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ABSTRACT

There is hitle information regarding optimum water requirement for
tanier grown under semiarid conditions with irrigation. A study was con-
ducted to determine the growth, nutrient uptake and yield performance of
tanier plants irrigated with the equivalent of fractions of evapotranspiration.
The irrigation regimes were based on class A pan factors ranging from 0.33
to 1.32 with increments of 0.33. Tanier plants grown under field conditions
were harvested for biomass production about every 6 weeks during the
growing season. At each harvest, plants were separated into various plant
parts to determine dry matter accumulation, N, P, K, Ca, Mg, and Zn uptake
and yield. During the first 278 days after planting, plants replenished with 89
and 132% of the water lost through evapotranspiration (WLET) exhibited
similar total dry matter content; however, their dry matfer content was sig-
nificantly greater than that in plants supplied with 33 and 66% WLET. The
amount of N, P, K, Ca, Mg, and Zn taken up by plants replenished with 99
and 132 WLEY was similar, whereas the content of these nutrients in plants
replenished with 33 and 66% WLET was considerably lower. The vield of
plants replenished with 89% WLET was considerably greater than that of
plants supplied with 33 and 66% WILET, but significantly lower than that from
plants receiving 132% WLET. Maximum cormel yields of 19,479 kg/ha were
obtained from plants replenished with 132% WLET.

RESUMEN

Crecimiento, extraccion de nutrimentos y rendimiento de yautia
(Xanthosoma spp.) producida bajo condiciones semiaridas.

Hay muy poca inforimacion sobre los requisitos de riego para yautia pro-
ducida en zonas semiaridas. Se hizo un estudio para determinar el creci-
miente, la exiraccion del suelo de varios nutrimentos y el rendimiento de
yautia irrigada con cantidades de agua equivalentes a fracciones de la eva-
potranspiracion. Los tratamientos de riego se basaron en coeficientes de
evapotranspiracion (medidos con un evaporimetro clase A) que fiuctuaron
desde 0.33 hasta 1.32 con incrementos de 0.33. Se sembraron plantas de
yautia en el campo y se cosecharon aproximadamente cada 6 semanas. En
cada cosecha se determind fa acumulacion de materia seca en varios orga-
nos de las plantas, la extraccién de N, P, K, Ca, Mg y Zn vy el rendimiento co-
mercial de cormelos. Durante log primeros 278 dias después de la siembra,
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las plantas regadas con el 99 y el 132% del agua evapotranspirada (AE} ex-
hibieron contenidos totafes de materia seca similares: sin embargo el con-
tenido de materia seca en éstas fue significativamente mayor que en
plantas que recibieron 33 y 66% de AE. La exiraccién de N, P, K, Ga, Mg y Zn
en plantas que recibieron el 99 y el 132% del AE fue similar; por otro lado el
contenido de estos nutrimentos en plantas que recibieron el 33 y el 66% del
AE fue considerablemente menoy. El rendimiento de plantas que recibieron
el 99% del AE fue mayor que el de las plantas que recibieron 33 y 66% AE,
pero significativamente menor ¢que el obtenido en plantas irrigadas con el
132% del AE. El rendimiento comercial més alto, 19,479 kg/ha, se obtuvo en
plantas irrigadas con el 132% del AE.

INTRODUCTION

Tanier (Xanthosoma spp.) is a herbaceous perennial root crop that
serves as an important food staple in some subtropical and virtually all
tropical regions. In Puerto Rico, tanier ranks second in economic im-
portance among root crops (14). The major production area is the
mountain region where periodic droughts often reduce yields. The de-
mand for a year-round supply of high quality cormels, high farm-gate
prices, and the availability of arable land with an irrigation infrastruec-
ture has generated interest among farmers and government agencies
to shift tanier production from the highlands to the fertile but semiarid
lowlands previously used for sugarcane production. In a normal year,
evaporation in this agricultural zone may be three times greater than
rainfall.

Drip irrigation technology allows efficient use of water and may
maximize the utilization of semiarid land for agricultural production.
There ig little information regarding water requirements for oplimum
tanier production in Puerto Rico or elsewhere in the tropics, particu-
larly under semiarid conditions.

