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SUMMARY 

Five strains of mungbeans were grown at 8-, 12-, 13-, 14-, 15-, and 16-hour photoperiods in plant 
environmental chambers. The strains did not differ in 'days to flower' at the 8-and 12-hour vhoto
periods, but flowering was delayed and plant height increased differentially when the photoperiod 
was increased beyond 12 hours. Two strains exhibited only slight sensitivity over tilerange of photo
periods studied. Two strains failed to flower within a 180-day period at the 16-hour photopcriod. 
The results corroborate observations in the First International Nlungbcan Nursery in which 23 
strains grown at low latitudes (short pholoperiods) had a narrow range in days to flowering, with 
the rang becoming wider at the higher latitudes (longer photoperiods). The results provide evidence 
that response to photopcriod isimportant in the adaptation of mungbean strains in differcnt latitudes. 

INTRODUCTION 

Little information has been published on the response of the mungbcan (Vigna radliata 
(L.) WILCZEK) to diffcrcnt photoperiods. ALLARD & ZAUNIEYER (1944) classified the 

mungbean as a short-day crop because long photoperiods delayed flowering. They 
reported the average number of (lays to flowering to be 30 with a photoperiod of 10 
through 13.5 h,35 with photoperiods of 14 through 14.5 h, and 77 with photoperiods 
of 18 I. The heights of the plants were also increased in the longer photoperiods. 
HARTMANN (1969) reported that a strain of mungbeans, P] 291366 frot China, 
was day neutral. Yoii & POE|ILM,\N (1972), in a study at Columbiri, Missouri, in
volving 321 strains of nutngbeans originating from a wide range of latitudes, reported 
a range of 57 to 117 days from planting to date of first ripe pods, with a mean of 81 
days. Three strains, P205 137 from India, P1207655 fi'om the Philippines, and P1
305077 from Thailand, failed to flower before frost (135 days after planting). 

The research reported here was initiated to study differences in the photopcriod 
response of individual strains of mtungbeans. The results provide evidence that re
sponse to photoperiod is important in the adaptation of particular mungbcan strains to 
production areas at different latitudes and seasons. 

MATERIALS AND METHODS 

Five experimental strains of mungbeans with an average range in days to flowering of 
46 to 63 days in a tlree-year study at Columbia, Missouri, were chosen for the experi
ment. The strains, their country of origin, and days to flowering in the field at Colum-. 

Contribution No. 6890 from the Missouri Agricultural Experinent Station. 
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Table I.USDA PI number, UMC accession number, country of origin, and days to flower in the 
field at Columbia, Missouri, of mungbean strains used in the experiment. 

USDA 
PI number' 

UMC 
accession 
number 2 

Country 
oforigin 

Days 
to flower 3 

P1368291 M28 India 63 
P1 31290 M140 Unknown 46 
P1271401 M101 India 52 
P1180311 MII8 India 63 
P1374150 M370 Korea 57 

Plant Introduction number of the United States Department ofAgriculture. 
2 Accession number of the University of Missouri, Columbia. 
3Average of three-years (1970-1972). 

bia are listed in Table I. P1368291 was obtained from the Pulses Research Station, 
Nayagarh (Orissa State), India; P1271 401 and P1180311 fron, the Oklahoma Agricul

tural Experiment Station, Stillwater; P131290 from the U. S. Department of Agricul

ture, Plant Introduction Station, Experiment, Georgia; and P1374150 from the Crop 

Experiment Station, Suwon, Korea. 
The photoperiod studies were conducted in three Sherer plant environmental chani

bers (model 25-7-1-IL). The light sources in each chamber were acombination of ten 

40-watt flitorescent bulbs (Sylvania cool white, VHO, reflectorized) and twelve 25-watt 

incandescent bulbs. The light intensity of the combined fluorescent and incandescent 

bulbs measured approximately 3200 f.c. at 30 cm below the light source. The temper

atures were programmed to increase from 18'C at the midpoint of the (lark period to 

28-^C at the midpoint of the full light period, and then to decrease to 18'C again, 

giving a mean daily temperature of"23 'C. 
The study was divided into two parts (A and B). In part A the combined fluorescent 

and incandescent bulbs burned for a period of 8 11in each chamber. One chamber was 

maintained at this photoperiod of 8 i; in the second chamber the photoperiod was 

extended to 12 I by burning the incandescent bulbs only for two hours preceding and 

after the full light period; and in the third chamber the photoperiod was extended to 
16 Itby burning the incandescent bulbs for four hours preceding and four hours after 
the full light period. Part A was repeated to provide for replication of data. 

