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A B S T R A C T

Brastica oUracea pollen was applied to  a basic medium o f I 'S  per cent agar and 15*per cent sucrose to  
whicti flnvunoivis \w ro  Hire« conccnirniions, Tw o lypc« o r ngiir were im « l; \»i(h ogiir I , qucrccdn
at a concentration u f 0-5 y. 10 ^  per cciit guvo an increase in  percentage germinat}ng<grains. W ith  agar 2, 
an increase in  germ ination occiin«d w ith  kaempferol and naringin at concentratlotts o f  0-5 x  I ( r *  and 
0-5 X 10"* per cent respectively. Increase in  pollen tube length occurred w ith  agar 2 andfluercetin at a 
voi»ccn(niiIi»n o f 0-5 x  U) ^ tx 'rcc iu .

T tw  stigma tu^sue o f  B. o lcrvca t contains at least three and the pollen at least one g^tcoside o f  quercetin. 
The sugars in  the glycosides were not identified. Pollen germination and pollen tub^exteaeion were not 
stimulnted exclusively by the flavanoids present in the stigma. The flavanoid c<»nposit:on o f  the stigma 
did not vary amongst live ilifl'c rw it S*«llclc genotypes, indicating llia t Ilavunoids u iv  pfobably not directly 
involved :n the incom patib ility reaction o f  B . oleracea.

INTRODUCTION
Sisa (1930, 1933) obtained germination of Brassica pollen on a sucrose/getetin medium 
fuijustcNi 10 pH 7'5 wiih scKtium acctntc, and Schwiinilz (1942) found that boron added 
10 the incdiuiii improved the gcrminalion of Brassica pollen as for many other genera. 
Using a 5 per ccjU  gelatin medium containing 0'6 M sucrose, Loo and Hwaag (1944) 
obtained 23-29 per cent germination of Brassica juncea pollen, with the production of 
pollen tubes 12-14 long. Addition of manganeii sulphate, coldiicine and indol-3yl- 
acctic acid to this medium each increased germination and tube extension, although the 
iu t̂ two trcutnicnts |)roduccd tibnorniul pollen lubes. Minucvu and Gorbulcva (1968) 
found that some flavanoids had a stimulatory effect on in vitro germicatioQ and tube 
extension of pollen of some Umbelliferae when added to the basic medium of 20 per ccnt 
suci'usc. Qucicclin, ivorhamnctin, nilin and isoqucra'lin each increased gcrniiimtion and 
tubclength.

Mrirtin (1%9. !970(v /j, c) and Martin and Telck (1971) have foiind that the principiil 
c>‘ni|UMKiiis of aligniutlc CAUdalo:< and .wclluns arc phenolic con*jx>unds uiid lipids. 
Martin (1969) tested icn species from difierent families by paper chromatography and 
noted that the phcnolicjcompounds occurred as glycosides or esters and that the greater 
pint of the su;;ar in the exudates was lied up in piienollc compounds. He suggested that 
these compounds in tlic stigma may ‘interact with growth substances to control pollen 
f^emiination and growlin’, and ‘account for the specificity of stigmas which permit only 
n few lypcs of pollen tOi''crmin;Ue on their surfaces’. .

Work dcscribcd in iliis paper extends Martin’s lindings and reports the effect of some
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tiavanoids on tlie germination of B. olera- ia pollen and coii'pai'cs tliis wi.;-. the ’ avaiio-.' 
composition of the stigom aod pollen.

MATIllUAL  ̂ ANM Mtri ilOOl;
AM the pollen germination tests and most of the paper chromatography involved a nurrovv 
stem kale plant homoj^gous for the Si6-incompatibility allele (Thompson and Taylor, 
1966) and the selfed progeny of Ihis plant. Other chromatography tc.'?:s involvcJ the 
following genotypes: an S23S23 kale, an 8*582 Brussels sprout, an kale/Brussels 
sprout hybrid and an 81*825 Itale.

