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I. [NTRODUCTION 

Finger millet or ragi is an iniportatit millet crap of India with an area 

of 2.2 million hectares producing about 2.6 million tonnes and produclivitv 

lifing I J-l() kg pel liii rs Mil' liiglu-sl iiiiKiii^ iinllcl.'. il i,'. nianily uiown li»i il.-i 

grain ami I'odtlei 

Finger millet growing states in India are Karnataka, Andlira Pradesh, 

Tamil Nadu, Orissa, Maharashtra , Gujaratli, Bihar and Utlar Pradesh 

Karnataka ranks first both in production and area. It is grown in an area of 

10 lakh hectare with a production of 15 lakh tonnes. It is mostly grown in 

southern districts of Karnataka. 

Systematic work on crop improvement work was initiated as early as 

1950. Till 1970's, the genetic improvement in this crop was through pure 

line selection. In seventies limited hybridization work resulted in a few 

improved varieties. However, quantum jump in productivity was not achieved 

mainly because of limited hybridization Variability available in the germpiasm 

could not be channeled properly due to the difficulties faced in making crosses 

The fmger millet crop has very small florets and are borne within a spikelet 

making manual emasculation tedious Hence most of the hybridization work 

done so far is through contact method. At present only purple pigmentation 

is used as marker gene. This imposes a restriction on choice of parents to 

generate variability in the desired chaiacter 



At ptcscnl l lu'i i. ' is ;i pl; i l r ; in in v;niul; i l inipi ovcmcnl i-vri) l l io i igl i a 

wide range o f genetic resources liave been accunuilated in this crop High 

volume crossing ut i l is ing the diverse gerinplasni seems to be liie oiiiy au.swer 

for breaking the yield plateau As compared to other self and cross pollinated 

food crop, croj i improvement through hybr id i /a l ion is almost negligible 

To alleviate the pioblem of emasculation laced by the bleeders hot 

water emasculation and use o f gametocides were attempted to a l imited extent 

but fai led to provide a fool p roo f methodology which could be ut i l ized 

successfully in finger millet, i l i ough an indication was got earlier that these 

methods could be used as potential tools, no sincere attempt was made to 

standardize the technology so that it could successfully be used Keeping 

th is^v iew a series o f exper iments were conducted to s tant la id ize the 

emasculation leclmii|ue in finger millet with llic fo l lowing s|)ecilic obiccl ive/ i 

I . I'o optimise the hot walt-i It-mpci alui c 

2. 'I"o fix the durat ion o f ex|)osure that wi l l result in maximum 

pollen abort ion. 

3. To identify the most effective treatment concentration o f t le 

gamctocicle 

4. 'i'o s landardi /e the stage at which ihc l icat im-nl li;i:-; to be 

administered 
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II. REVn:\V Ol LM E k A I l RE 

Several earlier reports have suggested the use ofhot water ai\d gi ouUi 

regulators |il<-̂  Gibberellic acid, l-.lhrcl and 2,'1 .'"•''•'dorophcnoxv aciMic ;iii(i 

in inducing male stcrilily. As a lesull in llic |)rcscnl invcsligalion hoi \\:iici 

and growth regulators like GA,, ethrel and 2,4-1) were used to induce m:de 

sterility in finger millet. In this chapter a brief review of the past fuulings of 

the above have been cited 

2.1. EFFECT OF HOT WAIER ON POI.I>FN 

2.1.1. Finger millet 

Rama Rao and Rama Rao (1962) successfully emascuialed ragi llowcrs 

by immersing cars for 10 nnnutes m hot walci at d7"(', Ra] cl ul ( I 9()d) Mbi.iiii'.'d 

best results when the ears were ticated with hoi water at 52"(' lot two nmiuic:. 

2.1.2. Other Millets 

Srivastava and Yadav (1972) reported successful emasculation of 

little millet {J'aniciini iiiiliare) llorcts by immersing ears at 49"(' rn <S-I() 

minutes or at 50"C for 5 minutes without any damage to female organ 

2.1.3. Cereals 

Satake and Yoshida (1978) reported that high temperature of HIOK 

than 32"C at flowering reduced seed set in indica rice. 
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Bardhan Roy and Biswas (I "^82) rcpcrted an average ambient 

temperature of 25"C from panicle initiation to Howering adversely afTected 

spikelet fertility in rice varieties. 

Imaki ct al. (1983) reported 0-2 per cent grain set in rice in glass 

lunisc wlicn (ho Icnipointun' was ^')"(' lui d Imuis Ihey nulitcd (luil nnlli'M 

dehiscence was inliibited by high lempcraliircs. 

Naidu and Reddy (1988) observed spikelet sterility in the range of 

4.3 per cent in rice (IR 20) to 28.88 per cent (IR 50) due to high temperatures 

during panicle initiation to novveiing. 

Tan e( al. (1988) noticed that spikelet sterility in two hybrids of rice 

Shan You 2 and Wei You 2 increased as temperatures increased beyond 3 5 (' 

iind as the (imc of exposure increased fiom 2-u Ins 

2.2. Ki ' i ra I o i ' (,Mtiii:in;LM( A( I D 

2.2.1. Effect of GAj on pollen sterility and seed fertility 

2.2.1.1. Finger millet: Suryanarayan Reddy el al. (1983) reported that 

application of 250 ppm of GA, to the inflorescence of ragi variety Hamsa 

gave maximum pollen sterility (93 05%) followed bv 300 ppm (75 85''o), 

150 ppm (75.46%) and 100 ppm (29.54%) as against 5 33 percent in control 

The treatments were given twice daily at 9 a in. and 3 p ni for three days 



2.2.1.2. Millets: Shivarainaiali (1985) rciiortccl 80 per cent pollen sleiililv 

when the plant?, of coiViincin millcl weie spr;iyec! I'^'ifi^ with flA^ on iSMi 

40th and 45th day after sowing, 

2.2.1.3. Cereals. Nelson and Rossman (1958) reported spraying of 501) to 

1000 ppm GA, to maize resulted in j)artial sterility. This was conilnncd 

under field trial using early flowering inbred line II 53 and late floweiing 

inbred line Oil 5 1. T.arly and laic inbred lines were sprayed wit \\ 1 00 i 000 

2000 and 2500 ppm of potassium Gibberellale T.arly inbred received a ddsage 

at 1 to 10 mg per plant while lale inbred received 12 lo 35 mv, pci plaiii 

Gibberellin induced male sterility was 100 per cent. 

ZdriTKo (1963) reported 100 per cent male sterility in scNcial nu'ize 

varieties and hybrids when treated with 0.5 per cent solution ofCiibbcrellui 

Bose and Sharma(1972) reported that pollen sterility in rice increased 

with the increase in concentrat ion of GA, in a rombine(l ivp^tn-*""* "<' 

Gibberellic acid and Colchicine. 

Hansen^(1976) obtained comj)letc barren tassels when two inbied 

lines of maize A 619 and Cictspe were treated with GA, three days piior to 

the start of meiosis. Changes in lloral components and internode elongation 

were also noticed. 



Hughes ('/ al. (I 078) reported successful use ofCJA, in cdnibiiiiU! on 

with ethephon for induction of male sterility in winter Cv. Mw.voc/of wheat 
-t 

The treatmen with GA^ at the rate of 12.8 kg a.i. per ha in the combination 

with 6.4 kg ethephon a.i. per ha given before meiosis induced maximum male 

sterility. 

Radley (1980) found that Gibberellic acid treatment prevented grain 

setting in all florets of tall and semidwarf wheat cultivars. 

2.2.1.4. Other crop.s; Schuster (1969) treated sunllower plants at the beginning 

of bud development with 0.25 to 0.50 mg per plant of GA, and observed 90 

to 100 per cent male sterility. The inbred line "HEBH" was also treated with 

GAj and the seed set ranged from 0 to 86 per cent as compared to 90 per 

cent in the untreated plants, Different genotypes responded differently to 

the treatment under different climatic conditions. 

Anascenko (1 972) reported that 0.005% GA.̂  solution to cause male 

sterility in sunflower. Changes in morphological characters like decrease in 

the diameter of the capitulum and number of flowers were also observed. 

Klimov (1973) reported that 0.005% aqueous solution of Gibberellic 

acid causes male sterility in sunflower variety Pcredovik, 

ŷ Seetharam and Kusumakumari (1974) re|-)ortcd that application of 

GAj on the 3rd day after flower kutt-initiation induced maximum pollen sterility 
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in sunflower and the extent of pollen sterility decreased as the time oftrcatment 

was delayed. Thus, the stage of application is an important critical factor 

They also reported that 90 to 100 ppm of GA, was siifFicient to induce 100 

per cent male sterility and for induction of male sterility on a mass scale, 

spraying of plants with 100 ppm GA, at the rate of 0 5 to 0.75 ml per plant 

on the 30th and 40th day after sowing was found suitable. 

