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ABSTRACT

Two similar experiments are described in which the effects of different mulching materials and staking on
the growth, development and yield of white yam (Dioscores rotiindata) Minisetts were studied. One white
yam cultivar TDR 131 was used and the treatments were: black and white embossed polyethylene plastic
(Visqeen 38mu) with either black or white surface up; light weight black polyethylene plastic; rice straw;
mklngbutnomulch,andnostaklngmdnomulch.Eachnperimentwnslnldouthanndomlsedcomplete
block design with four replications. Polyethylene plastic muich with white surface up was superior to all
other treatments. Total dry matter per plant and total fresh tuber yleld were all consistently higher in plants
grown under the white surface polyethylene plastic mulch. In 1985, mean tuber size was more than 34%
hrguthanlnthetndlﬂomlstakhgsystemandnearlydoubleﬂ:evalueobhlnedwilhnosuklngnonukh
treatment. In 1986, mean tuber size was again larger with white surface plastic mulch but not significantly
different from those of the staking andrice straw treatments. Plantsin all treatments attained peak leaf area
index (LAI) about 100 days after planting and those in the white surface plastic mulch maintained ahigher
LAI for most of the growing season. White surface polyethylene plastic muich gave the larger Leaf Area
Index and the greater Leaf Area Duration which ensured a high bulking rate over a comparatively longer

period. It is suggested that under tropical conditions, farmers would obtain better seed yam yields through
tise use of white surface polyethylene plastic mulch.

Key Wonds: Minisetts, Mucuna, Polyethylene plastic, seed yam, transplanting
RESUME

Les effets de différentes matiires de paillage et de tuteur sur la croissance, le développement et le rendement
de I'igname blanche Dioscorea rotundata (Minisetts) ont été étudiés i travers deux expériences. Une variété
d’igname, TDR 131 & été utilisée avec les traitements suivants une toile plastique polyéthylne (Visqueen 38
u) noir-blanc gaufrée, exposant sulvantles conditions, le coté blanc ou noir; une toile plastique polyéthykne
noire, légére, pallle de riz, tuteur sans paillage et en I'sbsence de tuteur et de paillage. Chaque expérience a
€été répétée 4 fols. Les parcelles ensemencéesont été choisles purement au hasard. Tolle plastique polyethyéne
lvecsurfaeebhncheexpméq,éﬁkmpérhmihushsauhuh’dtemen&.hmﬂéuskhemparphme
etle rendement en tubercules fraiches étalent constament supérieur Jorsque les plantes ont été cultivées dans
les conditions précédentes. La longueur moyenne des tubercules en 1985 étalt 34% > i celle obtenue aprés
usage de la méthode traditionnelle de pose de tuteur et double pratiquement celle obtenue en I’absence de
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tuteur et de paillage. En 1986, la longueur moyenne des tubercules était encore plus élevée avec le traitement
toile plastique surface blanche exposée et paillage mais pasde maniére significative i celle obtenue avec tuteur
et paillage avec pailles de riz. Tous les plants experimentaux ont atteint le maximum de (Leaf Area Index -
LAIoulIndex de surface foliaire) 100 jours aprésmise en terre mais ceux plantés avec toile plastique etsurface
blanche exposée et palllage avait le LAI le plus élevé toute la saison de culture. Tolle plastique avec surface
blanche exposée + paillage a généré le LAI et LAD (Leaf Area Duration) les plus élevés entrainant une
augmentation de la tallle sur une période detemps relativement longue.Il a étésuggéré que dans les conditions
tropicales, les paysans pourraient obtenir meilleurs rendements en semences d’igname en utilisant une toile

. plastique blanche et le paillage.

Mots Clés: Minlsetts, Mucuna, plastique polyéthyléne, semence d'igname, transplant

INTRODUCTION

Traditionally, food yam (Dioscorea rotundata
Poir) is propagated vegetatively by means of
tubers. Whole tubers called ‘seed’ yam ranging
form 100 to 1500 g, are used as planting materials.
Alternatively, larger tubers are often cut into
approximately 200 g pieces and used to establish
the new crop (Onwueme, 1978; Okoli et al.,
1982). The practical implication of this is that the
cost of planting material represents 38-45 percent
of total cost of yam production. Accordingly, the
availability of planting materials or ‘seed’ yam
has been a major constraint to yam production.

Recently, the National Root Crops Research
Institute in Nigeria developed a system termed the
‘minisett’ technique which aims at overcoming
the ‘seed’ yam problem. A ‘minisett’ is defined as
a set less than one quarter of the minimum size
(100 g) of yam set often planted (Okoli et al.,
1982). The technique involves cutting selected
‘mother sced’ yam into pieces 20-25 g each,
treating them in afungicide/insecticide suspension
and sprouting them in moist sawdust in nursery
beds. After three to four weeks, the sprouted
minisetts are transplanted into the main fields on
ridges (Otoo et al., 1987).

