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 02 May 1986
 

To : 	Librarians
 

From : 	The International Rice Research Institute (IRRI)
 

Subject : 	135 Edition of Publications of the
 
International Agricultural Research and
 
Development Centers
 

The International Rice Research Institute (IRRI) has
 
published a 	1985 edition of Publications of the
 
International Agricultural Research arid 
Development Centers,
 
and is handling its world distribution. The catalog

includes educational materials published by all. of the
 
Centers sponsored by the Consultative Group on Intr national
 
Agricultural Research (CGIAR), as well 
as those oi" 	nonCGIAR
 
Centers. The new 69"-page catalog includes 162 pages of
 
detailed subject index.
 

It is probably the largest compilation of titles on Third
 
World agriculture in existence.
 

Its price remains the 
same as the 	1984 edition: US$10.20 per
 
copy, including air mail. postage and handling. The price

reflects our paper, printing, and postal. costs only.
 

The catalog is a "must" for libraries that maintain
 
collections on internatinna1 aaricrulture.
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Thomas R. Hargrove
 
Editor and Head
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MORPHOLOGICAL CHANGES IN RICE PANICLE
 
DEVELOPMENT. A review of literature'
 

ABSTRACT 

Knowledge of the stages in panicle development i , important in various cultural 
practices such as in topdressing N fertilizer, producing hybrid rice seed, and 
sampling panicles for anther culture. In earlier studies, panicle development was 
observed with dissecting microscopes. This resulted in some misinterpretation 
because th tridimensional features of the panicle primordium were not observed. 
The rice panicle primordium is covered with thick bract hairs, making it difficult to 
observe. The scanning electron microscope (SEM) produced clearer pictures of 
the stages of panicle development and clarified problems obscured in earlier 
reports. 

The panicle is a modified racemose branching inflorescence consisting of the 
panicle axis and primary branches. It extends from the neck node to the 
degenerated growing point. As many as three secondary branches form on the 
lower part of each primary branch, t'he secondary branches usually have three 
spikelets. 

The first sig, of panicle initiation is the appearance of the first-bract 
primordium. The oider of branch primordium development differs from that of 
spikelet primordium development. The differentiation and development of 
primary and secondary branch primordia is acropetal while the sequence of 
primary or secondary branch development is ',sipeal. 

Within any branch, the sequence of spikelet primordia development is 
acropetal except the topmost spikelet which develops the fastest. The sequence of 
flowering on a panicle is generally basipetal. 

Flowering and grain filling follow the same order. The upper branches 
dominate the lower ones. The topmost and lowest spikelets in each branch are 
dominating. Going up the branch, the metabolic dominance seems to decrease, 
hence the second spikelet from the top is the most dominated. The dominant 
spikelets produce heavier grains and have less chance of sterility. 

Pollen grain development has been used to identify the stage of panicle 
development. Various stages vere reported as a result of difference in methods 
used to observe pollen d'- lelopment. Spikelet development on a panicle is oot 
synchronous, therefore, tne most representative spikelet -- the 111-2 spikelet 
should be used. The auricle distance is the most widely used indirect method of 
showing the development of the pollen grain. 

'By Xuc-Bin Xu, associate professor, South China Agricultural University, Guangzhou, China, and B. S. Vergara, plant physiologist and head, Plant 
Physiology Department, International Rice Research Institute, P.O. Box 933, Manila, Philippines. Submitted to the IRRI Research Paper Series Committee 
July 1985. 



MORPHOLOGICAL CHANGES IN RICE PANICLE
 
DEVELOPMENT. A review of literature
 

In intensive high-input rice cultivation various patterns of 
cultural management have evolved from the experiences of 
rice technicians and farmers. In these management practices, 
such as topdressing of nitrogen, a knowledge of tiller growth 
and panicle development is very important. 

In producing hybrid rice seeds, detailed knowledge of 
panicle development is necessary to predict if the flowering 
peak of the male and female parents can he synchronized. In 
gametocide-induced male sterility, information on panicle 
development is needed to time the chemical treatment to 
produce male-sterile plunts. In tissue and anther culture, 
knowing the stage of development helps in sampling the 
young panicle. 

