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Ultisol without vine support'?
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ABSTRACT

Two experiments were established 1 May through 1 December 1991 and
1992 to determine the monthly nutrient uptake and dry matter production of
the 'Gunung’ yam (Dioscorea alata) grown on an Ultisoi. During the first year
the plants were fertilized with 0; 667; 1,333; 2,000 and 2,667 kg/ha of a 15-5-
15-5 (N, PO, K,0 and MgO) fertilizer supplemented with a minor element
mixture. No fertilizer was applied the second year. Biomass harvests were
conducted at 2, 3, 4, 5, 6 and 7 months after planting. At each harvest, the
pfants were dug-up and separated into leaf-laminas, vine and petioles, roots
and tubers. Fresh and oven-dry weighis of the plant components were de-
termined and samples from each were analyzed for N, P, K, Ca and Mg. Re-
gardless of the year, tuber dry matter yield was not significantly affected by
the fertilizer treatment. Maximum nutrient uptakes were 214 kg/ha of N, 18
kgfha of P, 223 kg/ha of K, 95 kg/ha of Ca and 9 kg/ha of Mg. Nitrogen, K and
Ca uptake peaks occurred aboutl five months after planting. Maximum dry
matter production was 11,303 kg/ha, 8,672 ka/ha of which was tuber dry
weight. The dry matter production peak occurred at the completion of the 7-
month cropping cycle. The plants utilized 24.7 kg/ha of N, 2.2 kg/ha of P, 25.7
ka/ha of K, 11.0 kg/ha of Ca and 1.0 kg/ha of Mg, for every 1,000 kg/ha of ed-
ible dry matter produced.
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RESUMEN

Extraccion de nutrimentos y rendimiento de materia seca en el iame cv
‘Gunung' (Dioscorea alata) sembrado sin soportes en un suelo Ultisol

Se establecieron dos experimentos en las mismas parcelas desde 1 de
mayo a 1 de diciembre de 1991 y 1992 para determinar la extraccion men-
sual de nutrimentos y produccidn de materia seca en el fame ‘Gunung’. En
el primer ano las plantas fueron abonadas a razdén de 0; 667; 1,333; 2,000 v
2,667 kg/ha con un fertilizante 15-6-15-5 (N, P,G,, K,O y MgO) suplementado
con elementos menores. El segundo ano no se aplicé fertilizante. Se efec-
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tuaron seis cosechas de biomasa alos 2, 3, 4,5, 6 y 7 meses después de la
siembra. En cada cosecha las plantas fuercn excavadas y separadas en 13-
minas de hojas, tallos y peciolos, raices y tubérculos. Se determiné el peso
himedo y seco de los componentes de la planta y se obtuvieron muestras
de tejido. Luego estas muestras se analizaron para deterrinar su contenido
de N, P, K, Ca y Mg. independientemente del ano, los tratamientos de fertili-
zantes no afectaron significativemente el rendimiento en peso seco de los
tubérculos mercadeables. La exitraccion maxima de nutrimenios fue 214 kg/
ha de N, 19 kg/ha de P, 223 kg/ha de K, 95 kg/ha de Ca y 9 kg/ha de Mg. La
produccion maxima de materia seca fue 11,303 kg/ha de los cuales 8,672 kg/
ha se acumuiaron en los tubérculos mercadeables. La extraccion maxima
de N, K, y Ca ocurrié a los cinco meses después de Ia siembra. La produc-
cion maxima de materia seca fue a fos siete meses. Las plantas dei hame
utilizaron 24.7 kg/ha de N, 2.2 kg/ha de P, 25.7 kgfha de K, 11.0 kg/hade Ca y
1.0 kg/ha de Mg por cada 1,000 kg/ha de materia seca comestible producida.

INTRODUCTION

Yam production in Puerto Rico declined from 15,455 t in 1980 to
10,545 t in 1991. During the same period, the crop farm gate-value in-
creased from $8.0 to $8.7 million, bul yearly imports were necessary to
satisfy the local demand (Ortiz-Lépez, 1992).

