
trichlorfon were very effective in killing Diabroticite beetles 
in a field of sweet corn (Zea mays L.) even after 3 heavy rains 
totalling 5 cm. Five cut fruit halves placed 5 m apart killed the 
following mean numbers of beetles after 5 days: methomyl 
(SCR 227 ± 95, WCR 19 ± 13) and trichlorfon (SCR 287 ± 
159, WCR40 ± 39).

It is evident from these and many other experiments per
formed with bitter fruits as poison baits, that these are effec
tive in killing large numbers of Diabroticite beetles. Such 
traps have possible utility in protecting vegetable gardens from 
beetle attack and in monitoring beetle populations in corn 
fields. Various traps have been employed using homogenates 
of bitter fruits poured on vermiculite, sponges, or paper; and 
cut fruits placed in buckets and other containers.
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Overcoming Self-incompatibility in Raphanus sa tivus  L. 
with High Temperature1
Sachiko Matsubara
F aculty  o f  A griculture, O kayam a University, Okayama 700, Japan  
Additional index words. Raphanus sativus
Abstract. Self-incompatibility of Raphanus sativus L. was partially overcome by exposing plants to temperature 
of 30 to 50°C. The most effective treatment was 50°C for 25 minutes. Scanning electron microscopical (SEM) 
observation of pollen tubes on the papillae surface have shown that exposure of the gynoecium to 50°C for 25 
minutes resulted in pollen tube growth following self-pollination that resembled that of cross-pollination. Open
ings of papillae and detached pollen grains and tubes were found as the result of successful pollen tube pene
tration of papillae. Fluorescence microscopical (FM) observation served to confirm these observations made by 
SEM. However, incompatible pollen failed to germinate although pollen grains were attached to the papillae by 
aid of their waxy surface substances.

Most of Raphanus sativus cultivars are self-incompatible, 
and the response is generally known to be a sporophytic type 
(5, 30, 31). In order to breed pure lines or to retain parent lines 
for Fi seed production, overcoming self-incompatibility is an 
important problem. The methods of overcoming self-incom
patibility such as hormone application (8 ,9 , 18), temperature 
treatments (1, 3, 11, 12, 15, 25, 32), mentor pollen application 
(7, 14, 26, 28, 29), bud or old flower pollination (2, 27), pla
cental, ovarian, or test tube pollination (4, 13, 20) and a me
chanical or electric method (22, 23, 24) differ depending on

I Received for publication April 2, 1980.
The cost of publishing this paper was defrayed in part by the payment 

of page charges. Under postal regulations, this paper must therefore be 
hereby marked advertisement solely to indicate this fact.

plant genera. The self-incompatibility of R. sativus may be 
partially overcome by either bud pollination or CO? gas treat
ment (19), bud pollination has been used on a commercial 
basis. Recently, the effect of various high temperature treat
ments or mentor pollen application to promote pollen germina
tion on incompatible stigma has been reported (30, 31).

This paper presents the result of studies conducted with 
high temperature treatments for overcoming the self-incom
patibility with observations made during the course of these 
investigations with SEM and FM on the interaction between 
self-incompatible pollen and stigma.

Materials and Methods
Selections of self-incompatible plants from ‘Honbashi-taibyo- 

Minowase’ (H-Mino) and ‘Minowase’ (Mino) radish were used.
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They were found to be cross-compatible. Seedlings were vernal
ized at 1°C for 2 weeks, and placed in a plastic greenhouse. 
Experiments were repeated several times from April to October, 
1979. Flowering shoots which had been covered with paper 
bags a day before flowering were removed, and before treatment 
anthers were removed and kept in Petri dishes at room condi
tion. The flowering shoots were treated as selected temperatures 
and durations in growth chambers as follows: 30, 35, 40 and 
50°C for either 15, 20, 30, 45, 60, 90, 120 and 150 min. 
Stigmas were self-pollinated just after treatment, and the flower
ing shoots were dipped in an aqueous solution of 8-oxyquino- 
line and 3% sucrose at 25°, and observed for embryo develop
ment 2 weeks later.

