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INTRODUCTION

The commercial sources of rotenone at present are the roots of certain
species of Derris and Lonchocarpus. These are tropical plants grown in
areas outside the continental United States. The U. S. Department of
Agriculture has been interested for several years in the possibility of
developing a source of rotenone which could be grown economically in
the continental United States and Puerto Rico.

Various plant parts of 16 Tephrosia species were evaluated for rotenoid
content (§).> The highest rotenoid content was found in leaves of 7. vogeli:
Hook. f. Subsequent studies (3,6) demonstrated significant differences in
rotenoid content among plant introductions and breeding lines. Neverthe-
less, it is necessary to increase the rotenoid content of T'. wogelii leaves
before commercial production is feasible. Although Tephrosia grows vigor-
ously in the southeastern United States, the climatic conditions required
for flowering and seed production make it necessary to conduct all breeding
programs in Puerto Rico.

Barnes et al. (3) in a previous study demonstrated that varietal compari-
sons based on percentage rotenoid content were not influenced by latitude;
i.e., plants selected for high rotenoid content in Puerto Rico also produced
high rotenoid content in the continental United States. Plant rotenoid
content was unaffected by planting distance. However, plant growth charae-
teristics such as plant height, leaf-to-stem ratio, and total yield of stems
and leaves per hectare, were influenced by within-row spacing and latitude.
Because of these significant interactions, the same authors concluded that
additional crop management studies were needed at each latitude before
the most profitable crop production practices could be determined.

This paper reports results of an experiment designed to study the effect
of plant spacing and time of planting on the production of T'. vogeliz grown
in Puerto Rico. The plant characteristics studied included rotenoid content
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of the leaves, leaf-to-stem ratio, plant height, total yield of leaves and
stems and seed production.

MATERIALS AND METHODS

Four varieties were used in these studies. They were three plant introdue-
tions (P.I. 257533, P.I. 248228, and P.I. 215495) and a high rotenoid breed-
ing line developed in Puerto Rico at the Federal Experiment Station (6286).
Seed for all plantings was scarified, treated with Thiram, and planted 1 to 2
cm. deep, according to the recommendations made by Ruppel et al. (7).
Plantings were made on a Toa silty clay loam at Mayagiiez, P. R., on
April 1, April 29, and May 27, 1964. We incorporated 275 kg. of 10-10-8
commercial fertilizer and 14.03 liters of Aldrin per hectare into the top 15
cm. of soil with a rotary cultivator the day before planting. A side dressing
of 90 kg. of 5-10-10 fertilizer was applied to the first two plantings on July
28 and to the third planting on August 17.

We used a split-split plot design in which planting dates were the main
plots, plant spacings were the subplots, and varieties the sub-subplots.
Each sub-subplot consisted of one 7-meter row replicated three times in
each planting date at each planting distance. Rows were spaced 1 meter
apart. Plots were direct-seeded and 4 to 5 weeks later thinned to within-row
spacing distances of about 19 em., 34 em. and 57 cm. These correspond to
population densities of 52,500, 29,500, and 17,500 plants per hectare.

Rotenoid samples were taken from each variety when approximately
10 percent of the plants in that particular variety were in flower. Varieties
differed in their blooming periods. Sampling for the first planting therefore
extended from September 8 to October 26; sampling for the second planting
varied from September 28 to November 2; and sampling for the third
planting varied from Oectober 26 to November 23. Sampling and assay
procedures for leaf rotenoids were those deseribed by Barnes and Freyre
(7). Plant height measurements were taken at the time leaf samples were
collected for rotenoid analyses. After the completion of rotenoid sampling,
we cut off half the plants in each plot at ground level. Leaves and stems
were separated and weighed. The remaining plants were left standing for
seed production. Data were analyzed by analyses of variance and the means
ranked according to the Duncan’s Multipie Range Test (4).

EXPERIMENTAL RESULTS

Planting date influenced the number of days from planting to flower for
two of the four varieties (table 1). The differential response of 6286 and I°.1.
257533 is assumed to result from photoperiodic sensitivity. P.I. 215495
and P.I. 248228 appeared generally to be insensitive to the photoperiods
prevailing during the study. Within-row spacing generally had no effect on
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flowering within planting dates, except possibly for P.I. 248228 and P.I.
215495 in the April 29 planting.

