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LSC r.i': ; ·:, t of a ll c:xpre~s my deep 
~-. ,1: · of ~.: r.ititu.Jc t0 the lndia,1 Botanical 
5- - : ~ ~-., ~·o r -::klli11£1: me fo r the a ward of J 

~ 

c::!.; .... l Sahni ~.-i ~J :il fo r the year 1977. 
1.iis is indeed a great h ono ur that a 
bo tan is t can feel p roud of. particularly as 
the M edal h as been instituted after the 
name of the great world renowned botan
ist Birbal Sahni. I, of course, feel that the 
credit to get thi s award actually goes to 
the colleagues and students who have 
worked with me from time to time during 
the period of 36 years that has elapsed 
since my induction to research in p]ant 
physiology under the guidance of the late 
Profes5or R. S. Chaudhri in the Banaras 
Hindu University at Varanasi. 

Today [ propose to share with you, 
ladies and gentlemen, some of the results 
that we have obtained in our experiments 
on growth , reproductive development and 
productivity. I have se]ected this topic 
fi rstly because it is cu stomary on such 
occas ion ~ to talk a bout the work one is 
engaged in a nd ~ccondly because the 
- -- -

I. Received for publi~ation on May 15, 1978. 
Addre"s dcliva~ d. 011 th -.: occ:i" ion of the 

award of Birb;i l Sahn i Medal to th,• ;1uthor on 
January 4, 1978 at Ahm..:Ja ba u . 

topic 1s of great agricultural importance. 
This work was started at the Indian 
Agricultu ral R esearch In stitute , New D elhi 
under the g uidance of m y reve red guru , 
Professor J. J. Chinoy who may rightl y 
be considered at present as the fa t her of 
i~1ode1 n pbnt physiology in thi s country. 
1 t is a. hap py coincidence that he happens 
tu be in our m idst th is afte rnoon a nd 
fur ther that the Medal is to be presented 
to me by Profe sso r S. M. Si rea r who is , 
the topmost plant p hysiologi st of the 
cou ntry and is the G eneral President of thi s 
session of the Indian Science Congress . 

Extensive studies on 260 variet ies of 
wheat carried out s ince I 941 have demons
trated that the length of the vegeta t ive 
period of a variety determines not o nly 
the rate and magnitude of different 
component s of growth but also the 
metabolic drifts of nutriti o na l a nd 
regulatory substances. These studies on 
relationships between growth and develop
ment were later ex tend ed to a number o f 
o the r planb. Thus. si:\ Jiffe rent types of 
millets were grow n a t 32-days interval\ 
th roughout the year. The g rowth patte rn 
ol' three of these- Panicwn miliaccum 

' Setaria italica .anu Eh:usine coracana-in 
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pattern of deveh..,r, :1, ..;:.n~ cf lat:: i·J J bud-, 
varied in p) arw-; of a ifleren t :::.O\\ ings 
T hus, in eariy SO \\ ings lhc development of 
lateral bu<ls W::i '.:i con !1 ned t o the lowe r 
par t of t he plant , <.)cc uncd prior to no,\'ering 
of th e ma. in , hcc,t and \\'as in acropetal 
o r<l ~J'. On ti1e other hand in later so,, ings. 
1J_ ::-:.: r::d Lw<l ::, e;,-:-•,~ .: -1 l: d ~mh afte r the 
~me.:!'. 1 .. ,. v, ~ Li;· . (;il the 1:::11!1 ::-hoots and 
:J _:cc 1• u · • . . , .::~J.1 ,J1dcr from top 
~lJ11/1J\',, ·d·.·. l. ·; :...:. a 1 .. onsequence of 
tiil·.; t, .\ . 'l,; ·::: .. ,. ~L pat tern varied 
111·,·L .. ~1.V 1 1 1 1 ···.,_, f J ifferen t sowi ngs 
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Flu . 1. Growth pattern of Panic,,. milia
ceum in different sowings made at 32-day intervals_ throughout the year. First so,,iaa was 
done in the month of April in Delbh Data from Nanda(1947 , 1964'). 

, ~:i :: J.i et al 19 5- a. b , c .1nJ ~ anct<1 
1 y_; -1 ) F igu re 8 demonstrates that the ear~ 
c~- ~ne '.)e four millets \\ h1ch diffe r ~o 
-n:uh.edly m one so" mg I fi rst r0 \\ ) 
:- cs~mble one another nwre closely (third 
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Fig. 3 
FIGS. 2-3. Growth patterns of Seta_ria irqlfC;a 

(Fig. 2) and Eleusine coracona (F 1~. 3). 1fs different sowin,p made at 32-day mterva 
throuchout\ the year. First sowing was done in the. mnntb al April in Delhi. Data from 
Nanda (19S7). 
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Fig. 4 

Fig. 5 

FIGS. 4-5. Ears of Panicum mi/iaceum 

(Fig. 4) and Setaria italica (Fig. 5) in different 

sowing, made at 32-day intervals throughout 

the year. First sowing was done in the month 

of April in Delhi. Data from Nanda (1957, 

1964). 

row) than each resembles its own type in 

other ~owings. 

That the emergence of lateral branches 

and their flowering is correlated with the 

flowering of the main shoot is clearly 

brought out from another experiment in 

which Panicum mi!iaf'eum was sown 

125 

Frt, .. 6. Ears o f Efeusin<' <·ororana in cJifft: r

cnt sow111.g.~ ~ adc al _32-day interval<, th rough,,ut 

the ye;ir. Fm,l sowrng was done in thl: month 

of Apri l in Delhi . Uata from Na nda r 1957 

1964). 
' ' 

; -J 

ir::_ 
·, :~·-.,, . ., 

.:::: . . .. : i • •. ~ • 

.. f 1G . 7. E_ars of Echinoc/oa /rumentacia in 

Ol,Tercnt sowmgs made a t 32- day interva l, 

!hronghout the year. First sowing was done 

m the mo nth of April in Delhi . Data from 

Nanda (19 57) . 

., 1 

FIG, 8. Ears of four di ffrrent 1ypc-s l-i f 

millets t. e . , Eleusinc corcu·ana, St' ft1ri(I irt1lil'a . 

Echinoclva frunwntacia and Pani<'um mil iaceum 

in three differ~nt sowings. 

and the plants ohtained were subjected to 

varying photopcrinds. The results arc 
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sho\\n 111 t1gur~- ,) l'l,111 ...... -·,p,, cd 1 ,.i 
long d a~ cr,nd1t1l,n ~l P) dtd , 1) l 11, ,, Lr 
at all. B r.1 1h.' h 1.> ~.-mer •.._•d . " , .11 er '11 
other \I\ J l.'f1..' Pt' t ,d ,t11.:u.s,,,11. H:I' i1 
pla nts c,p ~.'1 :-ed to th,rnul d.L.' l \ ) ) 1·1d 
short dn~ ls D) ('()tl d ttlL'lh. Lill dC\l~lc r
ment of h r.mche" to o1'. pl ace 111 ba,1p .... 1al 
succession n nd occurred n ftc1 t hr emer
gence of the car, o n the main '-hoo ts . 
The emergence of secondary and te rn ary branches and their no,, eri ng also fo li o\\ cd 
the snme pattern as the primary branches 
{.Nanda. l 958). Si mi lar re lat io nshi p of branching pattern " ith 1lo,, ering ,, as 
observed in ot her plants including 
some fores t plants (Nanda and C hinoy 
l 958 Nanda I 96 l. J 962 a and b ). In 
Crora/aria jun cea (Nanda J 962 a), the 
branches remained very small and arose in basipetal order during the time of the year \\ hen the environmental conditions 

FJ<,. 9. D iagramma tic representation of SD, ND and LD pla nts sho ~ing the vegetative period<i of the main shoot a nd branches of different o rders in Pan/rum miliace11m. T he vertical col umns represent rhc vegeta tive periods and the circles term inating these colwnns rep resent the inflorescence . The a bsence of circles at the end o f ver tica l co lumns, ac; in LO plants, indicat~ lack o f flowerin g. Th.c numbt'rs wit hin circle~ represent the or<kr of emergence o f branches a nd the posit io n or the node on the plant is indicared by an arrow that term inates below a d o tted line which connects i t with the main shoot in the case o f primary branches and a primary branch in the ca" of secondary branches. Da ta from Na nJa (1964 1958). 
. 