It has been suggested that the water needs of tanier ave ideally sup-
plied by 140 to 200 mm of evenly distributed rainfall throughout the
year (13). The importance of adequate soil moisture for tanier growth
was demonstrated by Lugo et al. (10), who found that tanier market-
able yields were significantly higher in plots that received frequent
irrigation. Under field conditions without irrigation, corms and cormels
of tanier plants accumulated most of their dry matter at 16 to 20 weeks
after planting, but maximal leaf area was attained at 14 weeks after
planting and then declined rapidly (9). Mazimnum yield potential was
not attained because of the rapid decline in leaf area during the corm
and cormel bulking period.

Experiments conducted in Puerto Rico have demonstrated that
tanier yields as high as 34,000 kg/ha can be attained when the crop is
grown with drip irrigation and intensive management (5,6). Under
rainfed conditions in Africa and many Caribbean countries, tanier
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yields are very low, ranging from 1,270 to 5,440 kg/ha (11). These re-
sults illustrate the importance of tanier irrigation and suggest that the
potential for commercial production of tanier depends on the imple-
mentation of management practices that prevent stress conditions
during tanier growth, particularly if the goal is to increase food produc-
tion for the growing population in the tropics.

This study was undertaken to determine the growth, nufrient up-
take and yield performance of tanier grown in fertile but semiarid
lands and subjected to various irrigation regimes. The study also forms
part of a continued effort to collect growth analysis data to develop the

SUBSTOR-Aroid model (6,16).

MATERIALS AND METHODS

A field experiment was conducted at the Agriculture Experiment
Station of the University of Puerto Rico at Fortuna, Juana Diaz. The
goil is a well-drained Mollisol (fine~loamy, mixed, isohyperthermic Cu-
mulic Haplustoll) with pH 6.8, bulk density of 1.56 g/em?; organic
carbon, 1.7%; and exchangeable bages, 23.2 cmol (+)/kg of soil. Socil ni-
trate and ammonium at the 0 to 15 ¢m depth were 11.2 and 12.9 ng/g of
soil, respectively.

Plants of cultivar Blanca were established in a sereenhouse from ex-
ciged corm buds with fresh weights of about 16 g (2.7 g dry weight) and
planted in plastic trays containing Pro-Mix growing medium. On 11
September 1991, plants at the one-leaf stage were transplanted to the
field and arranged in a split-plot design with five replications. Each
replication contained four main plots representing different moisture
regimes. The main plots were split to accommodate nine biomass har-
vests. Each subplot contained 20 plants spaced 0.91 x 0.46 m apart, the
inner six of which were sampled for biomass production. Twelve plants
per plot were harvested from each treatment to caleulate final vield. An
alley of 2.7 m separated the main plots to prevent overlapping of water
between treatments. The experiment was surrounded by two rows of
guard plants.

The amount of irrigation applied to plants was calculated with the
equation of Young and Wu (18). The equation assumes that the evapo-
transpiration of a tanier plant is equal to the evaporation from a body
.of water with a free surface equal to the plant area as determined by a
Class A pan evaporimeter. In this study, the equation was modified to
include a pan coefficient (Kp) value of 0.70 and a crop coefficient {Kc¢)
value of 0.87 to obtain a theoretical value of potential evapotranspira-
tion (3). Class A pan factors, which ranged from 0.33 for treatment 1
(increasing by 0.33 per treatment) to 1.82 for treatment 4, were used to
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obtain fractions of the potential evapotranspirvation. A pan factor of
(.33 means that the irrigation applied to the plants would replace 33%
of the water lost through evapotranspiration (WLET),

Plants were subjected to one of the four moisture regimes 7 weeks
after field planting. The amount of water applied varied weekly de-
pending on Class A pan evaporation and rainfall, Evaporation and
rainfall data of each week were used to determine the irrigation needs
for the next week. Irmigation was supplied three times per week on al-
ternate days, and no irrigation was provided when the total rainfall
exceeded 20 mm per week. |

The water source was a well-fed reservoir. Submain lines equipped
with volumetric metering valves to monitor the water from the main
line were provided for each treatment. Lateral lines equipped with 8-L
emitters spaced 45.7 cm apart branched out from the submains along
each plant row.