Constraints associated with the downward trend in yam production
are low yields, pests and diseases, and high input costs. Inorganic fer-
tilization is the third most costly input, after the construction of wood-
wire trellises for vine support and crop harvest (Anonymous, 1984).

A previous study showed that the local yam D. rotundata cv Haban-
ero grown under intensive management on an upland Ultisol removed
a total of 189 kg/ha of N, 25 kg/ha of P, 215 kg/ha of K, 91 kg/ha of Ca
and 31 kg/ha of Mg. Yields were 18,000 kg/ha of edible dry matter for
an 8-month cropping cycle (Irizarry et al., 1985). Of the total uptake,
the plants utilized 10.5 kg/ha of N, 1.4 kg/ha of P, 11.0 kg/ha of K, 5.1
kg/ha of Ca and 2.0 kg/ha of Mg for every 1,000 kg/ha of tuber dry mat-
ter produced. In Nigeria, the white yam ‘Atoja’ (. rotundata) removed
from unfertilized plots a total of 135, 9 and 78 kg/ha of N, P, K, respec-
tively. At the completion of the cropping cycle, yields were 8,968 kg/ha
of edible dry matter (Sobulo, 1972). Plants utilized 15.0 kg/ha of N, 1.0
kg/ha of P and 8.7 kg/ha of K for every 1,000 kg/ha of edible dry matter
yielded. Of the total nutrients removed by the yam plant the quantities
that are taken away from the field with the tuber harvest and the
amount that recycles to the soil from plant residues depend on the dry
matter weight, the concentration of each nutrient in the various plant
components and the species (Ferguson and Haynes, 1970; Obigbesan
and Aghoola, 1978).

In this study we determined the monthly and total nutrient uptake
and dry matter production of the D. elate cv Gunung yam grown on an
Ultisol without vine support during two successive years.
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MATERIALS ANIDD) METHODS

Two experiments were established on the same site 1 May through
1 December 1991 and 1992 at the Corozal substation of the AES-UPR.
The substation is located in the north-central region of Puerto Rico at
an elevation of about 200 m. Throughout the experiments, minimum
and maximum mean monthly temperatures were 18.3 and 30.9° C, re-
spectively, with variations of plus or minus 1.9 to 3.5° C. Average
monthly rainfall was 151.7 mm and pan evaporation 120.5 mm. During
the months of June, August and September 1991, and June and Octo-
ber 1992, evaporation exceeded rainfall.

The soil is a Corozal clay (Aquic Tropudults, clayey, mixed ischyper-
thermic). Table 1 presents chemical properties of the soil. The field was
plowed twice, and ground limestone was applied at the rate of 4.5 t/ha
before the establishment of the 1991 experiment.

Tubers of the Gunung cultivar were sectioned into pieces weighing
112 to 140 g. Pregerminated sections were planted without vine sup-
port in flat rows spaced 0.91 m between rows and 0.30 m apart in the
row, for a density of 35,830 plants per hectare.

Weeds were suppressed with a preemergence application of
Ametryne® at the rate of 4.5 kg/ha. No other pesticide application was
necessary for normal crop development.

Five fertilizer treatments, 0; 667; 1,333; 2,000 and 2,667 kg/ha of a
15-5-15-5 (N, P,0,, K,0 and MgO) mixture, and six biomass harvest
dates (July through December, 1991 and 1992) were evaluated. The fer-
tilizer mixture was supplemented with minor elements at the rate of
25.4 kg/t. Fertilizer treatments were applied in a single sidedressing
application 50 days after the 1991 planting, No fertilizer was applied
during the second year. The experimental design was a split-plot in
space and time with four replications. The main plot (fertilizer rates)
covered an area of 1.8 by 22.2 m, and accommodated six subplots of 1.8
by 3.7 m each, representing the biomass harvests without rerandom-
1zation the second year. Alleys 1.8 m wide separated the main plots to
prevent overlapping of fertilizer and tangling of vines between adjacent
plots.

