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gaki-4 which were selected from M-13-1 (a 
Malaysian variety), Tpt-9, Tpt-19 and UPS-
89, respectively, and other two varieties, 
UPS-31 and Tpt-2 were used. Four or five 
of them were planted. UPS and Tpt refer to 
the accession number of Psophocarpus in the 
University of Papua New Guinea and the 
International Institute of Tropical Agricul
ture in Nigeria, respectively. The plants were 
grown at a density of 1 m between rows and 
0.5 m between plants with trellis. Neither 
agricultural chemicals to conti·ol diseases and 
insect pests nor fertilizer was given. The 
numbe1· of days to germinate and to the first 
flower was determined when 50% of seeds 
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germinated and 50% of plants showed the 
first flower, respectively. The photoperiod, 
otherwise to mention, consists of true day
length and civil twilight in the field conditions. 

Results 

.l) Gerrnination 
The number of days to germinate was 

seven to ten days both in Malaysia and 
lshigaki with 26 to 28°C of mean air tem
peratures, in consistency with the results ob
tained in the tropics6 •7' (Table 2) . In cool 
climate (20°C) of Moriol<a, Urizun needed 
16 days, two to four days more than otner 

Table 1. Experiment sites and d~te of sowing 

Site 

Malaysia 
lshigaki 
Morioka 
Sapporo 

Institute 

Jalan Kebun Res. Station, MARDI (3°00' N) 
Okinawa Branch, TARC (24°22'N) 
Tohoku National Agr. Expt. Station (39°42'N) 
Hokkaido University ( 43°03'N) 

Date of sowing 

May 9, 1983 
May 25, 1983 
June 2, 1984 
May 24, 1983 

Table 2. Germination and flowering of winged bean varieties 

Germination 1st flower opening Percent 
Site Variety ·Days after Rate Accuml. temp. Days after flowering 

sowing (%) after sowing ( °C) Date germination plants 

Malaysia· 
Uri1.un 9 87 246 July 16 59 100 
Ishigaki- 2 7 JOO 191 July 19 63 100 
Ishigaki- 4 8 92 218 July 23 66 100 
UPS-31 10 75 273 July 23 65 100 
Tpt- 2 9 92 246 July 27 70 100 

lshigaki 
Urizun 9 92 246 Aug. 7 65 100 
Ishigaki- 3 9 LOO 246 Aug. 18 76 LOO 
lshigaki- 4 8 100 218 Aug. 20 77 100 
UPS- 31 1.0 96 . 270 Oct. 13 128 100 
Tpt- 2 9 100 2116 Oct. 20 138 100 

Morioka 
Urizun 16 100 326 Aug. 28 71 76 
Ishigaki- 2 1,1 90 281 Sept. 6 82 92 
lshigaki- 3 14 9:{ 281 Sept. 29 105 82 
lshigaki-4 12 · go · 2:·!6 Sept. 24 102 56 

Sapporo 
Uri1.un 57 60 810 0 
lshigaki.-2 . 35 73 ,151 Aug. 28 61 50 
Ishigaki- 3 39 53 512 0 
lshigaki- 4 7 
UPS-31 40 
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Table 3. Climatic conditions during the assumed dower induction period of Urizun 

Site 

Malaysia 
lshigaki 
Morioka 
SapporoD 
Sapporo2> 

Induction period 

June 15- July 5 
July 4- July 24 
July 17- Aug. 6 
Aug. 17- Sept. 6 
July 26- Aug. 15 

1) : No plant of Urizun flowered. 
2) : Ln the case of Ishigaki- 2. 

varieties. The extent of t he varietal differ
ence increased to about 20 days at the inhibi
tory low temperatures0 > ( <15°C) of Sapporo. 

This result indicates that Urizun is very 
sensitive to temperature as far as its germi
nation is concerned. At the same time, the 
result offers interesting information that more 
than 50% of seeds of several varieties could 
survive in cool, humid soils for one to two 
months until emergence. 

2) Flower indiwtion 
The period of three weeks starting from 

four weeks of age of seedlings was regarded 
as the flower-inducing period of winged bean, 
based on Khan's report6 > that means a period 
of 3- 4 weeks starting from the minimum age 
of four weeks is needed for flower induction. 
The mean air temperature and photoperiod 
during that period are shown in Table 3, and 
the date of the first flowering is given in 
Table 2. ln three sites, except Sapporo, the 
varietal difference in the number of days re
quired for germination was only less than 
four days, so that all varieties tested must 
be exposed to the same photoperiod during 
their flower inducing period in each site. 