The International Institute of Tropical
Agriculture (ITTA), Ibadan, Nigeria carried out a
wide range of experiments to examine various
aspects of the minisett technology in order to
improve the system. One aspect that was of
particular interest to IITA was the use of
polyethylene plastic mulch in the production of
‘seed’ yam. Many farmers were already using the
plastic mulch in the production of seed yam and
the observation was that the overall performance
of the crop was better than that achieved without
plastic mulch. However, quantitative evidence to
support this view was lacking. Moreover, the
relative effects of other mulching materials and

the traditional staking system on the performance
of crops from the minisetts had received little
research attention. This paper describes two
experiments in which the performance of the yam
crop from the “minisetts’ was compared under
different mulching materials and the traditional
staking method.

MATERIALS AND METHODS

Experimental sites. The two experiments
described here were identical in treatments and
design and were carried out at the International
Institute of Tropical Agriculture in Southern
Nigeria (7°26' N 3°54' E) in the transitional zone
between humid and subhumid tropics. The mean
annual rainfall is approximately 1400 mm fairly
well spread from April to November with
occasional dry spells of 2-3 weeksin August. One
experiment was carried out in the 1985 and the
other in the 1986 growing seasons. The actual
rainfall totals during these growing seasons were
1772 and 1282 mm, respectively. The 1985
growing season wasunusually wet, the total rainfall
received being nearly 40% higher than the mean
annual rainfall over a 30-year period.

‘The soil of the area is derived from basement
complex rocks with sandy loam surface texture
overlying a layer of angular to sub-angular quartz
gravel merging into an argillic horizon (Lal, 1974).
The experimental sites were inamucuna(Mucuna
utilis)/ arable rotation. The two experiments were
carried out in separate fields and each experiment
followed mucuna. No fertilizer was applied. An
improved, high yielding and early maturing white
yam, TDr 131 was used.

Treatment and design. Twotypesof polyethylene
plastic mulch were used: visqueen ‘38mu’ white

* and black embossed type of approximately 26 m?

perkgandablack, light weight type approximately
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103 m? per kg. The full range of the treatments
used was: White and black polyethylene — Black
surface up (BP); White surface up (WP); Light
weightblack polyethylene (B); Staking, nomulch
(NS); No mulch and no staking (NO); and Rice
straw (R). ‘

The land was ploughed, disc-harrowed and
ridged (one metre between ridges). Polyethylene
and rice straw were laid on the ridges just before
transplanting the miniseits. Polyethylene mulches
were anchored with lumps of soil located on
either side of the ridges. Rice straw was applied at
the rate of 6 t ha! (Lawson and Lal, 1977), and
added periodically as it decomposed to ensure
that the soil was covered throughout the season.
Minisetts were prepared as described by Otoo et
al. (1987). For all the treatments, minisetts were
transplanted on ridge centres at 25 cm between
plants giving a plant population of 40,000 plants
hal. Each plot was 10 x 10 m arranged in a
Randomised Complete Block Design with four
replicates. Minisetts were transplanted on 5 and
12 June in 1985 and 1986, respectively. For the
staking treatment, plants were staked 42 and 56
days after transplanting (DAT) in 1985 and 1986,
respectively,

Experimental measurements. Crop growth was
monitored using the conventional growth analysis
techniques. Sampling for dry matter and leaf area
was carried out at 21 day intervals beginning 60
DAT. On each sampling date, eight plants were
gently uprooted from each treatment to ensure
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that as much of the root system as possible was
recovered, .

The plants were separated into leaves, stem
(vine) and petioles, tubers and fine roots. Leaf
area was determined from a sub-sample of leaves
using a portable leaf area meter (L.1-3000). All
plant parts were then dried to a constant weight in
a forced drought oven at 65°C for 48 hr before
weighing. Soil temperature was measured twice
daily at 0800 and 1500 hours using a bent stem
thermometer set at 5 cm depths within each
treatment.

Net Assimilation Rate (NAR), Crop Growth
Rate (C) and Leaf Area Duration (LAD) were
estimated for each treatment as described by Hunt
(1978). The final harvest was carried out on the 12
and 21 December in 1985 and 1986, respectively.
For each treatment, plants from a net plot size of
5 x 8 m were harvested to estimate the number of
tubers ha!, mean tuber size and the total fresh
tuber yield ha'!.