Noguchi (28) first reported rice panicle development as 
observed with a dissecting binocular imlicroscope. He cor-
pared growth of panicle primordia in nine species of 
Gramineaeand verified that primary protuberances on their 
panicle primordia differentiate acropetally ano symmetric-
ally against an axis plane but asymmetrically only in rice 
panicle primordia. Bonnett (4, 5, 6, 7, 8) and others further 
clarified characteristics of panicle (spike) development of 
other cereal crops. Compared with other cereals, panicle 
development of rice is unique. Rice has the shortest 
reproductive apical cone among the cereal crops and its 
panicle primordium is covered with many thick bract hairs 
until the rapid elongation :;tage. These make it difficult to 
correctly observe the morphological changes. 

Studies on the developmental process of the rice panicle 
by the paraffin sectioning method have been reported (2, 10, 
19, 22, 23. 24, 31, 32, 42). Matsushima and Manaka (24) 
gave excellent detailed descriptions and illustrations. How
ever, with paraffin sectioning it is difficult to note the 
tridimensional features because the panicle primorcia dif-
ferentiate asymmetrically. Therefore, errors or misinter-
pretations may appear in these descriptions. 

Studies on panicle development using the dissecting 
microscope havealso been made(l, 14, 15, 18,20,33,34,35, 
36, 37, 39, 45). Ting et al (37) reported panicle development 
in detail, but the photographs (35) lack the tridimensional 
effect. Publications of Kawahara's group (14, 15) have 
clearer photographs describing the morphological differ-
ences between first-bract primordium and flag-leaf prinor-
dium. However, because of the limitations of the depth of 
field in photographs taken under the dissecting microscope, 
the three-dimensional appearance of the young panicle is 
not sufficiently sharp. Thus, some morphological changes in 
panicle development are still unclear, 

Moncur (25) was the first to present scanning electron 
micrographs of young panicle primordia. Later, Zee (43) 
and Zee and Xu (44) showed panicle development in more 

detail. With the scanning electron microscope (SEM), a 
clear picture of the natural concave-convex appearance of 
various stages of panicle primordia can be obtained. The 
high resolution of the SEM could clarify problems obscured 
in previous reports or those not yet rsolved. 

GFNhI A\LPANICLE MOR111101,(;Y 

The rice panicle is a modified racemose branching inflores
cence. The panicle starts from the neck node or first bract 
but not from the flag leaf or any branch or spikelet (Fig. I). 

The panicle is a terminal inflorcscence at the topmost 
internode of the culm. The topmost ;nternode is a peduncle. 

A panicle consists of the panicle axis and primary 
branches. The panicle axis extends from the first bract (neck 
node) to the degenerated growing point. 

Generally up to three secondary branches form on the 
lower part of each primary branch; and approximately six 
spikelets form on the upper part of each primary branch. 
The secondary branches usually have three spikelets. 

A spikelet is borne on top of a pedicel. Pedicelsarise from 
the nodes of the pimary or secondary branches. 

Primary branchesarisefromthenodesofthepanicleaxis 
and secondary branches arise from the nodes of primary 
branches. On all these nodes, white hairs known as bract 
hairs grow out from bracts during panicle primordium 
development. Tthe bract hairs can be seen until they dry un 
after heading. 

TERMSTO DESCRIBE MORPHOOGICA CANGES
 

Apicalcone - the portion of avegetative shoot apex above 
the topmost leaf primordium. It is a dome which grows 
upward and widens before a new foliar plastochron begins 
(11).
 

Reproductiveapicalcone--the portion of the shoot apex 
above the first-bract primordium at the beginning of the 
reproductive phase. Its area gradually diminishes as the 
bracts and primary branch primordia differentiate suc
cessively from it. Finally only a small tip remains and does 
not differentiate anymore; this tip will be the degenerated 
growing point. 

Morphogenetically, the primary branch results from the 
cell division of the outer layers of the apical corpus (31). The 
core of the reproductive apical cone links all primary 
branches. After elongation this core appears as the panicle 
axis and the tip of the reproductive apical cone is the 
degenerated growing point (Fig. 2). 

(Primary'branchprimordiuh) differentiation - implies 
the appearanceof the primary branch primordium. (The 
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1. Component parts of a panicle. 

same term is used for secondary branch pnmordium and 
spikelet primordium.) 

