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Developmental Studies on the Panicic Initiation in Sorghum' 
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attention was largely confined to the initiation of the
panicle and development of the caryopsis rather than
 
to the complete differentiation of the panicle prior

to anthesis. Winton (1903) gave an early description

of the caryopsis of sorghum. Sanders (1955) studied
 
the development of the endosperm, seed coat, and
 
pericarp after pollination. Artschwager and McGuire 
 "
 
(1949) also described the development of the caryopsis,

but thiey were also concerned with macrosporogenesis, 
 ' 
microsporogenesis, fertilization, and the development

of the embryo. Chen (1938) recorded the time from
 
germination to floral transition. Paulson (1962) des
cribed the first evidence of panicle initiation as the
visual appearance of protuberances (primary panicle
 
branch primordia) at the base of the apex. Goldswor
thy (1970) apparently judged panicle initiation by

growing-point elongation to 0.3 to 0.5 mm in length.

Lane (1963) evaluated the influence of light quality
 
on panicle initiation and maturity. Downes (1972).
 
mace some reference to stages of panicle development

between initiation and 
 bloom. Studies of inflores
cence development in other cereals have been pub
lished by Bonnett (1966).
 

Htigher seed number has generally been the compo
nent of yield associated with yield improvement

(Stickler and Pauli, 1961; Quinby, 1963; Kambal and
 
Webster, 1966; Beil and Atkins, 1967; Doggett, 1970;
 
Blum, 1967, 1970). However, potential yield improve- 1 :
ment thiough increasing the seed size component of
 
yield must not be ignored (Voight, Gardner an(l Web
ster, 1966; Maim, 1968). 


This investigation was undertaken to more careful. 


ly detail the course of events during early develop
ment of tlie panidle. Such ontogenetic evahItions ap
pear basic to stise(juc it invesiigatlions on how to
 
inaximi/e the seed nutmber (Uotixnncniit of y'ield unider
bo0th optimal ;'tdit sl('5, enlvilrolnments. 
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Table 1. Change in size of apical meristems of sorghum 
hybrids during transition from vegetative to reproductive 
activity; 1969. 

Sine. 

after flange
Daleof iays Hlybrid of 
collection planting number width 

June 24 15 	 671 48 to61 
610 51o64 

68 541to64 

671 67 to83
July2 23 	 ULO 
 70to 74 

608 64 to 83 

July 6 27 671 81to 96 
610 7010 80 
608 83to93 

July 10' 31 671 134to 252 
610 96 to 233
608 7410211 

Range of
 
height 

43 to 61
 
.48to70
 
45to 48 t 
61to80 

67 to 86 
48 to 77 

51to 93 
64 to 77 
70 to 90 

138to 279 
112to18677 t 224 

Some of the apical merltem were floral apiceswith primary branch primordia. 

After the primary branch primordia have attained 
a certain size, secondary branch primordia arise dis
tichously from them (Fig. 7 and 8), giving each pri
mary branch a flattened laminar appearance. How
ever, the secondary branch primordia are usually in
itiated before the distal portion of the apex has been 
completely covered ip by the primary branch pri
mordia. Tertiary- ant quarternary-branch primordia 
are commonly formed on the lower branches, but they 
seldom occur on the uppermost branches. Thus, fur
ther branching decreases acropetal!y. For convenience, 
the primary branch is designated here as a side branch, 
the secondary and higher order branches as branchlets. 
As the higher orders of branch primordia develop, A 
the laminar shapc of side branche's is no longer main- - l 
tained, but is transformed to a voluminous, fleshy 
structure with many irregularly oriented pri:nordia 
(Fig. 9). Also, the young inflorescence begins a very 
rapid increase indimensions (Fig. 10). This increase 
in size is due partly to the elongation of the rachis 
and partily the clonlgatiotl of the upper side Iranihes 