RESULTS

Soil temperature and crop establishment. Soil
lemperature measurements were made only in
1985 during the main growth period which covered
the months of July, August, September and
October. However, for the purpose of this paper,
only weekly means for July and October are
presented in Table 1. These monthsalso coincided
with the early and late growth stages of the crop,
respectively.

TABLE 1. Weekly mean soiltemperature (°C) inyam minisetts grown under different muiching materials

at 0800 and 1500 hr

July Waeek | __Week Il Waeek lll Week IV Means.
o 800 1500 800 1500 800 1500 800 1500 800 1500
a. Black surface up 25.7 337 244 3187 251 309 255 361 252 33.1
b. Whitesurfaceup = 245 31.0 241 291 242 301 243 332 243 30.9
c. Light weight black '

plastic 249 31.7 242 302 242 307 245 354 245 320
d. Stakingnomuich 243 306 233 297 234 298 231 36.1 235 316
e. Rice straw 242 283 239 268 241 279 239 298 240 282
f. BARE 244 326 235 301 235 304 239 368 238 325
October ' : ' '
a. Black surface up 269 344 270 337 258 313 277 367 26.8 340
b. White surface up 246 295 249 318 240 303 258 337 249 313
¢.  Light weight black , ‘

plastic 259 322 264 335 252 311 273 359 262 332
d. Stakingnomuich 244 347 262 354 239 326 262 333 252 340
@. Rice straw 248 281 253 288 252 272 264 305 254 287
f. BARE 274 357 267 364 249 335 272 373 265 357
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Differences in soil temperatures between
treatments were large, particularly in the
afternoons (Table 1). Compared to other mulching
materials and bare soil, rice straw tended to
decrease afternoon soil temperature whereas black
polyethylene plastic mulch and bare soil increased
it, with many values exceeding 30°C (supra-
optimal). These observations are generally in
agreement with those reported by Mauryaand Lal
(1981). The high soil temperature under the black
polyethylene plastic mulch may have affected
crop development particularly during the early
growth stages.

During July, afternoon soil temperature under
the black polyethylene plastic mulch were slightly
higher than those under bare soil whereas the
reverse occurred during October, most probably
because of increased canopy cover. Soil
temperatures under the white polyethylene plastic
mulch were intermediate between those under the
black polyethylene mulch and bare soil on the one
hand and those under rice straw on the other.
However, like in the rice straw mulch, soil
temperatures under the white polyethylene mulch
were relatively stable compared to those recorded
from other treatments and bare soil.

Plant counts were made 3, 6 and 9 weeks after
transplanting in both seasons to monitor the
establishment (survival) of the minisetts (Table
2). Plants with well developed vines consisting of
at least three leaves were considered established.
In general, establishment was slow though
considerably better during 1986 season. It was
also better under mulch than without mulch. In
both seasons the mulched treatments achieved
more than 80% establishment about 42 DAT
whereas the staking and no staking, no muich
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treatments attained similar establishment
percentage 63 DAT. Among the mulched
treatments, establishment percentage was
consistently higher under white surface plastic in
both seasons though not significantly different
from other treatments.

Canopy development. Five samples were taken
from each treatment for leaf area and dry matter
determination in 1985 but only three could be
taken in 1986 season. Leaf area indices (LAT) are
presented in Figure 1. In 1985, canopy
development was slow during the early growth
phase. By the first sampling date (60 DAT), LAI
were still very low (less than 0.5 for all the
treatments) and no significant differences among
treatments were observed. In contrast, canopy
development was faster in 1986 and some
treatments had reached LAIs above one by the
first sampling. Differences in the rate of canopy
development between the two seasons were
probably due to differences in the rate of
establishment, which was higher in 1986 than in
1985. Subsequently, however, LAI increased
rapidly and by the second sampling date in 1985,
some treatments had more than 70% ground cover
and differences between some treatments were
large and significant (P = 0.05). These differences
were largely maintained for the rest of the growth
period.