Spirova (1975) successfully induced male sterility in four inbred lines 

of sunflower when 0.5 ml GA was applied at 5 to 6 leaf stage and at the 

flower bud stage. 

V.' Seetharam and Kusumakumari (1976) reported degeneration of 

sporocytes before entering meiosis in GA, treated plants of sunflower 

Abnormalities and disorganization in the tapelal cells caused starvation of 

meiocytes which in turn resulted in abortion. 

Bose and Nitsch (1970) reported inhibition of male flowers and 

induction of female flowers on the first 10 nodes of GA, treated plants of 

huffa acutangula. 

Davidy.-<3Ln (1973) found 100 per cent monoecious plants in the 

northern varieties of hemp plants treated with 0.01 to 0.2 per cent Gibberellin 

before bud initiation. 



Vandci' Mcer and Van Bcniickom (1973) tciiortcd thai dry bulbs of 

onion treated with 1% solution of Gibbcrellic acid to induce niale steriiily 

Plants treated witli 0,5 to 2% (IA, at the rate or2.S ml |)cr plant on Al\h clay 

recorded partial male sterility. 

Pnvithran and Ravindranalliun (197(i) ("ound llial luliai applicalion 

of GA, to casiicw iiees increased the number of iluwois per iiinviic.-.i^cnn; 

and reduced the ratio of hermophrodite to male ilovvers 

2.2.2. Effect of GA^ on morphological characters 

2.2.2.1. Millet.s: Malali el a/. (1981) reported the application of Gibbcrellic 

acid to female sorghum parent (2077A) hastened ilovvering by 5.53 days 

Vadivelu el al. (1984) found that treating sorghum male sterile 2077 with 

GA at 220 ppm advanced ilovvering by 3-7 days while treatment with C'C'C 

(chloromei^uat) at 300 ppm or maleic hydrazide at 500 ppm delayed the 

flowering of restorer CS 3541 by 5 days over the untreated controls. 

Rood el al. (1988) reported that the exogenous application of GA, 

promoted height, growth and inhibited tillering particularly when the 

application was made during rapid vegetative growth of sorghum. Applications 

of GA^ subsequent to panicle initiation promoted panicle elongation bui dia 

not alter the time of anthesis. 



1.1.1.1. Cereals: Singh el al. (1980) reported that dwarf and semidvvarf 

mutants of wheat did not show increase in culm length at maturity in response 

to exogen,vOus applications of 150 and 250 (.ig/ml GA^. 

Pereira t'/a/. (1991) reported 1 00 ppni GA increased plant height in 

wheat Cv. BR 501 and reduced plant height in BR 503. 

Rajni et al. (1992) reported that vigour index of cultivar Basuniathi 

370 rice was adversely affected whereas semidwarf and dwarf cultivars 

responded positively when treated with 10,25 and 50 |ig ml' of GA, Root 

length decreased in Cv. Basumathi 370 when subjected to high concentration 

(50 |ag ml') of GA^ but increased in other cultivars. Maximum increase in 

root and shoot length (%) was recorded invariably in all the cultivars following 

GAj treatment. 

Thangaraj and Sivasubramaniam (1992) found that the total dry 

matter and panicle number increased in all the varieties of rice when treated 

with foliar spray of Kinetin 20 ppm at heading followed by GA^ 25 ppm at 

panicle initiation and tender coconut water 2% at panicle initiation and 

heading. 

2.2.2.3. Other crops: Podesva and Sebanek (1986) reported promotion of 

seedling growth of pea Lepidium sativum when treated with 500 mg GA^ per 

litre. 
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2.3. EFFECT OF ETIIUFL 

2.3.1. Effect of etlirel on pollen sterility and seed fertility 

2.3.1 .1 . Millets. Savcluick (1979) cibserved 83 6 per cent male siciility in 

Paiiicuin iniliacciim Cv. Mironovk 94 ticaled willi 2 per cent ellircl 

2.3.1.2. Cere (lis: Rowcll and Miller ( l ' ) 7 i ) vcpdrtcd al)scncc ol'seed sel in 

wlieat plants treated with 1000 to 3000 ppm of etlirel al pre-bodl and boot 

leaf stages. With advancing maturity the concentration ol 'ethtel needed to 

approach 100 per cent sterility also increased 

Bennet and Hughes (1 972) observed higli pollen sterilitN' in Ti iiumii 

ae.stivinii var. Sirius when treated with etlirel al a conceiUralion olZOOO |ipni 

and above. In male sterile Horets, anther development was abnormal, size 

was reduced and extrusion and dehiscence of anthers failed 

Sw (1972) recorded male sterile plants in ethrel treated plants of 

wheat and barley. The concentrations of ethre! vised was 0, .̂ (JO, 1000 and 

2000 ppm at pre-booting and post booting stage. They also observed reduction 

in plant height and 100 grain wciglu I'hc most effective coneeiui ation was 

100-200 ppm 

u 
St Pierre and Tiend (1972) ic|)orted that two applicalioii.s of elhi el 

induced male sterility in wheat 
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Boiglii ('/ (il. {I')7't) ohscivecl cc)in|)lclc siciilily when Tiiluiiin 

cic'sliviiiii vaiielies l'"lamiiiu,o and S l'asU)ie ami Tiilicnm (/iiniiii vaiirty laiiiix) 

were treated with 2000 (jpm of 2-C'hloio lilliaiic IMIOS|)IK)I ic acul spray a! 

early, mid, late booting and early heading stages. 

Hughes t'/(//. (I 974) reported lliat tiealnicnt ofelhrcl before nieiosis 

lo Siritis vaiiety ol'wheal induced niaxiniuni male slerilily Tdliai application 

of GA3 at 100, 200 or 300 ppm 2-5 days after treating the plants with 2000 

ppm ethephon before the end of pre-meiotic interphase of archispoiial 

development resulted in full male-slerilily. When ear emergence was complele, 

application of 6,4 to 12,8 kg per ha a,i, of ethephon followed by 11 kg per 

ha a.i. of GA, three days later induced male sterile ears. 

Doltacil and Aiiltanercwa (l')77) reported (hat lepeated applications 

of ethrel at 0.09% during the 9th developmental stage in spring wheat was 

elTective in causing a maximum of 49 per cent sterile pollen grains Very 

little seed set of 0.16 seeds per spikelet was observed in another experiment 

when the plants were treated with 0.24 per cent ethrel solution at 9th or 1 Oth 

developmental stage. 

Doltacil and Apltanerova (1980) (bund that 39.5 per cent ethephon 

was more effective as a male gametocide than 50 per cent camposan in wheal, 

Leonova (1980) reported that wheat plants treated with 0, 1 per cent 

etheptron exhibited 3.5 to 6 per cent grain set and 50 to 70 per cent retardation 
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of growtli, while iO per cent growlh rclardiilion ;iiul 0.4 to 7 per cent uiain 

set was observed in 0.3 per cent ethephon treated plants. 

Wang and Que (1981) reported tliat treatment of rice plants with 

300 ppm of Ethrel resulted in 86.5 per cent male sterility and partial male 

sterility when treated with 100 ppm of ethrel and complete sterility, when the 

dose wa^increased to 500 ppm. 

Rathgeb ct a/. (1982) reported high percentage of male sterility in 

secondary ears of hexaploid triticale when treated at three development stages 

with ethrel or DPX 3778. They also observed 87.5 per cent male sterility in 

primary ears and 84.5 per cent male sterility in secondary cars treated with 

4000 ppm ethrel. Increase in plant height by 22 per cent was also iccorded 

Law and Stoskopf (1973) reported 96 per cent male sterility in barley 

plants treated with ethrel at the time of panicle primordial development stage 

Under field conditions male sterility upto 55 per cent was induced when 1.4 

kg per ha of ethrel was applied at the Hag leaf emergence stage. 

Perez et al. (1973) found that spraying of ethrel at the early booting 

stage induced high pollen and spikelet sterility and reduced the nuinber of 

spikelets per panicle and the length of the flag leaf in rice. 

Nelson (1 975) reported that out of three varieties of triticale treated 

with ethrel from 0 to 3000 ppm, 3000 ppm was very effective in one variety 
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when it was applied at boot leaf stage in causing male sterility. Ilowever 

under field situations on different varieties of triticale application of U to 

2000 ppm ethrel was ineffective in causing male sterility. 

2.3.1.3. Other crops: Borghi and Pironi (1970) reported that two applications 

of ethrel at 1 or 2 and 3 to 4 true leaf stages at concentrations of 600 lo 800 

ppm in Ciiciirhilapcpo and 500 to 000 ppm in cucun\bcr caused male sierillty. 