Two .sorts of agar were used; Oxoid lonngarNo. 2(agar l)aml Oxoid agai No. 3 (agar 2) 
The 15 per ccnt sucios^l-5 per cent agar medium was poured 0:1 lo 3 x i -5 in (7 6 x 
cm) glass microscope slides to a depth of about 3 mm. The medium inoorpnrf.iing agar 1 
was cnllcd medium 1, ihnt wilh ngf\r 2 was medium 2. Polien, collected m a w;wch glass by 
tapping the anliicrs ol'a ilowcr, scLllcd iti aggi’cgalci wliicli woj'c brokoii ',ii> v\‘nl) u 
brush, and the pollen was sp iled  to the agar by light strokes witii ihs brush, Kach blidc 
was plnccd in a separate Petri ilish lined wilh filler paper moislenci! with 0-5 ml distilled 
water and icl't in the dark al a coiislant toiiipcnturc 24 T .  AHet 16 h. |)!iolt':.:i.'i|»hs 
were taken through a stereomicroscope of three fields of view of each slide. The number of 
germinated grains and the lengths of the tubes were measured from the photographs. 
Regression analysis and one-way analysis of variance of percentage germination and 
pollen tube length were calculated.
• The effect of pH was assessed by adjusting with dilute NaOi-I or KCl. The basic 
siMTOfic/iipiir niC(liiiti) wiin coinimrcd will) nop inrliidinK borii: niM snits ns dc^cribtid 
by Brewbukcr and Kwack (19M); U*1 per ccia boric iiciJ, 0*03 pci v.-lU Cllcluni ullruU, 
0*02 per cent magnesium sulphate and 0-01 per cent potassium nitrate.

The flavanoids incorporated into the basic medium at conccnlralion of 0-5 x iO"\ 
0’5 X 10“* and 0-5 x 10“  ̂ per cenl were quercetin, kaempferol, nariogenin, rutin and 
naringin. Quercetin and kaempferol are flavonols and rutin is a f!avonoI glycoside 
(quercetin>3-rutinoside); naringenin is a flavanone and naringin a fiftvanonc glycoside 
(naringenin-7-neohesperidoside). The aglycones were added directly to the basic medium 
as they will withstand boiling, the less stable glycosides were dissolv^ in water at 50-55 'C 
and incorporated into the medium after the agar had been dissolved and then cooled to 
55 ®C. The pH of all media was measured.

Ascending paper chromatography of .sligmu and pollen extracts wij.s cnrricd oul 
according to the mcihods of Martin (1969). The extracls were prepared ffom 100 cxciscd 
stigmas or pollen from IOC flowers by exiraciing for 20 min witii 0-4 ml of 9.S per ccnt 
ethanol with 1 per cent concentrated HCl. Control solutions of the sanic fla\’anoid.s as 
used in the pollen germination tests were prepared by dissolving I nig in 0-5 ml of the 
above solvent. Whatman 3MM paper was used with n-butanol-acetic o6 d-water (B.A, W.) 
in the proportion of 4 :1 :5 as a solvent. Volumes of 003 ml of extract or control were 
applied to the paper ia both hydrolysed and unhydrolysed form. Acid hydrolysis, which 
permits identification of the aglycone prcseiH in h glycoside, wa.*? achieved by boiling for 
30 min with an equal volume of 2 N HCl. The hydrolysed flavanoids were extracted with 
0‘1 ml of amyl alcohol and this wjw sp(U<ed onto the chroin.niograni. The cxnacts were 
conccnlrated and the si>o(s and pa{>cr dried in a .stream uf air. After ihe xi'lvcnt 
front had travelled IS^cm, the chromatogram was examined under visible ar.d uitraviolct 
(u.v.) light of 350nm, fumed with ammonia vapour and re-examined in a similar manner. 
Other treatments applied to the chromatogram wcre.dipj)ing in 5 per ccnt etiianolic 
aluminium chloride, in i per cent aqueous ferric chloride and 1 per cent aqueous potaisiuin 
ferricyaoide and in 1 per cent sodium borohydridc dissolved in isopropanol, followed by 
fuming with conoenti^ed HCl vapour.
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RESULTS
N tk n  ^crmUwHou

Mcdiunvl !\ad a pH of 7'6 and no significant diflercncc in pcrccnta^ germination OT 
pollen lu b e  iciigih occurred over the pU range 6-9. With boric acid andsalts added to the 
medium 1 6 -19  per ccnt germination occurred with pollen tube length of 10-13*5 times 
the riiam .'ter cf the pollen grain. Qucrcetin at 0-5 x  10"® per cent stimulated germination 
but noi pollen tuhccxiension (Tabic l);naringcnin gave no stimulation at any concentra­
tion i!̂ cd.