As given in Table 2, Urizun showed the 
lo\.vest photoperiod sensitivity among the 
varieties tested, because the increase in num
ber of days to flower due to increased photo
period expresses a degree of photo-sensitivity, 
though modification by the temperature fac
tor10> is needed. The result also shows that 
Uriiun has the shortest basic vegetative 
growth. On the other hand, the tropical 
varieties could not achieve flower induction 
in lshigaki at 14.5 hr photoperiod, in con-

Mean air temp. (°C) 

27.0 (25.6- 27. 9) 
30. I ( 29.3- 30.8) 
26.0 (22. 7- 28. 7) 
20. 2 ( 17.2- 24.3) 
21.2 ( 17.4- 25. 6) 

Photoperiod (hr) 

13. 1- 13.0 
14 . 5- 14. 2 
15. 8- 15.2 
15.0- 13.8 
16.0- 15.0 

sistency with Herath and Ormrod5 > who dem
onstrated that UPS-31 did not flower at 14 hr 
photoperiod even at the optimum temperature 
in a phytotron. 

3) Pod ancl seed production 
Winged bean as a tropical legume could 

not complete its life cycle from germination 
to seed production for the next generation in 
Sapporo, where the number of days showing 
mean air temperature higher than 20°C was 
only 26. However, one plant out of five flow
ered plants of Ishigaki-2 set a pod even in 
such adverse environment (Plate 1) . In Mori
oka with 73 days showing mean air tempera
ture higher than 20°C, some green pods were 
produced, but not mature dry seeds (Table 4, 
Plate 2) . For example, Urizun produced 
about two edible pods on average, with the 
best plant producing six edible pods and 18 
small pods lighter than 5 g. Other varieties 
flowered too late to get edible pods. 

At Ishigaki, Urizun and other Ishigaki 
selections were able to continue reproductive 
growth after flowering. However, the combi
nation of higher temperature and longer days 
than those in Malaysia caused lower seed 
yield (Table 5) . On the other hand, with 
photoperiod-sensitive Tpt-2 and UPS-81, their 
flowering was delayed, and hence their seed 
production took place just at the optimum 
climatic season for seed ripening, i.e. late 
October and afterwards. As a result, they 
showed comparatively high seed yield similar 
to that obtained in Malaysia. 

Urizun, lshigaki-2 and Ishigaki-4 gave 
higher yield in Malaysia than that in Ishi
gaki. Particularly the former two varieties 



Variety 

Urizun 
lshigaki-2 
Ishigaki-3 
Ishigaki-4 

Table 4. Pod production in Morioka 

Pod,setting Percentage of pods grouped 

plants by fresh weight/ pod 

( %)1) ( %)2) (~ lg ) (l- 5g ) c;;;;5g ) 

57. 1 76. 2 17 65 18 
46. l 50.0 80 20 0 
4.0 5.0 100 0 0 

25.0 50. 0 83 17 0 

Mean pod 
fresh 

weight 
( g ) 

:1.1 
0. 7 
0.3 
0.5 

I) : Based on the total no. of plants emerged. 
2) : Based on the flowered plants. 
3) : Based on the plants which set pods. 

Variety 

Urizun 
lshigaki- 2 
Ishigaki-3 
Ishigaki-4 
UPS-31 
Tpt- 2 
Mean1> 

Plate l. Ishigaki-2 showing a green pod in the field of Hokkaido 
University in Sapporo 

Table 5. Seed yield and its components in Malaysia and Ishigald 

Pod length No. of seeds/ 100-seed No. of pods/ 
( cm) pod weight (g) plant 

Mal. !sh. Mal. !sh. Mal. lsh. Mal. lsh. 

18. 7 16. 6 12.6 8.9 27. 9 26. 7 54.2 42. 8 
14.5 9.8 34. 8 58. 6 

16.8 6. 9 31. 4 311. 8 
15.9 15. 1 11. 5 9.6 30. 4 2L. 7 35. 3 3;3, 2 
16. 1 18. 7 10.3 11. 9 37. 6 ;31. 5 27.2 29.3 
27. 8 27. 3 16.5 15.5 41. 6 45. 4 12. 7 12. l 
19.6 19.4 12. 7 11. 5 34. 4 31. 3 32. 4 29.4 

1) : Excluding lshigaki-2 and lshigaki-3. 
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No. of 
pods/ 
plant3> 

11. 8 
l. 7 
2.0 

15. l 

Seed yield 
(g/ m2) 

Mal. Ish. 