At planting, each plant received 3.5 g of granular P provided as tri-
ple superphosphate. Throughout the experimental period, fertigation
was provided monthly at the rate of 3.7 and 8.0 kg/ha of N and K, re-
spectively, with potassium nitrate and urea as the nufrient sources.
Fertilization also included 0.45 and 0.13 kg/ha of Zn and Fe, respec-
tively, supplied in their EDTA chelate forms and 0.48 kg/ha of Mn
supplied as DTPA chelate.

Samples for plant and biomass measurements were collected at 49,
91, 133, 181, 223, 278, 322, 364 and 398 days after planting (DAP), ex-
cept for treatments 1 and 2, in which the last biomass harvest was
made at 364 DAP.

At each harvest, leaves of plants were cut at the midrib-petiole in-
tersection. Plants in the subplots were harvested by digging an area of
0.42 m? around each plant to a depth of 30.5 em. Because of the labor
and carefulness required during the root sampling operation, only two
plants were used for that purpose. Plants were then pulled from the
soil, washed, and separated inte petioles, corms, cormels, roots and
suckers. Samples were dried to constant weight at 70° C for dry matter
determination. The dry samples were ground to pass a 1.0-mil mesh
screen and analyzed for N, P, K, Ca, Mg and Zn. Nitrogen was deter-
mined by the micro Kjeldahl procedure (12), P by the
molybdovanadophosphoric acid method (8) and K, Ca, Mg and Zn by
atomic absorption spectrophotometry (2).

Analyses of variance and best fit curves were determined with the
ANOVA and GLM procedures, respectively, of the SAS program pack-
age (15). Only coefficients significant at P< 0.05 were retained in the
models.
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RESULTSE AND DISCUSSION

Dry matter accumulation

Total class A pan evaporation was two times greater than the
amount of total rainfall recorded during the experimental period (table
1). Under those conditions large soil-water deficits would have existed
without irrigation. The average evaporation and rainfall data collected
during the same period for over 20 years were 2,482 mm and 1,212 mm,
respectively (7). These figures are similar to those abtained during the
experimental period, which can therefore be considered as a normal
one,

There were no significant differences in total dry matter production
among treatments during the first 91 DAP {fig. 1). This growth period
was characterized by low rates of total dry matter production with
leaves and petioles accounting for over 70% of the total dry matter pro-

TABLE 1.—Monthly evaporation and rainfall registered ot the Fortuna Substation and
the amnunt of water applied o four irrigaiion freatments throughout the tanier-growing
cvele (1997-92).

{rrigation supplied (liters/plant)

Pan factor

evaporation rainfall

Month (1121} () 0.33 (.66 0.99 1.32
Sep. 183.6 55.1 - - . =

Oct. 182.6 455 18.0 36.0 54.0 72.0
Nov. 153.2 82.0 3.4 6.8 10.2 13.6
Dec. 134.1 5.1 7.4 14.8 22.2 29.6
Jan. 134.6 228.3 4.0 8.0 12.0 16.0
Feb. 160.0 20.3 111 29.9 33.3 44.4
Mar. 196.8 185 162 324 48.6 64.8
Apr. 184.7 78.0 4.8 9.6 14.4 19.2
May 169.2 471.9 7.8 15.6 - 23.4 31.2
June 202.4 335 9.0 18.0 27.0 36.0
July 232.2 3.3 20.1 40.2 60.3 80.4
Ang. 207.5 85.1 11.3 22.6 33.9 45.2
Sep. 1775 99.1 2.9 5.8 8.7 116
Oct. 160.3 171.2 0 0 0 0

Total 2478.77 1396.9 116.0 232.0 348.0 464.0
Average 177.0 99.8 8.9 17.8 26.8 35.7

«Initiation of irrigation treatments, Previously, the expertmental area was sprin-
kied-irrigated until establishment of the crop.
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Fie. 1. Accumulation of total dry matéer in tanier as influenced by plant age and ir-
rigated with fractions of evapotranspiration, The vertical bars are significant Fisher's 1sd
values at P=0.05; absence of bars denotes lack of significant differences.

duced (fig. 2A-B). Between 91 and 223 DAP, plants that received 99 and
132% (i.e., pan factors of 0.99 and 1.32) of the water lost through evapo-
transpiration (WLET) exhibited similar amounts of total dry matter
{fig. 1). During this period, roots and corms from most treatments
showed high rates of dry mafter accumulation whereas prowth of
cormels was severely affected in plants receiving the low irrigation
treatments (fig. 2C-E). By 223 DAP, the average production of total dry
matter from plants replenished with 99% WLET was 26% greater than
that from those replenished with 66% WLET; total dry matter from
plants replenished with 132% WLET was 60% greater than that pro-
duced by plants replenished with 33% WLET.

