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Abreratl. Toluidine blue is known to induce gynoge~Se haploids in significant numbers  i n  
Popu~us. Because the  effioaoy of a chemical in inducing gynogenesis depends laxgely on i ts  
effeot on pollen germination, on pollen tu]}e growth, and on male gamete formation, the effect 
of toIuidine blue (0, 1, lO and I00 mg 1 -z) on these processes was studied in t reated pistils of 
~ohvr~xm nlzJrum (4 • ), as well as on oultured pollen grains of E. n~gcum and  T~gonella .foenum- 
~aecum. 

Irrespeotive of the t ime of application, toluidlne blue (1 and 10 mg 1 -~) had  no effect on pollen 
germinat ion or pollen tube growth in pistils of ~. nigrum; at  100 mg 1-1 it invariably inhibi ted 
bo th  the processes. Almost  similar ~esponses were eliaited by  outtured pollen grains. In  T. 
]o~um-yraecum toluidine blue had  no effect on pollen germinat ion and  suppressed tube growth. 
Gamete formation was inhibited, to various degrees, a t  all the concentrat ions t e n d ;  at  100 mgl  -x 
hat-dly any  pollen tube showed gamete formation. Based on our resuI~s, and those on other  
systems, the potent ia l i ty  of toluidine blue as an inducer of gynogonesis ]}as been analy~ed. 

Toluidine blue inactivates the sperm nucleus in frogs (B~GOS I952) and 
mice (EDwAaD 1954), and inhibits the division of generative nucleus in 
cultured pollen grains of Vinca ros~a (RostRa and ELLIS 1966) and Tradescan- 
tie paludosa (GEAR~rART and ROGERS 1969). In Popul~  the application of 
toluidine blue to pollinated pistils results in the production of as high as 
43 per cent of the gynogenie haploids (IT,I~ES 1974a, b). Toluidine blue has 
therefore been considered to hold promise of being an effective chemical 
inducer of gynogenesis (see K A s ~  1974). 

In spite of the unmatched simplicity and significant success with Populus, 
the efficacy of toluidine blue in inducing gynogenesis has not yet been 
demonstrated in any other taxon. In tomato and corn totuidine blue has been 
reported to be ineffective in inducing gynogenic baploids (AL-u and 
Poa•ERS 1971). The potentiality of toIuidine blue of inducing gynogenesis 
depends largely on its effect on the paternal reproductive material. We 
studied its effect on pollen germination, pollen tube growth and gamete for- 
mation both in rive and in vitro. Investigations were conducted largely on 
Solanum nigrum ; in vitro studies were extended to Trigonelta foenum- 
graeoum. 
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~Lateriad and Methods 

Invest igat ions were carried out  with natural ly occurring tetraploids 
(n ~ 24) of ~qolanum nigrum L. Flower buds were excised in the  evening 
before anthesis, emasculated,  and implanted  on 1% agar plates in Petr i  
dishes; the following day  the  pistils were pollinated as desired, using pollen 
grains collected from just-dehisced anthers. 

For studies on pollen germination and pollen tube growth in the  control 
some of the  pistils were fixed at  0.5, 1, 2, 4, 8, 12 and 24 h after pollination in 
formalin-acetic-alcohol (FAA). The other pistils were t rea ted  with toluidine 
blue (Gurr, England) 0, 0.5, 1, 2 and 4 h after pollination; for each t r ea tmen t  
toluidine blue prepared in 10~/o sucrose solution was used at  l, t0 and 
I00 mg 1-1 

For 0 h t rea tment ,  toluidine blue was applied immediate ly  after pollination 
on the st igma until  the solution flowed freely. For the remaining t rea tments  
the  entire pistil was immersed for 15 min  in the respective solutions. All the 
pistils were incubated under  diffuse light in t-he laboratory (25 ~  ~ 
The pistiIs were fixed 24 h after polIination in FAA for about  i2 h, and stored 
in 70% ethanol.  

Pollen germination and pollen tube growth in pistils were studied with 
the fluorescence microscope. The pistils were cleared in 8 N NaOH for 12 h 
at room tempera ture  (25 ~ ~ and thoroughly washed in water to  
remove alI traces of NaOH. The  cleared pistils wer~ staJned with deco~orised 
aniline blue {0.01%} in 0.05M Na~HPO4 (pH 8.2), and observed with 
a Reiehert  Zetopan-Binolux fluorescent microscope using exciter filter No. 2 
and absorption filter No. 1. 