Medium 2 a)so had a pH of 7*6, and when quercetin was incorporated at 0*5 x 10"* 
pv. r ccrit, there was a significant increase in pollen tube length, but no incjeasein percentage 
grnninalion. Kacmpfcrol at 0-5 x JO"'* percent and naringin at 0-5 x lO"* per cent both 
increased germination, but naringcnin and rutin gave no stimulation at any concentration 
U-H\l ;Tj'.I'Ic 2). All nu'iliji iiu'orporalinp flavnnoids hnd a pH of 7*2-7‘6cxcept those with 
the htgliesl coiiccnlralion of llavanold wliicli had a pll of 6’7-7‘l.

T a r l e  1. Ejfects cn pollen germination and tube extension o f  supplemeniing medium I
with flavanoids _ -

Flavanoid Avcr;\g.« gciTOir.ation (% ) AverAge poUen tube length ( x  dteroctcr
o f  pollen grain)

0-5 X 10-> 0 -5 x  I0 '» 0-5 X 10-» 0-5 X 10-* 0 - 5 x l0 “ » 0-5 X I0 - ‘

None 12-5 6-0
Qiicrcciin 21 11 0 5-8 . 5-2 0

Stimui»(lon n.s. n.s. Inh ib ition
(y»»  0001) (/» -0 -0 5 )

Naringcnin 13-4 0 0 5*8 0 0
n.s. n.s.

n.s. 9  N o t significanlly difTcjxnt frorq the con tro l; P  »  probability.

T a d l h  2 . E ffe c ts  on p o lle n  g e rm in a tio n  a n d  tube  e x te n s io n  o f  su p p le m e n tin g  m ed ium  2
w ith  fla v a n o id s

riavH iiu iil Avcinge germination (% ) Average pollen tube length (x  the
(llinnclcr o r the p o lk if  grain)

0-5 X 10-’ 0-5 X 1 0 -' 0-5 X 10-* 0-5 X 10-* 0 5 V  10-* 'o 5  X 1 0 " "

None 14-5 4-3 ,
Quercctin 15-2 8 0 0-9 5-7 4-0 1-9

n.s. Inh ib ition Inh ib ition Stim ulation n.s. In lubitioD
0-001) ( i» « 0  001) ( i '-O O O l) ( P - 0 0 1 )

NarliiiiK 'iilii 15-4 0-3 0 6  , 40 2-2^ .. 1-fi
n.s. Inh ib ition In lub ition n.s. . Inh ib ition In iiib itio n

(?=■ 0-001) (/» -0 -001 ) (P « 0 0 5 ) (? -0 -0 0 1 )
K iiciu i'fcrot 0 0 4-6 " 0 0

S<iinulittion n.s.
(P « 0 0 3 )

UuUo I-V2 n -0 0 4-1 3-6 0
n.s. ItihiblUon )i.S. Jith ib illon

' ( f * 0 - 0 5 ) 001)
NarinRin 15-0 C i-0 19-6 4-3 4-5 4-4

IVS. InhibiJion SfimiiUition n.s. n j . n.s. .
(P *0 -0 5 )

n.s. — N o t significantly different fi'om the contro l; i * *  pfobabSllty.
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Medium 1 with0*5 x 10“  ̂per cent quercetin gave the higl'-estperijiination ci'2i perce-.U 
medium 1 with salts and boric acid gave the longest pollen tubes of 30-13-5 timei the 
diameter of the pollen grain.

