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ABSTRACT

The effects of temperuture and planting dates on germination,
emergence, growth, vegetative development, and time to flowering and
maturity of the pods of pigeon pea were evaluated. Growth chamber studies
were conducted to determine the effects of 12.5°, 15°, and 20° C on the
germination of pigeon pea cultivar 2B-Bushy. Germination percentage was
low (1.0 and 2.0%) at 15° and 12.5° C, respectively. At 17.5°, germination
increased to 18% (averuge) and required 4 to 9 days. At 20° C, germination
was 48° (average) and required 2 to 5 days. The vigor of the seed lot ap-
peared to be fow. Replicated field studies were conducted with large plant
populations to determine the effect of planting date on emergence, growth,
flowering and maturity of the pods of the commercial cultivar 2B-Bushy and
two lines (PR2 7/13 and PR2 7/16) for early maturity in New Jersey (40° N
lat.). Pigeon peas seeded May 19 emerged in 12 days at a mean soil temper-
ature of 19° C at 2.5-cem depth. At later planting dates (2 June, 16 June, 1
July and 14 July) pigeon peas emerged in 6 or 7 days. Plant height and
height to the first branch at flowering decreased in all three genotypes at the
later planting dates. Pigeon peas planted ot all sowing dates were tall but
could be harvested with mechanical equipment. Planting date had a signifi-
cant effect on the earliness of flowering and the percentage of plants that
flowered. All plants of the PR2 selections flowered at all planting dates, The
2B-Bushy cultivar flowered only the first three planting dates; and not all the
plants flowered. The 2B-Bushy flowered in the upper one-third of the plant,
whereas the PR2 lines flowered in the upper two thirds. None of the plants
of the 2B-Bushy genotype produced pods by the termination of the experi-
ment, 15 October, just before frost. The PR2 lines seeded May 19 and June
2 produced 12% of the plants with mature green pods, and 6% of the plants
with some dry pods, respectively, by 15 October. About 3% of these PR2
plants had 90% of their pods dry by 15 October. Thus, the PR2 lines were
highly variable for maturity at 40° N lat. Therefore, pigeon peas could be
selected for adapfation to this Jocation and even more northerly areas.

RESUMEN

Crecimiento y floracidn del gandul, Cajanus cajan
L. Millsp., en zonas templadas

Tres pruebas bésicas se realizaron en esta investigacién: efecto de lo
temperatura en la germinacién de las semillus de gandul en condiciones
reguladas; efecto de la temperatura en la germinacién en condiciones de

'Manuseript submitted to Editorial Board 11 October 1988.

zAssistant Researcher, Agrieultural Experiment Station, College of Agricultural Sei-
ences, University of Puerto Rico, Rio Piedras, P.R. and Associate Researcher, Rutgers,
the State University of New Jersey.

223



224 VELEZ-COLON & GARRISON/PIGEON PEAS

campo; y efecto de la fecha de siembra y el genotipo en ] desarrolio vege-
tativa, tiempo & moduracion y madurez de las vainas,

En condiciones reguladas, se requirieron de 2 a 5 dias a 20° C. para que
la germinacion ocurriera. la temperatura constante més bajo o Ja que hubo
un porcentaje significativo de germinacion en un periodeo de tiempo acep-
table {4 a @ dias) fue 17.5° C. Hubo germinacién a 12.5° C., pero fue en
extremo baja y tardia.

En condiciones de campo, una temperatura media del suelo de 19° C.
(primera fecha de siembra, el 19 de mayo) produjo un porcentaje de brotacion
satisfactaria, pero estuvo significativamente por debajo del de las otras fechas
de siembra, y requirié mas tiempo (12 dias). Las temperaturas medias del
suelo para las otras fechas de siembra (2 de junio, 16 de junio, 1 de julio y
14 de julio} fueron 22° C. o més. kas plantitas emergieron en 6 6 7 dias en
estas condiciones.