\ \t:tl' 1mJucll vc hut e lon ga ted 4-5 ti me\ 
I li e lt.: n!! th or I he ma, 11 \ hoot \\- 1th 
L' l H11 pll'le arrc.., t men t of latera l huch 
d uri ng the non -i nducti ve rho topcrr ou \ 
( Fig. 10). 

In A nc/11n ia of {icina /is (Fig. I I) the 
Jc, cJopmc nl of la te ra l bud '> was acropctal 
earli er in growl h. then \ lopped ti ll the 
ll crn eri ng or the mai 11 \ hoot a nd became 
ba~ipe tal a fte r tha t ( N a nd a 1964)). Both 
the ::icropetal and he.., i pe ta l patterns of 
branch emergence ,, er1' t 1·r.rc fo re , o bserved 
on the same plant. Cn •1~ i•.lr ra bJe evidence 
has, thu s, accummu L1.,1 _ 1• ff) sho w that the qua li tative changes :.. i;.: ~ro,.,. ing apex 
from vegetative tc , '...J.:r ,).J uc ti ve state exert a marked influ cn1..~ c,, 1 thC' develop
ment of axillary mer i:,1e ins below it a nd on the emergence or b ra nchc" produced from them. 
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Fm. 10. D1,1gr,1nrn1 ati1..· , , ,,•n t 1t tf'll ti t" ., plant of Crvtolario j 1111 ,·1·t1 ,th)\\ 11H' 1h1..· numh~-r of b~rmche~ a nd node-, a~ " '' 'I··"' th 1..' h~t~ht a!tarncd by the mum -. hLW t ,ind br.\n~ht', of different orders Thi' , ernL,\I 1.· l1 lumn, in chis fliute represent the h~i ght c,f th~ mai n ~hol1t and rhe branchc~ 1n ~m lJ a t,\ fr,)m Nandn ( 1962), 
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All the plants that \\,e re selec ted fo r 
investigation til I then. howeve r, belo ng 
to the type i n "hich the gro" ing apex 
terminates i n an inflore-.ccnce. W c were 
thus, on a look ou t for a pla nt in whi ch 
th e a pical gro\, ing point sho ul d co ntinu e 
meriqematic ac tivi ty ,, ith out itself chan 
ging ir.tt' rc-rr()duct ive state. It was under 
th c\e t· ir-:-u m'-) tances that our choice fell 
011 J,w1a 1 .. :,n· halsan,/na L., whi ch is a n 
:.. •· :1.l" ~t,11 ,, ' ·1! he lo rn!ing to the famil y 
.::. -:. ·..;:1.1 ·,i1< ~~ :;"'. As ·he apical growing 
1 \, · r.., ; ~ : T-,::1"1s cq l,;;am i 1w itse lf does 
.l. . . ........ •· : :--. ··. ;1 ·: ,iuali t~, ive change. it'was . , . 
~ •i · ~ .1.: -..: ·.1..1 t ~ii e c.c \ .:lopment of lateral 
L ~.-:. .-;. ·• , , . :-. :,"i)-; ~1e ac;-opc ta l and never 
rJ-:s:.~ ~ .... ,:.. 11li (}lat 1s exactly what 
; , ... t 1 J~ ,1(J \ Nu,1<la ani Kumar 1966). The 
iu. ~cru~ buJ s in this plant developed one 
af tcr the other in acropetal succession. 
When placed under inductive conditions 
these bud s became floral (Fig. 12), while 
on the other hand, under non-inductive 
conditions these developed into vegetative 
branches (Fig . 13). Whether floral or 
vegetative, these buds never developed 
in basipetal order. These results demons-

A ""'C HU SA O ~ F' IC IN A L •S 

.• , l 
. l , 

• I 
~ , 1 

} 
... .., •t. ~ 
: ; 
~ • I 

~ • 1 

,. ' 
'L:_ 

Fie . l I. Diagrammatic representation of a 
plant of Anchusa offic inalis showing the number 
of primary branches a.s well a s the length.\ of 
the vege ta ti ve periods of the ma in shoots and 
branches. The vertical columns in this ftauro 
represent the vegetative periods. Tne order of 
emergenc-~ of branches is shown by the numbers 
shown wi thin circles which represent t he inflores
cence in each case. The absence or circles at 
the end of cer tain columns indicates tha t these 
did not flower a t all . Data from Nanda ( I 966). 

tra ~e tha t so me rh ys io-chemical changes 
whi ch Gl U\e th e transfo rmation of the 
growing a r ex from vegetati ve to the 
reprod uctive sta te are of paramou nt 
importa nce in determining the behavio ur 
of la tera l bud s and co n\equentely the 
growth pattern of the plant. 

Alth ough redi scove red for a diffe rent 
p urpose in 1959, th e ex tensive use of thi \ 
plan t in probi ng th e fascin ating mys tery 
of Aora l morph ogenesi s wa\ \ tarted 
111 1963 in the Pa njab Univcr \ ity a t 
C hand igarh. The choice wa~ based on 
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Fig . lJ 
Fro. 12-1 3. Diagra mma tic repre,t' ntarion 

of plants of lmpatit>ns balsa minc under S D 
(Fig. 12) a nd LD (Fig. 13) co ndi tio n~ showing 
the conversion of ax illary meristcms into flo ral 
buds under SD condi t io ns a nd int o vegeta tive 
branches under LO condi tions. In both cases 
the order of emergence is acrope tal. T he ~pica! 
meristem does not change from veget a tive to 
reproductive state i. e ., the plan t is indetermi
nate. Data from Nanda (1 966) . 
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i~11,lc habit of the plant , ih short li pan 
ol Jife an d indeterminate nature. The 
r lan~ has 110\\ c"tablishcd ihclf as a unique 
phys1 0-mor phog~nrtil· ,\'-te rn . The spec
tacular results thJr ha\c ~i ncc accumulated 

haYe opened ur ,1 ne,, er.~ in the history 
of research on gro\\ th :111,; reprod uctive 
development. 

Some of the '.;ienit~c:111t ,i(1 1.li11gs that 
have si nce emerged ar(' p;csr~nt1:-d h~re : 

2or 3 short dars r['11;u·recl .f.• )/' J /,Jrr,/ bud 
i11i1ia,;011.-Jmpa1..-c..n, !J ,r:' wn,i,"rt :s a n1.1ali
tative short day (SD ) pl~w.t (1'.J'and2. ;in~. 

Kri shnamoorthy, 1967 rin ~~- Nand<: 1 :t u1• 

1965) which requi res 3 SD cycit3 fc.r ths 
initiation of fl oral buds and a t !ea:;:~ C, fo; 
them to develop into flO\vers, H :nvevcr, 
even 2 SD cycles were found to cause floral 
induction in later experi ments probably 
due to more favourable prevailing temp
eratures (Sawhney et al. 1972) P1ants 
continued to grow vegetat ively under 
continuous illumination (Fig. 14) appearing 
like a miniature tree after one year of 
growth. 