Ethrel reduced the number of male to female flowers in both. 

Tarakanov and Ayapova (1 973) reported that varieties of cucumber 

when treated with ethrel at two leaf stage, depressed growth and caused a 

shift towards female sex. 

Sulikeri and Bhandary (1973) found that application of 500 ppm 

ethrel at first true leaf stage caused maximum delay in the appearance of 

staminate flowers of melons and squashes. The ratio of male to female Howers 

was 22.3:1 in control. 250 ppm of ethrel treatment produced the highest 

number of female flowers. 

Singh and Choudhury (1988) reported that the induction of pistillate 

flowers earlier and at lower nodes in cucumber (('iicunus saliviis) and bottle 

gourd {Legeiiaria .siccraria) delayed the appearance of ItMuale llowers in 

watermelon (Cilrulus lunaliis) when they were treated with 50 and 1000 

ppm of ethrel. Ethrel at 50 ppm produced the lowest sex ratio in all the three 

crops. 



Vadigeri and Malageri (1989) reported a significant increase in tlie 

number of female flowers of poinselte and Belgaum local seedlings of 

cucumber when treated with 400 ppiii orcthrcl. 

2.3.2. Effect of ctlircl on inorpliological cliaiiicters 

2.3.2.1. Millets: Pereira ef al. (1991) reported that 100 ppm ethephon reduced 

plant height in all cultivars of sweet sorghum. But 100 ppm GA increased 

plant height in cv. BR 501 and reduced plant height in BR 503. 

2.3.2.2. Cereals: Leonova (1980) reported that wheat plants treated with 0.1 per 

cent ethephon exhibited growth retardation of 50 to 70 per cent while growth 

retardation upto 10 per cent was recorded wiicn treated with 0.3 per cent etlieplioii 

2.3.2.3. Other crops: Tarakanov and Ayapova (1973) reported rlppres'jpri 

growth of cucumber when treated with ethrel at two leaf stage 

Jayaram and Ramaiah (1980) reported significant reduction in 

percentage of flower shedding in cowpea when treated with a combination of 

25 kg PjOj per ha, Planofix at 40 ppm and ethrel at 100 and 150 ppm. 

2.4. EFFECT OF 2,4-D 

2.4.1. Effect of 2,4-D on pollen sterility and seed fertility 

2.4.1.1. Cereals: Aswathan^rayana and Mahadevappa (1992) reported that in 

rice all the treatments viz., 200-3000 ppm GA,, 500-8000 ppm Ethrel 
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(et he plum), 0 1 ' " ! f; pci ccni 2,'i-l) m (),()'> I o i;S p;-: 'i-ni miili-n li\ di n/!<!.• 

induced pollen sterility and decreased seed set compared to iinticated coiilrol 

Highest pollen sterility was induced with 800 ppm CiA,, 8000 [ipni ethrel 

(68.60%), 0.8 per cent 2,4-D (61.95%) and 0.2 per cent Mil (86.()0»n) 

2.4.2. Effect of 2,4-D on morphological t ra i t s 

2 .4 .2 .1 . Cereals. Brasesco (1976) found ear abtuirniality in Preco/ Parana 

IN TA wheat due to 2,-1-!) (realnicnl 

Lyaskovskii (1990) ie|n)i"ted 18-20 pci ccnl i educed plant lieitih! m 

all cultivars of wheat and barley and 10-21 per cent increased dianieici of the 

2nd internode when plants were treated with slow release lertili/ers that 

contained 2,4-D as one of the constituents 

Yaduraj and Ahuja (1992) reported that 8 varieties of wheat when 

treated with 2,4-D (0.6 and 1.2 a.i. kg/ha) and apjilied at thiee diffcieni 

dates (4, 5 and 6 weeks after sowing) developed ear deformity and the most 

severe deformity was recorded with 2,4-D application of 1,2 kg per b.a 5 

weeks after sowing 2,4-D applied 4 weeks after sowing signincanlly leciuccd 

plant height. 

2.4.2.2. Other crops: Chauhan and Bordia (1 971) reported that there v^as no 

effect on plant height or in number oi~ days taken i'oi seed feilility ui plains 

raised from soaked seeds of cabbage for 24 h in sdulitMis of 5-100 ppm (;,\, 

^^^. I I.Ls.iniuif. I 
^Tth^-'y^ \ mm. j 
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5-1 50 ppm NOA or 0.5-5 ppni 2,4-D. 2,4-D treatment increased tlie number 

of edible leaves and head weight increased to a maximum of 1.72 kg with 50 

ppm GA. 

Podesva and Sebanek (1986) reported inhibition of seedling growth 

of pea, Lepidium sativinn and barley when treated with 200 mg 2,4-D per 

litre while treatment with 500 mg CiA jier litre piomolcd seedling growth. 

Patil t '/a/. (1992) reported 0, I, 5, 25 or 500 ppm 2.4-13 spraved ^0 

DAS to cotton cv. Sharada decreased stem and leaf dry weight at 52 and 72 

DAS. Spraying GA^ increased plant height. 



MATERIAL AND METHODS 



III. MATERIAL AND MEIMODS 

The investigations were carried out at the Main Research Station, 

Gandhi Krishi Vignana Kendra, University of Agricultural Sciences, Bangalore 

which is located at latitude and longitude ol" I 2 "SX'N :uid 11"}^'\[, r c.s|)cclivciv, 

and has an altitude of 930 metres aln-ive mean sea level 

The materials and methods required to conduct the following four 

experiments: 

1. Immersion of t'mger millet panicles in different tempeiatuie 

regimes of hot water ranging from 45--'i0"(" for a standard 

duration of 5 minutes 

2. immersion of linger uiillel panicles in •IK-49(' hoi walei loi 

different durations ranging from three minutes to tiine mimiles 

3. Application of dillerent concentrations of GA,, ethrel and 2,4-D 

4. Application of 1600 ppm GA, and 100 ppm 2,4-D at Hve 

different growth stages of linger millet 

3.1. MATERIALS AND METHOD 

For all the four experiments linger millet C'v PR 202, was selected 

PR.202 is a medium tall variety with compav^t ears and nuluie.> in 
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about 115-120 days. I he luiisciy was laiscci and plants were trans|)lantt'd 

into pots. 

3.1.1. Experiment I: Hot water ciiiiisculation by inuuersiug finger millet 
panicles in different (enipcralnre regimes of hot water ranging from 
45-50"r for 5 miniiles 

Seedlings ofCv I'K 202. weie laiscd duiing llie sumna-i scascni ol 

1995-96 and transplanted into pots The procedure adopted for this stuch 

was that three tillers of Cv. PR.202 of the same aye which are likely to llovver 

during the next 2-3 days were selected In each ears all but three llngcis 

were removed and immersed into a beaker containing 45-46' C hot water for 

5 minutes. Similar procedure was carried out I'or the other hoi watei 

temperature regimes o\' 4()-17"(', 17-4X(\ .tS-4>; C and 4*)-So (' Ihc 

following observations were recorded fiom all Ihc ihrec licalcd fingers dl 

each trcatn)enl. 

1. Pollen stcrilily: Three spikelels each from the tip, middle and basal porti^ui 

of each treated finger was collected separately Further, iVom each of the 

three spikeicts tiie matine anthers oi'lhe apical ami basal tlorels weie smeared 

in 2% acetocarmine and assessed for pollen fertility Three fields per slide 

were scored. Round darkly stained and plumpy pollen grains were counted 

as fertile and lightly stained and shrunken were counted as sterile pollen grains 

Pollen fertility/sterility was expressed in percentage. 
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2. Seed fcrlilily. I'liis obsci v;ilii>ii was iccoidcd al C()iii|)lcl(.' itiaUiiily In 

each of the treated tillers the seed fertility was determined by collecting 

spikelets from the tip, middle and basal portions of the finger. Number of 

seed set in each spikelet was counted. Seed fertility was expressed in 

percentage. 

3.1.2. Experiment M: lininersioii ()l'linj»cr inilliM ])iinii°les in 48-49"(; hot 
water for different durations ranging from 3.U minutes to 9.0 
minutes 

Based on the results of F.xperiment I immersion of fingers in hot 

water of 48-49"C for different durations of time namely 3 0, 4 5, 6 0, 7 5 

and 9.0 minutes were adojited. Hot water treatment procedure adopted in 

Experiment I was slightly modified. Instead of beaker, a thermoflask of one 

litre capacity with a lid made of thermocool was used. 

'fhe observations recorded in lixperimenl I were lepealetl in this 

experiment also. 