For studies on the effects of t oh id ine  blue on pollen germination and 
polten tube  growth in vitro, fresh solutions of ~oluidine blue (0, 1, 10 and 
100 mg 1 § were prepared in a germinat ion medium (sucrose 10~ -k boric 
acid 100 mgl -~  § calcium chloride 300 m g l - ~ q  - magnes ium sulphate 
200 mg 1-~ q- pota.ssium ni t ra te  100 mg 1-~ (after BREWBAKI~R and KWACK 
1963). Pollen grains collected from just-dehisced anthers were cultured in 
drops of 50 gl of the  germinat ion med ium on a slide, and incubated in Petri  
plates lined with moist filter paper. The cultures were mainta ined at  22 ~ q- 
-k_ 2 ~ under  diffuse light (100--200 lx) up to 12 h. Aeetoearmine whole- 
mounts  of pollen tubes were prepared to s tudy  gamete formation.  Con- 
fidence interval estimates for each t r ea tmen t  were de termined  a t  95 % level 
(CA~ct']~LL 1967); and a Student ' s  ;t' test  was used to test the significance of  
tho means of  each toluidine blue t r ea tmen t  with the  control (Sri~(~wL 1972J. 

Results 
Studies i n  t, l eo  

In nntreated pistils pollen grains germinated within 1 h after pollination; 
pollen tubes entered the  s t igma soon after, and in 2 h they  grew through 
one-third the  length of the style. Pollen tubes reached half the length of the  
style in 4 h, and up to the  base of style in 8 h. Several pollen tubes entered 
the  ovary within 12 h after pollination (Fig. I A, B) and in another  12 h 
many  of them entered the  ovules. 

In  pistils fronted with totuidine blue (1 and IO mg 1-~) immedia te ly  upon  
poll ination or 30 rain later, the  major i ty  of the  pollen grains had  been 
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washed off, because their  pollen tubes would have hardly entered the  stigma. 
Those grains which remained s tuck to the st.igm~, however, had issued tubes 
tha t  had  already grown long in the style. In  subjects t reated wi th  100 nag 1-~ 
toluidine blue there was hardly any pollen germination. 

In  pistils ~reated subsequent  to pollen germination (i.~. 1, 2 a~d 4 h ~fter 
pollination), the growth of pollen tubes depended on the concentrat ion of 
toluidine blue. At 1 and 10 mg 1 -x there was neither inhibition nor promot ion 
of tube growth (Fig. I C); at  100 nag l-i,  tube growth was invariably in- 
hibited (Fig. 1 D, E); in fact in no pistil did any pollen tube reach the  ovaD,. 
Owing to unsatisfactory staining of the  preparat ions of the  t rea ted  pistils 
the  effect of toluidine blue on male gamete  format ion could not  be studied. 

studtl~/n v~tra 

Figure 2 presents the  results of the effects of toluidine blue on pollen 
germination and pollen tube growth in Sotanum nigrum. Pollen germination 
was inhibited drastically at  100 mg l-Z, and tube growth at  10 and 100 mg 1-L 
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Fig, 2. :Effect o f  t o lu id~e  blue on cul tured  pollen grains of  SoIgnura n,ig~,um. Culture period : 3 h. 
~[e~n values of  abou t  900 pol len grains eeorod for % germilxation, and  50 pollen tubes  scored 
for tube length.  Vert ical  lines on  the  bar~ of  the  h is tograms represe~a~ eonfidcnc~ in terval  es t imates  
a t  91i% level. Effect  o f  ta luidine blue on bo th  pol len germina t ion  and  tube  length  was eignificant 
a t  all t h e  ~oneent, r~,tions a t  P = 0.975 level, 
Fig.  3. F.ffect o f  toluifli~e blue on pollen germinat lon ,  pollen tube g rowth  and  gamete  fo rmat ion  
in  v/tee in TvigenelIa]oenum.yraevum. Cxdtare period:  3 h for germina t ion  a n d  tube length~ and  
10 h for tame'co formation.  Mean values of abou t  200 pollen grains (% germinat ion) ,  50 and  10O 
pollen tubes,  for tube length  and  gamete  format ion,  respectively.  Vertical  line~ on  the  bars  
of  t;he h i s togram represen~ confidence in te rva l  e~ inmte s  a t  95% level. Effect  of / ;o luidine blue 
wae n o t  significant on pollert ge rmina t ion  a t  a n y  of  the concentra t ions  tes ted  (P  ---- 0~95), whereas  
/;he effee~ of  the  chemical  was ~gaL~mau/; (P  = 0.975 level) oa  pouch  t u b e  l eng th  and  gamete  
fo rmat ion  a6 all the  concentra t loas .  

