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ABSTRACT

A field study was conducted at the Corozal Agricultural Experiment Sub-
station 1o evaluate the effect of rotation of Dioscorea rotundata cv Habanero
with D. alata cvs Kinabayo, Floride and Gunung on the incidence of Praty-
fenchus coffeae and dry-rot disease. For the {first cycle, experimental plots
were planted with cvs Kinabayo, Florido and Gunung and with cv Habanero,
with and without nematicide {33.62 kg aldicarb 10G/ha at planting). For the
second cycle, aill plots were planted with cv Habanero. The results of the
first cycle showed a higher popuiation of P coffeae in plots planted with cv
Habanero than in plots with the D. afata cultivars. In this cycle, the quality of
cv Habanero yams was significamtly reduced by dry-rot when compared to
the quality of cvs Kinabayo, Florido or Gunung. In the secend cyele, the
quality and yield of the cv Habanero yam i{ubers improved significantly in
plots rotated with D. alata cultivars, as compared to qualily and yield in
plots under continuous planting of cv Habanero, with or without nematicide.
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RESUMEN

Rotacion de Dioscorea retundata cv Habanero con D, alata para el control
de la pudricién seca del hame

Se realizé un estudio de camipo en la Subestacion Experimental Agricola
de Corozal para evaluar el efecto de la rotacion de D. rotundata cv Habanero
con D. alata cvs Kinabayo, Florido y Gunung sobre |a incidencia de P cof-
feae y la enfermedad de pudricidn seca. En el primer ciclo las parcelas se
sembraron can los cultivares Kinahayo, Fiorido y Gunung y con el cv Ha-
banero, con y sin nematicida (33.62 kg aldicarb 10G/ha al momento de siem-
bra). En el segundo ciclo tedas las parcelas se sembraron ¢on el cv
Habanero. Los resultados del primer ciclo mostraron una densidad pobla-
cional de P. coffeae significativamente superior en las parcelas del cv Ha-
banero en comparacién con las parcelas de los cultivares D. alafa. En este
ciclo, la calidad del ¢v Habanero se redujo significamente debido a la
pudricion seca en comparacién con la calidad de los cvs. Kinabayo, Florido
y Gunung. En ef segundo ci¢lo, la calidad y el rendimiento de los tubércuios
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del fame Habanero aumentaron significativamente en las parcelas rotadas
con cultivares de D. afafa, en comparacion con la calidad y el rendimiento
de las parcelas donde el cv Habanerc se sembré en forma continua, con y
sin nematicida.

INTRODUCTION

The Guinea or African white yam, Dioscorea rotundata (1) Poir, had
ite origin in West Africa where the word “yam”™ is almost synonymous
with D, rotundata (Martin and Sadik, 1977). In Puerto Rico, I rotun-
data is asually preferred to other species because of its culinary and
tuber characteristics, such as acceptable cocking appearance (white,
appetizing and flavorful flesh) and wiformity of cylindrical tubers. The
commercial African white yam cultivars primarily marketed in Puerto
Rico are the Guinea or Habanero and the Guinea Negro yams. Loeal
prices of thege cultivars are higher than those of any other cultivars or
speeies. In 1990, the local production of yam was 10,524 t. Yield produc-
tion declined from that year down to 3,664 t in 1999 (Dept. Agric., 2001).

The attack of nematodes, especially Pratylenchus coffeae (Zimmer-
man) Filip. & Schuwrmans Stelkhoven, on D. rotundata (Oramas et al.,
1990} and the adverse effects of anthracnose disease caused by the fun-
gus Colletotrichum gloeosporioides Penz on the Flortdo (. alaia)
cultivar (Mignucci et al., 1988) are among the most damaging patholog-
ical factors contributing in part to the reduced production of yam in
Puerto Rico. Pratylenchus coffece affects D, rotundota production by at-
tacking the cortical tissue of tubers, thus causing dry-rot lesions that
reduce quality and viability (Acosta and Ayala, 1975). The disease was
first described by West (1934), who named it dry-rot disease. In Puerto
Rico the disease may cause yield logses as high as 98% in fields highly
infested with P coffeae (Roman et al., 19800,