3.1.3. E x p e r i m e n t I II : C h e m i c a l e m a s c u l a t i o n us ing d i f ferent 
concentrations of GA^, etiirel and 2,4-1) 

Seedlings of PR.202 raised during kharif season of 1995-96 were 

transplanted into pots. Pot experiments were conducted. Aqueous solutions 

of different concentrations of GA,, ethrel and 2,4-IJ wcie prcpaied as m 

tabic below. I'olally 75 tillers wcie cai maikt-d loi lliis sludy loi each 

chemical 25 tillers were used. Each concentration of each chemical was 
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applied on five tillers to seivc as five replications. Various coneenli atioiis ol 

gametocides were applied when tiie junctures ofloj") 2-1 leaves including flay 

leaf were invisible. 

For each of the tiller a capillary tube was inserted in the leaf whorl 

With the help of a pipette ) ml of the required concentration (if the gainetocide 

was pipetted out and poured into the capillary lube, liach of the concentration 

of the chemical was applied to 5 tillers The following are the dilTcrenl 

concentrations of the three gametocides used and the number of tillers treated 

in the study. 

Concentra- Concentra- Concenira- f̂ '̂̂  of 
Treatment t i o n o f G A 3 tion of tion of tillers 

in parts ethrel in 2,4-D in treated 
per million parts per parts per 

million million 

T, 100 
200 
400 
800 
600 

1000 

2000 

3000 

4000 

.'̂ 000 

25 
50 
100 
200 
400 

5 
5 
5 
5 
5 

Following were the observations recorded. 

1. Pollen sterility. As mentioned in section 3 . 1 2 

2. Seed fertility: As mentioned in section 3 1 2 I 
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3. Plant heiglU: Tliis obseivaticin was recorded IVoiii the base of the plant to 

the tip of the panicle and expressed in centimeters 

4. FhLgJ.e<V(Jcng'h: I.englh o l l l a u leaf IVom (he lip ol~(he leal" blade to the 

base of leaf blade was recorded in centimelei 

5. IHag leaf breadth: i'he bieadlh at the middle of the flag leaf blade was 

recorded in centimeters. 

6. Finger length. Is measured in centimeters from the tip of the finger to the 

base of tile linger at complete maturity. 

3.1.4. r.xporiuuMU IV: ;\|>nlic;i(i<>ii of 1 6(HI ppiii <»A^ :iii<i KHt |>|>iu 2,4-1) 
at live dilTeicul Icafs lagos of ringer niillct 

Hased (Ui I he i rsulls of I'spci imcnl III I MX) iipm ( JA and I DO p|uii 

2,4-D were selected on these concentrations induced highest pidlen sterility 

and least seed set. Seedlings of PR.202 raised during the rabi season ol' 

1995-96 were transplanted into pots. Totally 50 tillers were used for each 

chemical. One concentration of each chemical was applied at Hve growth 

stages. First leaf stage lefers to the growth stage in which the junction of 

flag leaf alone is invisible while 2nd, 3rd, 4th and 5th leaf stage refers to the 

growth stage in which junctures of 2nd, 3rd, 4th and 5th leaf juncture below 

flag leaf including flag leaf are invisible 

Observations recorded were in the same manner as in Experiment HI 



EXPERIMENTAL RESULTS 



IV. EXTKRIMEN lAL UKSllLIS 

The results of the current invcstigati(Mis aic presented under the 

following heads. 

1. Expe r imen t 1: Hot wa te r e m a s c u l a t i o n using different 

temperature regimes 

2. Experiment 11:1 lot vvaler emascutation using 48-4'^"(' hot water 

for different intervals of time ranging from 3 to '•) minutes 

3. Experiment 111: ElTect ofdifferent concetitrations of( iA, , ethrel 

and 2,-1-1), 

4. Experiment IV: Effect of 1600 ppm (lA. and 100 ppm 2,4-D 

applied at 5 different leaf stages of llngei millet 

4.1. EXPERIIVIENT I: MOT WATER EM ASCU LA I ION USING 
DIFFERENT TEMPERATURE REGIMES 

4.1.1. Pollen sterility and seed fertility 

The data on pollen sterility and seed fertility are presented in Table 

1. From the table it is seen that all the treatments recorded higher pollen 

sterility than the control. With the increase in temperature from 45 to 4Q'C 

pollen sterility increased from 42,1 jier cent lo ()'I.') pei cciil, icspc'cdvelv 
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Pla te 1 HlTect o r 4 8 - 4 9 " C 

of 7.5 and 9.0 minutes in 
liol wa le r joi im 

"it'iSHin du ra t i ons 
^iivinsz up of panicles 
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TIK' s;imc is dc pi fled in lii'.ni r I I lui ciisc in \v;ilci lciii|n'i ;iliiic hi-yoiid I') (' 

liad a deleterious elTect resulting in drying (ilTllie cars (IMate I) i'liere was 

udl nuicli ofa dilTerencc in iiollcn sicrilily bclwcen llie lip, middle and basal 

pcisitions of lingers, whereas sterility dilTeiences belween apical and basal 

florets within a spikelet were observed. 

Seed fertility showed an increasing trend with the decreasing 

temperatures ie., with the increase in temperature ranges seed feiiiiiiy ieduced 

However, temperature ranges from 45-47"C did not alTect seed fertility, while 

seed fertility at 47-48"C' could nol be recorded Hut there was a drastic 

reduction in seed set from 100 per cent to 6 6 per cent at 48-49 C. Further 

increase in water temperatuies tesulted in drying of the ear 

4.2. E X P E R I M E N T II: HOT WAI EU EMAS( U L A H O N USINCi 48-
49"c MOT WATER FOR D I I I E R E N I IN I ERVAES OE I I M E 
R A N G I N G FROM 3 l O 9 MINUTES 

4 .2 .1 . Pollen steri l i ty :iiul seed lei t i l i ty 

The results are presented in Table 2. As per the table, the duration 

of immersion of ragi ears increased from .TO to 6 () minutes pollen sterility 

also increased. The same is shown in Figure 2. However, further increase in 

immersion beyond 6.0 minutes had deleterious effect on the panicle resulting 

in total burning. The shortest duration ol" three minutes inuiiersion caused 

sip.nifieimt anuMint of sleiilit\' ('if' '̂ " ") a'; ;ii';iiii';l (diil i DI ('> \" ,>) \ in:i\iniiiiii 

pollen sterility ol"82 7 pci cent was leccutled when the ears weie immersed 
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for (i.O niiiuitcs. Rasal pails of lliiiici was affcclcd lo llic inaxiiDum extent 

than tlie niitkllc Apical iloiels within a spikck'l was moie affected than 

basal llorets. 

Seed feilility incieased with leduced inuucision lime 1 he seed 

fertility got reduced fioni '̂ S > pei cent (conliol) to 2w () pci cent when the 

ear was immersed for 3.0 minutes 1 he least I'eililily of 0 1 per cent was 

recorded at the immersion duraliofi of 6 () mimiles Least seed set was 

recorded in the basal fingers than apex oi middle portion. 

Similarly mean pollen steiilitv range was narrowed down with the 

increase in duration of immeision However, the maximum |)ollen sterility ol 

100 per cent was recorded in all the duration of immersion. In contrast the 

seed fertility range increased with ihe incicase in immeision time Zero fertility 

was only recorded at an immersion time of six minutes 

4 .3 . EXIMCRIMF.NT III: I.I I IX I Ol DM I I K I N I ( ( ) N ( I N I RA­
T I O N S OF CA, , I I I I R I F AND 2,4-1) 

4 .3 .1 . Effect of different concei i t iat ioi is of (i / \^ 

4 .3 .1 .1 . Pollen sterility and seed fertility 

Results of the effect of diflerent concentrations of (i.A^ on jiollen 

sterility and seed fertility are tabulated in fable V I he results indicate an 

increase in sterility with increase in concenti alion ol'CiA. fiom 100-1600 
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ppm. Tliis c;in be seen IVfun I'iginc 3 Not imith cITuct on stciilily w;is 

noticed at 100 j-ipm wliile 200 and 400 pjim caused stcrilily to a considerable 

extent. At 800 ppni and 1600 pjiin niaximuni slciilily was observed Apical 

and basal positions of fingers exhibited more sterility than the middle portion 

Within the spikelels apical lloiels weie inoie pione to slciilily llian basal 

florets. 

Seed fer t i l i ty was not affected at 100 ppni of (i.A^ while 

concentrations of 200 and 400 ppm affected seed set I'urther reduction oi' 

seed set was observed at 800 ppin, at l()00 ppni the seed set was least (4S 5%) 

Seed set recorded in n\iddle and basal spikelels of the fingers weie n\ore than 

the apical spikelels. 

4.3.1.2. Mjlipliojogi^aftrails 

Resul t s on the effect of different concen t ra t ions of GA. on 

morphological traits are presented in fable 4. 