1 shows all ulper side Fig. 12-17. (12) I1,ot1011 if a sid,'htaiti of a mature infloresand ticir blalirf hl%1. Figure 	 showin~g lc ' hiihe spik'lel (fN), stliiheSlkelct (ss)brawth(} ~ rl~cli wd blIvh cs h l~ll sl'nc 
branhi withi we'll(deined(i bl(Idts. The opennet'ss 

or (olnlpl( lless of the hlllidc is dlependenlt Ilostly oil 

the elongatiolii tl ipliillaly 1)ialll(les and their 

bra- lets. 
The ultilale lillils tf the hilll(hllcts aIltle spik-

-lets. hit50l gitlll dll 881lli Ali(iolo ogoll itil N")ikc' 
let% ;iteill plails. ()le ik s'ilc a lIi l'l Icm, Ihvc lllh'l 
is pc'lli(,la illlll slclii(c. lhlc III,,[ an1d1 lc(t)lld t'lIlllic 

of ci sijikki1c't ciiosc two hp ('tlltill it11m.1, oile ofi 

wi li is siille a'nd1 If im litl t lli ' by ;I lc lii;i 

(tlihh giiit') 'I t I ll.1ilf I wlci ciIs , illIliliii;i ;ii( ;I 

and r'd spikLhl (as). .!)/; (13) Inilialion of glllmles from 

lll1(r ig 

27.6X; (014) IDit'lt i.iiti i i l iii spikClCIS, 
Iil(- spikud ,i liiiordia, og _ gililill; - iillr glume. 

l tio 18.111% he st 

sI llielliin |ni118tlii. 27.6X; (15) 1he pa iicd spikelets at 
rlif ln 8i18( tl oi ll'iii l sliag', s% ileulih' 81 ikl'let, IS = 
I , ic s1 iktlcl. 2,11; (1it) olplloliIul .ll-d1it a f v'eCloIIed 

Silil' spik( i, iig v 	 uilr glilill', ig v ilii'r glillne, Al = 
sil'iki' hrtlilia. '16X (171 Iloill p8i81i 1ilin Ihe 5485ilt'spike.

,ili ;
l , %I - sl'ir[i lll, i I :._ It t11lla,%I ; lailllf-ll l.t 

33 . 

t %h i 	 liehi l s tti Ilitndt' si i th h8 ,pik'lcis will 
AIN~il s, 	 gt(d1slikc ltdevvclop-ITal., op",iiil. 111f, iih1,11 1t' IVN') l(,(IlqIllihtilh'l ('1iif~l l. A tIill!'h , 1'ili 
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at almost the same time. The only external difference
between them is that the sterile spikelet is slightly
stalked above the fertile spikelet (Fig. 15). Thus, the
degeneration of the floret parts in the sterile spike
let occurs after their original initiation. Figure 16
shows a mature sterile spikelet in which the outer
glume. inner glume, and sterile lemma are well de. 
fined, but the floret is vestigial. To the contrary, thefloret parts in tile fertile spikelet are well developed(Fig. 17). The composition of the fertile spikelet is 
shown in Fig. 18. 

As noted above, the origin of primary branch pri
mord'a is acropetal. Grasses differ considerably, how
ever, in the order of development of the spikelets.
Evans and Grover (1940) have reviewed this situa
tion for a number of grasses. The bristlegrasses (Seta
ria sp.) and inaize (Zea inays L.) exhibit acropetal development of the spikelets. Bluegrass (Poa sp.) has 
basipetal spikelet development, and rye (Secale ce
reale) has a mixed type in which the spikelet develop
ment begins about the center of the spike and de
velops both upward and downward. From our ob
servations we would conclude that in sorghum spike
let development is basipetal; that is, the spikelets in
the upper branches develop before those of lower
branches. The spikelets at tile upper end of a branch
develop slightly earlier than the lower ones on the 
same branch. It is shown in Fig. 19 that the side
branches from different regions of the inflorescence 
(base, middle and upper) are more or less at the 
same developmental stage prior to spikelet differentiation. In Fig. 20, the florets from the upper portion
of the inflorescience are more advanced in develop-
ment than those of the other regions. The stamen 
prinlordia are clearly seen, whereas iii the basal por.tion of the inflorescece the gltoniesl ae just being
initiated front tile spikelet prin1ordia. After the floret 
parts have beell in itiated, the side blranlhes, branch-lets and the rachis all elongate very rapidly (Fig. 21).
Later, atthesis is seentl to progress froml thle toJ of thleiLatforesene to ie base, as loe s seed ma tttra otil, 
following the order of spikcl development. 