In order to determine the type of stigma-pollen interaction 
by SEM, stigmas 0.5, 1 and 4 hr after self, cross, or self-pollina
tion on stigma treated 50°C for 25 min (HT), as well as imma
ture and mature stigmas before pollination were fixed in 40% 
glutaraldehyde in 0.1 m phosphate buffer at pH 7.4 at 5°C 
for 24 hr. After changing buffer 3 times during a 16 hr period, 
stigmas were then post-fixed with 1.6% osmium solution in the 
same buffer at 5° for 3 hr. The materials were dehydrated by 
the method of Gogue et al. (10). The tissue was critical point 
dried and mounted on a SEM stub with a drop of Bond (G. 
Konishi, Co.), coated with Au Pd, and viewed in the SEM 
(Akashi MSM-4S) at 21 KV accelerating potential. Observation 
of pollen tube growth in the gynoecium was made by FM. 
Stigmas were fixed after 1,4,  10 or 24 hr of self- and cross
pollination and HT; dehydrated, embedded in paraffin, sec
tioned at 15 j um and stained in 0.1% anilin blue in 0.1 n  K3P04 
for 3 hr, then mounted in 50% glycerin, and observed by FM 
within 2 to 3 days.

Results and Discussion
The percentage of fruit set is indicated in Table 1. The 

highest percent fruit set obtained for both cultivars was by 
treating with 50°C for 20 to 25 min followed by 40° for 30 
min (Mino) and 45 min (H-Mino). The treatments with 50° 
and 40° were effective from 5 to 30 min and 20 to 30 min, 
respectively, while shorter periods of treatment with 35° and

Fig. 1. Immature papillae covered with soft waxy substance, x 3000.

30° were ineffective. The number of seeds per fruit tended to 
increase with effective treatments which induced high fruit 
set. The most effective treatment was found to be at 50° for 
25 min in both cultivars.

Immature and mature papillae of Raphanus sativus are 
presumably covered with a waxy substance as observed in 
Brassica oleracea L. (Gemmifera group) by Roggen (21), and 
are similar in size (Fig. 1 and 2), although they seemed to be 
softer in immature than in mature papillae. Overcoming self
incompatibility by bud-pollination may be related to the 
softness of immature papillae. Pollen grains failed to germi
nate after 30 min following selfing, but were attached to the 
papillae by aid of their waxy surface substances. The papillae 
did not change in shape after pollination (Fig. 3). They were 
still in the same shape 1 to 4 hr after self-pollination, however, 
on its surface, fragment materials which are apparently a part

Table 1. Effect of high temperature treatment of the gynoecium of Raphanus sativus L. to overcome self-incompatibility.

H-Mino radish Mino radish
Treatment

Temperature Time 
(°C) (min)

No. of 
pollinations

No. of 
fruit

Fruit set 
per pollination 

(%)

No. of 
seeds per 

fruit
No. of 

pollinations
No. of 

fruit

Fruit set 
per pollinations 

(%)

No. of 
seeds per 

fruit

50 5 58 8 13.8 2.3 80 23 28.8 1.9
10 41 11 26.8 2.0 90 20 22.2 2.4
15 40 16 40.0 3.3 76 18 23.7 3.8
20 45 30 66.7 3.5 59 29 49.2 3.3
25 59 39 66.1 4.5 60 39 65.0 3.2
30 79 12 15.2 2.9 76 10 13.2 2.2

40 20 39 8 20.5 3.2 50 13 26.0 2.5
30 38 8 21.1 3.6 62 37 59.7 2.5
45 27 13 48.1 4.3 64 20 31.3 2.3
60 35 5 14.3 2.6 55 2 3.6 2.0

35 15 51 0 0 0 50 0 0 0
30 42 2 4.8 1.0 53 16 30.2 3.6
45 58 10 17.2 2.0 34 11 32.4 2.6
60 41 22 53.7 5.3 41 10 24.4 1.5
90 46 8 17.4 2.3 35 8 22.9 1.6

30 60 48 0 0 0 45 0 0 0
90 45 0 0 0 59 7 11.9 2.3

120 50 5 10.0 3.5 47 19 40.4 2.8
150 31 1 3.1 3.0 39 0 0 0

Control 55 0 0 0 55 0 0 0
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Fig. 2. Mature papillae covered with hard waxy substance, x 3000 Fig. 5. Scar on a papilla and pollen which germinated 30 min after cross- 
pollination. x 3000