The critical dark period for the initiation 

b f LG • • 14. Effect or photope. riod on Impa.tiens 
a sa.mma. LDLO plants were sown under 

long day condition and were left there throu•.., out the · · " ..... . arowm1 pcnod . These remained \'e,-ta 
uvc an~ produced lateral branches in acropetai 
~~~cession. NDSD plants were sow,1 under 
late~ a'!:ier~\;cre transferred to $hort day 
t ive . Data f Neb produced were (eproduc-

rom anda and Kumar (1966). 

o f nora l huJ -; in thi s plant i~ 8~ hr 
alternati ng with 15½ hr li ght at 26:+- i ° C 
( NanJa , 1962), alt ho ugh the dail y dark 
req u i remcnt for A ora l bud initiation 

decreased to 8 hr at lower temperatures 
prevailing in March (Sharma 1976). The 

critica l photoperiod , thu s, change) wi th 
the prevailing temperature condition ~. 

Floral budr; r<! vert to ve!(<!lat i ve x,owrh 
under non-inductive photoperiods. - The 
plant requi res short day cycles not only 

for the initiation of floral bud~ but also 
for them to develop into flowers. The 
i.nduced floral buds revert to vegetative 
growth if the SD cycles received by them 
faJI short of the number which is required 
for their openmg into flo wers and 
interestingly this occars e"~rt ~fte r the 
formation of ovules and ant½<? ~" (Fig 15). 
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Fm. 15. Photomicrographs of median long
itudinal sections of floral buds at diffcrenr 
sta&05 or development of Impatiens balsamina. 
Note tha normal development of floral appen· 
da,cs nnd tssontial organs under continuous 
SOs (a) and t)le termination of matur~ ~o
thers trltb poflen arains and placenta ansade 
the ov~ into a vegetative apex after the forma· 
tion of' ovular primordia ( B) and abortive ovules 
( C). 
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As far as we arc: aware, thi s i, pcrhap~ 
the only rep(ir t \\ here revcr,ion t)f noral 
buu~ ha, hccn ~hov. n to o<:L llr even after 
~uch .1n .. Hh:.inl.' t'd stal!c in the developmen t 
offto,, l·r~. In t h,, cnn,w.: ti on it is to be 
noteJ that,, h1k in pl~tnh receivi ng 4 SD 
~)clcs :111 the 1n1tiateJ tl o ral buds revert , 
ill tlw -.. e rt'cc1, ing more than 8 SD cycles 

l •s •lnl: th~ upper younger ones that 
1.\~rt ,·h•ll! tht' lo\\ er one~ open into 

.• : .. ~,, ( f '.lbl,' J). T he reversio n of 

IA13L r..: l 

'· \\.;N I fl ,DE' 1 Jt:- l LI) \\ i r{ '.\ G A ;--.. D TlM E OF 

Fl )R .t\l i ' ';.'1) RE\'f RSl ON J'\: PLANTS 

. >-Pu:o;f ,_ Td \'. \ tlY l-:"~G '\UMBERS 

--~- ~d 1.J RT D .-\1 CiCLES. 

• , .: .1t rm:nt 

Co ntinuous LD 

4 SD 

16 SD 

32 SD 

Continuous SD 

No. o f 
flora l 
buds 

4.6 

J 1.0 

16.1 

22.4 

No. of Days to 
flowers reversion 

3-10* 

6.0 8-25* 

9.5 15- 50* 

13.5 

*The first figures indicates the days to 
reversion of the uppermost , the second of the 

lo wermost floral bud . 
Da ta from Krish:umoort hy and Nanda 

( 1968). 

upper floral buds occurs even in plants 
that have received as many as 90 SD 
cycles demonstrating thereby that in this 
plant the floral stimulus does not self
perpetuate as is known to happen in 
other plants. It would, thus, appear that 
SD ~timulus is required even for the 
completion of gametogenesis a s the 
development of anthers and ovules is 
arrested and the tip of plancenta starts 
producing leaf primordia instead of floral 
appendages when plants arc transferred 

lo non -inductive photoperiods (Krishna 
inoorth y a nd Nand a, 1968) . 

Apical wo1rinx point can be made to 

/'full'er . - The plant is indeterminate in 
nature. It wa~ co n<, 1d ered rather intri gumg 
that the terminal meri <i tem '> hould remain 
vegeta tive, while the axilla ry me ri'item <i 
in close proxi mity to it become floral 
under inductive photoperiod s. In order 
to check if it was due to exhau ~tion of 
floral sti mulus, a surgical experiment was 
designed. The axillary floral bud s in a 
group of plants maintained under inductive 
photoperiods were surgicall y removed 
as soon as they could be made out , 
thereby preventing the utilization of floral 
stimulus on the way and enabli ng it to 
reach the apical meristem. It \1:as observed 
that this treatment caused a consi derable 
increase in the size and pigmentation of 
leave~ as well as in the size and number 
c:petJ-:: 1~::. :..: ·o.··, c) s. The ; ounger leaves at 
th1... Le cf '..,::.w uJded p}ants, after some 
ti::r,c sta:rtec; ::.rnv, ding i; p, the apices got 
swolien up and ultimately developed into 
visible flower buds (Fig. 16) . The plant, 
thus became determinate. In contrast to this 
the apices in contro] plants continued to 

Fm .. 16. T wo plan1s of lmpatit>ns ba/samina 
malnlained under Induct ive photopenods . O n 
thl left b a normnl plant wi1h a xillary fruir~ 
and ftowen but vegeta tive a pex.. Leaves o n 
the lower nodes have abscised . On the right 
11 a debudded plan t which shows large thic l.. 
leaves and a tenninal flora l bud. 



)Ho,, ,,,,,ct,,~111g axtll.uy llor,ll hud, in 

,11.; rop,~1.d "Ul LC"~'on ( Na11<lu & Pu rnh11 
I ~u, -1 

Short d1H' 1 / fr, It\ ,11111111ul 1 d rl11ouJ(lt 
inti, , <dat,·d I I> , l c /, , A not her ,ntcn:,
ting p tl1 nt that ha, cmergni lrorn 1hc~c 
invc">I 1ga t ions J\ that lhc cff t:cl of 1nd1-. ,dual 
CiD qdc, whkh in thcmsclve, Ml' not 
inJu .. 1,-....- . l,tn be ~u mmdtrd t:\ en "htn 
ink1 i.;, tlatcd h\ aL inan~ u, I<, I J) ndc':\. 

11 11, mc,rn, that in th1 \ pl~nt the ,uh
th rl'.s,holc.l s, l1mulu, of in<.luc.:l1\c \ I) 
C.:)'1..k urn pu .... ,~t through Ion~, nnn-
rnd ui.; t1 vc pcrim.1-. an c.1 1 not dr,u n~cd 
(Kri hnamoorth\ ,1n<l "J ,1nJa IW, 7J 
·1111 , 1, 1n markcll contr.t , t tn oth er lonf 

and '-i hor t <ht} ,-,Jani ~here :r 
,nduct1on h,1\ been rcf)<)rted onl) 
the numhcr ot non indu~tJ\C ntcrca 
~yc.:lc:-, 1, ~mall enOU£h to permit ,ub
thrc\hold inducr,,c cff<:ct to pen \t 
11111 1~, 

Jn fact mtcn..:.,lak<l non-indm.tJ\C 
C)ch:, ha,rcn both the 1r11lrntwn 1s \\ell 
a, dc\cl o rmcn t of 11 or,tl bu<.h and the 
ha".\t cning cllcd 1nucJ1i,·, \\Ith an m1..Tca,c 
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INTERCALATION EXPERIMENT 

PHOTOPERIOO INDUCTION 

I so I so I so j- - -- Lo ---. YES 

00-D[illLD(IQJ- - - --, NO 
IN MOST SD PLANTS 

ITQJl6LDITQJl6LD~--+ 
IN IMPATIENS BALSAMINA 

YES 

F m . 17. Effect of individual SD cycles 
intercalated by long days (LDs) on the flowering 
of Impatiens balsamina and other short day 