Plant height at harvest was significantly affected by both within-row
spacing and varieties (table 2). The closer plant spacings increased plant
height. The mean plant height over all planting dates and varieties was
187, 166 and 149 cm. for the 19-, 34-, and 57-cm. within-row spacings,
respectively.

TABLE 1L.—Number of days from planting to first flower for four varielies of TEPHROSIA
VOGELI when planted al lhree spacing distances on three dales at
Mayagiez, Puerto Rico

Planting date W;g:;ﬂ- Days from planting to flower/variely Spacing
spacing 6286  P.J.257533 P.J.248228  P.I.215495 niaas
(om.)

4-1-64 19 210 191 170 161 183a
34 210 182 182 161 184a
57 208 184 166 161 180a

Variety mean?! 2092 186 Db 173 ¢ 161 d
4-29-64 19 189 175 184 168 179a
34 189 175 173 161 174a
. b7 187 173 168 154 170a

Variety mean! 188a 174 b 175 b 161 ¢
5-27-64 19 166 159 166 176 166a
34 168 156 168 166 165a
57 168 159 168 166 165a

Variety mean? 167a 158 b 167a 169a
Variety mean (over 188a 173 b 172 b 164 ¢

three dates)!

1 Variety means within each planting date, spacing mean within each planting
date, and variety means over three planting dates, which have the same letter, do
not differ at 5-percentlevel of probability according to Duncan’s Multiple Range Test.

Percent total rotenoids per unit of dry leaf weight was not influenced by
planting date or within-row spacing (table 3). Significant differences were
observed among varieties.

Total dry weight (leaves and stems) per hectare was not significantly
affected by either planting date or variety, but was affected by within-row
spacing (table 4). The mean dry weight yield over all planting dates and
varieties was 14.2, 10.0, and 7.0 metric tons per hectare for the 19-, 34-,
and 57-cm. within-row spacings, respectively. However, the proportion of
leaves to stems was affected by planting date, within-row spacing and
variety (table 5). The April 1 planting had a significantly lower percentage
of leaves due to loss of leaves from diseases and senescence. The leaf-to-stem
ratio was generally lower in the closely spaced plants, The mean leaf-to-
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TaBLE 2.—Plant height at harvest of four varielies of TEPHROSIA VOGELI when grown
al three spacing distances and planied on three dales at Mayagriez,
Puerto Rico

Wiilkin- Plant height (centimelers [variely)

Planting date row Spacing meant
spacing 6286  P.J.257533 P.J,248228 P.I.215495
Cm.
4-1-64 19 206 185 188 208 197a
34 201 160 185 163 177ab
57 170 155 145 155 156 b
Variety mean?! 192a  167a 173a 175a
4-29-64 19 196 168 191 180 184a
34 163 140 142 150 149 b
57 1556 117 124 135 133 b
Variety mean? 171a 142 ¢ 152be 155 Db
5-27-64 19 176 165 1756 203 180a
T34 173 1565 188 176 173a
57 170 137 155 173 159a
Variety mean! 1732 152 b 173a 184a
Variety mean (over 3 179a 1564 ¢ 166 b 171 b
dates)?

1 Variety means within each planting date, spacing mean within each planting
date, and variety means over three planting dates, which have the same letter, do
not differ at 5-percentlevel of probability according to Duncan’s Multiple Range Test.

TABLE 3.—Percent total rolenoids per unit of dry leaf weight for four varieties of
'TEPHROSIA VOGELII when grown at three spacing distances
and planted on three dates

Within- Percent lotal rolenoids/unit of dry leaf weight

. Spacin
Fiunling dots spacing 6286  P1.257533  P.I.246228  P.I. 215495 meast'
Cm.
4-1-64 19 2.99 1.95 1.66 2.21 2.20a
34 2.84 1.95 1.70 2.02 2.13a
57 2.81 1.82 1.32 2.17 2.03a
Variety mean® 2.8a 190 ¢ 1.56 d 2.13b
4-29-64 19 2.76 2.07 1.60 2.17 2.15a
34 2.98 2.02 1.35 1.97 2.08a
67 3.06 1.84 1.48 2.10 2.12a
Variety mean! 2.93a 1.98b 1.41 ¢ 2.08b
5-27-64 19 2.77 1.99 1.76 1.99 2.12a
3¢ 3.03 1.98 1.81 2.17 2.26a
57 293 1.01 1.83 2.34 2.25a
Variety mean? 2.91a 1.96bc 1.80 ¢ 2.17b
Variety mean (over 3 291a 195 ¢ 161 d 2.13b
dates)!