(Primarybranchprimordiwn) development - refers to 
thegrowth of the primordium, i.e., the primordia of all parts 
arising from it differentiate. For example, primary branch 
primordium development refers to the appearance of the 
seconda', protuberances of this primary branch primor-
dium; spikelet primordium development refers to the 
gradual appearance of the sterile iemmas, lemma, palea, 
stamen, and pistil primordia, etc. 

Sequence of spikeletprinordiadevelotmient - refers to 
which spikelet primordium within the same branch primor-
dium develops first, which one follows, and so on. 

'[HE START OF THE REPRODUCTIVE PHASE 

The reproductive phase starts from panicle initiation. The 
first signal of panicle initiation is the appearance of the 
first-bract primoi -ium on the shoot apex of a stem. 

Vegetative and reproductive apexes differ morphologic
ally as follows: The apex is vegetative if the preceding leaf 
primordium is taller than the apical cone wher the youngest 
leaf primordium is differentiating (Fig. 3). The apex is 
reproductive if when the first-bract primordium appears, 
the flag-leaf primordium is not as tall as the reproductive 
apical cone (15, modified). 

This distinction does not resolve the main problem: by the 
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 mordia (Kawahraet al[15], modified),
 

;"k 	 Black arro poin ts to mw. la fpri m ord it it)t,. 
f=first-bract primordium 

• i! 	 (c ultivar :To n e a ,: . 

Differentiation of 	 Differentiation of the 

pbl = pristmary 	 pranchnortijurnu 

2.Degenerated growing point g.
 
=first
bract
 4 ed 

(some of them removed) Kawahora et at (15) Kawahara et at (5)
1h =bract hairs 

e 

Il 

Malsushima and Manako Matsushima and Manaka 
- /9j 	 (24) 

5. Difference between protuberant angles of a leaf: and the first-bract 
primordia.
alirror inage of the original figure with the angigs added for easy 

&I .. comparison. 

3. Vegetative and reproductive apices. 	 tinguishable (Fig. 4). They also pointed out that the first-
Vegetative 	apex (A) bract priniordium appears to take a more obtuse angle to 

1 = leaf primordium; black the shoot axis than the leaf primordium. But this evidence. 
arrow points the apical cone 	 for the first-bractprimordiurn is opposite that of Matsu-

Reproductive apex (ll)* - first bract appearing 	 shima (23) (Fig. 5):
S11= flag leaf prhnordiun In identifying the first bract, Kawahara et al (14) andl'b = first-bract priiordiun Matsushima and Manaka (24) did not check if the number 
RAC =reproductive apical cone tcf1veA

'(Moncur [25], oddiPied) of the plant dissected coincided with thatof, the 
.othcr plants at flowering stage. It is difficult to determine 

lr::i m ec the fla g-lea f' mjo gr ow LIP to the tip of the which'conclusion is correct. "'opri rd i umil " , K , i 5" ' t, Linget al(20) used the criterion ofKawaharaetal( (15) to 
reproductive apial cone, the reproductiVi'apex will look check first-bract primordium differentiation stage and kept
like the vegetativ, apex. som1c pnts for leaf Counting at flowering stage. But the 

Kawa{hara et al ( 1,4) result \as not reported. Because plants ofany rice variety inpointed Out thtt When tle uppermost 
leaf prinmordiijm covers the shool apex, the first bract the 'ime plot will have variation in leaf number (38),'no 
primordiurn grow~s to considerable Inagriitude and isdis- Convincing conclusion appears. 
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Some papers reported that the apical cone slightly 
elongates. If the ratio of the height ard diameter of the apex 
is >1, then reprod ucti e phase starts. Actiraly, tnlik the 
spike prinordium of \Vhcat, all clear pictuIrres of rice pa nicle 
primordia have proved that this conclusion is not correct. 

M O R I, O )I A'I('11l\ \ (.1 IN IP .A I I I ,V \ lIM ( I ()\ 

The first-bract primt(Iiiili appua-ritm on a shoot itpCX 
signals the start of the reprodtcti~c pli;sc. 

Bract a limrti b/uth W Iu-iu rd/i di/It CiiuN:II. Ihe 
first-bract prilnordin inake a circle surtroualnding the 

paricle pri lord itnihaw (li. ().sirhscquCit bract pn
rtordia. co\Cr l r f ICs than . subtendi aire I,,I l.h.acts 

corresponding priryr hranch priroordia. I[he ppcr bract
 
prinlordia arc rieht below and do0 rt1 SeM 1tsubtend their"
 
primary hranch primord at(
IPie. 7. 