Cormel development was initiated at 91 DAP regardless of the irri-
gation treatment imposed on plants. This finding indicates that the
initiation of cormel development is insensitive to water stress condi-
tions. The importance of proper irrigation during the corme! bulking
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with fractions of evapotranspiration. All symbols as in figure 1-F. The vertical bars are
significant Fisher’s Isd values at P=0.05; absence of bars denotes lack of significant
differences. ’

period was manifested by the low rates of dry matter accumulation in
cormels from plants replenished with 33 and 66% WLET (fig. 2E). By
223 DAP, cormel dry matter in plants receiving 33 and 66% WLET was
86 and 45% less than in those that received 99% WLET. Results pub-
lished elsewhere (4) showed that leaf area indices were considerably
lower in plants subjected to 33 and 66% WLET. As a result, the poten-
tial contribution of leaf assimilates toward the cormels was reduced,
resulting in a drastic decline of cormel dry matter in these treatments.
Cormel dry matter production was also influenced by water stress con-
ditions which caused cormel sprouting and consequent sucker
development (fig. 2K). By 364 DAP, suckers were more than 20% of the
total dry matter in plants replenished with 33 to 99% WLET, but only
8% 1in those receiving 132% WLET.

Nutrient uptake

Figure 3A-F shows that nutrient uptake increased steadily during
most of the growing season. The amount of N, P, K, Ca, Mg and 7n
taken up by plants replenished with 99 and 132% WLET was similar,
whereas the content of these nutrients in plants replenished with 33
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Fi1G. 3. Nutrient content in tanier cultivars as infuenced by plant age and irrigated
with fractions of evapotranspiration. All symbols as in figure 3-B.

and 66% WLET was considerably lower (fig. 3A-F). Plants from the lat-
ter treatments exhibited lower nutrient contents because of their lower
production of dry matter rather than by a reduced concentration of nu-
trients in the tissue (fig. 2A-F and table 2).

Maximum uptake values for plants replenished with 132% WLET
were 165 kg/ha N, 76 kg/ha P, 582 kg/ha K, 114 kg/ha Ca, 44 kg/ha Mg
and 65 kg/ha Zn. Similar studies (5) conducted in an Oxisol showed
higher values for N, Mg and Zn; similar values for P and Ca and lower
values for K. In that study, a total of 185 and 232 kg/ha of N and K, re-
spectively, were supplied from fertilizer sources. The fact that only 49.4
and 105.8 kg/ha of N and K, respectively, were provided from fertilizer
sources in this study indicates that soils in this agricultural zone are
highly fertile.

Yield performance

Large significant differences for cormel yield and number of cormels
were observed among irrigation treatments (table 3). Cormel yield
and cormel number in plants replenished with 33 and 66% WLET
were extremely low. The yield of plants that received 99% WLET was
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considerably higher than that of plants replenished with 33 and 66%
WLET, but significantly lower than that from plants that received
132% WLET. Maximum cormel yields of 19,479 kg/ha were obtained at
364 DAP in plants replenished with 132% WLET.

The yields obtained in this investigation were higher than those ob-
tained at the same location (10) and in other studies conducted in the
humid mountain region of Puerto Rico (1,17). However, maximum
yields in other studies (5} with the same tanier cultivar grown in an Ox-
isol soil under drip irrigation were 16% higher than those obtained in
this study. '

The results reported in this study demonstrate that profitable
tanier yields can be attained in the semiarid agricultural zone of Pu-
erto Rico if proper irripation and cultural practices are followed.
Assuming that a grower can achieve the highest yields obtained in this
study and farm gate prices are $0.88 per kilogram of commercial
cormels, then gross income of $17,140 per hectare can be attained.

This study also supports the concept that the potential for profitable
tanier production in Puerto Rico depends on the intensive management
of the crop through the use of modern and efficient agrotechnology. It
should be noted, however, that for tanier production in Puerto Rico, al-
ternate sites to the semiarid zone should also be considered because
higher yields have been obtained at other agricultural zones with less
dependency on irrigation (5).
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