1 Variety means within each planting date, spacing mean within each planting
date, and variety means over three planting dates, which have the same letter, do
not differ at 5-percentlevel of probabilityaccording to Duncan’s Multiple Range Test.
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TaABLE 4.—Total dry weight (leaves and stems) per heclare of four varielies of
TEPHROSIA VOGELI when grown al three spacing distances
and planted on three dates

Witkin- Meiric lons of lolal dry weight per heclare/variely
row

Planting date 5 Shacing mean?
spacing 6286 P.I.257533 P.I.248228 P.I. 215495
Cm.
4-1-64 19 12.6 13.3 12.4 12.0 12.6a
34 12.2 11.0 10.4 9.6 10.8ab
57 7.8 8.3 8.0 4.4 7.1b
Variety mean! 10.9a 10.9a 10.3a 8.6a
4-29-64 19 11.3 13.4 17.1 12.0 13.5a
34 9.8 11.7 8.4 7.3 9.3 b
57 8.9 5.7 4.3 3.5 56b
Variety mean! 10.0a 10.3a 9.9a 7.6a
5-27-64 19 17.1 13.7 19.3 15.5 16.4a
34 10.0 9.3 10.4 10.1 10.0 b
57 8.4 7.7 7.3 9.9 83b
Variety mean! 11.8a 10.2a 12.3a 11.8a
Variety mean (over 3 10.9a 10.5a 10.8a 9.4a

dates)?

1 Variety means within each planting date, spacing mean within each planting
date, and variety means over three planting dates, which have the same letter, do
not differ at 5-percentlevel of probability according to Duncan’s Multiple Range Test.

TaBLE b.—Leaf-to-stem ratio of four varielies of TEPHROSIA VOGELII when grown at
three spacing distances and planted on three dates

Within-

Planting Dote row 6286  PI.257533 P 24228 P..21595  Shocing
spacing
(om.)
4-1-64 19 .23 .30 .38 22 .28a,
34 .26 .36 .34 .32 .32a
57 .32 .34 .34 .39 .36a,
Variety meant 27 b .33a .358 .31ab
4-29-64 19 .34 42 .37 42 .39 b
34 .42 .48 .68 .58 .6lab
57 .52 .63 .67 .56 .57
Variety mean! 43 b .48ab .39a .39
65-27-64 19 .40 .48 .39 .39 .4la
34 .45 .54 .46 .43 478 !
57 46 .60 .53 44 .bla
Variety mean! 44 b .54a 46 b 42 b
Variety mean (over 3 37 ¢ .45a .45a 41 b
dates)*

1 Variety means within each planting date, spacing mean within each planting
date, and variety means over three planting dates, which have the same letter, do
not differ at 5-percentlevel of probability according to Duncan’s Multiple Range Test.
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stem ratio over all planting dates and varieties was .36, .44, and .47 for
the 19-, 34-, and 57-cm. within-row spacings, respectively.

Total rotenoid production per hectare was caleulated for each of the
treatments and varieties (table 6). These calculations were based on the
percent total rotenoids per unit of dry leaf weight, total dry weight har-
vested per hectare and leaf-to-stem ratios. The rotenoid content of the
stem portion of the plant was estimated on the basis of unpublished data
(Fed. Exp. Sta., Mayagiiez, P.R.) which indicated that stems contain

TABLE 6.—Total rolenoid produced per hectare by four varielies of TEPHROSIA VOGELI
when grown at three spacing distances and planied on three dales