plants. While most short day plants fail to 
flower when SD cycles are intercalated by LDs, 
it is not so in Impatiens balsamina. 

INT£A~UPTION EXP[RIM[ N T5 

F~OW(RINji 
OCT YES 

e 16 HOV YES 

I HR 
OCT, YES 

' I 8 HOV. YES 

OCT NO 

• • I 
HOV. YU 

l HR$ 
uCT. NO , 

I • HOV. NO 

FIG. 18. Effect of light interruption given 
in the middle or dark period in October. ~nd 
November in flowering of Impatiens balsamma. 
Floral buds are formed even when the dark 
period is interrupted by light for 2 hr. 

tl,l<VS T0 HORAL Pt...ns 8Clllllll• 
evo INITIATIOIII FLOll•L &vDS( 't l 

• . , 100 

JI 

n-o 100 

• 0 

llO 75 

0 ""0'101'111100 - DARI< Pflll OI) 

ii:_.~ •14 
I : ,, ,a 

CVCLI U::_.f.._ ....,.. 

F10. 19. Effect or cyclel of var;:inl lenaths 
with I hr of li,tlt altematla., wnh varyln1 
durationa of dark on flowed.Ill of Impatiens 
IHIUPPPl?WJ. FlOl'al budl arw produced on plants 
subjected to~. 41 ~ 72 ht cyckl but not on 
thoee subjected to 36 or 60 hr cycles. 

r 
I 

I' 
I 

) 

I 

FJG. 20. Impatiens ba/samina L. treated 
with GA3 under continuous illumination (r ight) 
and control (left). Flowers can be seen on the 
treated plants. 

a: 

f ,o 
ii ,. 

\ • , ,. • ., , . V - C,6 ' "° '6 • .. , ,. ~ • ._.. _ '6•~ '• ,.,. •• - • ~ 

• g;'• •'J O <It • • 6./1 •--0? • • • ' ,o... ,;:, .,. ., ,.. ._ ,.,.. 

FIG. 21. Effec t of G Aa, SA ~rid B-N v'1 
davs to floral b ud initi n. ticn. \',.>n:.:::1: !:- ., ~:-

J I f .:· , . .._ .. , 
represent 95 % k v1~ o. con1 1ce- r.ce. tt . _ - .. • 

photoperiod. B : 24-hr phc•:C- _'•~r·: , .. 

f! .. 1·• 

' . I 

I • 

..l .J 

22 Effect of GA1 , SA and B-';'. c : 
th:~~mbe~ of ~ora l . buds produced astt::./~ 

on the main axis of each plant. er.: .. 
~~: represent 95 ~~ level of confiden~ . A g. 
hr photoperiod. B : 24-hr photopcn od. 



132 K K. SASDA 

Table HJ show that fl ora l buds after the 
completion of& SD C)cJ~ ini tiated earl ier 
10 plant\ in which mdividual SD cycles 
Yterc mtercafated by LDs than in those 
--h'hJch reCCl'led SD eycles consecuti vely. 
(J1 fact, in plantJ receiving individual SD 
cycle\ intercalated by 4 LDs. fl oral buds 
were in itiated even before the completion 
of 4 S D cycle'1 (Table ff J. With the 
intercalation of SD eycles by LD c;, even 
the number of SD cycles requ ired for the 
development of flora l buds into fl ower s 
wa", redu.ccd from 8 to 4 in such plants. 
ft wou ld, thu <i, ap;,ear tha t non- inductive 
p hr>to peri och intercatated between 
inductive cycles te nd to stabillize the floral 
5timu lu \ . 

LiKhl interruption of dark period. - An 
inturuption of the dark in the middle 
even fo r c1 fe w minut~ in qualitative short 

T ABL E III 

Lf- FL C J Of INTER C A LA TED LOS ON 

I LO WERING OF PLA NTS R ECE IVI NG 

A TOTAL Of l 2 SO C YC LES. 

Tr~a tm -:: nt 
su+tn 

rura l SD 
l.ydcJ 

12 ~0- 12 

t+r .. 12 

I t-2 12 

J + 4- 12 
4 1- 1- 12 
4 f 2- 12 
4 ➔ 4- 12 
4 f H• l 2 

Day..., to flo ral 
bud initiation 
from the first 
day of tr~at-
mco t ( from 
the day of 
completion 
nf 4 SD 
cyc lC'i) 

J 0.0(6 .0) 

10.0(3 .0) 

J J. I ( 1.0) 

1 S. J< -1.0) 

9.0( 5.0 ) 

10.0(6.0) 
J0,0(6.0) 
9.0(, .0) 

Days to flowering 
from the firs t day 
of treatment (from 

the day of 
completion 
of 8 SD 
cycles) 

40.0(32.0) 

S l .0(36. 7) 

56.6(34.6) 

59.0( 23.0) 

41.8(32.8) 

42.8(32.8) 

40.0(28 .0) 

45.8(37.0) 

Jlafa fwm Toky and Ntnda( l969) . 

da} plants in kno\\ n to completely 
inh ibit the ind ucti on of flora l buds 
demonstrat ing the significance of 
un interrupted dark period. However 

l 

this plant beha ves in a different manner. 
An interruption of the dark period in the 
middle by light even for 2-3 hr does not 
inhibit fl owering altho ugh delays it 
(Nanda et a l. 1969). The results are 
presented diagrammatically in fig ure 18. 

Plant exhibits endogenous rhy thm in 
f lo wering response to photoperiod.-From 
another experiment in which the light 
period was maintained at 8 hr but the dark 
period was varied from 16-64 hr, it is 
found that flowering occurs in plants 
receiving 24, 48 and 72 hr cycles and not 
at all in those receiving 36 and 60 hr 
cycles (Nanda et al. 1969) indicatiri?, there
by the operation of rhythm ic11.1 p.'."o.::ess 
with a periodicity of 24 hr in flowering 
response of this plant to photoperiod 
(Fig. 19). 

Inductive requirement can be partially 
substituted by non-inductive photoperiods. 
Another significant point that has emerged 
from investigations on this plant is that 
a part of the photoinductive requirement 
can be met even by long days (LDs) 
provided they have 4 or more hr of 
darkness in each cycle (Sawhney et al. 
1972). It appears that the floral stimulus 
generated during darkness is additive 
regardless of whether the dark period 
forms a part of the inductive or non
inductive cycles provided , of course, a 
certain critical dark perivl~ has already 
been received by the pla1tt. Tl~ .'.. nf the two 
SD cycles which arc r .,. · 1 fo r the 
initiation of flora l bud-- 111 • • •• 

the first cycle which i L' 
1 

second one can b~- . ,,; , , , 

:n t, it is 
but the 
e"en by 

non-inducti\'c LD c, L., \ 1 .Jr more 
hr of darkness in eJ ~_,, , ~ . 1· 1bk JV). 
Thi s, perh ap", iJ the Lnt'., ....... ·lblc report 
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T ABLE IV 

EFFECTS OF SUPPLEME~TAJlY LONG DAYS W ITH VARYlNG DARK PERIODS ON INDUCTION 

AND NUMBER OF FLORAL BUDS IN IMPATIENS BALSA M /N A 

Pre-treatmt'nt Post-treatmen.t 

L-OSts Number of SDs Number of LDs 
wirh light period of wilb light period of 

8 hr 24 hr 20hr 16hr 

J 0 20 0 0 

2 1 20 0 0 

1 0 20 0 
I 0 0 20 

3 2 20 0 0 

2 0 20 0 

2 0 0 20 

4 3 20 0 0 

3 0 20 0 

3 0 0 20 

of the partial substitution of inductive 

requirement by non-inductive photo

periods and should set us rethinking on 

reversing our concept of critical photo

inductive requirement. 
Gibbere/Jins can substitute for the photo

inductive requirement.-One of the 

spectacular responses of this qualitative 

short day plant is that GA3 is able to 

cause induction of floral buds under 

strictJy non-inductive photoperiods 

(Nanda et al. 1967, 1968, 1969, 1977) 

(Fig. 20). Table V shows that GAH1, 

OAu and even (- )-kaurene, which is 

consjdered to be a precursor of gibbcrcllin 

biosynthesis, can also effectively cause 

tloral induction in this plant (Nanda ct al. 
1969). TbiJ fiAdiq i.s not in accord with 

