s le d  p la n t s .

In general, the ret. a lto  cf tho pre3ont investigation 

j.iidian.ed the p o s 3 i a l e  ace of the tro yanetocidea, 3%W~450 and hH for 

s^cecsful induction O f -®lf» s te r ility  in  eK 1V s o  with® >t njch harmful 

side effects. The higher concentrations of W . (?00 and A00 sr®) and

0.25/̂ o f T’.S’-dSO ar® fo*nd to be tea cost suitable concantxaI iff^s o f 

these chtuicala which give ihe best results in inducing n a l e  ste r ility  

in ch illi e&.
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Bar diagram ohosxng the total maabei of flowers per plant.
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F I G U H K  II I

Graph showing the percentage o f  p o llen  s t e r i l i t y  by acetocaxaine sta in in g

technique in  the f i r s t  stage 

A. >",1^450

b. m

Hot®*- Observations were laade 5 days a f t e r  spraying in  5 days in te rva ls , 

u n t i l  the restora tion  o f  f e r t i l i t y  as in  con tro l,

1 - 6  represents the in te rva ls

C -  Control,





Graph showing the percentage o f  p o llen  s t e r i l i t y  by aootooanaine s ta in in g  

techm-que in  the second stage 

A. P,1W!X> 

b .  m

H oies- Observations were nsd@ 5 days a fter spraying In 5 days in te r v a ls , 

u n t il  the re s to ra t io n  o f f e r t i l i t y  as m  co n tro l.

1 - 6  represen ts the in te rv a l a

G -  Control,

F I O U H S  17





P X 6 C H E V

Graph showing the percentage o f  po llen  a te r ila tv  by acetoccasBine stain ing

technique in  the third stage

A. F»W-450
3. MSI

Ifotst— Observations sore Rede 5 days a f t e r  spravingr in  5 days in terva ls* 

u n t il the restoration  o f  f e r t i l i t y  as in  control.

1 — 6 represents the in terva ls

G -  Control.





Sax' diagram showing one percentage o f pollen s te r ility  in 

culture media.
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F I G I? E E TO

Bar diagram showing the length o f pollen tube In u.
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Bar diagram showing the weight o f  f r u i t s  par p lant in  grass.
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Bar diagram ehotdng the runber o f  Teeds per ce lfed  f r u i t .
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y i S H E E  X

Bax diagsass showing the percentage of gerssinafcicm of seeds in
selfed £mit.
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PL A T  I X 

f l u — 1  la y o u t  o f  t h a  f l o l d  a x p a r im n t .





?  i  a  t  a  n
Control giant an 49th day aftar planting

r u n  nx
■I at 800 npn traatad plaata, 13 daya aftar tha 

flra t ataga o f applloation.





PL 1 T I  IT

H  at 400 ppa tm M  plants, 15 days aftar tha 
firs t staga of appllootlon

P L A T S  T 

P,»-450 at O.JÔ  traated plants, 15 days aftar tbs 

firs t stags of applloation.





r u n  n

A scalar*tlv* study o f oontrol, r,«-490 and KH tew  tod flon so  

ot tho flro t atag* o f application

■otoi- o -  Conteol

Oppor SO* shoving 25, 50, 100, 200 and 400 n *  of

L o w  sow shoving 0.10, 0.1S, 0.20, 0.25 O.JOjC o f r ,H 1 0 .

7 1 1 1 1  YII

A oonposatlra study of sontrol, y,*-450 and VH troatod flowas* 
ot tho oooond stag* of application

■otoi- 0 -  Control

tlppos so* shoving 25, SO, 100, 200 and 400 ppn o f KB.

Lons row shoving 0.10, 0.15, 0.20, 0 .25 and 0.JD& of ? ,H 90 .





PLATE TUX

Sslfsd fru its o f oontrol, P,»-450 and B  tesstad plants 

Motet- 0 -  Control

Dppsr row showing 25, 50, 100, 200 and 400 ppn o f B l

Lowor row showing 0.10, 0,15, 0.20, 0.25 and 0.50)t of P,*-450.

P L A T E  U  

Crosssd fru its o f oontrol, p,\M50 and MB tssatad plants 

Mots i -  0 -  Control

Oppas row showing 25,  50, 100, 200 and 400 ppn o f IK

Lessor row showing 0.10, 0.15, 0.20, 0.25 and 0.50% o f P.M-450.