Local control management of P coffece in yain depends on the use
of chemicals or leaving the land uncultivated for one or more growing
seasons, Pesticides, in addition to their high cost, have been under eval-
uvation for new safety regulations to provide greater proteclion to
human health and the environment (USEPA, 1996}, 1t is neither eco-
nomical nor practical for farmers 1o keep the land in fallow (NAS, 1980,
Roman, 1978). In spite of the fact that monoculture of D. rotundata re-
duces yiclds, on the basis of their growing and marketing experience,
growers faver planting the same crop year after year on the same land.
A possible alternative that could permit growers to continue this prac-
tice without detrimental effect on the crop and income is the rotation of
susceptible and resistant Dioscorea species to control P coffece. Ayala
and Acosta (1971) veported that D). alata cv Florido did not seem to be
very susceptible to nematodes. In 1991, we observed that D. wlata evs
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Binuga and Gunung, and 1. esculenta were vesistani to P coffeae
(D.ON. & JR.G., unpublighed data). In the same year, P coffece was
isolated from 100, 100, 50 and 17.6% of cortical tissue and surrounding
soil samples from D rolundata, O, trifida, D. cayenensis and I} alota,
regpectively (LON. & A .G V., unpublished data). Among these species,
D. rotundata and D. alata are the mozi valuable in Puaerto Rico. In spite
of the {act that some D, alata cultivars have been found assoviated with
P voffeae, the number of isolated nematodes was generally fow. There
appear to be nio published records of yam rotation studies to control P
coffeae in this crop, With these facts in mind, we conducted the present
study to determine the effect on the incidence of £ coffeae and dry-rot
disease of the continuous planting of 3. rotundata cv Habanere in rota-
tion with D, alata yam cultivars,

MATERIALS AND METHODS

A field experiment was established in a Corozal clay (Ultisol) soil at
the Agricultural Experiment Substation of Corozal located in the east
central mountain region of Puerto Rico. The site selected was infested
with P coffece and had been planted with Habanero yam for more than
five years. The experiment consisted of two planting eycles. The first cy-
cle was established 19 March 1992 and harvested 332 days later. The
second was inttiated 20 April 1993 and harvested 286 days afterward.
The duration of the experiment was about two years, including two
months of dormancy. Yam takes about eight to 10 months until harvest,
followed by a dormancy period of about two months (EIEA, 1997). For
the experiment, three D, alata cultivars (Kinabhavo, Florido and Gu-
nung) and one D. rotundata (Habanero) were used.

Tuber pieces of approximately 230 g, free of dry-rot diseasze, were
immersed in 2,400 mg/L of oxamyl L for 15 min, 24 hours before plant-
ing. Beeds were spaced at 0,40 % 1.22 m in 2.4 x 4.6 m-plots, equivalent
to 18,939 plants per hectare, Five treatments, replicated five times,
were arranged in a randomized block design. For the first cycle the
treatments were plots planted to: 1) Kinabaye, 2} Florido, 3) Gunung,
4} Habanero, and 5) Habanero with a nematicide. For the second cycle,
all plots were planted to the Habanero cultivar, incdluding the check
with the nematicide. Aldicarb 10G at 35.6 kg/ha at planting time was
used only in the plots of Habanere with nematicide. Cultural practices
and control of weeds and diseases were as recommended for the crop
{EEA, 1997). At harvest, plants were removed and the tubers dug up,
rated on a scale of {0 to 100 percent of cortical dry-rot damage, and
weighed by group in four categories, The categories were the following:
1) excellent quality (0% deyv-rot); 2) high quality (I to 25% dry-rot); 3)
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medium quality (26 to 50% dry-rot); and 4) poor quality (61 te 100%
dry-rot). During the harvest, two yam samples were taken at random
from each plot, and twenty-five grams of their cortical lissue was com-
minuted in a blender, and processed by the method of Christie and
Perry (1951) to determine P. coffeae population, Data were analyzed
statistically by ANOVA {for analysis of variance and means separated
by Duncan’s Maltiple Range Test (Cody and Smith, 1997),

RESULTS AND DISCUSSION

Nematode population dynamic

Table 1 shows the number of P coffeae isolated at harvest from the
cortical tissue of yam tubers in the first cycle of the experiment. In this
cycle, the D). adata cultivars, Kinabayo, Florido and Gunung, had the
lowest infestation of P coffeae with 0, 170 and 80 nematodes per 100 g
of roots, respectively. In contrast, the Habanero cultivar, both with and
without nematicide, showed the highest populations of P coffeae, with
42,248 and 22,676 nematodes per 100 g, respectively.