the 'gibberellin-anthcsin• concept of 

flowering put forth by Cbailakhyan which 
is based upon the assum·ptJon that short 

day plants under Jong day conditions are 

Days to floral F irst node to Mean number 
bud initiation initia te fl oral of floral 

buds buds 

0 

0 

23.0+0.42 34.4+ 1.0 4.0+ 0.02 

20.S+0.3S 25.9+ 0.43 5.0+0.01 

14.4+ 0.21 26.4+ 0.39 9.2+ 0. 12 

11.0+ 0.28 26.1 + 0.44 11.2+0.12 

11.0+0.30 25.6+ 0.28 12.0+0. 12 

8.0+ 0.25 25.8±0.35 11.4± 0.10 

8.0±0.15 26.3 +0.56 14.5..L(\~l 

8.0±().20 26. 2+0.47 14.6+ 0.12 

deficient in anthesins but not in gibberellins 

and that anthesins can be formed in 
these plants only under short days. More 

recently it has been shown that Impatiens 
ba/samina is not the only short da y planr 

in which gibberellins induce floral bud5 

under non-inductive photoperiods. Thev 
are able to induce flo wering in a number 

of other short day plants(Nanda et al. 19 -7: 
Datta etal. 1976; Kumar et al. 1977; Datta 

and Nanda 1978). Table VI shows th3t 

GA1 induces flowering in the quali tat ive 

short day plants Panicum mi/iaceum and 

Panicum miliare and hastens it in the 

quantitative short day plant Sf taria 

italica under non-inductive long days. GA3 

is reported to cause floraJ induction 

under non-inductive photoperiods in 

Zinnia ~/egans (Sawhney and Sawhney 

1976), Dahlia pa/mata (Kumar et al. 1977) 
and Chrysanthemum mori/olium (Pharis, 
1972) as well . 
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T AULE V 

EHECT OP EXOGENOUS APPLICATION or 
<., IDBERELLINS ON FLOWERI NG UNDER 

INDUCTIVE AND NON- INDUCTI VE 
PHOTOPERIODS. 

Treatment 
(100 m&/ 1) 

Control 
OA1 

Photo- Days to Mean Percent 
period floral number plants 

induc- of floral induced 
lion buds 

13.1 20 4 JOO 
12.2 16.4 100 

GA11 8 14.8 18.J 100 

GAm J 3.3 18.00 100 
( - )- kaurcne 15.7 15.2 100 

Control 0 
GA1 59.0 23.5 100 
GA11 24 81.9 16.5 67.S 

0~+7 49.0 20.1 100 
(-)-kaurcnc 88.0 8.9 75 

Data from Nanda et al., (1969) 

TABLE VI 

EFFECT OF OIBBERELLIC ACID (100 MG/I) ON 

DAYS TO EAR EMERGENCE IN PAN/CUM 
MILIACEUM, PAN/CUM MIL/ARE AND 

SETARIA ITAL/CA UNDER 8 AND 

24-H PHOTOPERIODS. 

Species Photoperiod Control G Aa 
(100 mg/1) 

Panicllln 8-h 34.4±1 .80 33.6+2.JO 
millaceum 24-h 0 44.4±2.40* 
PaniCllln 8-h 34.0±0.00 32.5±0.43 
millllre 24-h 0 12.1+0.25• 
s~1arta 8-h 29.7±0.35 17.9+ J .00 
ltalica 24-h 53.7±2,80 40.5+1 .40 

•Ean short, with a small number of spikelets, 
spikelet, sterile. 

Apart from their effect on flowering, 
gibberellins affect vegetative growth of 

thi s plant a i;; of other plants although the 
effect varies with the gibberellin. Thus 
while GA3 and GA1+1 promote extensio~ 
growth significantly, GA 1aand (-) -kau
rcnc do not affect it. Effect s on exten
sion, growth and flowerin g, th us, appear 
to be mediated through processes which 
act independent of each other (Sawhney 
et al. 1970; Sawhney et al. 1970; Sawhney 
et al. 1972). 

Sub threshold GA 3 effect can be summa
ted to the sub-threshold photoinductive 
effect.-Another interesting point that has 
emerged from these investigations is that 
the effect of sub-threshold doses of 
gibberellins can be effectively summated 
to the effect of sub-threshold photo 
inductive cycles and this occurs even 
when the two are intercalated by as many 
as 16 long days (Table VII). In fact, flo 
ral bud initiation is actually hastened fur
ther supporting the assumption that 
intercalated long days act to stabilize the 
stimulus (Nanda et al. 197 5, Nanda and 
Jindal, 1976). These results are similar to 
the summation effect of individual SD 
cycles described in previous section and are 
suggestive that the processes involved in 
photo- and GA3-caused induction are 
similar. 

Phenolic compounds can also substitute 
for the photoinductive requirement.
Phenolic compounds have been regarded 
as analogues of growth regulators invo
lved in the regulation of physiological 
phenomena. It is rather interesting that 
monophenols salicylic acid and ~-naph
thol (Nanda et al. 1976), di phenols, cafTeic 
acid, dihydroxy-phenylalnine (DOPA) an_d 
resorcinol and polyp henols chlorogenic 
and tannic acids (Nanda and Kumar, 1977) 
all induce fl oral buds in this plant u~der 
strictly non-inductive photopenods. 
More interesting is the fact that t~ey 

f GA · n hastening synergise the effect o a 1 
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T ABLE Vil 

LI J-LCT <JI l ~ TLRCALAl LI) LO 'i(; l>A Y\ 

onw1~Ls I SD c YcLr A1'- D GA :i 
APPLI CA J If) /'< ON I LOWLRI NG 01· 

IMPATI ENS BALSAM/NA 

Treatment Days Fi rst Mean Number 

to node number of 
noral to o f pla nt -; 

bud ini- nora l with 

1ni- tiat c bud~ floral 

tiatio n floral bud '> 
buds out of8 

J SD- LD 
I SD-4 LD-G A3 8.2 17.4 7.3 8 

7 

7 

5 

l SD-8 LD-GA 3 10. 3 19.4 6.9 

JSD- 12LD- GA3 J4.8 19.J 5.1 

1 SD-16 LD- GA1 18 .4 20.0 3.6 

LD- W 

LD-GA1 20.8 22.7 3.7 4 

floral bud initiation and also in the form
ation of floral buds and flowers {Table 
VHI and Figs. 21-23). This is of particular 
significance as tannins are known to be 
GA. antagonists. These results are of 
great significance in maximization of yield. 
This is evident from the fact that they 
stimulate stem elongation, increase the 
number of branches and ears, enhance 
grain weight and increase grain yield in 
millets like Panicum mi/iaceum ( Figs. 24 
and 33) and Setaria italica (Fig. 25) 
(Nanda et al 1977, Datta et al. 1976) and 
also in Triticale (Fig. 26) ( Datta and Nanda, 
1978). 

Purine derivatives also substitute for 
photoinductive requirement .-More recent 

work has shown that purine derivatives 
3'- , 5'- and cyclic AMPa and GMPs can 

also be added to the list of chemical s 
which arc able to induce fl oral bu<l li in 
this plant under non-inducti ve pho topcr
iods (Nanda et a l. J 976). Thi " i-; signifi -

T ABLE VIII 

Llll < l <JI C,JOfll lOlLICACID A"- D PHE NOLS 

I A( JI A l O '- L A ", f> IN (0\v1B1'-ATIO:S- ON 

I L<JWLKl "' G U"' Dfk / :"-, JJl., Cl JVE A;-.;D 

NON- I "-: O U( 1 I VJ, Pl IOTOP LRIOOS. 

Treatment 
( I 00 mg/ I ) 

Control 

Tannie ac id 

C hlorogcnic 

acid 

Con trol 

J> hoto
pl: r ioJ 

<h) 

8 

Tannie aci d 24 

Ch lorogeni c 
acid 

Control 

Caffeic acid 

Cathechol 

Control 

Caffc ic ac id 

Ca thccho l 

Control 

B-naptho l 

Salicylic acid 

Contro l 

8 -napt hol 

8 

24 

8 

24 

Day'I to Mean Prccent 