4 .3 .1 .2 .1 . Plant height 

Lower concentrations of 100 and 200 ppm of GA^ did not affect the 

height. However with the further increase in concentration of GA, affected 

the height significantly. The highest concentration of 1600 ppm of GA, 

increased the plant heighl (Von) I 12 X cm (control) lo 146 6 cni 
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Tiiblc 4. lilTcct Dfdir icrcnt conccnti iilioiis of (iibbci ullic acid on iiiorpliologica 
characters of finger inillel 

Mean Mean Mean Flag leaf Mean 
Concentration plant peduncle - finger 

height length Length Breadth length 
(cm) (cm) (cm) (cm) (cm) 

100 ppm 113 4 2 1 2 26 3 l.-i S 0 

200 ppm 119.4 21.1 25.5 1.3 7 3 

400 ppm 121.4 21.2 3 1 ! 13 7 1 

800 ppm 133.8 22.5 32 1 1.2 9.1 

1600 ppm 146.6 24.3 34.2 11 10 1 

Control 112.8 20 5 29.6 1.4 5 7 
(No treatment) 
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4.3.1.2.2. Peduncle lenuth 

The first three treatments viz., 100, 200 and 400 ppm GA, had no 

effect on peduncle length, but a sudden increase in pedinicie length was noticed 

at 1600 ppin (24..^ cm) ascompaied to 20 "i cm lecorded in cctnliol 

4.3.1.2.3. Flat; leaf lenizlh and hrcadlli 

On comparison of the plants that received 100 and 200 ppm GA, to 

the plants that did not receive the same there was no effect of these two 

concentrations on flag leaf length But a sudden elongation of flag leaf length 

was observed in plants that received higher concentrations of GA .̂ 

A reduction of 0.1 cm in breadth of flag leaf was recorded at all the 

three 100, 200 and 400 ppm of GA^ concentration compared to control. 

However, a further reduction of 0.1 cm was recorded with each further 

increase in GA, concentrations. 

4.3 1.2.4. Finger length 

The lowest concentration of 100 ppm of the chemical had no effect 

on finger length. While 200 and 400 ppm GA, increased flnger length to the 

same extent. A further increase in finger length at 800 ppm and 1600 ppm 

were recorded. 
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4.3.2. Efrect ol" ililfereiU cuiiceiilriilioiis ofcliircl 

4.3.2,1. Pollen sterility_and,.seeil fe11iIity 

Rcsulls arc picseiitcd in Tal)lc ^. A look inlo ihc la[)lL' dc|)icts llial 

all the trcatmenl.s exhibited hiyht-i pollen .siciililv peicenlagc lliaii control 

Though ethrel affected the pollen lertilily at all doses, at lower doses the 

differences in fertility was not obvious, fhe chemical was more effective in 

inducing higher sterility at the apical and basal legions of the fingers than the 

middle region. There was no diffeience in sterility between apical and basal 

florets. 

While I ()()() ppnt had negligible elTecl on seed I'eililily However a 

further increase in concentration to 2000 ppm draslically alTected seed fertility 

Further increase in the concentrations reduced the seed fertility Lowest seed 

set being recorded at the highest concentration This is clearly depicted in 

Figure 4. 

4.3.2.2. Morphological traits 

Table 6 provides a detailed information on the results of different 

concentrations of ethrel on morphological traits. 
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Table 6. Effect of different coiicciUiatioiis oi lilluel on morphological cliaracters ol 
finger millet 

Mean Mean Mean l-iag leaf Mean 
Concentration plant peduncle — finger 

height length I.ength Breadth length 
(cm) (cm) (cm) (cm) (" '̂ii) 

1000 ppm 109 0 13 4 25.6 1.4 6 1 

2000 ppm 91.5 9.8 23.5 1.4 5.9 

3000 ppm 86.6 8.7 22.7 1.6 5.8 

4000 ppm 75.9 6 7 217 1.6 S3 

5000 ppm 61.7 6.5 21.4 1.6 4.7 

Control 110 3 19.6 . " 4 1.2 6.2 
(No treatment) 
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4.3.2.2.1. Plant heiulU 

Tlie lovve.st concctitration of 1000 pp.iv, rliri n()i alTect the nlant height 

but a considerable dwarfing of plant height ccnild be noticed only at 2000 

ppni iiiul oinvaids A .SCVCK- dwiiilinu fHri.1 w,\s n(ilicc:(l ;il I lie lilghcsl 

concentration of 5000 pimi 

4.3.2.2.2. Peduncle Jenglh 

Though 1000 ppni elhrel had not alTccled plant height it did atTect 

peduncle length by reducing it With the increase in concentrations from 

1000 ppm to 4000 ppm, peduncle length decreased but there was no reduction 

in height due to increase in concenti ation IVoni 4000-5000 p|-»m. 

4.3.2.2.3. I'hig Iciiflenglh nnd hu-iullli 

i'roni 32,4 cm ling Icnl'leiiglli ol'llic noimal plant, i( got reduced to 

25.6 cm even at the lowest concentration of 1000 ppm ethrel. Further 

reduction was recorded with the increase in concentration upto 300 ppm. 

Further increase in concentration upto a concentration of 5000 ppm did not 

affect the length. 

1000 ppm of ethrel \v;is cITedive in increasing breadth of Hag leaf 

from 1.2 cm (control) to 1.4 cm. Ihe similar increase in breadth was recorded 

at 2000 ppm also. While, the last three concentrations of 3000, 4000, 5000 

ppm further increased the width to the same extent (1.6 cm). 
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Table 8. Effect of different 
finger millet 

Concentration 

25 ppm 

50 ppm 

100 ppm 

200 ppm 

400 ppm 

Control 
(No treatment) 

concentrations of 2 

Mean 
plant 
heit'JU 
(cm) 

109.7 

108,9 

94.9 

94.5 

94.6 

1 15.8 

Mean 
pedunci 
liMiuth 
(cm) 

21.6 

21.5 

17.7 

17.9 

17.9 

22..1 

,4-D 

e 

on mor 

Mcar 

I.engtl 
(cm) 

34.6 

33.4 

25.8 

25.5 

25.1 

3 3.5 

pho 

11 < 

logical c 

ig leaf 

Breadth 
(cm; 

13 

1.3 

1.9 

1.9 

1.9 

I I 

laracters oi 

Mean 
fmger 
length 

( C M I ) 

5 3 

5.2 

3.5 

3.4 

3.4 

6 4 
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4.3.3.2.1. Plant hemlu 

'l'iie lowest conccntiatidii ()l'2.'i iipm 2,4-1) rctluccci plant height from 

115.8 cm of control to 109.7 cm, but the next concentration of 50 cm did not 

further reduce the height while a .sudden ieduction was noticed at 100 ppm 

(94.9 cm) but the preceding concentrations did not reduce [ilant height, 

4.3.3.2.2, Peduncle length 

The first two concentrations of 25 and 50 ppm 2,4-D did not alTect 

peduncle length as compared to control but tVom 50 to 100 ppm there was a 

sudden reduction in peduncle length whereas beyond this concentrations the 

length was not affected 

4,,V.3,2,3, Flag leaf length and bieadlh 

The length of Hag leaf was not affectetl by 25 and 50 ppm 2,4-U as 

against normal plant while a sudden reduction in length was noticed at 100 

ppm but further reduction was not noticed at 200 and 400 ppm. 

The two lowest concentrations of 25 and 50 ppm increased width of 

the flag leaf by 0.2 cm, while it still increased by 0.7 cm in all the 

concentrations of 100 ppm, 200 and 400 ppm as compared to control (1.1. 

cm). 
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4,3,3.2.4. Fjnger lengtli 

25 and 50 ppm 2/1-1) ictluccci iiiigfi Icnglli to the same amount, 

while 100 ppm drastically reduced the tlnger length, but 200 and 400 ppm 

did not show Curl her i eduction in luiu,ci icnulh 

4.4. EXrr.KIMEN I IV: EM !,( I Ol 1600 n»M ( ; A , AND 100 IM»M 
2,4-D APPLIED Al ElVE DIKFEKEIN 1 GROWTH STAGES OF 
FINGER MILLET 

4.4.1. EfTecl of 1600 ppm (JA, 

4.4.1.1. Pollen .sicrilily and .seed (cililily 

it is seen from the lable '•), that (iA, liealment at all leal" stages has 

increased sterility as compaicd to no treatment I he |Md!en steiilily increased 

with the application of GA, I'rom late growth stage (1st leal'stage) to the 

early growth stage (fifth leaf stage) (Tig Ci) fhe highest mean sterility of 

62,4 per cent was recorded when GA, was applied at fifth leaf stage. Among 

the three different positions of spikelets affected tip was atTected to a greater 

extent followed by middle fingei and basal finger. Between the apical and 

basal florets apical florets showed higher sterility of 37.3 per cent compared 

to 35.8 per cent recorded by basal florets. 