Applied 1 h after culture (by which t ime pollen tubes had  grown ca. 100 ~m 
long), toluidine blue, at  l0 and I00 nag 1-1, inhibited the fur ther  growth of 
tubes. 

Gamete formation in pollen grain cultures of Solarium nlgrum could not be 
studied because the  pollen tube growth ceased at  500 ~m and the  generative 
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cell failed to divide even in the controls (up to 24 h). Studies were, therefore, 
extended to Trigonella foenum-graecum in which gamete formation occurs 
readily in cultured pollen grains (S~VAN~A er al. 1974). Unlike S. nigrum, 
in T. foenum-graeoum pollen germination was not affected by tMuidine blue 
even at  100 mg 1-1; and tube growth wa~ suppressed marginally (Fig. 3). 
However, gamete formation was invariably inhibited (Fig. 3). This inhibition 
was directly proportional to the concentration of the test substance. In  
controls over 90% tubes showed gamete formation. In  t reatment  with 
100 mg ]-~ toluidine blue the percentage of pollen tubes in which gametoge- 
nesis occurred was less than 5; the generative cell could be seen even 
24 h after culbure. 

Discussion 

Whereas a chemical which inhibits the formation of male gametes with- 
out affecting pollen tube growth in vivo might be expected to stimulate 
gynogenesis ( =  parthenogenesis), our studies with toluidine blue (1 and 
I0 mg l-t) have shown that  the substance had ne visible effect either on 
pollen.germination or on pollen tube growth in Solanum nigrum. At 100 mg1-1 , 
however, toluidine blue suppressed both the processes. Our studies on pollen 
grain cultures have also yielded similar results. At none of the 3 concentra- 
tions tested did toluidJne blue show any tendency to induce gynogenesis; 
either it had no effect on any of the ~hree phenomena studfed, or it 
drastically inhibited pollen tube growth in the style. 

Toluidine blue failed to induce gynogenesis in tomato and maize also 
(AL-Yasmi and RecEss 1971); however no information is available on pollen 
germination and tube growth in rive in these systems. Toluidine blue has 
been quite effective in inducing gynogenesis in Popu~us (ILLI~S 1974a, b), 
although its effect on pollen germination and tube growth in Populus ha~ not 
been very different from that  in 8olan~m nigrum (present investigation}. In  
P. trem~la when �9 suspension of pollen grains in toluidine blue was applied on- 
to  the stigma there was hardly any germination and only a few gynogenic 
haploids were recovered. When toluidine blue wa~ sprayed on pistils after 
pollen germination ~ud entry of poIietl tubes into the stigma (6--24 h after 
pollination), it inhibited the further growth of tubes. This t reatment  signifi- 
cantly increased the frequency of haploids; up to 43 % haploids were recorded 
in treatments given 12 h after pollination. 

Gynogenesis occurs spontaneously in Pop~lus with rather a high frequency 
and can be augmented to various degrees by several techniques such as the 
use of irradiated pollen (mentor pollen), heat-treated pollen, and pollen of 
alien species (STEwr~ER 1968, ~VI~TO~ and E~SrA~R 1968). I t  appears, 
therefore, that  in Populus some egg cells are stimulated to develop into 
embryos merely due to pollination (even without pollen germination). 
A treatment which permits pollen germination and entry of pollen tubes 
into stigma, but  prevent~s tubes from reaching the embryo sac (a~ in toluidine 
blue treatments), is more effective in stimulating the unfertilized egg gyno- 
genitally. Thus, gynogenesis in Po1~ulus, is largely intrinsic rather than due 
to the unique effect of toluidinc blue on pollen. 

Aeknawled~em~als 

We are gr~tefuJ, to Professor B. M. Johri ~ndll:)r. N. S. R ~ n ~ w a m y  for goir~ t h r e s h  ~ho 
maa~crip~, 
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Fig. l. Fluorescent micrographs of pistils of Solanum nigrum 24 h after pollination, following 
staining with decolorised aniline blue. A and B - controls, C to E - treated with toluidine 
blue. Magnification ca. 150 X . A: Stigma and part of the style showing good p ollen germination 
and tube growth. B: Upper part of the ovary showing entry of pollen tubes. 0 : Lower part of 
the style and upper part of the ovary of a pistil treated with 10 mg 1-1 of toluidine blue, 2 h 
after pollination. Pollen tubes have entered the ovary. D, E: Stigmatic portions of pistils treated 
with 100 mg 1-1 of toluidine blue, 1 and 2 h a fter pollination, respectively. Pollen tubes ha..-e not 

grown further after treatment. 