fl oral n um ber plants 

i ndu c- o f fl o ral mduc.,ed 

t io n bud\ 

8 .0 

8 .6 

7 .3 

27 .5 

22.8 

35 . 6 

36.8 

37.6 

51 .0 

49 .6 

9.2 34 . 0 

6.9 39 . 0 

8 .6 36 .6 

38 . 0 

8.0 

9 .0 

8 .2 

35 

32 .0 

25 

23 

25 

100 

JOO 

100 

0 

100 

100 

100 

100 

100 

0 

100 

0 

Sa li cy lic ac id 34 

Data from Nand:i c ~ ,11 , ( I 9,o, 

cant as cyclic AMP 1s comidcrl'<l to 

induce gibberelli n biosynthcsis at gen'- ml~ 
level and may as such mediate thi-, cfft.: : t 

on flowe ring. But induction is caused e\ en 
by 3'- and 5' - , A MPs an<l G \1 P, al 
t hough th e inducti ve effect L'f C)Clic 
purine deriva tives manifests it~d f much 
earli er than that of non cyclic purine 
derivative~ (Table IX). It i" yet to be 
in vc'i ti gutcd if the mechanism of act ion 
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of all these purine derivatives is similar or 
different particularly as cyclic GM P is 
known to antagonise the afTect of cyclic 
AMP in growth processes. 

Aux ins delay irhifr triiodobenzoic acid 
( TI BA) induces floral bud initiation.
Auxins are known in general to inhibit 

Flo. 23. Effect of SA alone and in com-tion with GA3 on the growth and flowering oC lmpdlien.r ba/samina L. under 24-hr photoperiodl (LD). Plants receiving combination treatment are the longest, have more branches and bear the highest number of floral buds. 

F IG. 24. Effect of ~-N and GA 3 c:1ch alone and together on the growth and flowering of Patdcllffl miliace111n under nqrmal day (ND,. Plants receivin& combination treatment arc the loalest and bear more t--enc• and ears. 

-

,.. 

FIG. 25. Effec t of GA3 , SA and B-N, a lone and in combinat ion with each o ther, o n the number of seeds/ear ( top) and 1,000-sccd weight (bottom) in Setaria italica. Vertica! bars represent 95 % level of confidence. 

the flowering of short day pla11ts. How
ever, they do not affect t he f c wering of 
this plant; in fact they slightly se:2.y ~oral 
bud initiation (Table X). TIBr.. ·:, ::i ;~:. is 
considered to be an antiauxin is aj l:! to 
induce floral buds in this pla:1.t unc:er 
strictly non-inductive photoperiod s \ ! 2.b:~ 
XI). It would appear that this a ffect is 
caused by TIBA by lowering the levei c1f 
endogenous auxins. But floweri ng in this 
plant is induced by GA3 as we1l. Thi s 
runs contrary to the assumption that flora\ 
bud initiation is controlled by the \eve\ 
of native auxin, as GA3 is known to 
increase the level of endogenous auxins. 
Furthermore, it has been found that IAA 
inhibits GA3- as well as Tl BA- induced 
flowering of this plant under non-inJu~
tive photoperiods (Sawhney •'t _,1. I 970, 
l 971 ). The fact that both C: A, .1. •h 1 Tl BA 
are able to ind uce fl t'WL'r° .,. !'l -.rite of 
their opposite cffe~t :w i\:·' ,e\el of 
emlogenou:,; tw;-. in, is '-L_,.:_(_:-. :,e l ,1at mort 
than o ne nathw a-y all , ! l:i 1 d1 .ea.ding t~ 
the tran s1:ormati,~n of ·t1 

' ~.Ic i:..l tl'v e me~-
- be inVO. stems into tlor~tl pr1·1, 1J1 · ... Ji,'-') 

ved . 
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Vitamins do not affect f lowering . -

Like auxins, vitamins al so do not seem to 
affect flora] bud initiation . Thus, a
tocopherol (vitamins E- anima l fertility 
vitamin) does n o t a ffect, while ascorbic 
acid (vitamin C) delays floral bud initia
tion ( Nanda et al. 1971 ; Nanda, 1972) in 
plants receiving 8 SD cycles and comp
letely inhibits in those receiving 4 SD 
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F 26 Btfect of c- napbtbol (ix- N), c.i rbolic aciJ(CA) t>-naphthol (~~ ). sa licylic acid 
(SA) and gibbcrcll lc acid (G~ ) o_n the number 
of arains and t~ weilht o( a ll 1t,un11 _and I :000 
grains in the can or the main axis (stri ~ d 
histograms) and per plant (broader e

0
mr1y _h111 -

tograms). Vertical ban rcpre1e11t 95 ¼ kvd or 
confulence. 

T ABLE IX 

EFFCCT OF PURIN E DERIVATIVES ON 
FLOWCRI NG OP PLA NTS RECEIVING 

INDUCTI VE AND NO N- INDUCTIVE 

Pl IOTOPER !O DS. 

Treatment 
( 10 mg/ I) 

Control 
3' AMP 
5' AMP 
CycJic AMP 

Control 
3' AMP 
5' AMP 
Cyclic AMP 

Control 
3'GMP 
5' GMP 
Cyclic GMP 

Control 
3' GMP 
5' GMP 
Cyclic GMP 

Photo - Days to Mean Percen t 
period floral bud num ber plant" 

(h) initia tion of fl ora l induced 
bud11 

9.3 27. 3 100 
8 7.0 30. 1 I 00 

7.0 29.7 100 
7.6 26.4 100 

0 
24 36.0 8.6 40 

32.2 7.0 40 
34.0 8.0 40 

13.2 25.7 100 
8 9.7 43.1 100 

10.5 46.0 100 
9.7 38.0 100 

0 
24 43.0 38 .0 50 

49.2 32.4 50 
43.0 41. 6 80 

Data from Nanda et a l. ( 1976) 

TABLE X 

EFFECT OF EXOGENOUS APPLICA TI O~ OF 
AUXINS ON FLOWERING UNDER IN DUCTI\'E 

AND NON-INDUCTIVE PHOTOPERIODS. 

Treatment 
(100 mg/I) 

Control 
IAA 
rnA 
2, 4- 0 

Control 
IAA 
IBA 
2, 4-0 

Photo- D ays to Mean P.:-rct'nt 
period floral bud num ber pl.mt 

(h) ini riat ion of fl or .1 l indu,:~·ct 
buds 

14.5 15.::: 100 
8 17.0 12.5 100 

16.0 16.6 100 
dea th 0 

0 
2-i 0 

0 
0 

Da ta from Nanda et a l. ( 196')) 
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cycles (Table XII). These results are not in 
accord with the 'ascorbic acid concept' of 
flowering put forth by Chinoy in 1969. 

Phosphon D and cycoce/ affect the SD 

cycle requirement and also the critical 

photoperiod.-While abscisic acid, a natu
rally occurring growth inhibitory substa
nce does not affect flowering, growth 
retardants phosphon D and cycocel which 
decrease extension growth, increase the 
dark period requirement. Thus, in plants 
treated with phosphon D, floral buds are 
not initiated under photoperiods beyond 
14i hr although 15½ hr is otherwise indu
ctive. The number of SD cycles required 
to induce floral buds in cycocel-treated 
plants also increases to 5 instead of 3 in 
control. However, the number of floral 
buds and flowers increases in cycocel
treatcd plants exposed to 10 and 30 SD 
cycles (Nanda et al. 1967a, 1967b, 1968 
and I 969). In marked contrast to this, 
morphactins, another group of synthetic 
growth substances which cause marked 
morphogenetic effects, decrease the num
ber of floral buds and flowers under 
inductive photoperiods and it may be 
ascribed to the fact that Jeaf primordia 
during the development of buds fuse to 
cause malformations (Nanda et al. 1971). 

Transmission of stimulus is controlled by 

source-sink re/ationship.-It is known that 

leaves are the organs of photoperception 

in plants and the flower inducing factor 