In general, population of P, coffeae in plots of I). alata cultivars was
less than 1% of the population in plots of D, rofundata. This result con-
firms the resistance of D alata to P coffeae reported by Ayala and
Acosta (1971) and by Oramas and Rodriguez (1991). Yams of the Ha-
banero cultivar from nematicide-treated plots showed a higher number
of P coffeae than yams from non-treated plots. We have no experimen-
tal evidence to explain this difference in nematode population.
However, considering the fact that nematicides protect the crops for the
four- to five-month period alter treatment, with a drastic increase in
nematode population thereafter (Romdn and Badille, 1965), we theo-

TaBLE 1. —Mean number of Pratylenchus cofleae in the cortical tissue of four yam
cultivars afler first cycle of a rotatton experiment with 1) alata and D.
rotundata cultivars.

Treatments! B coffeae /100 g
Kinabaye 02
Florido 170 ¢
Gunung 80¢c
Habanero 22,676 b
Habanero/N 42 948 a

Kinabayo, lerido, and Gunung = D, alafa; Habanero = D, rotundaie; Habanero/N = Ha-

hanero with aldicarb 10G (33.62 kg/hal.
*Means in the sarne column followed by a common letter do not differ significantly at P <
0.05 according to Duacan’s Multiple Range Test.
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rize that the nematicide protection to treated plots provided a suitable
and better cortical environment for a higher nematode buildup. This
theory is in line with the yields, which showed lower weight and better
quality of the treated vs. non-treated plots as demonstrated by the
lower yield of tubers observed within the 26 to 50 percentage of dry-rot
damage (Table 2). The higher number of nematodes in nematicide-
treated plots was not sufficient to cause detriment in yield, as the dif-
ference in excellent and high quality tubers in the two treatments was
not significant (Table 2).

Nematode samples of the second cycle showed the tendency of £ cof-
feae to increasc when Habanero cultivar was planted. However,
samples were partially lost and those data are not included here. Thus,
only yield vs. dry-rot damage was used to show the roiation effect in
this cycle.

Yield and dry-rot damage

For the first cycle, the Gunung cultivar had the highest yield of ex-
cellent quality tubers (Table 2). The high productivity behavior of the
Gunung cultivar has been established in previous studies (Gonzalez-
Vélez and Santiago-Cordova, 1989; Hepperly and Vdzquez, 1989). This
cultivar was followed by the Florido and Kinabayo cultivars. These D.
alata cultivars produced no dry-rot-damaged tubers nor did they have
typical symptoms of nematode damage,

This observation corroborates the low incidence of P, coffeae isolated
from the tissue of the three cultivars of D, alata (Table 1), all of which
confirms their resistance to the lesion nematode and the dry-rot dis-

TABLE 2.—Meuan yield of Dioscorea alata and D. rotundata cultivars growped by dry-rot
damage ufter the first cyele of @ rolation experiment.

Yield (t/ha)?
Treatment? Excellent High Medium Paor
Kinabayo 14.57 b 3.00 b 0.00¢ 0.00 b
Florido 18.51b 0,00b 0.00 ¢ 0.00 b
Gunung 40.36 a 0.00hb 0.00¢ 0.00 b
Habanero 2.60¢ 3.34a 260a 240 2
Habanero/N 5.46 ¢ 1.80 ab 1.14h 1.30a

Quality Groups: Excellent = (%, High = 1 te 25%, Medium = 26 to 50%, Poor = 51 to
100%.

*Kinabayo, Floride, and Gunung =12, alata; Tabanero = IY. rofundain; Flabanero/N = Ha-
hanero with Aldiearh 10G (33.62 kg/hal

3Means in the same column followed by a common letter do not differ signifieantly at P £
0.05 according to Duncan’s Mulliple Range Test.
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ease, The Habanero plots, both with and without nematicide, produced
a significantly lower vield of excellent quality tubers and more poor
quality tubers, D. rotundate dry-rot-damaged tubers represented 43
and 76 percent of total yield in the Habanero treatments with and
without nematicides, respectively. There were more medium quality tu-
bers in the Habanero plots without nematicide than in the plots with
nematicide.