Las plantas mas altas al momento de la floracién se cbtuvieron de las
semillas sembradas en la primera fecha. El tamaho disminuyé con las fechas
de siernbra més tardias. Las plantas de la Gltima fecha de siembra (las que
florecieron antes de que el experimento concluyera) requirieron el menor
tiempo para florecer. El tiempo de la siembra a la floracién disminuyé en las
fechas de siembras mds tardias.

El tamafio de la planta y el tiempo para florecer también estuvieron
afectados significativamente por los genotipos. 2B-Bushy fue usualmente ef
mas alto y consistentemente el mds tardio con relacion a la floracién. PR2
7/16 mostrd consistenternente el porte mas bajo, excepto en la quinta fecha
de siembra, mientras que PR2 7/13 fue consistentemente el que mds tem-
prano florecid.

INTRODUCTION
During the summer of 1983, a series of experiments were conducted

at New Brunswick, New Jersey, U.S.A., to determine the adaptability
of pigeon peas, Cajanus cajan .. Millsp. to local conditions. Specifically,
the objectives were to evaluate the effects of low temperatures on seed
germination under controlled conditions, and to determine the influence
of planting date on seedling emergence, growth, vegetative develop-
ment, time of flowering and maturity of the pods under field conditions,

The rationale that led to this investigation was the demand for pigeon
peas among the large population of Puerto Ricans, Dominicans, and other
West Indians in the states of New York and New Jersey. Large quan-
tities of pigeon peas are imported from the Dominican Republic every
year by the Goya Company. This company is established at Seacaucus,
New Jersey. It is possible, in the long run, to develop lines able to
germinate, emerge, grow, flower and produce from May or June to Sep-
tember or October at this latitude. A pigeon pea enterprise is economi-
cally feasible because it would have a sure market.

One of the main obstacles, however, is the known photosensitivity of
pigeon peas (1,2,6,7,9,10,12), which usually flower during short days. In
New Jersey, as part of this study, some individual plants were observed
to flower as early as 19 August (13 hours and 38 minutes of light); that
is, less than 60 days after the longest day of the year (June 21). These
precocious plants were selected and propagated, and might be reselected
In successive years.
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MATERIALS AND METHODS

In order to quantify in the best possible manner the effect of low
temperatures on germination, we conducted controlled trials at 12.5° C
(64.5° F), 15° C (69° F), 17.5° C (63.5° F) and 20° C (68° F). One hundred
seeds of the variety 2B-Bushy, developed in Puerto Rico, were used for
each temperature regime. Each Petri dish contained 25 seeds. We used
16 Petri dishes and 400 seeds.

The sterilized Petri dishes containing the seeds, 10 ml of water and
one sterilized blotter paper were placed inside plastic bags, on top of a
damp paper towel. The plastic bags were then tied and placed in a growth
chamber, in the dark. Observations were made daily.

The second part of the study consisted of field observations and meas-
urements of the influence of planting date on seed emergence and plant
growth and development.

A split-split plot design with four replications was used. Within each
replication the five planting dates (main plots) were repeated randomly:
19 May, 2 June, 16 June, 1 July and 14 July. For each date, the three
genotypes (subplots) were repeated randomly: 2B-Bushy, PR2 7/16 and
PR2 7/13. The genotypes PR2 7/16 and PR2 7/13 are lines developed in
New Jersey by Dr. Bernard L. Pollack, from seed collected in Puerto
Rico and selected for early flowering. They are small with yellow flowers,
light green pods and indeterminate. Once the seeds emerged, they were
allowed to grow. We cultivated them as usual (herbicides Amiben R and
Dacthal R, mechanical weeding and the insecticide Orthene R), up to
flowering.

RESULTS AND DISCUSSION

At 20° C, germination occurred for the first time the second day and
continued up to the fifth day, for an average of 58% germination. At 17.5°
C, germination occurred for the first time the fourth day and continued
up to the ninth day, for an average of 28%. At 15° and 12.5° C, germina-
tion was delayed and the percentage was low, and there was no growth
after germination.

Because of these low percentages, the trials were repeated with
exactly the same procedures. The second time, germination averages
were even lower (39% at 20° and 8% at 17.5°). Apparently, the seeds we
used were low in vigor.