With regard to seed fertility spraying at later growth stages (Urst leaf 

stage) recorded slightly lower I'citilily (XI 3'/()) as compared to control 
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(96.1%). Among the stages of treatinent application of GA, at early growth 

stage recorded the least of 5 1 per cent fertility and the fertility increased 

with the delayed application 

Range of pollen slriililv wa.'̂  \\\v liii'lu-.̂ l al .st'corul leaf .slagc of 100 

per cent but the range of seed fertility was highest at first leaf stage of 92 J 

per cent. 

4.4.1.2. Morphological traits 

Effect of GAj application on morphological traits is presented in 

Table 10. 

4.4.1.2.1. Plant hei^ht 

It is observed from the table that application of GA^ at different 

growth stages affected the plant height I'he plant height increased to 67.9 

cm from 56.5 cm (control) when the application was made at first leaf stage. 

Application at fifth leaf stage almost doubled the plant height from 56.5 cm 

(control) to 109.3 cm (fifth leaf stage). 

4.4.1.2.2. Peduncle length 

The peduncle length was not affected much when the GA application 

was made at first and second leaf stage llowevci, peduncle length increased 
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Table 10. Effect of 1600 ppni (iA, on moiphologicai cliai actors of linger millet ears 

Mean Mean Mean IMag leaf Mean 
Stage of plant peduncle finger 
treatment lieight length Length Breadth length 

(cm) (cm) (cm) (cm) (cm) 

1st Leaf stage 67.9 21.6 24.0 2.7 4 3 

2nd Leaf stage 70 6 24 6 30.6 2.7 6.3 

3rd Leaf stage 83.6 28 4 32 6 2 3 8 8 

4thLeafstage 86 0 310 40 6 18 14 S 

5tli Leaf stage 10^^3 38.4 So.3 1.4 16 8 

Coiitrol 56.5 22 5 30.6 2 0 4.3 
(No treatment) 
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Plate 6 Effect of 1600 ppni GA, on fiiiger and glume 
elongation applied at nflh leafslagc 
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Pla te 11 Effect of 1600 ppin Ci/\_ on e longa t ion of g lunies , 

l emma, iiaiea, ovary, style ami anlluM^ when appl ied 

at filth leaf s t aue 
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iVom 22,3 cm to 2X4 cm due lo iippliciilioii olCiA, ;il ihiid leaf stage I'lie 

longest peduncle length of 38 4 cm was recorded when the application of 

GAj was made at fifth leaf stage. 

4.4,1,2.3. Flag leaf length and breadth 

As regards to Hag leaf length and bteadth, there was no effect of 

length and breadth of Hag leaf when the GA was applied at first and second 

leaf stage, in contrast application at thiid leal" stage increased the Hag leaf 

length but the width was reduced The longest and the narrow Hag leaf was 

recorded when GA was applied at fifth leaf stage 

4.4.1.2 4 r inger length 

Application of GA^ at first leaf stage did not alfecl the linger length 

however, application at second and third leaf stage marginally increased finger 

length with substantial increase of finger length from 4.3 cm to 14.5 cm was 

recorded with the application at fourth leaf stage Advancing the application 

at fifth leaf stage increased the finger length marginally (Plate 2 to 6). 

There was a stead elongation in the length of glumes, lemma, plaea, 

y 
ovary and stie IVom second lo fifth leaf stages (Plate S to I I ) 
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4.4.2. Effect of 100 |)|)iii 2,4-1) 

4.4 2. I I'nllcii sUMilily 

The clTect o( 100 p|im 2,4-1) on jiollen ami seed Icitilily is presented 

in 'I'ablc 11. I i iespecl ivc ol" the leal" slaues application ol' 2,4-1) has 

considerably increased the pollen sterility. Application or2,4-U at later growth 

stages (first Icafstage) has recorded a mean slerilily o r24 8 per cent I'lirthcr 

preparing application to second leaf stage ditl not alVect the sterility However, 

the sterility increased progressively when the application was prepared irom 

third leafto fifth leaf stage I'he ilfth Icafstage application has recorded the 

inaxinium sterility of 5.V^ pei cent as compared to 0 2 per cent sterility i" 

control. The tip spikelets showed higher sterility compared to middle and 

base spikelets Not much difference in sleiilily between apical and basal 

florets was noticed. 

Application of 2,4-D at later growth stage (first leaf stage) marginally 

decreased the feitilily from OS "> per cent in control to X^ 6 per cent leeoicled 

in first Icafstage A sudden reduction in fertility tVom 83.6 per cent to 57.0 

per cent was recorded when the chemical was applied at second Icafstage. 

The least fertility of 7.1 per cent was recorded when the application was 

made at fifth leaf stage (early growth stage) (Fig.7). Apical spikelets (43 7) 

recorded more sterility followed by middle (44 1) and basal spikelets (38 2). 
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llighi'sl pî lU'ii sU'iihlv iimur \\;IN u'lonUil al lliiiil UMI sliigc while 

highest seed feilililv liuij^e was iccoidtMl al fiisl Iciirstafie 

't 'I .' -! Muiplmlujucal liails 

l ined ol" KM) ppin 2,1 I) mi iiioi phulouK al hails is pieseiilecl in 

I able 12. 

4.4 2.2.1. I l̂aiil heiulil 

2,4-D reduced llie planl liciyhl when ajiplied at dilTeient growth 

stages, llundied per cent reduction in Iteiuhl ('(oiu ()(v5 em to .rVo eni was 

recorded when the application oT 2,4-D was made at early growth stage (ilith 

leafstage). 

4.4.2.2.2. I'edunele length 

A similar trend as observed in plant height was also recorded for the 

character peduncle length. Though there was no reduction in peduncle length 

when the application was made at first leafstage considerable reduction in 

length was recorded with the application of 2,4-D from third leaf stage 

onwards. Application at fifth leafstage recorded the shortest peduncle of 

10.2 cm compared to 26.5 cm recorded on untreated plants. 
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Table 12. Effect of 100 ppni 2,4-D on inorpliological traits 

Mean Mean Mean l-'lag leaf Mean 
Stage of plant peduncle finger 
treatment height lengtli Length Breadth length 

(cm) (cm) (cm) (cm) (cm) 

1st Leaf stage 58.2 26.1 30.4 1.2 5 9 

2nd Leaf stage 52.1 I') ,1 }4.5 1.2 4 ') 

3rd Leaf stage 45.4 16.3 33.1 1.4 3 9 

4th Leaf stage 39.3 12 1 30.2 1.8 3 4 

5th Leaf stage 33 6 10 2 28 4 18 2 4 

Control 66.5 20 5 40.3 1.0 6.0 
(No treatment) 
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reduction applied at fiflli Ical'staye 
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4.4.2.2.3. Flag lenutli and breadth 5 ^ - ' • ^ ' 

Reduction of Hag Icai" leiiytli and increase in bicailtli was recorded 

due to application ol" 2,4-1) at diiVcrcnl growth stages. The shortest and 

broadest Hag leafwas lecorded when 2,4 !) w;','; applied al eail I'lovvlh staue 

ie., when tlie junctions of all Ihe l u r leaves weie inxisihlc (enily giowlli 

stage). 

4.4.2.2.4. Finger length 

Application of 2,4-1) a I later giowth stage (In st leaf staue) tiiti not 
I I ^ ^ . 

affect the linger length, in contrast application al second (o ilfth leaf stage 

decreased the linger length siihstantially. I he shortest linger of 2 4 cm was 

recorded when 2,4-D was applied at early growth stage as compared to 6 cm 

length of untreated check plant (Plate 12 to 16). 

'fhere was a steady reduction in Ihe length oi'glunies, lenuiia, palea, 

ovary and stylo from second to llfth leal'slages (i'lale H to 20) 
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V. DISC IISSION 

Over the past four decades ragi production has risen substantially. 

Production has been improved mainly through the varietal component of 

production. Till 1970's, tlie genetic improvement in this crop was mainly 

through pure line selection. However, in 1 970s hybridization was initiated in 

a limited scale. Substantial yield improvement was possible even with liiriited 

hybridization. At present, there is a plateau in varietal improvement even 

though a wide range of genetic resources have been accumulated in this crop. 