Fig. 3. Incompatible pollen behavior 30 min after self-pollination. PA= 
papilla; PO=pollen; W=waxy substance, x 1000

of the waxy substance which had been in between papillae and 
pollen grain were still found to stick to the papillae. In the case 
of cross-pollination, the germinated pollen adhered to the 
surface of papillae with pollen tubes emerging within 30 min 
(Fig. 4). Some pollen tubes that were not firmly adhered to 
the papillae may become detached during tube penetration 
(Fig. 5). Some papillae were shrunk, flatten in shape or ap
peared empty, and some empty pollen grains are found leaving 
the pollen tube on the papillae surface within 1 hr after cross
pollination. Papillae had 1 or 2 openings to which the pollen 
tubes had become attached and penetrated into, and the pa
pillae were flattened within 4 hr after cross-pollination (Fig. 6). 
This behavior of pollen grain which is seen in stigma of self- 
incompatible combination in R. sativus resembles closely that in
B. oleracea (Gemmifera group) (6, 21). Pollen walls became 
attached firmly and were connected with papillae by a waxy 
substance within 30 min after HT. Pollen tubes became em
bedded in the papillae; papillae had an opening by penetration 
of pollen tube and some were shrunk 4 hr after HT (Fig. 7). The 
behavior of pollen on papillae after HT resembled that of cross
pollination, but pollen germination and tube penetration began 
to start a few hours later than normal cross-pollination. The

Fig. 4. Pollen germinated 30 min after cross-pollination, x 3000
Fig. 6. Two openings in a papilla and a cast of pollen skin remaining on 

the papilla 4 hr after cross-pollination, x 3000
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Fig. 7. Top view of papillae with pollen filling the interspaces, four hr 
after HT. x 1000

Fig. 9. Pollen-tube growth in the stigmatic tissue 4 hr after cross-pollina
tion. PT=pollen tube, x 50

Fig. 8. Pollen on the stigmatic papillae surface 24 hr after self-pollination, 
x 50

fluorescent staining method is based on the selective absorption 
by callose of the dye, anilin blue (16). When stained, callose 
fluoresces UV light at 356 nm. Fluorescing pollen tubes did 
not appear in cross or longitudinal section of stigmas when 
observed within 24 hr after self-pollination (Fig. 8). Conversely, 
several pollen tubes per cross section at the center of the stigma 
were observed in cross-pollination after 1 hr (Table 2), in the 
middle style within 4 hr (Fig. 9), and at the upper part of the 
ovary within 10 hr. Although pollen germination was observed 
within 1 hr after HT, pollen-tube growth to the middle of 
stigma was first observed within 4 hr, at the middle of style 
within 10 hr (Fig. 10) and at the upper ovary within 24 hr. 
Pollen-tube growth of HT started later than cross-pollination. 
These results confirm the observation made by SEM.

High temperature treatments have been found to be effective 
for overcoming self-incompatibility in many plant genera, such 
as Brassica oleracea (32), Chrysanthemum (25), Lilium ( 1 , 3 ,  
12, 15, 18) and Oenothera (11). Temperatures used by these 
authors were, however, lower than 35°C or for only 5 min at 
50°. The high range of temperatures used in the present experi
ment may be explained by the alteration of the waxy substance 
of papillar wall to a semisolid physical nature. This change is 
probably not enzymatic, although Roggen (21) and Carter 
et al. (6) stated that in cross-pollination the papillar wall is

Table 2. Pollen-tube growth in the gynoecium of ‘H-Mino’ radish as 
observed by fluorescence microscopy.

Time after No. of pollen-tube per section
pollination Stimgatic Stigma Style Upper

Pollination (hr) surface middle middle ovary

Self 1
A - - - -

10 _ _ _ _
24 - - -

Cross 1 5 2 _ _
4 7 5 2 —

10 4 1 2 1
24 10 5 2 2

50°C for 25 min 1 4 _ _ _
following 4 10 - - -

selfing 10 7 3 2 -

24 8 3 1 1

Fig. 10. Pollen tubes in mid-stylar tissue 10 hr after HT. x 50
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digested by enzyme activity secreted from pollen tubes. Effec
tive pollination methods used for overcoming self-incompati
bility such as using a steel-brush (22) and electrically stimu
lated (23, 24) were also due to removal of waxy substances 
of the papillar wall.

Temperature may also overcome incompatibility, by de
naturing proteins involved in the incompatibility reaction.
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