Within- Kilograms lolal rolenoids/hectare/variety
Planting dale row Spacing meant
spacing 6286 P.I.257533 P.I.248228 P.I.215495
Cm.
4-1-64 19 183 139 122 124 142a
34 171 144 99 105 129 b
&7 120 105 59 57 8 ¢
Variety mean! 158a 120 b 93 ¢ 95 ¢
4-29-64 19 177 169 163 161 168a
34 180 155 81 106 131 b
b7 184 73 49 51 89 ¢
Variety mean! 180a 132 b 98 ¢ 106 ¢
5-27-64 19 287 178 200 186 213a
34 189 126 129 133 144 b
57 157 108 99 145 127 b
Variety mean! 211a 137 b 143 b 155 b
Variety mean (over 3 183a 133 b 111 ¢ 119 ¢
dates)?

1 Variety means within each planting date, spacing mean within each planting
date, and variety means over three planting dates, which have the same letter, do
not differ at 5-percent level of probability according to Duncan’s Multiple Range Test.

about one-third the percentage of total rotenoids that is present in leaves.
The most productive treatment for all varieties was the 19-cm. within-row
spacing planted on May 27.

Seed production per plant varied significantly among varieties (table 7).
Differences in seed yield per plant due to planting date and within-row
spacings were not statistically significant, but seed yield/plant tended
to be greatest on plant spacings of 57 cm. However, when these data were
converted to total seed production per hectare the mean yield over all
dates and varieties was approximately 550, 320, and 300 kg. for the 19-,
84-, and 57-cm. within-row spacings, respectively. Although the 57-cm.
within-row spacing yielded the highest number of seeds per plant, the seed
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production per hectare was the lowest at such distance due to the difference
in plant population density.

DISCUSSION

The primary goal of all crop management systems is to obtain greatest
return at lowest cost. Data obtained from the present study indicate that
time of planting, within-row spacing and variety are all important con-

TaBLE 7.—Seed yield per plant of four varieties of TEPHROSIA VOGELI when grown at
three spacing dislances and planied on three dales

Within- Seed/plant (grams/variety)

Plonting dale row ‘Sﬁ“’"{‘
spacing 6286 P.I.257533 P.I. 248228 P.I. 215495 g
Cm.
4-1-64 19 4.4 3.8 9.3 2.8 5.1a
34 3.0 10.1 17.3 0.9 7.8a
57 11.9 13.5 39.8 6.3 17.9a
Variety mean! 6.4 b 9.1b 22.1a 33D
4-29-64 19 5.8 10.4 22.0 3.1 10.3a
34 11.8 22.4 7.3 3.1 11.1a
57 27.3 16.2 18. 3.9 16.4a
Variety mean? 15.0a 16.3a 15.8a 3.4a
5-27-64 19 7.2 28.3 13.2 3.2 13.0a
34 4.6 16.4 18.6 3.2 10.7a
57 9.7 11.3 20.6 7.6 12.3a
Variety mean! 7.1a 18.7a 17.5a 4.7a
Variety mean (over 9.5 be 14.7ab 18.5a 3.8 ¢

3 dates)?

1 Variety means within each planting date, spacing mean within each planting
date, and variety means over three planting dates, which have the same letter, do
not differ at 5-percentlevel of probability acecording to Duncan’s Multiple Range Test.

siderations in a crop management system for growing Tephrosia vogelii
for rotenoid production in Puerto Rico.

The highest rotenoid production per hectare was obtained from the May
97 planting. Earlier plantings tended to produce taller plants, but neither
the percentage of total rotenoids per unit of dry leaf weight nor the total
leaf and stem production was increased. The early plantings also had a
lower proportion of leaves to stems than the late May planting. When all
of these factors were considered, plus the cost of maintaining the crop for
an extra 6 weeks as in the case of line 6286, it does not appear practical
to plant Tephrosia earlier than late May.

The Tephrosia plant will compensate to some degree the variations in
plant spacing. Plants spaced 57 cm. within the row produced much more
axillary branching than plants spaced 19 em. Nevertheless, the greatest
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hectare production of total rotenoids was obtained from closely-spaced
plant populations of about 53,000 plants per hectare. It was reported earlier
by Barnes et al. (3) that plant populations of 30,000 to 37,000 plants per
hectare were the most adequate planting density. However, this was for a
late April planting. Additional plant population and hill vs. row-planting
trials should be conducted to determine if more productive planting designs
can be demonstrated.