Plants grown under the white surface mulch
produced the highest LAI, achieving the maximum
LAI of about 3.7 at 100 DAT. The no staking no
mulch treatments consistently produced the lowest
LAL In other treatments maximum LAI was
reached at 100 DAT and thereafter there was a
sharp decline. This decline was largely due to leaf

TABLE 2. Percentage establishment of transplanted white yam minisetts as affected by different

muiching materials and staking
1985 1986
Days after transplanting Days after transplanting

Treatments 21 42 63 21 42 63
a. Black surface up 65.7 844 90.1 721 89.1 945
b. White surface up 71.1 88.6 934 78.8 93.2 99.0
c. Light weight black

plastic 64.2 85.4 90.2 70.3 88.5 96.4
d. Staking no mulkch 53.4 74.0 82.8 60.5 795 89.3
a. No staking, no mulch 51.0 70.8 85.8 58.3 76.0 86.4
f. Rice straw 69.4 84.9 89.3 74.0 89.4 96.7
LSD (P = 0.05) 25.09 21.47 11.21 23.90 19.97 14.55
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Figure 1. Effects of different mulching materialson
the development of leaf area index (LAl) in white
yam (Dioscora rotundata) minisetts in (A) 1985,
and (B) 1986: Bp ( R)EWP( \ »B

( ); No. (

fall and leaf senescence which became more
pronounced as the weather became dryer towards
the end of the growing season and plants approached
matmity. In 1986, LAI for the various treatments
followed a similar pattern except that they were
lower.

); and

Dry matter productior and crop growth
parameters. The pattern of dry matter production
was very similar during the two seasons and so only
the results for 1985 are presented in Figure 2. The
white surface mulch produced the highest dry
matter per plant followed by the black surface
plastic. The nostaking, nomulch treatmentproduced
the lowest dry matter. These differences were
noticeable by the first sampling date and remained
so throughout the growth cycle.

Leaf Area Duration (LAD), Net Assimilation
Rate (NAR) and Crop Growth Rate (C) were
calculated using the 1985 data and the values are
presented in Table 3. LAD was significantly higher
in the white surface polyethylene plastic mulch

Figure 2. Effects of different mulching materials on
dry matter production in white yam (Dioscora
rotundata) minisetts, 1985,

followed by the black surface polyethylene plastic
and rice straw mulch in that order. The average
NAR calculated for the whole seasonranged between
032 gm dm2 week! in the white polyethylene
plastic malch to 1.49 gm dm-! week! in the staking,
no mulch treatment. These values are considerably
higher than those reported by Sabulo (1972) and
Chapman (1965) for the main yam. All treatments
achieved the highest NAR during the early stages of
crop growth most probably because at this stage
there was little or no mutual shading of leaves. As
the season progressed, all treatments showed
decreasing values of NAR except for the staking
treatment which maintained very high values for
most of the season.

Despite the low NAR achieved in the white
surface polyethylene muich the meanC washighest;
aneffect whichresulted mainly from the higher LAI
and greater LAD achieved in this treatiment. The
lowest C occurred in the no staking, no mulch
treatment.

Tuber yield and yield components. Fresh tuber
yield and yield components are presented in Table
4. The number of tubers ha'! varied oaly slightly
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TABLE 3. Leaf Area Duration (LAD), Net Assimilation Rat (NAR) and Crop Growth Rate (C) of yam
minisetts as affected by different mulching materials and staking, 1985

NAR (g Dm2 Week ) C (g™2 Week)
Week Week :
LAD 11th 14th 17th 20th Mean 11th 14th 17th 20th Mean
a. Blacksufaceup 68 042 027 032 037 035 374 476 389 660 47.48
b. Whitesufacoup 96 057 029 015 025 032 654 670 526 51.1 59.03
c. Light weight black
plastic 50 054 036 028 022 035 279 469 399 369 37.90
d. Stakingnomuich 34 062 023 056 055 049 432 193 539 34.7 37.78
e. No staking, '
no mulch 29 045 029 039 0.19 033 234 276 354 37 2253
f. Rice straw 58 044 034 046 0.098 033 241 468 708 344 4403
LSD (P = 0.05) 21 0.09 0.03 0.05 0.11 182 174 162 139
TABLE 4. Effects of different muiching materials on tuber yield and yield components of white yam
minisetts
1985 1986
No.of  Waight per Tuberyield No.of  Weight per Tuber yield
tubers ha' tuber(g) (tha') tubers ha' tuber (g) (tha)
a. Black surface up 36,045 4249 155 42,968 487.0 211
b. White surface up 37,325 605.8 222 45,000 587.2 265
c. Light weight black
plastic 33,788 4155 14.2 41,250 412.3 16.9
d. Staking no muich 37,163 399.9 14.9 42,969 549.2 23.8
@. No staking, no mulch 34,150 3129 10.7 40,781 396.3 16.2
f. Rice straw 34,300 517.8 17.9 42,813 497.6 213
LSD {P = 0.05) 12,792 101.6 3.9 4,754 95.3 45

between treatments and there were no significant
differences in both seasons. The white surface
mulch produced significantly higher fresh tuber
yield and larger mean tuber size (P = 0.05). In
1985, the mean tuber size was 34% larger than in
the traditional staking system and nearly double
the value obtained from the no staking, no mulkch
treatment. The rice straw produced the second
highest fresh tuber yield though not significantly
better than those in the black surface mulch and
the staking treatment. In 1986, mean tuber size
was again larger with white surface plastic mulch
though not significantly different from those of
the staking and rice straw treatments.

