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POLLIN-GRAIN INTIRACTIONS 18 A WECWROPICAL COSTUS: EFTECTS OF CLUWP SIZE A>
COMPETITORS .
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Dapartuent of Bisclogy, Univarsity of Chicago, 1103 Rast 37th Street, Chicago,
Jllinois €067 U.S.A,

IHTRODUCTICQ!

Tha physiological and biochemical processes involved in polhn garnination
and ponon-tubo ‘growth have received considcnh-le attention, : but the stologi~
cal and nvolutiomry implications of polien charscteristics Bave not. Interest =~ °

‘in the potential rnhtionship between }onon q-notypi. po!hn-tuba growth snd '

proqeny performance hw. votivated several studies which examine the utmu
consequences of post-pellination, pu-tartiuuuon interacticng among pale
gametophytes. Dxperiments by Hulcahy and Huicahy. and ur-uv-nnhns suggast
‘that gametophytic cwpauuon nAy influence sporophyte q\uuty. uam:m g~
gested that any mutaticn which enhanced pollen-tube growth uould spread rapidly
tlu:euqh a population, Thus intrapopulation variation in polhn-tubc growth may

-influence’ thn tertnix.atim Fuccess of poncn puents. and thn fitneu of the _

sporbphytes pro&uced. -

At present there are ihsuf!icient e:ped.menul data from natnnl populations
to evaluate ‘the rols of pollen qrmh chaucter!.sticl in the reproductive
biclogy of higher plants. An analysis of the svoluticnary .i-pact of variation
in pollen growth requires & coaplete decomposition o}! the sources of variation
in pollen germination and pollen-tube growth, including (1) paternal genotype,
(2) paternal environment, {3) pollen gesotype. {4} the populaticn effect, i.a.,
the number and genetic composition of pollen grains deposited, {5) maternal
genotype, (6) maternal environment, and {7) the lntéragtiuns among these compon-
ents of variation. If polﬁmmbe growth is @ chanct‘o: with heritable varia-
tion, we expect a response to selection, but the rate of evolution say be re-
duced as the proportion of the phenotypic va:htia} .in growth that is attribut-
able to environment increases. In this context, the population effect may be
particularly important. Severil studiu?" have indicated a mutual stimulation
effect awong pollen grains in vitro, and atherss'm have denonltuud the same
phenonenon in vivo. The ragnitude of the popuhtzon effect nay be sufficient to
influence the evolution of floral characters related to ponimtor foraging and .

pol.len dc.»pcsnim. ) - - "

-

© The research presented hete rep:eunts an at.t..upt to quantify some of the
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gources of variation in poller germanation and pollen<ubs qtcéz‘ls. Raporisants
wers conducted to answer tha followang questions: (1) Is there significant varle
ation among individual plants in pollen garadnation and growth in vitre? (3)
Dues the nusber and/or genctypic composition of pollan grains influance germina~
tion and growth Ln vitro? (3} Doos thae nubar of pollen grains doposited on a
stigma influance the probability of fercilization, and fruit maturation ia vive?
Ws amphasizs that the reavits pressented hare are preliminary, and zequire cau-
tious interpretation, particularly in light of tha rapid advancea balng mada on
the physiology.of fartiliration in higher plants. .
The study otgaﬁim was Costur qumﬂcnsln. a neotropical herb of the family.
‘zinqibeucea'l. Details of plant &nd floral biology are given. in séhemzku.l':