Biomass harvest began 1 July and continued the first day of each
month through 1 December 1991 and 1992. In the 1991 experiment, 24
plants from each subpiot were harvested. Because of the high labor re-
quirements during each biomass harvest, in 1992 the subplot size was
reduced to 12 plants.

“T'rade names in this publication are used only to provide specific information. Men-
tion of a trade name does not constitute a warranty of materials by the USDA-ARS or the
UPR-AES, nor is this mention a statement of preference over other materials.
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TABLE 1.—Soil chemical properties obtained in a 20-cm depth Corozal clay before the
establishment of the 1991 and 1992 experiments’,

Exchangeable
Year Soil pH Total N Available P K Ca Mg
Gt e e e m e mmm s 119774 13 T
1991 4.70 0.18 2.32 247 1,090 83
1992 4.98 0.18 2.95 242 1,571 6
483 019 3.32 197 1,536 55
4.99 0.22 3.96 237 1,673 67
4.89 0.21 447 210 1,468 63
4.72 0.22 4.29 249 1,482 64

"The 1991 values represent the composite of 20 soil samples covering the total exper-
imental area. The 1992 values are the composite of 120 soil samples representing 5 fer-
tilizer rates (0; 667; 1,333; 2,000 and 2,667 kg/ha) applied during the 1991 experiment,
and replicated four times.

At harvest, all plants from each subplot were dug up and separated
into leaf-laminas, vine and petioles, roots, and tubers. Fresh and oven-
dry weights of plant components were determined. Samples from each
component were ground, sifted through a 20-mesh screen and analyzed
for N, P, K, Ca and Mg. Nitrogen was determined by the Micro-Kjeldahl
method, P colorimetrically, K by flame photometry, and Ca and Mg by
the Versenate method after digestion with nitric-perchloric acid.

Nutrient uptake was calculated by using the product of the dry mat-
ter weight and the nutrient concentration in plant components. After
the completion of the 7-month cropping cycle, the tuber dry weight was
subjected to an analysis of variance, and the nutrient uptake data to a
regression analysis. Only coefficients significant at P £ 0.05 and best fit
curves were retained in the models.

RESULTS AND DISCUSSION

A significant harvest date x year interaction was observed for tuber
dry weight (Table 2). During the first three biomass harvests, tuber dry
weight was higher in the 1991 experiment. Thereafter, tuber dry
weight was consistently higher in the 1992 experiment. However, at
the termination of the 7-month cropping cycle there was no significant
difference between years for final tuber dry weight (data not shown).

Regardless of the year, tuber dry weight was not significantly af-
fected by fertilizer treatments (Table 2). On the average, for all
fertilizer treatments and year, the D. alata ¢v Gunung yam produced
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TABLE 2.—Analysts of variance for the effect of fertilizer rates, harvest dates and years on
tuber dry weight of the ‘Gunung’ yam.

Source Degrees of freedom Mean sguare
Replication 3 871,299
Fertilizer rate 4 1,667,032
Ervor a 12 577,446
Harvest date 5 485,840,265
Fertilizer rate X harvest date 20 941,218
Errorb 75 957,773
Year 1 3,261,253
Frror ¢ 3 1,044,613
Fertilizer rate X year 4 1,276,728
Error d 12 1,020,397
Harvest date x year 5 1,529,785t
Irertilizer rate x harvest date x year 20 518,723
Ervor e 75 639,788

'Significant at the 0.05 probability level.