Not even one per cent of the available gcrinplasm could be utilised so far 

mainly due to non availability of a simple hybridization technique. High 

volume crossing utilising the diverse germplasm seems to be the only answer 

for breaking the yield plateau A survey of the available emasculalioii and 

crossing techniques indicated that only contact nielln>d ol' hybi idi/.atioii is 

being practiced. The reasons for not following the other technique fe>llowed 

in other crops are: (1) Ragi is piedonfinanlly an aulogamous crop with very 

small tlorets (2) Anthesis lakes place in the very eaily luuns of I he day and 

(3) the pollen is viable for a short period. Under these circumstances a simple 

technique to induce male sterility will be of immense practical significance 

Though hot water emasculation and use of gametocides were found to induce 

male sterility, no systematic study was initialed to standai ili/.e tin- leclmic|ue 

for large scale adoption in linger millet. 
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In order to gcncralc iiii'oi in;n UMI \\\\(\ io sl;iiuh\i di /c ihc lecliim|UL- ol 

hot water and chemical eniasciilalion, cxpci iiiiciits were eoiuhicled and lesidts 

obtained are discussed and the feasible technology lor emasculation in ragi is 

suggested. 

5.1. MOT WATER EMASCUI A I ION 

5.1.1. Appropriate water (cmpcia lnio niid period of treatment 

The temperature oi'45 to 50'C for a standaici duration offivc minutes 

was chosen in the cxpcrimenl lo identily the most ciTcctivc tenipeialuie based 

on previous literatures of Rama RaC 9,'̂ n , ( 1 'K)2), Si ivaslava and Yadav ( 1 972) 

and Raj e/ a/. (1964). The results ol'tiie ilrst e.x|)eriinent have brought cuil 

that the temperature range ol" 48-49"(' was the most elTective in iiuiucing 

maximum pollen sterility and the minimum seed set than others, riierefore 

the temperature range or4X-49"(' was selected loi second experiment. bOi 

obtaining further increase in sterility and low seed set a range of unmersion 

durations from 3.0 minutes lo 9.0 minutes were included. The results of the 

second experiment had clearly brought out that immersion of ragi ears in 48-

49"C hot water for a duration oi' 6.0 minutes to be effective in inducinu 

maximum pollen sterility and low seed set, I'urther increase of immersion 

period beyond 6.0 minutes resulted in drying up of ears. 
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Tlic range of pcillcn fertility has iiuiicalctl that cvcti iiuiuei sioii lor ^̂  

minutes could induce 100 per cent sterility in a few ilcirets. However, the 

frequency of such llorels was high when the ear was immersed for 6 minutes. 

The high sterility in some florets even at lower exposure period could be due 

to their being in optimum stage at the time of immersion compared to pollen 

fertility, the seed fertility was very low. This suggests that though tlie pollen 

looks apparently fertile, it might have losts its viability. The available literature 

suggests that anthesis within a finger starts at two thirds tip portion of the 

finger and proceeds towards ape.x and base indicating that microsporogenesis 

first begins at this region and proceeds in either diiections as a lesLilt c|uick 

extrusion of anthers or anthesis is observed at this region followed by tip and 

basal regions. Based on this aspect and the fact that highest pollen sterility 

was recorded at the base of the finger with the lo'.vest amount of seed zcl 

instead of immersing the entire ear the spikelets at the base of the finger 

could be retained for hot water treatment. After the treatment the treated 

fingers can then be pollinated by the desired male parent to get the highest 

percentage of hybrid seeds. 

5.2. EMASCULATION USING GAMETOCIDES 

5.2.1. Selection of Ganietocides 

Among the three ganietocides tried namely gibberetlic acid, ethret 

and 2,4-D only two chemicals viz., gibberellic acid and 2,4-D appeared 
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promising since llic highest i)()l!en sterility was ol)tained with these chemicals 

as compared lo ethrel. 1 Icnce out ol'ihe thiee chemicals only gibbcreilic acid 

and 2,4-D were selected. The resiills of these two ciieniicais as a male 

gametocide are discussed. 

5.2.2, Gibbeiellic acid as a male gametocide for ragi 

When GA^ was applied at 2-3 leaf stage, with the increase in 

concentration from 100 to 1600 ppm theie was an increase in pollen sterility 

and a steady decrease in seed set. The highest concentration of 1600 ppm 

induced the iiighest percentage of pollen sleiility and lecorded the lowest 

seed set. Hence the concentration of 1600 ppm GA^ was chosen. Though 

arbitrarily 2-3 leaf stage was fixed for the application of the chemical to get 

better results earlier and later stages of growth were included in the fourth 

experiment. As such 1st, 2nd, 3rd, 4th and 5th leaf stages of growth periods 

were included in the final experiment. Inclusion of these growth periods was 

based on the literatures of Schuster (1969) who treated sunflower plants at 

the beginning of bud development with 0.25 to 0.50 mg per plant of GA^ and 

observed 90 to 100 per cent of male sterility, Borghi and Pironi (1970) w!io 

reported that two applications of ethrel at I or 2 and 3 to 4 true leaf stages at 

concentrations of 600 to 800 ppm in Cucurbita pepo and 500 to 600 ppm in 

cucumber caused male sterility. Law and Stoskopf (1 973) also reported 96 

per cent male sterility in barley plants treated with ethrel at the time of panicle 

primordial development stage and under field conditions male sterility upto 
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55 per coni \v;is i iuhiccd when I I ki; pel h;i of el hi el \v;is ;ip|)ht'(l ,il I he lliig 

leaf e m e r g e n c e s tage . P e r e z e s ci/ (I*)7.i) i'dund that sp ray ing d l e l h i e l at 

the early b o o t i n g s tage iiuiuced high pollen ami spikelcl sleri l i lv in wheat 

whi le ' i ' a rakano\ ' and Ayapova (1973) l e p o i t e d a shift l o w a r d s female sex in 

c u c u m b e r when t r ea ted willi e t lne l at t w o leaf s t age . Borghi cl a! (1<)7'1) 

obse rved eomplel e slei ilil \' \s'heii I i M u imi ;iesfi\ iiin \ ai lefu'S lliiiiiiiigo and S 

i ' a s to re and Tiiliciini LIIUKIU var ie ty lamln) were t rea ted with 2()()() ppm of 2-

ch lo ro et l iare i ihosphonie acid spiay at eaiK', mid, f i le boo t i ng and eaily 

h e a d i n g s t a g e s . S e c t h a i a m and K u s u n i a k u m a i i ( 1 ^ 7 4 ) r e p o r t e d that 

app l i ea l ion of ( i / \^ on the iid d;i\ allei l lowei iiiilialion indiiecd mii\iiiiiiiii 

po l len steri l i ty in sun t lower and the extent of pollen steri l i ty dec reased as the 

t ime of t r e a tmen t was delayed while Sp i rova ( 1 9 7 3 ) successful ly induced 

male ster i l i ty in four inbred lines of sun l l ower when 0.5 mg GA was applied 

at 5 to 6 leaf s tage and al the llowei bud s tage I lughes cl a/. ( I 978) l epor led 

the app l ica t ion of ( iA al the rate of 12 S k '̂, a i jiei ha in eomlnna t idn willi 

0.4 kg e tbephon a.i. per ha before ineiosis induced maximum male sterility. 

' fhe resu l t s of the present s tudy has c leai lv indicated that there was 

a p r o g r e s s i v e inc rease in steri l i ty as the t r ea tment was advanced , f rea tment 

at ear ly g r o w t h s t age (5th leaf s tage) which is 14 days before e m e r g e n c e of 

panicle from boot leaf has resul ted in Ihe highesi p e i e e n l a g e of pollen steiilily 

and lowest seed set. Thus it ctmld be conc luded thai ( iA , could lie effectiveiy 

used to induce male sterilitN' at 1()0() p|im and appl ied 11 days before the 
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cnicrgeiicc of panicle IVcuu (he Inuit leal Similar lesulls have also been 

obtained by Nclsoii and Rossnian (l'̂ ).SX) m niai/.e, liose and Nitseh (i'i7()) 

in Liiffci aculan\^uhi, in sunllowei- by Kliniov (1*)73) and Seelliaiani and 

KusLimakuinari (1974). 