- -

MATERIALS AND METHODS i - -
=7 M1 plants uud J.n-t.hiz study were the qrunhcuu»grm pzogcny of plmts
hand-pollinated in Panama. To-examine pollen gorai.mt.icm “and ponm*tubn
growth -in vitro. poncn wag qemimted on an aqar medioe conzisting of 15%
Suctose, O, 5\ Agarose, .03t Calcium !utrnt.e L02% Borice Acid, Am 100 x 15 ma
petrl dishes. Incubation was for 6 hrs at 28°C. "pollen~tube ~rowth was halted
by spraying with chilled FAA and exposurs to -1S*C for 15 min. All measurements
- were made with a binocular gcope at. 15%, and an ocular aicrometer with 1 wnit .
. equal to 803:. Gemination was de!ined as a ponen qnin uith an euerqing pollan
 tube > the pollen ‘grains’ diameter. . ’ . —
The ef!es‘:t of ponan pumber on ponen germination and polien-—tnbe grwth was
determined by constructing groups of 1, 4, 16, ‘and 64 pollen grains, Each repli~
cate consisted of an equal sample of 64 pollgn grains per group (» 64 ‘clumps”®
of 1 grain, 16 of 4 grains, 4 of 16 grains and 1 of 64 grains). Groups were
distributed on individual plates, with maximum physical contact among iaclh.n
graing in a given group. The effects 6T cluxp size (pollen grains/group), genc-
type and the clump size X genotype interaction were quantified by a standard
ANOVA, with flowering date as z covarzate. The ANOVA, and other analysas of
clump size effects included only t.){ou plants which were §-sibs, or unrelated.
To quantify potential competitive effects between pollen grains,ln vitro sx-
" periments were conducted utilfzinq pollen from parents with varying degraes of
relatedness. Pollen germination and pollen-tube growth were examined for treat-
mant and control 'clmps of 4, and 16 pollen grains. The coupetition treatment
representéd a 50:50 mixture of pollen from 2 parants which vere unrelated,” j-
sibs, or full sibs. To allow identification of-pollen grains after gernlnar—.ic;n,

grains from different parents vere arranged on opposite sides of a clump. ‘“Two
controls, representing single-parent clumps for each of the parests in the -
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troatasnt, were incubatod on the 2ake platas es the traatment. To test for come
petitive interactions, fraquency distributicns of pollen-tube langths were coa-
psrad for treataents and controls by a Kolmogorov=dniinov vo~Sasple Tast,

Te invostigate the influence of nuzbar of pollan graina, 1.9., ¢lus=p aige, on
pellination success, hand pollinations wars neds using 1, 4, 16 and && grains/
clump, Pollen donors and pollen recipients wers either unralated or }-sibs.
There was no fignificant difference in fruit production dus to ganatic grelated-
ness batwesn pollen and seed parents, eo this aspact of the study will not be

discussed Iurthar, Peilination succcu was uprnw! as the percent of pollin-
-ated !lmn gaturing !rult.. . " :

- . - k " - @
- - -

XESULTS AND DISCUSSION L .
Tha nn:lts of the analy:h ot varhnco and -ultipla f:cuparilon of maans are
given ih Table I for tht following t.htu chn:amts: {1) the % of pellen grains
“which 414 not germinate, (2) tha % of grains with a pouen-tubc » 4] ocular divi-
sions in length (¥ 3.3 =m), and {3) the % of grains with pollen tubes > 81 ocular
divisions (¥ 6.5 mm). There was no significant effect of flowering date for any
of tha three charactars, but there were significant parent and clump effects for
al} characters. The parent X clump interaction was significant for the two . .-
pollen-tube length characters. For sinq).o grains. 59\ daid not go,-:muc, as .

compared to 40V “for t—Prnin clumps. 210 for 16-gzain elwps and only 16\ for 6dm .-

qrun chmps “The % of pollen grains with long tubes was great.est for-the
largest clump “sizes. For “clumpa of 16 or €4 pollen qn.i.ns, the ¢ of grains with
tubes » 81 ocular divisions was 50 times greater tharn that of single grains.
These data indicate that pollen Parentage a:u! pollen sluep size significantly
influsnce pollen germination and growth in vitro. -
Frequency distributions of pollen-tube length for individual pollen parents
based on pollen growth in groups of 16 pollen grains were cowpared by kolmqorow
_Smirmov Two-Sarple Tests. Of the 10 possible comparisons, 7 distributions were
significantly different {p < 0.05). Thus, as indicatsd praviously by the analy-
sis of variance (Tabla Ii. there is significant amcog-plant variation in pollen
germination and pollsp-tube growth. - - i
Given the marked positive effect of pollsn cluxp sixe on germination and
pollen-tube growth (Table 1}, we asked if the kinship of pollen grains within a
¢lump had any efffct on pollen growth, That is, does pollen from a single indi-
vidual or from closely related irdividuvals produce a population effect different
in magnitude or direction from that if pollen clump: are comprised of pollen
from unrelatad or distantly related parents? ‘ﬂse sompetition expez.{nent.s