8,672 kg/ha of edible dry matter equivalent to 58,764 kg/ha of fresh
marketable tuber weight during the 7-month cropping cycle. The low
edible dry matter to fresh tuber weight ratio of 1:6.8 was causged by the
low dry matter concentration of the tubers. Seven months after plant-
ing, the tuber dry matter concentration was only 14.9%, about half of
what has heen found in the D. rotundata cv Habanero (Acevedo-Bo-
rrero, 1988; Irizarry and Rivera, 1985). ‘

The lack of yield response to fertilization can be attributed in part
to adequate residual quantities of N, K and Mg in the soil (Table 1).
Other factors are the proven nutrient supplying capacity of the local
upland Ultisols (Abruna et al., 1976; Vicente-Chandler et al., 1974) and
the ability of the D. alata yams to thrive on low fertility soils (Norman
et al., 1984). Still other possible factors are the adaptability of the
‘Gunung’ yam to grow with vines creeping on the soil (Irizarry and Ri-
vera, 1993), and the inherited ability of the cultivar to develop a pro-
fuse root system. Throughout the harvest the ‘Gunung’ yam exhibited
an extensive, healthy root system free of nematodes.

Since fertilizer treatments and years did not have a significant ef-
fect on tuber dry weight (Table 2), the discussion that follows and data
presented are the mean of five fertilizer treatments and two cropping
years.

Uptakes of N, K and Ca increased rapidly with plant age until about
five months after planting and then declined (Figure 1). Phosphorus
and Mg uptakes were low and remained practically unchanged during
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FIGURE L. Cumulative nutrient uptake in the ‘Gunung’ yam as influenced by plant
age. Regression equations for:

N Y =-225.90 + 143.62(x) - 11.7H{x)? rt=0.99
K Y = -244.77 + 157.910x) - 13.33(x ) =099
Ca Y =-168.14 + 1064 1{x) - 10.74(x ) = (0.590
P Y =-3.0L+321x) 2= 0.79
Mg  Y=-0.78 + 1.40(x) 1= 0.73

the growth cycle. Maximum nutrient uptakes were 214 kg/ha of N, 19
kg/ha of P, 223 kg/ha of K, 95 kg/ha of Ca and 9 kg/ha of Mg (Figure 1),

Maximum dry matter production was 11,303 kg/ha, and occurred at
the completion of the 7-month cropping cycle (Table 3). Of this amount
8,672 kg/ha (76.7%) was tuber dry matter (Table 4). ‘Gunung’ plants
took up 24.7 kg/ha of N, 2.2 kg/ha of P, 25.7 kg/ha of K, 11.0 kg/ha of Ca
and 1.0 kg/ha of Mg for the production of every 1,000 kg/ha of edible dry
matter (Table 4). These N, K, and Ca quantities are more than twice
what the D. rotundata ¢v Habanero plants utilized to produce a similar




TABLE 3.—Mean nutrient contents in the various components of the ‘Gunung’ plant and totel dry matéer produced at different stages of

growth.

Months Leaf-laminas Vine and petioles Roots Tubers

after Total dry
planting N P K Ca Mg N P K Ca Mg N F K Ca Mg N P K Ca Mg matter

..................................................... BB s s s S S S R ¥ SN KR KRR PR & AR U

2 1383 089 10.70 896 0.50 511 049 827 1232 027 066 005 085 0.17 005 381 030 543 0.83 0.12 B28.78
3 57.84 3.11 51.95 33.86 1.93 20.53 2.17 36.29 570 104 146 013 302 041 015 474 032 543 1.02 014  3,059.02
4 103.69 5.30 90.42 59.41 2.97 38.37 3.76 80.5C 15.08 141 244 022 410 063 023 1375 135 1393 1.24 047 6,449.06
3 107.64 6.31 92.88 82.312 440 41.07 4.19 54.84 2204 126 1538 014 231 .74 024 6068 524 £63.92 574 2058 074637
§ 74.27 398 5622 62.24 298 28.95 238 4599 2391 145 115 0.07 1.02 048 015 111.76 &82 120.20 547 4.43 1125723
it 1963 1.17 13.02 21.57 D.87 1636 1.31 24.26 1626 0585 044 003 (32 022 008 18497 14.11 166858 4.46 496 11,302.64
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TABLE 4—Summary of the mean nutrient contents and dry matter produced in the
various components of the Gurung’ plant at the completion of the 7-month

cropping cycle.
Nutrient
Plaat component N p K Ca Mg Drymatter
----------------- kghg----vvonvmmonnann
Roots 04 01 03 02 0.1 49.3
Leaf-laminas 19.6 1.2 130 215 09 774.6
Vine and petioles 164 1.3 243 163 0.8 1,807.0