Based otn the ext ertal inolpliology of tile apical

meristenl, a seqtietice of developmental stages may be
 
given ingeneral ternts 
 to agree with oulr observationsotl various st ta ins of our tdgraini tuhivat sotghnlis 
(Table 2). Itshollld be Ioted that so ie of the eight
stages are tI t onllilet.ly sep;lta wtf1 C11ealiother,
and there is possible ovt l;tlppitg betwletn siccessive 
stages. For ex;tatplel, twte is ( (tsidlhiabl c overlapping
in tinie btweet sta e 5 atndh stage (i.Situ e the dif-
ferentiation of sl)iktlhts is hI)t ilL'tatl, tll I;tsal legion
of tile itlhotis(t.iclu tt iav le it ,l;lge 5 while stage fi 
has belel atllil l intii ll;, lItl cgiott. T hese stagest ay be .XlI,cl l also i li1 t illstl ILl ti titInlbelex-of 

l)anll lea es St,"IRcit itigI . 7 tlhi 1971 growingseasil. Stage 2 o(oIs wi it( t ihd.nttl(m of 15 or 16 
CXantlet lavvs; stage 5 I t Ilts witlh 18 Io 19 leaves,and stage 7 w(i 1Ils ilth 21 CXpl iidcl leaves. 

DISCUYSSION 
(lowth atnl clevelmlcttt oiIl otglmt plant have 

J
 

Fig. 18-21. (I8)ConierOlunitI of fertiti ikrtr1s, I = outer 
neptalr, iLilLIh,-r recig p =pl st = stamen, p 

- pistil.
3.6X; (19) loung pa t1i(lhrantches from basal (B), 
middle (M) and upper (U) regions of the inflorcence show.ing their sire differences. Spikele differentiadion has not 
beguin at this stage. 10.2x; (20) Parnicle branles from the 
three regions with dift-retic degrecs of florel differeitiation. 
Stamen princordia are .Ihow'i iii ih Illller panicle brand (U),
not in liemiddle Jlili(i brani (M). The spikelet primor
dia on the basal bihand (1)are at tiltageare being initiateld. 10.2>; in whi-h glumes(21) A )outig panicle showingthe basipetal differentiation of spikrhets. 4.2x. 

Table 2. I)eselopental stages of panle initiation based on 
19702 . 

1970 .tldy. 
,,,.ph,.t,,,. 
 ,,. I I 

''" ,,'.....
, 
"h ........ i"M' o,i,, .t,1 , s 

Ilis l  th ,I-,+inlgerinl. .. 
IWI Ina,,fl, ,,IN . , i, ifer 
2i,.1,, )ait I.....ist.of.. 

3 Ittialt, i< lli hr1-., h Al.,, %dje afterthe 

4 
prlntord ' p i . 1 l1,1:lr-
the IhI I.. ht.,. .. "',
f ,,,lm.l i
bran. Ihlr rllll., i.ll 
llrrnl. I. 

of Issiug 3, 

SI 
l, 

Int11ll 
I p,..d,,t 
*I'lpl,,' ll.1"1 1 tI+U +I" l i ay after 11i 

nwr~lss4iilsir III .I,( sit.l.....Is.. l sart d S4tage5. 