It seems logical to think that pigeon peas are subject to chilling injury,
like so many other tropical and subtropical erops, such as cotton, maize,
soybeans and peas (3, 4, 5, 8, 11, 13). As far as it is known, no trials have
been conducted in relation to sensitivity to low temperatures in pigeon
peas. The selection for good fast germination at low temperatures may
be important for the adaptation of pigeon peas to temperate areas such
as New Jersey.
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Seeds planted 19 May required 12 days to emerge under field condi-
tions. It is presumed that this was due to the low temperatures, which
averaged 19° C and went down to 9.5° C, at 2.5-cm depth. For the other
four dates, emergence required only 6 or 7 days, as expected, and was
significantly higher (table 1).

At time of flowering, measurements were taken of height of each
flowered plant, as well as the height to the first branch. We recorded
date of flowering and time elapsed before flowering. Using this informa-
tion, we evaluated the effect of daylength on flowering as related to
vegetative development.

Differences in the effect of daylength on flowering, as related to veg-
etative development, were statistically significant. The plants seeded 19
May grew to a height of 132 c¢m before flowering, 103 days later, and
measured 17 em up to the first branch. The plants seeded 2 June grew
129.7 em before flowering, 90 days later, and measured 17.1 em up to
the first branch. On the other hand, the plants seeded 16 June grew 102.1
em before flowering, 92 days later, and measured 10.3 cm up to the first
branch. Finally, the plants seeded 1 and 14 July grew, respectively, 88
and 74.4 em before flowering, 81 and 71 days later, and measured only
9.1 and 8.4 cm up to the first branch. These values are averages for the
genotypes at the dates when the three of them flowered. At the dates
when only the PR2 lines flowered, 1 and 14 July, the values are averages
of these two genotypes.

PRZ2 7/13 was, at each date, the selection which required the least
time to flower: 102 days for 19 May; 89 days for 2 June; 89 days for 16
June; 78 days for 1 July; and 69 days for 14 July. Cultivar 2B-Bushy, on
the other hand, required much more time. In fact, many 2B-Bushy plants

TaBLE 1.—Effect of planting date and genofype on emergence perceniage and days
to emergence

Date of Percentage Daysto
planting emergence’ emergence
May 19 50.9a 12
June 2 76.4 b 7
June 16 75.5b 7
July 1 75.8b 6
July 14 76.6b 6
Genotype

PR27/16 80.1a —
PR2 713 75.8b —
2B-Bushy 57.3¢ —

"The values in this column were obtained by dividing the number of seeds emerged in
an individual row by the number of seeds used in that row, and then averaging those results
per date and per genotype. Means followed by the same letter do not differ signifieantly
at the 0.5 probability level with the Tukey (HSD) test.
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Fic. 1.—Effect of planting date and genotype on mean height of the plants at time of
flowering.

at the first three dates did not flower. At the last two dates, none flo-
wered before the termination of the experiment 15 October. Therefore,
they were not taken into consideration for the statistical analyses (figures
1, 2, 3). The days required before flowering by 2B-Bushy were 132 for
19 May, 125 for 2 June and 106 for 16 June. PR2 7/16 required 104 days
before flowering when seeded 19 May; 93 days when seeded 2 June; 95
days when seeded 16 June; 84 days when seeded 1 July; and 74 days
when seeded 14 July.

CONCLUSIONS

Germination and emergence of pigeon peas are negatively affected by
cool temperatures. The PR2 lines tested are capable of early flowering
at lat. 40° N. Some plants did produce a crop by the end of the growing
season. Through breeding and selection, earlier flowering plants may be
developed; thus a shorter growing season, with an increased yield, would
free the land for a fall crop. For each of the genotypes tested, size of the
plant at flowering is inversely related to time to flowering. Earlier flow-
ering lines grew less. Individuals seeded late will grow less before flow-
ering is initiated.
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Fic. 2—Effect of planting date and genotype on mean height to the first branch at

time of flowering.
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