Lost during early senescence of leaves 126 2.3 188 525 23 —

and vines
Tubers 1650 14.1 1666 45 49 8,671.9
Total 214.0 19.0 223.0 95.0 9.0 11,302.6

amount of edible dry matter in an Ultisol (Irizarry and Rivera, 1985).
Most of the N, P, K and Mg taken up by ‘Gunung’ plants was stored in
the tubers and taken away from the field during mature tuber harvest.
At the completion of the 7-month cropping cycie the mature tubers con-
tained 19.2 kg/ha of N, 1.6 kg/ha of P, 19.2 kg/ha of K, 0.5 kg/ha of Ca
and 0.6 kg/ha of Mg for every 1,000 kg/ha of tuber dry weight harvested
{Table 4). The content of N and K in the tubers was about 45% greater
than the amounts found in similar studies with D. rotundata (Acevedo-
Borrero, 1988; Irizarry and Rivera, 1993; Obigbesan and Agboola,
1978; Sobulo, 1972). Recycled nutrients, equivalent to 49 kg/ha of N, 5
kg/ha of P, 56 kg/ha of K, 90 kg/ha of Ca and 4 kg/ha of Mg, were re-
turned to the soil with the production of 2,631 kg/ha of leaves, vines and
roots dry matter (Table 4).

During the first five months after planting, the most active sink for
nutrients were the leaf-laminas, and vine and petioles (Table 3). There-
after, these components exhibited a drastic nutrient decline as shoot
senescence was Initiated, and the tubers became the most active sinks
of N, P, K and Mg. However, throughout the cropping cycle the shoot
components remained the most active sink for Ca.

Except for Ca in the shoot, nutrient concentration in the other plant
components decreased with plant age (Table 5). Considering this factor,
and that peak dry matter accumulation in the shoot occurred about five
months after planting (data not shown), we inferred that the most ap-
propriate time to determine the nutritional status of the ‘Gunung’
plant is between three to four months after planting, before the plant
reaches maximum shoot growth. At this stage, the nutrient concentra-
tion in the leaf-laminas was: N = 3.42-3.08, P = 0.19-0.16, K = 3.05-2.70,




TABLE 5. Nutrient concentration in the various components of the ‘Gunung’ plant at different stoges of growth

Months Leaf-laminas Vine and peticles Roots Tubers

after

planting N P X Ca Mg N i K Ca Mg N P K Ca Mg N P K Ca Mg

________________________________________________________ Blrsis Bt 20055 LSS Silnme B DS ROAEY B el e LR HEEE

2 3.68 0.18 285 238 014 2.22 020 353 057 011 243 018 311 062 016 1.96 ¢16 272 043 0.08
3 342 G112 305 2.00 0.2 1.8¢ 020 329 054 010 168 015 340 052 017 232 018 302z 050 0.08
4 3.08 €18 270 178 009 163 016 259 064 006 148 013 247 041 014 244 024 2458 024 009
5 287 016 231 204 0.1 135 014 213 073 0.04 L1l 010 161 o081 017 245 021 2587 015 Q.08
] 261 014 198 221 016 106 (0% 167 087 005 094 006 092 044 013 200 516 220 010 009
7 264 017 166 278 0.13 0.80 008 134 0980 005 090 007 066 043 012 190 016 181 0.05 4086
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Ca = 2.00-1.78 and Mg = 0.12-0.09%_ At all plant ages, the N concentra-
tion was always higher, and Mg content lower, in leaves of D. alata cv
Gunung than in leaves of D. rotundata cv Habanero (Irizarry and Ri-
vera, 1985).
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