This initial study indicated to us that effective photoperiods were in the 12- to 16

hour range and that the 8-hour photoperiod was less than the photoperiod needed to 

initiate a diffecrential flowering response. Part B was then set up with 13-, 14-, and 15
hour photoperiods. The light regimes were similar to those in part A except that the 

combined fluorescent and incandescent bulbs were permitted to burn for 12 It and the 

light period extended to 13, 14l, and 15 11by burning the incandescent bulbs for equal 
periods before and after the full light period as before. Replication was obtained by 

repeating the experiment as with A. 
The mungbeans were grown in a mixture of equal parts soil, peat, and vermiculite 

in 15 cm plastic pots. Seeds were sterilized in 1.5% sodium hypochlorite solution, 
vashed, soaked overnight, and inoculated with a commercial culture of Rhirobium 

before planting. Four pots with two plants in each were grown for each itrain in the 
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first replication of A, but the number of plants were incraesed to four per pot in the 
second replication of A and to eight plants per pot in B. Emergence was uniform, 
occurring on the 6th or 7th day after planting the imbibed seeds. Plants were watered 
with distilled water and a nutrient solution containing N, P, and K was added weekly. 

Days to flower were recorded as number of days from planting to opening of the 
first flower on each plant. Height of plant was recorded at the time of flowering. Data 
for plants, which varied in number from 4 to 16, were averaged to give a replication 
mean. An analysis of variance for days to flower could not be run over the entire ex
periment since two varieties failed to flower with the 16-hour photoperiod. Therefore 
analyses have been run separately for each strain (among photoperiods) and for each 
photoperiod (among varieties), for both days to flower and height. 

RESULTS 

The days to flower for the five mungbean strains at 12-, 13-, 14-, 15-, and 16-hour 
photoperiods are shown in Fig. 1. Mean squares and coefficients of variation from an 
analyses of variance, calculated separately for each photoperiod (among strains) and 
for each strain (among photoperiods), are presented in Table 2. 

In the 8-hour photoperiod (not included in Fig. 1), first flowers were observed in all 

110 

Did Ioltflower at14 hour 
Photopetlod 

100 

0 if 
 IVid not flower at16houJr 
80 Photoperlod 

0 70:o 

60-,

60 

I II i 

12 13 14 is' 16 

PhotoperloInHours 

Fig. 1. Days to flower for fl mungbcan strains grown in photopcrlods of 12-, -13.,14., -, and 
16-hours. 
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Table 2. Mean squares and coefficients of variation for 'days to flower' and plant height for five 
mungbcan strains grown in 12-, 13-, 14-, 15-, and 16-hours pliotoperiods. 

Source of variance D.F. 'Days to flower' 
mean C.V. 

Height (cm) 
mean C.V. 

squares squares 

Anong stralns
12-hour photoperiod 4 1.7ns 0.042 19.5* 0.064 
13-hour photoperiod 
14-hour photoperiod 
15-hour photoperiod 
16-hour photoperiod 

4 
4 
4 
4 

453.9** 
676.5*" 

1215.7"* 
n.f. 

0.070 
0.093 
0.152 

.).9" 
125.6ns 
130.7* 
286.0"* 

.0.130 
0.069 
0.111 
0.027 

Among pholoperiods 
P1368291 
PI 31290 
P1271401 
P1180311 
P1374150 

4 
4 
4 
4 
4 

54.0ns 
93.2ns 

615.8* 
n.f. 
n.f, 

0.140 
0.072 
0.117 

33.5** 
329.9** 
278.20 
121.Sns 
364.8** 

0.074 
0.097 
0.187 
0.243 
0.083 

Strains x photoperiods 16 n.f. 48.80 0.016 

Replications I 62.4ns 20.4ns 

*, **= Significant at 0.05 and 0.01 levels of probability, respectively. 
n.f. - non-flowering (strains P1180311 and P1374150 did not flowcr at ,6-hour photoperiod). 

to 59 day period after planting. In tle 12-hour photoperiod allstrains during the 51 
during the 50 to 55 day period after planting. Differences amongstrains flowered 

strains were not statistically significant at the 8-hour a'ad the 12-hour photoperiods. 

As the photoperiod was increased thc spread in days t.o flowering among strains in

creased and the differences among strains exceeded the 0.01 level of significance at 

each the 13-, 14-, and 15-hour photoperiods. At the 16-.hour photoperiod two strains 

failed to flower within IBO days after which the cxperiainnt was discontinued. 

Examining the flowering response of individual stailns over the live photoperiods it 

may be noted that over the 12- through 15-hour range of photoperiods, P1368291 

varied from 45 to 53 in days to flower and that Pi31 290 varied from 50 to 56 days. 