190 103 
200 

76 
118 70 
106 108 
125 92 
125 92 
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Plate 2. Urizun which produced green pods in 
the field of Tohoku National Agricul
tmal Experiment Station in Morioka 

outyielded tropical varieties by about 40 to 
80% in Malaysia. 

In both sites, Malaysia and Ishigaki, Tpt-2 
showed the longest pods containing the great
est number of the largest seeds, while Ishi
gaki-4 showed small pods with relatively few 
seeds. 'rhe majo1· factor causing yield dif
ference between both sites was the number 
of pods per plant for Urizun and 100-seed 
weight for Ishigaki-4, indicating the varietal 
difference in the response of yield components 
to different conditions, although the number 
of pods per plant or· pe1· mi is considered to 
be most important'·"·n, . 

Discussion 

The t ime of fio,,vering, that is, the earliness 

of flowering in short-day plants is related to 
three main factors : (a ) the critical photo
period for flower induction, (b) the optimum 
photoperiod for flowering after the completion 
of flower induction, and (c) the basic vege
tative growth. The factor (c) may be indi
cated by the number of days to the first flower 
opening in the equatorial tropics. From this 
view point, (c) of Urizun and the Ishigaki 
selections is shorter than UPS selections, 
which are known to mature earlier than other 
tropical varieties 1h 1,o,7>. The factor (a ) of 
Urizun was not determined, because this 
variety flowered under 15.5 hr of photoperiod. 
Urizun showed the lowest photoperiod sensi
tivity in addition to its high productivity. 

This variety produced pods at Shinjo, 
38° 45' (S. Konno, personal communication), 
Tsukuba, 36°02', (unpublished data) and 
Osaka, 34°41' (Shibata0>) , and the pod yield 
was influenced by temperatures and diseases 
and insect pests. 

Urizun can be cultivated not only as a sum
mer vegetable, but also as a verennial one, 
when some warming means are adopted, in 
Ishigaki and other subtropical regions. 

Summary 

To determine flowering response and pro
ductivity of four Ishigaki-selections, which 
were developed for low photoperiocl-sensitivity 
in Ishigaki, a subtropical island of Japan, 
these selections ,vere grown at four locations 
distributed from the tropics to the t em
perate zone (Malaysia, Ishigaki, Morioka, and 
Sapporo) . For comparison, two tropical va
rieties were used. 

In Sapporo ( 43 ° N ) , three fourths of seeds 
of Ishigaki-2 germinated 35 clays after sow
ing at the mean air temperature of 21.2° 
(17.4-25.6°) . A half of the emerged plants 
flowered under 15-16 hr of photoperiod, and 
Ont! plant produced a pod. Urizun (lshi
gaki-1 ) germinated too late (mid August) 
and no flowering occurred. 

In Morioka (39° 42'N) , Urizun flowered 
71 days after germination, under the photo
period of 15.5 hr, and produced edible: green 



pods ( each heavier than 5 g). Other selec
tions also flowered, but it was too late to 
produce edible green pods. 

In Ishigaki, Urizun flowered 65 days after 
germination, under the photoperiod of 14.2-
14.5 hr and produced about 43 green pods 
per plant. Ishigaki-3 and Ishigaki-4 took 
more than 10 days longer t han Urizun for 
flowering, and less yield. The tropical varie
ties, Tpt-2 and UPS-31 flowered · very late 
(October), so that they can't be used as a 
summer vegetable. As their seed l'ipening 
proceeded in the cool season, their seed yield 
was rather high. 

In Malaysia, Urizun flowered earlier than 
any other varieties and its yield was about 
40% higher than the tropical varieties, Tpt-2 
and UPS-31. 

Thus, it was clearly indicated that Urizun 
has the lowest photoperiod sensitivity with 
the shortest basic vegetative growth period 
and high productivity. This variety can well 
be grown in Ishigaki and other subtropical 
areas as a summer vegetable. 
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