Chromatography

Seven spots were detected on the chromatogiam of the unhydrolvscd stigma extracts, 
five of which stained blue with ferric chloride and potassium ferricyanide indicating that 
they were probably plicnolic substimccs. I'thnnolic aluminium clilorido nml funiinp with 
ammonia showed that the three plicnolic spots of lowest value 0-1U , 0*240 and 0-404, 
were flavonols as they fluoresced yellow or yellow-green under u.v. light. They migrated 
more slowly (h.'iii (lie ji[ l̂yconc coiHrols ami were prohiihiy Hnvoiiol jtlycusidcs, On!) Iho 
naringenin control stained magenta in the sodium borohydride test which is spC‘:ific for 
flavanones (Eigen, Blitz, and Gunsberg, 1957). After acid hydrolysis of the stigma extracts, 
the and appearance of all spots on the chromatogram were unchanged .except that the 
two fiavonol glycosides of lowest Rp value were no longer visible, and a new spot appeared 
with an average value of 0*78. This showed all the characteristicj^ of the quercetin 
control.

Tlic dii'unmlogriun of unhydrolyscti pollen cxtriicts showed five hpols, only oiifi of 
which, with an R^ value of 0*5 was identified as a fiavonol glycoside. Cii,acid hydrolysis, 
this spot disappeared to be replaced by a spot with quercetin-like characteristics at an 
average i?p ofO'79.

No differences in fiavanoid composition which could be attributed to genotype were 
detected amongst the five stigma extracts, involving four different incompatibility allolcs, 
tested in either hydrolysed or unhydrolysed condition.

CONCLU SIONS AND DISCUSSION

Media I and 2 gave dilTcreni pollen germliiadon results; longer pollen tubes and higher 
gci’ininalioa rcs|>cclivcly. Agar I wiw supplied us lii îhly I’clincd and hud a lower siiU 
content than agar 2. It is possible therefore, that the higher concentration of ccrtain sails 
stimulated pollen germination but not pollen tube extension. Movvevcr, the addition of 
suits and boric acid to agar 1 increased both germination and lube extension, although 
this was probably largely attributable to the boric acid (Schwanitz (1942)). When 0*5 x 10’ ^' 
per cent quercctin was incorporated into medium I, germination but not pollen tube 
extension was stimulated; the reverse was true with medium 2. This result may have been 
affected by the reactivity of flavanoids with many metal salts, which is the basis of most of 
the detection methods for flavanoids after chromatography. Kaempferol and naringin 
with medium 2 stimulated germination at 0-5 x 10"  ̂and 0‘5 x 10~̂  per cent respectively.

Three giycoside.s of quercctin were dclcctcd in the stigtna, und one in ihe pollen of
II. olmtcca. The identity of the sugars in the glycosidcs was not established, Howc\cr. 
since the control had a higher Rp value than any of the glycosides, It is unlikely that ruiin 
was present. One glycoside was not hydrolysed after 30 min, suggesting that the sugar 
may have been attached in the 7-position, as this confcrs greater resistance to acid 
hydrolysis (Harborne, 1967). The glycoside of Rp 0-111 probably had more than one 
sugar attached to the quercetin, as increasing glycosylation results in lower Rr values 
in BAW.

Quercetin stimulated the growth of B. oleracea pollen and was detected as glycosides 
in the pollen and stigma. Kaempferol, which also encouraged germination, has been 
dctcctcd as glycosidc.*: in other crucifcrs (Maksyntina, 1965; Karbornc, 1965; Paris and 
Charles, 1962; BatC'Sniiih, 1962). Mowever, whereas nuringinslimubtcd pollen gcnulna- 
tion it has not been reported, nor have any other flavanones, as occurring in crucifers.
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Thus, some flavnnoids stimulate pollen germination or pollen tube extension of B. oleraeea 
in vitro, and may have a similar cfTect in vioo, but this effect is not specific to the quercetln 
w hich is present in the stigma.

Sincc no difference was detected in the fiavanoid composition of the stigmas of five 
diiVvMvnt genotypes involving four difTercnt incompatibility alleles, it is unlikely that 
thc>c substances arc dircctly associated with intraspeclfic incompatibility rcactidns in 
I), oici a'ccn.
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