Table 3 shows yield of ¢v Habanero for the second cycle. Signifi-
cantly higher yields of excellent quality yam tubers were observed in
plots rvotated with D. alaia cultivars than in plots under continuous
planting of ¢v Habanero, The rotation effect on the yam tubers was
more evident when excellent and high guality and medium and poor
quality tubers were combined as marketable and non-marketable tu-
bers, respectively (Table 4). Yield of marketable tubers from plots
votated with D. alata cultivars was significantly higher than that from
plots where no rotation was used. The opposite was true for non-mar-
ketable tubers. It was also observed that yields of plots under
continuous planting of ¢v Habancro, with and without nematicide,
were lower in the second cycle than those of the first cycle. On the con-
trary, yields of medium and poor quality tubers were higher. This result
was an effect of the residual population of nematodes left and accumn-
lated in the soi} after the consecutive planting of the Habanero yam.

In the second cycle, non-marketable tubers represented yield losses
of 71.8 and 66.8% in plots under coentinuous culture of D. rofundata,
with and without nematicide. In the first cycle yield losses of 45.7 and
25.1% had been obtained in the same plots. These numbers repre-

TABLE 3.—Mean vield of Dioscorea rotundata grouped by dry-rol damage after the
second cycle of a rolation experiment with yam cullivars,

Yield (t/haj*

Treatment* Excellent High Medium Poor
Habanpere (K-H) 7.78 a* 1.89 a 1.98 be 3.32 be
Habanero (F-H) 8.07a 2.17a 0.68¢ 21% ¢
Habanero (G-H) 881l a 202 a 0.82 ¢ 269¢
Habanero (H-H) 147 b 2.55a 391 a 6.22 ab
Habanero/N (H/N-H/N) 3.30b 1.55 a 3.08 ab 6.70a

'Quality Groups: Excellent = 0%, High = 1 to 25%, Medium = 26 to 50%, Poor = 51 to
130%%.

“H = Habanero, I{ = Iinabayo, F = Florido, G = Gununyg, Iabanero/N = Habanero with
aldicarb 10G (33.62 kg/ha).

Means in the same column followed by a common letter do not differ significantly al P <
0.05 according to Duncan’s Multiple Range Test.
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TaBLE d—Mean vicld of marketuble and non-marketable lubers of Dioscorea votundata
grouped by dry-rot damage after the second cycle of a rotation experiment
with yam cultivars.

Yield (t/ha)!

Treatment?® Marketable qunlm‘lmtai)le Total Loss (%)
Habanero (1-I) 9.67 a* 5.20h 14.96 35.4
Habanero (- 1025 a 285b 13.10 21.8
Habanero (G-H) 10.83 & 351b 14.24 24.5
Habanero (H-H} 4.02 b 10.13 a 14.15 71.6
Halbanero/N (H/N-F/N) 485 h 9977 a 14.62 66.8

Marketable = excellent (0%) and bigh (1-26%) quality tubers; Non-Marketable = me-
dium {26-50%) and poor (51-100%) quality tubevs.
?H = Hahanero, I = Kinabayo, F = Floride, G = Gunung, Habanero/N= Habanero with

aldicarb 106 (33.62 kg/ha).
“Means in the same column follewed by a common letter do not. differ significantly at. I <

0.05 according to Duncan’s Multiple Range Test.

gented a loss increase of 25.9 and 41.7% from the first to the second
cycle, with and without nematicide, respectively, With rotation of D. /-
ata cultivars, yield losses ranged from only 21.8 to 35.4% in the second
cycle. Oramas et al. (1990) reported 93.3 and 67.9% vield losses of non-
marketable tubers attributable to dry-rot disease for Utuado and
Corozal, respectively, According to Romén et al. (1980}, the dry-rot dis.
eage may causge yield losses as high as 98% in highly infested fields.
From the results of this two-cycle rotation test, it can be concluded
that the use of I). alata nematode-resistant cultivars as rotation crops
significantly improved guality of I rotundate by reducing the inci-
dence of drvy-rot. Additional research is needed to determine the effect
of inereasing the number of cycles of D). alata cultivars, before repiant-
ing I}, rotundata, on quality and yield improvement of ev Habanero. The
dry-rot management alternative by rotation of susceptible and resis-
tant Dicscorea species or cultivars would permit growers to grow and
market high quality yams all year round. This environmentally accept-
able practice will result in better use of the land and higher incomes.
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