Researchc, ha\c reportcd arnrhcr ol briacts increasing 
stage' or a ICpri ior IClornat ire tLte beforc the.pitiiC OI till 
primary branuch prihodit ur dil ccnntiatitmn staetc. trdertedissc'ting roicrtrscunp.. aparricic priordiori with a fclewi 

slightly proectirig protriera he seenantilar liccs can 
Occasionallh. In other cereal crops. e.g.. wheat spike pri
ruordiurn, there isa clhlrarftirg spike prirnordiurrn stae 
before a double ridges stage (cqtiialent to primary branch 
pririordium stage of rice paricle). :romr the S:M picture, it 
seems that bracts and their ctrrcsponding prirntrv bra nch 
primordia arise sinlrltiarictnUslv( Fig. 7). So. it isnot possibleto have a stirge specificaill- for "'nuniiher of bracts increasing 

stage." This shputl he ascertained under the S'M. 
As the primrv branch rririordia arise +,cropetally.the 

reproductive apical cone be,:omes smaller (Fig 7)while the 

primary branch primordia enlarge. The size of the bract 
prinmirdia does not cha nge much. Subsequently, bract hairs 
appear (Fig. 8). Ihc reprodtrctive apical cone becomes 
difficult to see. Ilie ntmber of primary branch primordia is 
fixed and prinary branch prinmtrdia start to elongate. 

.,L


.
 
7. Primary branch primordia appearing (Moncur 1261, 
modified)

1b =first-bract primordiumb = bract primordiur
 
ph = primary branch priniordium
 

- I ,.; 	 8. t"irnary branch primordia starting to elongate (Moncur 
[261, modified).

6. Primary branch prirnordia appearing IMoncur 1251, modified). l =firsr-bracr pririrdiur 

fb = first-bract primordium b = bract primordiuni
b = bract primordium pb = primary branch priniorditrl

ph = primary branch primordiurn It = bract hairs
 



9 Seconlary branch priniordiumanmI.spikeh,tprniordiunt 

differentiation. On all primary branch pri mordia, their
 
secondary protuberances, i.e., secondary branch primordia
 
and spikelet primordi:, anse acropetally (Fig. 9,10).
 

Generally, on every primary branch primordiuni the 
topmost 5-6 secondary prot ubera nces are spikelet prinmrdia 
while the lowest 2-3 seconda ry protuberanmces areseconda ryv! 
branch prinmordia. 

Spikeo.t 1prinordiunr th-veh/ mem. I hie topmlost spi kelet 
primordium of the topniost pt-imarv branch prinordil. 
starts differentiating the glurnc primoldia first (lFig. 11-4). 

On every spikelet pri morditum, the following pri mordia 
appear in acropetal seqtiCllCe: t\VO g1ur1e priBfrdia then 
two sterile lemma priiordia, lollhmed b\ lenirma priiior-
dium and finally palea primordiiim (Fig. 11-3. 11-5, 11-0).
 
Figures I1-1 and 11-2 show the visible parucle primordiurn
 
stage and Figure 11-7 shows the top \ie\\ of Figure 114).
 

Floret pimordium deVclolmeut isalso inacropctal 
succession. After the palea primrdiuru appears. the stirrneri
 
primordia (spherical swellings) trise simlltlneouslv ill a1 

w\'horl slightly below the spikelet priniordium apex (Flig. 12).

The tip of the spikelel primordiui apex becoles a pistil 

prinordium. This d Lomea- Ofd iu1
llpt.lf pri'llr is bigger 1haii 
the stamen pr nordia surrounding it. I lie lodicule pri nuor 
dia appear between tihe pa lea and stamen priiordia. 

As palea and lemma pririord ia elongate, the floret is 
closed and stamen and pistil primiordia cannot be seen 
anymore (Fig. 13). From then on the outer appeara nce of 
the panicle chatges little it only clon.ates and expands. 
Important changes take place ii the anther and ovary. 
Usually the pollen grain developmental process is use(d to 
indicate the progress of paniru cdevelopment, as discussed 
later. 