Aq , 1. . . 
,,.,, M,....til,,. . 

llcgolicd it-lld ~~~~~~ttib ent gentti ll .tt), < I ilh.lses: s,'gelalive li ls.p,.,,,-.,,,,it .,,I""I'' 'rlls .,.........
Antd trillthtti usc'. Kitimledge Ill~ llJ,, ~.m.s Iut+~l 
t 'c ii ig Ite ,(Cge. 1I,,,I.,,.,,,, . .. 1 ,14alve la1.1w is oIct11i~I I) tom .t ttic .lantdt  m .,.
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developmental studies of organs and tissues (Artsch. 
wager, 1948; Lee and Lommasson, 1968). Information 
on how this period influences the later development
of the panicle and yield is scarce. In general, it is 
recognized that sufficient leaf area and functional root 
systems arc necessary to sttpport maximum grain pro-
(uction. Nevertheless, termination of this phase by
tle apical mriste- not only affects leaf number and 
plant size, but also marks the start of the reproduc-
tive phase. Qttinby (1963) reported that four genes
controlled the duration of the vegetative phase and 
sutbse tiuently the time of floral initiation. However,expressio
the expression of these genes is influenced by other 
sub the thcscof gencs iionnd bHoter, 

environmental factors, such as temperature and photo-
periol (Stickler, Pauli, and Casady, 1962; Coleman 
and Belcher, 1952). 

From onr obse'rvatiors there seem to be three im-
prtant developmental factors in panicle initiation
which contribute directly or indirectly to the yield of 
sorghum. The first factor is the tunber of primary 
branch priniordia initiated. Since these primordia are 
acropetally initiated, their total number depends oil 
the available space on the apical (Ionic. Our study 
indicates that the size of the apex increases as the 
dturation of the vegetative pliase is prolonged. Thus,
there is a significant influence of the vegetative pe-
riodt upon floral development. The second factor is 
the nlumber of secondary, tertiary, and higher order 
branches initiated fromh each primary promor-
ditu. Tile external morphology of the mattre pan-
icle indicates that there is an obvious decrease in num-
ber of l)ranches and branichlets from the base to the 
upper parts of the inflorescence. Accordingly, tile 
nu mnber of grain, per Iblandch also dlecreass (Ilium, 
1967). The reduction in number of branchlets in the 
upper brancles is clearly related to the third factor, 
that is, the timing of spikclet differentiation. It is 
indicated from tile presnt stizdy that tile tdiffereitia-
tion of the spikelets is Iasipetal, whereas the initia-
tion of branch anti Iranihlet priiordia is acropetal. 
Tlierefore, the reimairkable re(tuction ini grain carry-
ing cap)ac.ity by' the tipper )ltancltes is tunder-standable 
if spikelet dilcretiation starts too soln after the 
intiation of primaryitN h Itl)rintiolia. On the other 
hand, its delay is-ill enia ic the lIramIhtlet tlevelop-
neltal poteiti ial of both the tipper lratehCs and thlel o a 

lower Iltain(lis. Sii(c tie average nuinl)r of grains 
per Up r bIrani varies aitonfg diift-ci strains, it 
is slggested th liti iii also Imi be} IIIIder ge-
tiCtit (Otiltll ( Otnljiatibh, Ito the! inlatirity'genes of" thle

ic e o - to -l 

vegetativ hase, 
Spikelt-t alutiiott mitd-r lavotal li(lth (onlit ons 

was itsigniil i tnt uI im;tll hitld oll tile lo%.etst 
batirts. It is illllSliltg, hIoiw-se, Ih;it tI( cally 
differ tl iatio 111oof both i i t~ ;tile stri([ile spik-lt-s is 
similar, vet thi stalkl'- spikclel is ivaiiablly sterile 
aldit-l' s-ssih' spikcll hiile. Niitioitl ionij -li. 
tionl )(tsstii Ith,, Iwoi kin]ds of spikelets inay nol be

eI onttiolu
file oill) (Xpllllalioll. RtcSc('lh oil Ihc, (olllrl of 
Splikel' tlev-clopitteiit anid its SIelili/ation klioilh be 

a profitable and significant approach in relation to 
increase in yield. 

REFERENCES 

Artschwager, E. 1948. Anatomy and morphology of the vegeta
tive organs of Sorghum vulgare. USDA Tech. Bull. 957. 

- , and R. C. McGutl-. 1949. Cytolo6y of reproduction in 
Sorghum vulgare. J. Agr. Res. 78 659-673. 