DISCUSSION

These experiments show that plants in the white
surface polyethylene plastic mulch were superior
to those in all other treatments. Leaf area indices,
total dry matter per plant, mean tuber size and
total fresh tuber weight were all consistently

higher in plants grown under white surface
polyethylene plastic.

Plants grown under the wiute surface
polyethylene plastic mulch had high LAl because
they produced more leaves (data not presented)
and retained them much longer than did other
treatments. This effect could have occurred
because of the relatively high but stable soil
temperature in the white surface polyethylene
plastic which seemed ideal for leaf area
development. The supra optimal temperatures
(above 30°C) such as those observed in the black
polyethylene plastic mulch are likely to have
negativeeffects on leaf area development (Maurya
and Lal, 1981). In studies involving other crops,
soil temperatures have been found to markedly
influence the rate of leaf appearance and leaf
extension (Hay and Tunnicliffe Wilson, 1982).

‘The amount of leaf area available during tuber
bulking period largely determines tuber yicld in
yam (Chapman, 1965; Enyi, 1972a,b). ’mehlgher
yield from the white surface plastic mulch,
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therefore, relates to the higher LAI and longer
LAD which ensured higher bulking rate for a
longer period. In Table 3 it can be seen that LAD
was greater with the white surface plastic mulch
than in any other treatments, confirming that this
was the main reason for the high yield. The no
staking, no mulch treatment had the lowest LAD
and it also achieved the lowest fresh tuber yield.

White surfaces (as of the plastic mulch in this
experiment) reflect light. This could have
improved the light interception pattern in plants
grown with the white surface plastic mulch.
Evidence from the literature indicate that both the
rate of dry matter accumulation and total yield
can be improved through the use of reflective
mulches (Doud and Ferre, 1980; Dufault and
Wiggans, 1981; Kwon, 1988). In the present
experiments, it is likely that the beneficial effects
of improved light interception occurred only
during the early stages of crop growth since such
effects would diminish as soon as a good canopy
cover was achieved. An important indication for
this is the pattern of NAR in the white surface
polyethylene plastic mulch which shows very
high values during the early stages of growth and
rather low values as the season

NAR was consistently high in the staking, no
mulch treatment compared to other treatments.
This is perhaps not surprising because staking
ensures that the leaves are well exposed to solar
radiation and mutual shading is considerably
minimised. Thus these experiments support the
view that staking is particularly desirable in
situations where radiation is low. For example, in
the yam zone of Nigeria, yam plants are often
staked up to4 m in the forest belt where conditions
are very wet and cloudy whereas in the savannah
area there is virtually no staking. In other words,
the benefit of staking decreases with improved
solar radiation (Okigbo 1973; Hahn et al., 1988).

Overall, the LAT’s obtained in these treatments
were low compared with those obtained in many
yam cultivars. The probable explanation for this
is that intraplant competition between the
developing tuber and shoot for assimilates must
have restricted leaf area development. This is
suggested because in all the treatments tuber
initiation occurred early (6-7 weeks after
transplanting). In the main yam planted from
larger setts, tuber initiation often occurs 12-13
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weeks after emergence (Sabulo, 1972; Onwueme,
1978) thus allowing for sufficient leaf area
development before tuber bulking begins.

The use of polyethylene plastic mulch is well
known particularly in some temperate countries
mchas]apanandKorwwheremegrowingseason
islimited by cold weather. Varioustypesof plastic
mulches are used to improve soil temperature in
the early part of the season. However, evidence
presented in these experiments and elsewhere
(Maurya and Lal, 1981) indicate that under the
tropical heat, black polyethylene tend to give rise
to higher soil temperatures and that the most ideal
type is the white surface plastic. ,

Using plastic mulch will considerably improve
the production of seed yam because it eliminates
ﬂ)éneedforstakingandchecksweedgrowth.A
survey carried out in Nigeria showed tremendous
increase in the adoption of the technology and
thus a clear promise for a future boom in the
supply of seed yam (IITA, 1985). Future trends in
the seed yam farming will probably follow one of
the two directions; it may be largely used by small
scale ware yam growers to meet theirown demands
forplantingmateﬁalsorafcwlargescalep‘oducm
may specialize in the production of seed yam for
sale to ware yam producers. Either way, wide
adoption of the technology will improve both the
availability of planting materials and the overall
farm income.
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