INI)RIRETATIONS IN I)ESCRItlN(i (IHAN(iES 

i. The sequence of braich and spikelet primordiun de\velop
ment is commonly described as opposite that of their 
differentiation, i.e., the later a primnordium differentiates, 
the earlier it begins to develop (31, 37). 

As mentioned above, the differentiation of panicle branch 
and spikelet primordit,m is in acropetal succession. Ac
cording to this interpretition, both branch and spikelet
primordia should develop in basipetal succession, rneaning 
that the upper spikelet should have more adv'a riced growth 
than the lower one. This is not completely true because with 
two adjacent spikelets on a prinmary or secondary branch. 
the lower one always flow.rs earlier except the topmost 
spikelet (Fig. 14). 

2. A different description was reported by a group in 
China (9). Spikelet primordia (from a scorndary branch 
pri.nordium or directly from the same primary branch 
primordium) differentiate and develop Ii the same order 
(24), i.e., the lowest spikelet primordium appears and 
develops first, so flowering order isfrom bottom to top oita 
branch. 
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9. Secidlaiv brauich pririrdia appearing. 
b =bract pinidium 
flb=primary branch prinordiun 
sb =secondary hranch p)rinlrttdiemiii 

I 

. Sconttarv proruberances increasing (Morcur 1261, 
modtified). 

ph primary branct prinordiui 

Secondary prouberarices: 

sb - secondary branch primotdiuns = spikelet priiordium 

In this interpretation. the topmost spikelet primordium 
de\elops last (differentiates its glurne primordium and the 
like), because it appears lastl riary branch primrordiurn. 
Iigure 10 shows that although the Secondary protuberances 
on hlie base of tie branch priniordia are very clear, the 
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II, Young p~nicle primordium (,o. 1 ;ind 2) mnd spikelet primordium development (nos. 3 to 7) showing glume, lenina, anfod palea primordia.
G glume primordium (in picture 3, G sterile lcmma primcrdium), S = spikelet primordium. L lemma primordiumn, SL = sterile lemma pi. 
mordium, P palca. Sore: (44). 

4 V 

il;41 2 c6 1.'" 

12. Panicle prmordiur covered with bract hairs (nos. I and 5) and spikelet primordiumdevelopment (nos, 2, 3, 4,and 6) showingstamen and 
p'istil printordia. L lemmia primordiim, P' p~ice pritnordiuni A stamen prithordiitm,O0 pistil primordiuni.Source::44). 
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13. Spikcet formation (44). G = glume primordium, SL sterile lemin primordliuni, 1) pii prinordqwm, L leninia primordiim,

S spikelet. primordium.
 

_____I rst.
alter the degenerated growing point appears, all 
prim y branch prinrdia start t)devlop inacropetal, _ <,: >" ! ,, Succession. But the topriost and upper ones eitogO

i.,,,... .:.,,, +vslig tha the lower ones (Fig, 15).2+ { T-\ mn 


" Fordthe secondary branch prio
,bran ch prinrdium, the later a secondary banch prirtm or

diumn differenitiates, the 6arlie. It begins to develop (17, 24).
Thus, the upper secondary branch prinordiun develops

9th B Oth 8th I 'earlier and flowers earlier (Fig, 16). Combining these two 
7th 3d aspect. (primary and secondary branch priMOrdia) would .... ... . . . r es ulti nlft~m wcrin y o nl i pa n ic le gen era lly fro m to p to 

P.i lowering date of spikelets ofl primary briches uf a I)amIicl bottom. " 
(Typical priairy',branches shown, Variety: N ugkcn 58) (Zi ,.Ji ,nl ' 
 Second, sjpikelet primordia differentiate and develop inApricultrat UniversitY et A [461, modified), acropetal succession except the topmost spikelet primor
top t s t p u hs .t diurn which differentiates (appears) last but develops first..:topnmost spikelet Ipinmordimlin IMs n10[fyct appeared because After the topmost slpikclet tprimordium starts developing, 

differentiation of second; ry protbberances is still pro-tile -,he uppermost secondary bra.ich primordium and the 
ceeding. Subsequently, the t6opmost spikelet primordiu is . lowest spikelet primordiuin start to develop. This effect of
the first to have its glumc piimordium differentiated (Fig. the tc, ,ostspikelet issimilar to thle effect of thle degenera-1-I). Thus, this interpretation is not completely correct. ted growing point on the whle panicle primordium 