Beil, G. M., and R. E. Atkins. 1967. Estimates of general and 
specific combining ability in F, hybrids for grain yield and 
its components in grain sorghum, Sorghum vulgare Pers. 
Crop Sci. 7:225-228.

Blum, A. 1967. Effect of soil fertility and plant competition on 
grain sorghum panicle morphology and panicle weight com
ponents. Agron. J. 59:400-403. 

.... 1970. Nature of hetcrosis in grain production by the 
sorghum panicle. Crop Sci. 10:28-31. 

Bonnett, 0. T. 1966. Infloresceices of maize, wheat, rye, bar. 
Icy and oats their initiation and development. I11.Agr. Exp.
Sta. Bull. 721:1-105. 

Chen, Chao-Hsi. 1938. The development of vascular tissues and 
the initiation of the inflorescence in Holcus sorghum. Iowa 
State J. Sci. 12:217-225. 

Coleman, D. H., and B. A. Belcher. 1952. Some responses of 
sorgo to short .hotoperiods and variations in temperature. 
Agron. J. 44:3E 39. 

Doggett, I1. 1970. Sorghum. Longmans Green & Co. Ltd.,London. 
)ownes, R. IV. 1972. Effect of temperature on the phenology
and grain yield of Sorghum bicolor. Aust. J. Agr. Res. 23: 
585-594. 

Evans, M. W., and F. 0. Grover. 1940. Developmental morphol
oranchogy of the growing point of the shoot and the inflorescence 
in grasses. J. Agr. Res. 61:481-520. 

Goldsworthy, P. R. 1970. The growth and yield of tall and 
short sorghums in Nigeria. J. Agr. Sci. 75:109-122. 

Kanibal, A. E., and 0. J. Webster. 1966. Manifestations of hy
brid vigor in grain sorghum and the relations among the 
componentsSci. 6:513-515.of yield, weight per oushel, and height. Crop 

Lane, I. C. 1963. Effect of light quality on maturity in the 
milo group of sorghum. Crop Sci. 3:496-499. 

Lee, K. W., and R. C. Lommasson. 1968. The epidermis of theblade joint of Sorghum bicolor (L.) Moench. Iowa Acad.
Sci., Proc. 75:55-64. 

Maim, N. R. 1968. Exotic germplasm use in grain sorghum 
iniprovenent. Soil Sci. 8:295-298. 

Paulson, 1. W. 1962. Embryology aid seedling development to 
floral transition of Sorghum vulgare Pers. l'h.D. Thesis. IowaState University. 5- p.

Quinby, J. R. 1963. Manifestations of hybrid vigor in sorghum. 
Crop Sci. 3:288-291. 

Sanders, E. If. 1955. Developmental morphology of the kernel 
in grain sorghum. Cereal Chem. 32:12-25.i b h dShaotan. I. C. 1912. Shoot apex in grasses and cereals. Nature1,9:82-88. 

1913. Taninic acid and iron alum with safranin and 
ol'ilge G iii studies of tie- shoot apex. Stain Technol. 18:
105.111. 

-oft 197. The biology and deselopin-ntal morphology oftie shoot alex in the gramineav. New Phytol. 46:20-34. 
Sli(kler, F. C., and A. W. Pauli. 1961. Influence of date of 

planliu g (iit yiel and yield cotpoients in grain sorghum. 
Agrot. J. 53:20-22. ative responses

and A. 1, Caiady. 1962. Comparaof Kaoliaig ad olher graiti sorghlti types to teiiperature. 
Crop Sri. 2:136-139. 

Voight, R. L., C, 0. (.aidter, and 0. J. Welbster. 1966. In. 
I itance (if sed si/e in soighlum, Sorghlum iilgare Pers. 

Sci. 6:582-586. 
'Winitoi,A. I. 1903. Tile anatomy of the fruit of certain culti.
vated sorgliuots. Conn. Agr. Exp. Sia. Annu. Rep. 26:326-338. 