synthesized in the leaves is translocated 

in the plant to the meristems to cause 
differentiation . Experiments were carried 

out to study if the inductive effect of GAa 
treatment or of pbotoinduction given to 

one branch of two-branched balsam 
plants is tranmiitted to the other branch, 

which is maintained under non-inductive 

photopcriods. Surprisingly, the effect did 

not pass on to the untreated branch. The 
failure of the bnllch to flower even after 

TABLE XI 

EFFECT OF TIBA ON FLOWERING UNDER 

INDUCTIVE AND NON-INDUCTIVE 

PHOTO PERIODS. 

Treatment 
(100 mg/1) 

Photo- Days to Mean Percent 
period floral number plants 

Control 

TIBA 

Control 

TIBA 

(h) bud in- of floral induced 
duction buds 

8 8.6+0.66 23 .9 100 

8 8.2+0.54 17. 7 100 

24 0 

24 55.0+0.54 5.0 50 

Data ftom Sawhney et al. ( 1971) 

TABLE XII 

EFFECT OF ASCORBIC ACID (A) AND 

cx•TOCOPHEROL (B) ON FLOWERING OF 

PLANTS EXPOSED TO DIFFERENT 

PHOTOPERIODIC TREATMENTS. 

Treat-, 
ment 

A 

B 

Photo- Chemical 
periods 

4 LD Control 
Ascorbic 
acid 

Days to 
floral 

bud in-
duction 

4 SD Control 14.0 

Ascorbic 
acid 

8 LD Control 

Ascorbic 
acid 

8 SD Control 10.0 

Ascorbic 13.0 
acid 

LD Control 

«-tocop-
berol 

SD Control 7.9 

a-tocop. 7.2 
berol 

Mean 
number 
of flora l 

buds 

3.8 

7.S 

4.3 

30.4 

34.3 
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defoliation can neither be ascribed to the 

prod uction of inhibitor(s) by leaves on 

the branch under non-indu ctive photo pe

riods which, as is suggested by some 

workers, counteracts the effec t of floral 

stimulus tra nsmitt ed from the branch 

majntained under inductive photoperiods, 

nor to t~e interference in the transport 

of the stimulus from induced ]eaves to 

the bud. ft is probably due to the fact 

that the flower inducing factor(s) synthe

sized in the leaves under inductive pho

toperiods is used up by axilJary meristems 

and is , therefore, not available for trans

mission. Another experiment was there

fore, performed in which the apices 

and axillary meristems on branches 

which were exposed to inductive photo

periods or were treated with GA 

and maintained under non-inductive
3 

photoperiods, were excised. It was 

considered that if these axillary 

meristems act as sinks, their removal 

should prevent or reduce the local utiliza

tion of the stimulus. The removal of 

meristems on this branch and their reten

tion on the other water-treated branch 

maintained under non inductive photop

eriods, should strengthen the sink and 

accordingly should direct the stimulus to 

cause flowering of this branch. This is 

exactly what happens. This demonstrates 

that sink and source relationship are 

important in the transmission of the 

induction factor(s). 

Another point that has emerged from 

these experiments is that in this plant 

while leaves are necessary for photoinduc

tion, they are not necessary for GA 3 

induction under non-inductive photoper

iods (Sawbney et al. 1976). The non

specificity of plant orpns to responsed to 

GA1 treatment i.i also apparent from the 

fact that GA~ causes induction regardless 

of whether the treatment fs ,wen to the 

growing a pex or to a ny other part of the 

plant. 

M ~·tabolic drifts related to f lowering. -

Studies were then undertaken of metabolic 

dri~tg i.n the stem a nd lcavc es of pla nts 

ma in tained unde r ind uctive a nd non• 

~nductivc condition<:;. The results presented 

m figure 27 show tha t while the contents 

METABOLIC D~IFTS A • ., .-. .. 1•••O W ,.., 
->J vt... ~, ._ l~ n 

_ F LOWER ING 

- ~ --, - ~ r--- --... - -
/ I 

C4TAtASE 

SUGAR S 

ST A IIC11 

NI IIIOG[ N 

I II[ [ AMINO· t---t--~f----_j_ _ _ 

ACI DS 
! 

.IGMENTS 

16 24 

ONA 

FIN.l 

PROTEINS 

FIG. 27. Periodic changes in star.:h-. total 

suger-, total nitrogen-, free amino acid-. DNA

and RNA contents of stem and leaves of Im pa

tiens balsamina L. undeP 8 and 24 hr pho

toperiods. 

of starch and polysaccharides decrease, 

that of sugars increases under inductive 

photoperiods (Sawhney et al. 1976). The 

activity of hydrolysing and oxidative 

enzymes also increases in pJan ts under 

inductive photoperiods (Sawhney et aJ. 

J 970, Nanda et aJ . 197 1 ). The content of 

soluble nitrogen decreases gradually while 

That of protein nitrogen and proteins decr

eases under inductive .. conditions (Kumar 

I 973) indicating enhanced incorporatoin of 

10JubJc nitro1en in the synthesis of proteins 
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concomitant with induction. DNA content 

is high initially and co ntinues to incr~ase 

in plants unde r inductive photopen ods 

probably due to an increase in the number 

of growth centres involving continued 

mi to tic ac ti vity. RNA content also 

increases but the increase during 4-8 days 

is more und~r inductive than under non

inductive photoperiods. It would appear 

that with the induction of floral buds and 

consequent increase in the number of 

growth centres, the metabolic machinery 

is seared up to increase the mobilization 

of food material by increasing the activity 

of the degradative enzymes. Sugars so 

produced act as respiratory substrate for 

the increased release of energy that is 
needed for synthetic activity leading to 

the synthesis of proteins and nucleic acids 

to build up new cells and tissues. 
The interesting point is that GA3 which 

causes floral induction, also brings about 

similar metabolic changes in this plant 

even under non-inductive photoperiods 

(Sawhney et al. 1976). 
Protein metabolism and isoenzyme 

pallerns also change with induction. There 

is a marked increase in the protein content 

of leaves which are photoperceptive organs 

(Kumar 1973). The difference in the 

qualitative pattern of proteins of the 

leaves of plants under inductive and non

inductive photoperiods and the appearance 
of a new protein band with high electorp
horetic mobility in the stem of plants 
(Fig. 28) is also significant and are 
suggestive that apart from the increase in 
the turn-over of protein synthesis, the 
qualitative changes in proteins may also 
be involved in the inductive process 
(Kumar 1973). 

This is aJso apparent from investigations 
~n changes in the activity of enzymes and 
1soenzyme patterns of amylase, catalase 

and peroxidase under inductive and non-