‘I



08

provida an in vitro oxaminstion of this questica. Bpociffcity of the ;wuhuon
effoct st the lavel of Xin groups would add anocther componant to ths cboerved
varistion in pollen germinaticn and pollan~tube growth, and has implications for
tha ovolution of pollen dispersal unses1?*33 wad the gonetic consequehces of
long«diacance pollen {low, :

TABLE 1 -

ANOVA AND MULTIPLE COMPARISONS OF MEANS (DUMCAN'S MULTIFLE RAMGE TE6%). MAXM
EFFECTS IN THE ANOVA INCLUDE POLLEN PARENT (PARENT}, NUMBER OF POLLEN GRAINS PER
CLUMP {CLUMP), AND THE PARENT * CLUMP INTERACTION. YLOMERING DATE (DATE) 15 A

COVARIATE. 'MHE BODY OF THE ANOVA TABLE CONSISTS OF F-VALUES. TOR THE MULTIPLE ~

COMPARISONS OF MEANS, VALUES FOLLOWED BY THE SANE LETTER ARE ROT SIGNIFICANTLY
DIFFERENT (SIG. LEVEL = 0.0%5).. ALL STATISTICAL ANALYSES WERE COMDUCTED OW THE
ARC-5IRE TRANSFORMATION OF PERCENTAGB DNI‘&. aur 'ﬂiﬁ KEANS PRESENTED mz ARE

UNTRANSFORMED.

AR T . ANOVK < - - mltiple Cowparison of nea‘z{q-
' . - ~ Parant toa - . M

i . Date Parent Clump Clump® Poilen Grains par Clump .

‘Character ST E ) S - T R ) o 1. 4 1% e

% ungerninated .
(823" - 0.  12,0%*9s 19 geeee 3. ¢ Ss.zk 40.2} 20.5- 16.0n

. oflgza.;ms witk . . . . - -

pollan tubes > 41 - - Lo

divisions® (B2)P 0.7~ 11.3asew 35.40tev fateee | L7 1:;.".3,.".'.:35.5)t 17.8,

»

T4 of grains'with g B . S
“.pollen tubes > 81 v . ’ - - ”

divisions® (8T)PT 0.2 . 5.1%%  26.7v%es 2 gee o:-x; Lo, .2, 5.1{

Degrees of freedom for numerator, and denominator, mean square, respec—
tively,

ab

c!ﬂeasnr‘éd oh an ocylar adcrometer; I division » 0.08 pa.
e < 0.01; **rep < 0,.0001. .

The results of the coapetition :xpcrihnx;u are given in Table 2. Pollen ger-
mination and pollsn-tube growth were greater for 16~, as compared to 4-grain
clumps, indicating the consistency of the populaticn effect. Thers wers no sig-
niticant differences between treatments and cont.rols in pouo.n-tvl:e lengt.hz for
any kl.nship ¢lass, ia 4§~ or iﬁ-gxai.n chups !hul. the qenetll conclusion from
both sets of experiments is t.hnt the genetic related.ness n-onq pollen grains hn
m effect on pollen qerainat.ion and growth. 'n:esa xesults ‘are preliminary, bou-

ever, and ua,::g.mt, further investigation. In particular, the greatast heteroqenev;

ity in germination behavior was observed fn the unrelated class for lé-grain

-,
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clumps, with pignificant differences (p ¢ 0.05, proportion tast) for § gurmina-
tion between troatmonts and controis in J of tho 4 comparisens.