3. Obseiations were made to clarify these conflicting developmlnt. On any branch primordiuI the sequence ofdescriptions. Resultsshowthat tie orderof branch primor- spikelet prinordia development and flowering is the top
dium development differs from that of spikelet primordium most spikelet first, followed by bottom spikelet, then going
development. Two kinds of order should be distinguishied. up in succession (Fig. 17, 18). 
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4 47 
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6 68 

7
 

A 5th 7th 

15. Primary branch primrulm tlcvch inmcni, phb priiary branch 16. Floweing date of spikelets on the fifth and seventh primary
priniordium, sp econdary piri bcranc, t,- dcncraitcd growing branches of a panicle, Nongken 58 variety (From Zhejiang Agricul
point. tural University et al [461, modified). 

.Szw,ouuT luitiuleh, polmw'flum/i d /ievilhatiol 1/0 P"ltu.s, sequenlce of l/ ;iering on a pantk' is generalli 
r .ii it t ple r hasipelt/.
 

IVi mancI*\h prii itlm 
 I-kOr s.ike/ct primordia on an; PBP or SBP. After the 
topmost spikelet primordium starts to develop, the lowestdilrentiatio: acrtopetal Sl3 follows, and then going up in succession (Fig. 17, 18).

developmett: atropettli cut., /Iramicht.the sequence 
seqitncc pnrivr tinch primordia development: acrop)etal, except tie topmiost spike, t which is the.first to 
hasi pt flower. 

Secondar v hranch prinord ium) Flowcring and grain filling follow the same order. During 
diflferentia tiotil: acrpeatl 

withtint aonec /flowering is 

grain filling the ttpper branches dominate the lower ones. 
dc\heloptuct: acortollct With spikelets, the topmost and lowest spikelets of each 
scLuc)cc of sceonda rybranch primordia develop- branch are dominating: going up the branch, the metabolic 
ment: hasipetal dominance seems to decrcase, thus, the second spikelet from 

i/in.s. .wAttelu' o /leriig w/ta 1(ic,t'is gtera/. the top is the most dominated. The dominating spikelcts
l . iti/)('ri/. seem to produce larger, heavier grain and have higher

For spilklct prin rdium(11t1 succ-ss in hybridiintion and less chance of sterility and 
(lilfetetCitatiOtt: licrOpeta Iaborti.'" than the dominated spikelets. All of these deserve 
d\Clopnctit: aIropCtal further study. 
sequetnec of' spikclct primord ia development: acro
petal, except the topmost spikelet which isthe fastest 
to dCClop oi that bratuch primiordittni. tJSIN(. POLLEN GRAIN D-VIEIOPIMI-NT TO INDICATE 

17t.v, withi,; (III;. bratich. te mveq1'(tic of//owlerit.,, is PAN IC .E I-V\L 1PM ENI 

acrltalexcept ti t'iim st .ikc'h' wht ich ol tit'e. to Using the growth stage of pollen grain to indicate the later 
flower. part of panicle development is less complex than using the 

II IIt, ; ()IDIA\, I,:l I lIV, I.R)M PANICLE! growth stage of the megaspore. Two classifications have 
RIMtIk()IR) R D1I I\ I'A)I been adopted extensively. The Matsushima and ManakaI 0 [ I 

classification (24) has 6stages: differentiating stage of pollen
lorl/)rintrlrt branl ch Iprimordia(PIBP): After the dcgcenra- mother cells, reduction division stage, early stage of exine 
ted growing point appears, the topmost and upper 11131) formation, exinc formation stage, early ripe stage of pollen, 
grow faster than the lo\wcr ones (Fig. 14). and ripe stage of pollen. Another classilication by Tingetal 

or .'tcoll(/rt Iprimorlia (SI;) the mime/*rullich oi (37) divides the later part of panicle development into 4 
PIBP After the topmost spikelet ptimorditm starts to stages: pollen mother cell formation stage, reduction stage
develop, the uppcrmtost SBtP develops first, the second of pollen mother cell, early ripe stage of pollen, and ripe
follows, then the third, going down (1-ig. 16). stage of pollen. 
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17. Flowering date of spikelets on the primary branches of a panicle, 
Nongken 58 variety (From Zhcjiang Agricultural University et al 
[461, modified). 