Da\ s to flowering were further increased by live for P1368291 and by 12 for P131290 

in the 16-hour photoperiod; however, the analysis of variance indicated that dilrer

ences in days to flower over the entire range of photoperiods were not significant for 
to 57 days for the photopeeither variety. Days to flower for 131374 150 varied friom 51 

riod range of 12- through 14-hours. In the I5-hour photoperiod, flowering of P1374150 

was delayed until 83 days, at 16-hours it did not flower within 180 days. Flowering of 

P1271401 was delayed in the 13-hour photoperiod by 22 days compared to the 12-hour 
The latter, like P1374 150, did not floweratphotoperiod, and by 27 days for PI180311. 

the 16-hour photoperiod \vit hin a 180-day period. 

With the delay in flowering in the longer photoperiods, there was also an increase in 

height of the mungbean plants. This is illustrated in Fig. 2 and 3. Analysis of variance 

of the height data is included in Table 2. Height measurements were made at the time 

of flowering except for P1180311 and P1374150 in the 16-hour photoperiod which 

were measured 180 days after planting. P1368291, which was the earliest strain to 
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Fig. 2. Height of five mungbean strains grown in photoperiods of 12-, 13-, 14-, 15-, and 16-hours
 

46.' 

Fig. 3.Plants of mungbean strains grown in photoperiods of F-hours (left), 12-hours, and 16-hours.
A.P1368291. B.P1271401. Photos taken at 78 days after planting. 
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flowcr in all photoperiods, was the shortest strain in all photoperiods with a mean 
height of 14.9 cm. P131290 was the tallest strain (49.5 cm in the 16-hour photoperiod) 
P1374150 and P1271401 had the largest mean heights over all photoperiods, 29.9 cm 
and 29.1 cm, respectively. 

DISCUSSION 

The results reported here affirm that (a) strains of mungbeans differ in their response to 
the photoperiod, (b) that differential response in the strains examined did not occur at 
photoperiods of 12 I or less, (c) that flowering was delayed with longer photoperiods, 
the photoperiod required to delay flowering varying with different strains, and (d) that 
increases in height with longer photoperiods differ with different strains. While our 
observations were inconclusive on this point, it appears that the increase in height is 
largely an increase in internode length with little or no increase in internode number. 
Our results confirm the report of ALLARD & ZAUN-R (1944) that long photoperiods 
delay floweri'ig and increase height in the mungbean. It is not known whether their 
experiments were limited to a single strain or wvhether they examined more than one 
strain, since varieties or strains examined by them are not identified. 

flAi'rmAN (1969) reported the P1291 366 strain of mungbeans to be day neutral. 
Our results affirni strains P1368291 and P131290 to be less sensitive than the other 
strains examined, and indeed the statistical analysis of the data for these two strains 
indicates that there Nere no significant differences in date of flowering over the range 
of photopeiiods used. There were significant differences in height. We believe the 
terms day-neutral or insensitive should be used cautiously unless the strain has been 
tested over a wide array ot photoperiods. In our experiment, P1368291 and 11I31290 
were relatively uniform in days to flowering over the 8- through 15-hour photoperiod 

range, and might be classed day-neutral if we looked only at that portion of the data. 
However, flowering was delayed slightly in both stiains when the photoperiod was 

increased to 16-hours. Height in 1368291 also increased slightly in the 15- and 16
hour plotoperiods. 

It may be noted that P1368291 was one of the two latest to flower in the field at 

Columbia over a three-year period (Table 1). P1368291 6riginated in Orissa, India, 
where local strains are normally grown duI ing l)ccember and January when the pho

toperiod is less than 12 hours. Late flowering in the field at Columbia may be due in 
part to virus injury which nay delay flowering or cause abortion of the flower buds. 
These virus symptoms were never observed in the plant environment chambers. 

The data reported here were supported in the report of the performance of the First 

International Mtngbean Nursery. POEHILIAN ct al. (1973) reported flowering and 
height observations on 28 mungbean strains grown at six locations which lie between 

' 
8' and 16' N latitude and at 3 locations between 37' and 47 N latitude. In the lower 

latitudes the range in days to flower for the 28 strains varied from 2 to 15 with a mean 
range for the six locations of 7 days. In the higher latitudes the range in days to flower 
varied from 22 to 49 with a miean range for the three locations of 35 days. Mean plant 

height at the low latitudes was 40.3 cm and at the high latitudes 63.5 cm. Data from 

both the phlt environment chambers and the First International Mungbean Nursery 
emphasize that strain differences in photoperiod response will not be observed, or 
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certainly it will be less evident, when mungbeans are grown in the short days of the 
tropics as compared to growing them in the longer days of the temperate climates. 

The photoperiod response of mungbean strains reported here does not differ in 
substance from the kind of photoperiod response reported among soybean (Glycile 
max (L.) MERRILL) strains by van SCttAIK & PROBST (1958), BYTII (1968), and 
CRISWELL & HUME (1972). BYTFI used extremely late cultivars and CHRISWELL & / 
HUME used very early cultivars. Both showed variability among strains in optimum 
photoperiod but very little insensitivity to photoperiod. 
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