Seed production costs are a very important consideration in the economics
of Tephrosia production. At present all seed must be produced in tropical or
semi-tropical areas because of the photoperiodic requirements of the crop.
The best seed production per hectare in previous studies conducted in
Puerto Rico (2) has been about 450 to 500 kg/ha. The highest yields in the
present study (about 550 kg./ha.) were obtained from the 19-em. within-
row spacing. The significant differences in seed production among varieties
indicate possibilities of breeding higher seed-producmg characteristics into
our new experimental lines.

The present indications are that commercial rotenoid extraction can best
be done by extracting the rotenoids from freshly harvested plants. Both
the stems and leaves would be harvested with a silage harvester. The best
yields achieved in this study approach the level needed for profitable
production in Puerto Rico. When considering the feasibility of commercial
Tephrosia production in Puerto Rico, it should be pointed out that it will
allow land to be double cropped with Tephrosia grown from late May to
mid-November and a crop like sorghum grown from November to April.
The data obtained from this study demonstrate that yields of total rotenoids
as high as 280 kg. can now be obtained from high-producing varieties
planted in late May, at populations of about 53,000 plants/ha. New breed-
ing lines with higher levels of rotenoids are being tested at the Federal
Experiment Station. These new lines should increase the potential rotenoid
production of Tephrosia in Puerto Rico by 25 to 40 percent.

SUMMARY

The effect of within-row plant spacing (approximately 19, 34 and 57 cm.)
and time of planting (April 1, April 29, May 27) on rotenoid and seed
production of Tephrosia vogeliz in Puerto Rico is reported. Percent total
rotenoids and seed yield per plant varied among lines, but were not sig-
nificantly affected by plant spacing and time of planting. Planting date
significantly affected time from planting to flowering and proportion of
leaves to stem. The April 1 planting date increased number of days to
flowering, thereby increasing leaf losses from diseases and senescence as
compared to the April 29 and May 27 planting dates. Plant spacing sig-
nificantly affected plant height, total plant dry weight per hectare and
proportion of leaves to stem. Close plant-spacing tended to increase plant
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height and total dry plant weight, and to lower proportion of leaves. These
results indicated that the most efficient crop management system of 7.
vogelsz for Puerto Rico would include a May 27 planting date, with a plant
population of about 53,000 plants per hectare. Experimental yields of
approximately 280 kg. of total rotenoids or 550 kg. of seed per hectare were
obtained from this management system.

RESUMEN

Este articulo informa, sobre el efecto de tres diversas distancias de siem-
bra entre plantas (19, 34 y 57 em. aproximadamente) y tres fechas de siem-
bra, (abril 1, abril 29 y mayo 27) en la produccién de semilla y contenido de
rotenoides en Tephrosia vogelii. Aunque los dos criterios bajo consideracién
variaron entre las lineas que se usaron en el experimento, éstos no fueron
afectados por las distancias ni por las fechas de siembra. Las fechas in-
fluyeron significativamente en cuanto al tiempo requerido para la florecida,
asf como en la proporcién de hojas a tallos. Las plantas que se sembraron
en abril 1 requirieron mds dias para florecer, al compararse con las que se
sembraron en abril 29 y mayo 27, y por consecuencia, la pérdida de hojas
fue mayor en las primeras a causa de las enfermedades y a su envejeci-
miento. Las distancias de siembra afectaron significativamente la altura de
las plantas, la produccién de materia seca total por hectdrea y la proporcién
de hojas a tallos. Las distancias mds cortas tendieron a producir plantas
m4s altas, mayor cantidad de tallos y hojas secas, y una disminucién en la
proporcién de hojas a tallos. Los resultados indican que para obtener el
mejor provecho de 7. vogelii en Puerto Rico, las siembras deben hacerse en
mayo 27 y a una densidad de 53,000 plantas por hectdrea. Mediante este
sistema de siembra se obtuvieron experimentalmente alrededor de 280 kg.
de rotenoides totales, o sea 550 kg. de semilla por hectérea.
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