TABLE 2

EFFECTS OF GENOTYPIC COMPOBITION O%f POLLEN GERMINATION AND GROWTH IN VITRO. THE
STREATMENT COMPOSITION™ COLUMN OF THE FORM X + ¥ REFZRS TO THE GERMINATION AND
GROWTH OF POLLEN FROM PARERT Y IN (1) THE PRESENCE OF POLLEM FROX PARENT X (=
SREATHENT, T}, OR (2) MONOCULTURE (= CONTROL, €}, ENTRIES UEDER “POLLEN-TUBL
LENGTH" ARE THE \ OF POLLEN GRAINS IN A GIVER CATEGORY. )

- * W™

-t

- freat- - . 4 Grains/Clump 16 Gisins/Clump
{ mant o ' 5 : - b
’ Compo- T Pollen Tubs Langth " follen Tube length

R in- sition or _ P - . -
ship (X+¥) € _H" ©.1-40 £3-80 81-120 N 0O 1-40 4380 81-120 2120

- Unzes  A-=p E !

40 15 $2 - 28 72 26 a5 16, - 3

) $ . 'y 17 -0
" lated ¢ 60 13 73 .13 0o 12 176 17 s . ¢
c+» T 32735 53 .19 3 64 13 %% n 36 -0
€ % 27 % 1 13 112 26 53 18 5 [+
BeC T 32 16 M2 13 0 64 14765 37 ] 0
¢ &8 1% ‘700 10 1 0112 5 67 1 ) o
B+A T 40 31 46 ) o 72 17 & M ? 0
c 72 5 4 1 3 128 X 57 %5 .8 o
- T §oains Aec ToB8 13,75 10 < 1 86 5 7L A 1-
) - R S e T1s 16 0 12 T2 0176 TS I8 . 15 T -2 0
e : A+p T 32 3B 85 6 . -0 32 31177 1. 3 0
o C- € 32 6 85 9 0 ' 4B_ 5 80 16 o - °
C+hA T 68 47 41 10 2 9% 3% S3 9 2 ¢
c 92 50 47 3 0 176 33 59 8 1 ¢
P-A T 32 5% 47" 3 o 32 3 59 6 0 0
& 32 -41 60 0 0O 48 M. 59 7 0 o
- full- ¢-D T 90 23 7 i o 96 34 73 13 o 0
sibs C i M 83 3 6 192 11 79 1o 0 °
* D-C T 88 26 &6 8 0 % 15 N 13 1 ¢
c 120 20 72 7 1 % 7 918 1 2 0

*Nunber of pollen grains.

bln divisions from ocular micrometer; 1 division = 0.08 s,

" the Tesults of the in vivo hind pollination experiments are iilustrated in
Title 3. There is 8 highly significant effect of pollen number on the probability.
. oL of successful ;ertilizutinn and seed prod'nct_j.gn (iz.- 105; p < G.0001). Pollina-

N ] tion with single grains pmduce_é no fruit in 79 crosses, vhile the frequency of
) ' fruit production increased _éucce.ssively to 68\ for 6§~¢;ra$n pollinations, These _
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data, in conjunction vith the evidence for & positive affoct of pollen nubar on
gormination and growth In vitlo, suggest that interactions smong pollan grains
msy have & significant effact on fertilization. This lnterpretation requires
further investigation, as population effacts In vitro Bay ke a function of madia
composition, particularly calcium contant (J. Heslop-Harrison, pers. Comm.).
However, pollen nusbaz has been experimentally damonstrated to influmance pollen

qcnlmr.i:m”m and Iruit lcg, in vive. Tha genotype of the maternal panni is )
also an important f_octar."w - e

N . M : ' t
TASLE 3 . : o .. -

FRUIT SET (V) POLLOWING HAND POLLINATION ° - . " -

-

- . " Number of Pollen Grains - T

E ST SR % - T

o on® 3.1 te3y® 8.7 (39N s8.1 4n*

pumber of flowers pollinated.

Although theu results are ptali.minnry. ue snggest that. wilen-grain inter~
actions may be an imporr.am; tactor 'inf,luencing the evolutich of ;daht. characters,
relatéd to _pollination. !‘urthex restaxch is nedded to determine (1} the herita-
bility of polien germination and pollen-tube growth, {2) the processes that main-
tain genetic_variation for pellen germination and growth, and (3} the sechanisms

and evolutionary consequences of pollen-grain interactions in vivo.
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