ind uctive photoperiods. The inductive 

photoperiods cause the synthesis of new 

isoamylasc (Rf O. 05) in bo th the stern anct 

the leaves (Fig. 29). This isocnzyrne i~ 

synthesized even under non-inductive 

photopcri ods in plants trea ted with either 

GA
3 

or GA 13 whi ch a lso ind uce fl oral 

buds indicati ng it s association with floral 

induction . The appearance of an addi tional 

FIG. 28. Total content and polyacrylamide 
gel electrophoretic pattern of wa ter soluble 
proteins in the stem and the leaves of Impatiens 
balsamina under 24-and 8·hr photoperiods. D . 
W. stands for dry weight and N for a new 
protein band. 

isoenzyme in the leaves of plants regardless 

of gibberellin and photoperiodic treat

ments is indicative that it may not be 
involved in flowering. Induction of 

this isoenzyme in the stem and not in the 

]eaves by GA3 suggests that it may be 

concerned with the mobilization of reserve 

food materials to make them available 

for growth (Tiwari 1975). 
Changes in RNA pattern associated with 

induction.-Changes in isoenzyme patterns 

described in the previous section can be 

possible only if new RNAs are released. 

A preliminary experiment demonstrated 

new bands of RNA in both the stem and 
leaves of plants exposed to inductive 

photoperiods (Fig. 30) suggesting ~ 
qualitative alterations in the informa~

011 

molecules are involved in io<luction 

process (Sharma et al. 1976). 
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.. , ,o .......... OIIDt• -
.... ,. •tr•1• •· 
CJ' ml a.J 

10 

• • • • • • ,0 
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... 

2.0 
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F10. 29. Total amylase, catalase a_nd peroxi
dase activities and the electroPhore11c pa_tterns 
of isoamyla.JCS, isocatalue1 ud isoperox1dases 
af'ler 20 days in the stem and the leaves o_f 
water and JO ma/I OAa aacl GA13_-treated 
plants exposed to 24-and t-br photo penods . 

Metabolic inhibitors affect flowering 
differently.-An alternative approach to 

ua4eratand the mode and extent of 

involvement of protein and nucleic acid 

metoboli,sms in flowering is the use_ of 

metabolic inhibitors. Experiments earned 
out to study their effect reveal that the 

n !!iii~~~ 1~~~ ~ ~ ~ !m~~~ !~~: ;~ ~ 
• r[ 1t ,oo .,t/1 O..J M1l• "/., -J I ,.__. , 

.1!11!!1(• or ..!!lQ!.Q!l~ _sYt LB 

FIG . 30. Total content and electrophoretic 
pattern of RNAs in the stem and the leaves of 
Impatiens balsamina treated with water and 100 
mg/1 GA3 and exposed to 24- and 8-hr pho to
periods. N 1 and N 2 stand for new RNA bands. 

effect of inhibitors is different on photo

and GA3- caused induction (Table XIII). 

Thus, chloramphenicol and actinomycin

D hasten floral bud initiation and increase 

the number of floral buds under inductive 

photoperiods but do not affect the GA
3

-

caused induction under noninductive pho

toperiods. On the other hand, while cyclo 

heximide hastens (Nanda et al. 1973), FU 

and FUdR completely inhibit t ~':! GA3-

caused induction under non-induc:i '-·e 

T ABLE XIII 

EFFECT OF METABOLIC JNHIBIT()RS '--'N 

PHOTO- AND G AJ- CAL1S[!) I'.'\DU':TlQ~ 

Metabolic Photo-indu~- G A l - in,Ju.:: 

inhibitors t ion t, I , 

Protei11 inhibitors 
C hloram phenical promotion lh) tl k1..l 

Cyclohcx imide no d k ct prornu t 1,' 1 

RN A i11hibitr1r:, 

5-F U no cffccl i nh1b11 it'll 

/\.CI- D p fOffiL) I ion 110 elh:t·t 

DNA mhibitC1r.1· 

5- FUDR no effect inJu bit 1,)11 

D a ta from Kumar (1973). 
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d
. . but do not affect il under con 1t1ons . 

inductive photoperiods. These obser~ations 
are suggestive 0f some difference in the 
nature of induction caused by the two 
factors. 

The more interesting part is that 
cycloheximide increases the number of 
leaves and enhances even the increase 
caused by GA3 (Fig. 31). This behaviour 
of cycloheximide in hastening GA3-

caused flowering and promoting mor
phogenesis in general, is rather par
adoxical. This stimulatory effect can be 
brought about either by inhibition 

ID 
"?' 
~~ 

--~ -GA3 
-CYC 

• 
FIG. 31. Diagrammatic representation of the 

apical meristem showing the temporary nature 
of stimulated leaf differentiation caused by G As 
due to enhanced rate of elongation but the 
permanent increase in the number of leaves 
caused by cycloheximide. 

NEUTRAL 

F1G. 3., Diagr . •~utraJ ... . arnma ttc representation of ..... mer1stem' at 3 J d • • Into vegetative d ux an its daff erntiation ductive bu.d ,._ ,1_ uni e
1
r 5 lux but Into repro-~r ux or lilht. 

of some inhibitory factor(s) Which 
may be proteinaceous in nature or 
by affecting some ce llular metabolism 
other than protein synthesis e. g ., 
respiratory activity (Nanda et al. 1973). 
· The preceding di sc ussion on the phy
siology of flowering and its relation to 
growth pattern in balsam and other 
plants, although has not brought out a 
flow sheet of events morphological, 
physiological or molecular which transform 
vegetative meri stem into flowers, has 
brought out a number of unique aspects 
which, if manipulated properly, can lead 
to a better understanding of this complex 
morphogenetic phenomenon. Our achi
evement in inducing balsam plants wi th 
neutral meristems (Nanda et al. 1970) 
may prove particularly usefu l for this 
purpose. This condition is attained when 
plants are exposed to a light intensity 
of 3 lux. The axillary meristems under 
this light condition remain undifferentiated . 
At lower light intensities the axillary 
meristems become reproductive while at 
higher intensities they develop into 
vegetative branches (Fig. 32). 

FIG. 33. Effects of ~-N and GA3 alone ~d 
in combination with each other on the vegerauve 
gaowth and flowering of Panit· 11111 mi~iar~~ 
under 24-hr photoperiod (LO). !he_ grain Y'\e 
of plants treated with thl! c0mbmat10n wfls trer 
highest. The control (c) plan ts did not 0

" 
under this photoperiod. 
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Our achievement in inducing bal sam 

and of her plants to fl o wer under all 

conditions is not only of fundamental 

importance but is of great practical 

~ignificancc and is useful in horticulture, 

forestry , plant breeding and most of all 

~o _the common man as it may help m 

m . rcased crop productivity (Fig . 33). 
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