18. l'lowering date of spikelets on secondary branches of panicle, 

Kihara and 1-iravoshi (16) reported in detail the mor-
phological changes of pollen grain develop ment from the 

Nongken 58 variety 
146f, modified). 

(From Zhejiang Agricultural University ct al 

pollen tetrad stage to matlurityv, With Ohe first and second 
contraction and recovery stages. The illustratiois have been I 
widely used for more than 4 decades in describing pollen i p 
grain development ( 17, 21. 27, 29, 30) and panicle develop
ment (9, 23, 24). J, 

Kihara and [liravoshi (16) started their description at 
pollen tetrad, that is after pollen mother cell formation in E 
the anthers. But scientists used to start earlier at pollen 
tnother cell stage, that is before pollen tetrads. mI-2 V 

Before the pollen grains mature, the first and second I 
mitotic divisions oCCLir (13, 16) and pollen grains are il the 
thtee-celled st ate at anthesis. The first division delimits the 
gamete and gametophyte genctationi while the second 
nea ns the sperm nuclei are read\' to fertilize. Knowing the . 
timing of these divisions in days before heading (flowering) 
would help in samplingti ofanthers for tissue culture. 

Satake (30) attempted to correct the first and second 
contraction and recovery stages of Kihara and Hiravoshi by/ 
using glutaraldehyde as a fixative with the paraflin section
ing method. However. other artifacts were obtained and 
W;ic misunderstood as normal features of young micro

spores. Xu et al (41) obtained no contractions when 
microspores were checked with the fresh anther distilled 
water squash slide. 

Anthers fixed in Carnoy's fluid squash slide can still be 
used in checking pollen grain development for identifying 
panicle development stage because nucleus behavior during neck node of ponicle 
meiosis is easier to see and the user is aware of the 
contraction of the microspores caused by the fixative. 19. Diagram of apanicle and the designation of spikelets. 
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rhe dcevelopnient of spikelets on it pa nicle is not syll-
chronous: sometiens when the topmost spikelet is flowering, 
the second spikelet of the lowest seconda ry hran h of the 
same panicle is in the pistil and stanmen pri nirdiai Iormt ion 
stage. It takes about 15 days br all spikelets oil a painicle to 
reach the same developmental stage. Ihereforc, the most 
representative spikclct should be used. 1JnpulNishcd finding
of Xu et al (41) shows that spikclc, 111-2 is the most 
representati\e spikelet (Fig. 19), represcnting 49-681 ( of the 
spikelets of a panicle in reduction division stagc. 

Of the indirect methods of showing the de\cloprilcnt of 
pollen grain. particul.a.r , for- the reduction division stagc, 
tle auricle distance (Al)) is most used. A) is the distance 
between flag leatf uricles and the auricles o( the preceding 

Iclaf: ncgativc valuc ina ns the flag lea fa uricles are below the 
preceding leafauricles. When A) reaches about -3 to 0 cm, 
the pa nicle is in the reduction division stage (Taiblc I ). But 
the conclusions th. ia pa nicle with a -10 cm AD begins to 
undergo reduction division stage and that a parnicke with 9 
cm A) isin the fina l period of rcduction division stage (24) 
need further study. 

Use of spikeler length is also not reliable because it cain 
only approxinmatc the growth s:age (Table I). Although the 
relationship between microspore dcvelopment and spikelet 
length as reported in detail (12). division of substages of 
microspore devc1opment associatcd with spikelet length is 
poor and fiiIs to sho\ the de\clopnental stages of the 
pa ric le. 

Table I. Indirect meth(tlis of showing rmluction diviyion (RD) stage of pollen grains. 

Spikelet length 

Actual length %offull length Annotation 

(inm)
 

3 45 Beginning ol RI)

4 55-60 Active RD 

6 30-90 End of RD 


50 


2.5 -5.5 

2.45-5.35 Spikelet flowers 
on Ist day 

3.454.65 Spikelet flowers 
on 461 day 

3.08-5.08 Spikelet flowers 
on 7th day

2.8 -4.8 One sinica variety 
40-65 

3.7 -5.6 One indica variety
2.6 -5.7 Most of RD spikelets 

on their panicles 
,11R36) 

2.2, 6.1 Minimum and maximum 
limit 
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