Gibberellic acid nol only alTecled pollen sleiilitv and seed set, il also 

had an effect on other traits. It increased plaiil height, [)eduncle length, flag 

leaf length and finger length while the flag leaf breadth was reduced. Such 

an effect of GA, on morphological trails was noticed by Singh el al (1980) 

and Vadivehi cl al (1984) in soigliuni, Kajiii c/ (//. (1992) and Tliangaraj 

and Sivasubranianiani (1992) in rice while in |)ea it was noticed by Todesva 

and Sebanek (1986), 

5.2.3. 2,4-1) as male j^aiuclocido on la^i 

Third experiment involved the application of 25, .SO, 100, 200 and 

400 ppm 2,4-D al 2-3 leaf growth stage. The results of the third experiment 

indicated low seed set al 100, 200 and 400 |-)|)m though the increase in trend 

of pollen sterility was noticed with increase in concentration of the chemical 

from 100 to 400 ppm. Hence 100 ppm 2 ,4-0 was selected and applied at 

five growth stages of ragi crop. The results of the fourtli experiment suggested 

that 2,4-D applied at fif\li leaf stage induced maximum pollen sterility (56.3"-) 

and least seed fertility (7%). It was also noticed that 2,4-1) adversely affected 

plant height, peduncle length, flag leaf length and finger length while it 
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increased tlic bieadth of Hag leaf lUisiilis similar lo ihc prcsciii sliulv aif 

also obtained by Lyaskovski (1990) and Yaduraj and Ahuja (1992) in wheal, 

while in barley and Lepidiimi scilivuni it was noticed by Podesva and Sebanek 

(1986) and Patil cl al. (1992) noticed it in cotton. 

5.3. FEASIBLE TECHNOLOGY 

Of the tiiree experiments involving hot water, gibberellic acid and 

2,4-D it was found that hot watei eiTiasciilalion seems lo be the most 

appropriate and feasible technology besides being cheap and simple Hence, 

the technique and procedure involved in the hot water method of emasculation 

is prcseril)ed below. 

5.3. L Methodology for lio( \va(or ein;isciil;i<ioii 

Materials required: A wide mouthed thermous llask with a capacity 

to hold one litre of water, a thermometer that can measure upto sixt>' degree 

celicius, hot water of 60"C, cold water, a tberm(K-ool lid with a bole to insert 

the thermometer and a slit made from the edge ol ' the lid so as to hold the 

peduncle of the panicle. The thcnnocool lid should (It exactly into the mouth 

of the flask. 

Procedure: 

1. The ears are prepared by retaining the spikelets at (he base of 

the finger and removing the upper and middle portions. 
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Insert the peduncle of (he prcpiiicd ear anti thermometer iiiveiscly 

into tlie thermocool lid prepared before. 

2. Pour the hot water or60"C to tlte theniiosflask. Add cold water 

to bring down the temperature to the range of 48-49"C. 

3. Immediately cover the lid possessing thermometer and ear on 

to the mouth of tiiermostlask and allow the ear and thermometer 

for 6.0 minutes insitic hot walei or4X-4'->"'C. Kemove the ear 

from hot water immediately altei 6() mimilcs of immersion 

4. Contact the treated ear with the desired male parent for effective 

hybridization. 
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VI. SUMMARY 

The present investigation was taken up with liot water and tliree 

hormones viz., (1) Gibberelhc acid (2) Ethrel and (3) 2,4-D witli the objective 

of (1) identification oi'the most api^opriate hot water temperature and time 

of immersion required to induce male sterility and (2) select the ideal 

gametocide and the stage of application to get high male sterility. '! he cultivar 

used in the study was PR.202 Hot water temperature ranges from 45 to 

50"C for 5 minutes and the range of 48 to 49"C for 3.0 to 9.5 minutes was 

used. The three chemicals vi/ , (i/\^ wilh 100, 200, 400, KOO and 1600 ppm 

concentrations, Ethrel with 1000, 2000, 3000, 4000 and 5000 ppm 

concentrations and 2,4-D with 25, 50, 100, 200 and 400 ppm concentrations 

were used. The study was conducted at the Main Research Station, Gandlii 

Krishi Vignana Kendra, University of Agricultural Sciences, Bangalore. 'i"he 

salient features of research findings arc summarised below. 

1. 1st, 2nd, 3rd, 4th and 5th leaf stages appears 6, 8, 10, 13 and 15 

days prior to the emergence of pamcic fnun bodt leaf. 

2. Hot water emasculation: Increase in hot water from 45-46"C to 

48-49°C increased pollen sterility and decreased seed set steadily. Further 

increase in temperature of hoi watei' had a deleterious elfect resulting in diying 

up of the ears. The highest mean pollen sterility of 67.9 per cent and the 

lowest seed set of 6.6 per cent was recorded at 48-49"C of hot water with an 



immersion time of 5 minutes. Further increase in immersion lime by one 

minute has further increased the mean pollen sterility to 82.0 per cent but the 

grain set decreased marginally to 6.1 per cent 

3. Use of Gametocides: C)i" the three gamctocides, GA, and 2,4-L) 

were most effective in inducing male sterility as compared to cthrel. GA, 

recorded the highest pollen sterility of 46,9 with (he lowest seed set per cent 

of 45.5 per cent at 1600 ppm In contrasl, 2,4-1) had given 5"̂  5 per cetit 

pollen sterility with 64.G per cent seed set at 400 ppm as compared to 42 7 

per cent pollen sterility and 5S,4 pci ccnl seed scl of elhrel With tlu; 

preponement in the stage t)f application of GA^ the mean pollen steiility 

increased and seed set decreased, 'fhe highest pcdlen sterility of 62 4 per 

cent and the lowest seed set of 5.1 per cent was obtained when the application 

of GA^ at 1600 ppm was made when the crop was in the 5th leaf stage ie., 

62 days after sowing. Similar results with regard to 2,4-D was also obtained. 

2,4-D concentration of 100 ppm applied at 5th leaf stage recorded 56 3 per 

cent pollen sterility and 7.1 per cent seed set. 

The growth hormones effected the morphological traits also GA 

affected all the traits viz., plant height, peduncle length, flag leaf length, 

finger length were increased while it reduced breadth of flag leaf But 2,4-D 

reduced plant height, peduncle length, flag leaf length, finger length and 

increased Hag leaf brcadlh. 
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immersion time of 5 minutes. Further increase in immersion time by one 

minute has further increased the mean pollen sterility to 82,0 per cent but the 

grain set decreased marginally to 6,1 per cent. 

3. Use of Gametocides: Of the three gamelocides, GA, and 2,4-L) 

were most effective in inducing male sterility as compared lo ethrel GA, 

recorded the highest pollen sterility of 46.9 with the lowest seed set per cent 

of 45.5 per cent at 1600 ppm In conlrast, 2,4-1) had given ^} "̂  per ceni 

pollen sterility with 64.6 per cent seed set at 4(KJ p|)ni as compared to 42 7 

per cent pollen sterility and 5S.4 pci' cent seed sel of elluel Willi the 

pre|)onement in the stage of ap|)licalion of C.iA, the mean pollen sterility 

increased and seed set decreased, 'fhc highest pollen sterility of 62.4 per 

cent and the lowest seed set of 5.1 per cent was obtained when the application 

of GAj at 1600 ppm was made when the crop was in the 5th leaf stage ie., 

62 days after sowing. Similar results with regard to 2,4-D was also obtained. 

2,4-D concentration of 100 ppm applied at 5th leaf stage recorded 56.3 per 

cent pollen sterility and 7.1 per cent seed set. 

The growth horniones effected the morphological traits also. GA, 

affected all the traits viz., plant height, peduncle length, flag leaf length, 

finger length were increased while it reduced breadth of flag leaf But 2,4-D 

reduced plant height, peduncle length, flag leaf length, finger length and 

increased flag leaf breadth. 
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Appendix I. Days taken for complete emergence of panicle 
from the dale ofscnvinti, 

Plant 
Nos. 

No. of days taken for complete 
emergence of panicle from the 

dale of sowing 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

75 
77 
78 

77 
7̂ ^ 
78 

77 

77 
77 
75 
76 
75 
75 
76 
76 
76 
77 
78 
78 
76 
76 
78 
77 
75 

Mean 76.6 



Appendix II. Identification of growth stages.Days taken foi ear energence fioni boot Icn 
from first to fifth stage 

Average No.of No. of days 
Growth stage and No.of days Mean chiys rcc|uircd before panicli.-

Plant Nos. to attain the emerges from 
stage Hag leaf 

1 st Leaf stage(flag leaf 
JLinctura is invisible) 

1 
2 
3 
4 
5 

2nd Leaf stage(juncturas 
flag leaf alongwith one 
preceding leaf invisible) 

1 
2 
^ 
4 
5 

3rd Leaf stage(junctura of 
flag leaf alongwith two 
preceding leaves invisible) 

1 
1 

2 
3 
4 
5 

4th Leaf stage(junctura of 
flag leaf alongwith three 
preceding leaves invisible) 

1 
2 
3 
4 
5 

5th Leaf stage(junctura of 
ILTg leaf alongwith four 
preceding leaves invisible) 

1 
2 
3 
4 
5 

6 
6 
6 
5 
6 

9 
9 
9 
9 
10 

1 1 
1 1 

11 
11 
12 
12 

14 
13 
14 
14 
14 

15 
16 
16 
15 
16 

70.i 

9 . 2 ()H 

66.0 

3.8 63. 

.5.6 62.0 




