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Abstract: Plantain requires mulching (or high yields and sustained productivity. Mulching is, 
however, labor-intensive and requires exira land for production. An experiment was 
conducted to determine the palencia' or alley cropping (0 supply in silu mulch for plantain 
productioo. Foliage from hedgerows of Dactylddeni. barteri, Alchom ... cordi folia, Senna 
siamea and Gmelina arborea were compared with mulch from elephant (napier) grass 
(Pennisetum purpureum) carried ;nfO plots that served as the no·tre~ con,rol. Plantain 
performed beSf with P. purpureum mulch because ,his mulch shortened its fruiting cycle and 
gave the highest yield 07.B t ha"'). Among the hegtkrow species, D. rurteri mulch produced 
the best results because the plantain produced 85% as much bunch yield as P. purpureum 
mulch. However. relative yieltls of plantain were 77,72 and 66% for A. cordifolia, 5. siame.a 
and G. arborea, respectively. Due fa differences in cycle length, cumulative yield after two 
years was highest in P. purpureum (35.4 l h;r'J. After fWD ye~ ,.s, cumulative relative yields 
were 51 % or less for A. cordifolia, S. siamea and C. arborea ill contrast with 66% for D. 
barteri. D. barter; mulch reduced diurnal soi/temperature fluctuations and moisture depletion 
as well as P. purpureum mulch. High diurnal soil temperature fluctuations, high weed 
infestation and superficial rooting of the hedgerow species were observed with A. cordifolia, 
5. siamea and G. arborea treatments which resulted tn poor performance of plantain. 
A/though P. purpureum mulch gave the beSI results, irs use is subject to serious constraints 
such as the high labor requirement for culling. transportation, applicafion and management 
in addition to the extra land reqUired (or ifs ptoducaoll which cannor be justified by the 
higher yield. D. barter; is therefore recom mended a5.m in-situ mulch (or plantain production 
in rhis acid UIOso/. 

1. Introduction 
Plan tains (Musa spp. MB group) are a well-characterized group among the starchy 
bananas JTezenas du Monteel et a!. 19831. Fruits are angular and produce a yellow 
orange pulp. At maturity, fruit starch amylose content is about 11 % JEggleston et a!. 
1992 1. They are among the most important carbohydrate sources in the d iet of 
people in the lowland humid forest zones of Africa IWilson 19871. Africa alone 
produces mOre than 50% of all plantains in the world IFAD 19901. 
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In Ihe humid tropics, plantains are cultivated in compound gardens and in fields 
mixed with olher food crops. In the compound, plantains benefit from household 
refuse which increases soil fertility IWilson et al. 19871. Yields are high and 
continuous and estimated at 30-50 I ha" yr' . In contrast, yields in mixed cropping 
systems as practiced in shift ing cultivation are seasonal and low (4-8 t ha" yr" ) 
INweke et al. 19881. The beneficial effects of household refuse and mulch on 
planlain have been attribuled to many factors IBraide and Wilson 1980, Swennen 
el al. 19881. 

Household refuse and mulch are sources of nutrients and organic matter and 
thus act as fertilizers. In addition , since they cover the soil surface, ramification of 
the plantain roots is stimulated. This results in increased nutrient uptake by the 
plantains and increase in bunch weights. The plantains are also able to resist strong 
winds and are less affected by drought. 

However, since increased root development results in faster sucker growth and 
thus shorter production cycles per unit lime, mulching increases the longevity of a 
field. Mul ching thus reduces the rapid decline in plantain yield which would 
otherwise become obvious through low yields from the second cycle onward, even 
with high fertilizer applications IIITA 1982, W ilson et al. 19871 . Other beneficial 
effects of mulch include reduced soi I erosion, temperature nuctuations, moisture loss 
and improved weed control IObiefuna 1991, Salau et a!. 19921. 

Alth ough the benefits of mulching plantain as well as other food crops have 
been amply demonstrated, the logistics of producing, transporting and application 
of mulch limits its use IAkobundu 19871. Mul ching is a labor·intensive activity. The 
production of mulch between the planta in plants therefore is attractive lilT A 1982, 
Wdson and Swennen 19891. Alley cropping, which has been successful with cereals, 
legumes and root crops [Kang et a!. 19901 is such an in situ mulch production 
system. Shrubs and trees grown in hedgerows alongS ide the food crops are pruned 
regularly during the cropping period. Prunings serve as mulch and a source of 
nutrients. 

The aim of the present study was to assess the performance of plantains alley 
cropped with selected hedgerow species to provide mulch, in such a way that the 
plantains always occupy the upper canopy during the cropping period [Wilson and 
Swennen 19891. 

2, Materials and Methods 
The trial was carried out at the International Institute of Tropical Agriculture (IITA) 
Onne Station near Port Harcourt, in southeastern Nigeria. The mean annual rainfall 
of 2400 mm is monomodal. The rainy season starts in March and ends in November. 
The relative humidity remains high throughout the year w ith mean values between 
62 and 87%. Temperatures range from 23.1°C to 30.2°C. Sunshine averages 4.2 
hours per day, ranging from 2.0 hours in September to 6 .1 hours in February. 

The soil althe experimental site is an Ultisol derived from coastal sediments and 
is classified as loamy, siliceous, isohyperthemic, Typic Paleudult IHulugal le et al. 
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19901. It is deep, well-drained with good physical properties, but low in nutrients 
(table 1). 

The treatments consisted of five types of mulch and two cropping systems. The 
mulches were prunings of Dactyladenia barteri (Hook f.ex Oliv.) Engel., Alchornea 
cordifolia (Schum &. Thonn.) Muell. Arg., Senna siamea (lam.), Gmelina arborea 
(Roxb.) and Pennisetum purpureum Schum. (elephant grass) as the no-tree control. 
The experimental design was a spli t plot with four replications; sources of mulch 
were the main plots and cropping systems the subplots. The hedgerow trees and 
shrubs were planted in April-May 1985 at a spacing of 4 m x I m giving a 
population of 2500 stands ha·'. The trees and shrubs were cut back to a height of 
30 cm in March-April, 1989. The foliage obta ined from cutting back and from 
subsequent prunings was applied in the al leys. Fresh P. purpureum mulch was 
applied twice to give a total of 80 tons fresh weight ha" annually. In vitro-plantlets 
of the French plantain (Musa spp. , AAB group) cultivar locally known as 'Obi no 
l'Evai' were planted in May, 1989 in the alleys at a staggered spacing of 3 m x 1.70 
m to give a population of 1,582 plants ha' . After flowering, the male buds of the 
plants were cut off. Maize was sown between the plantain stands and next to the 
hedgerows at I m x 0.8 m spacing. Nitrogen and K fert ili z~rs were applied at the 
recommended rates. 

Furadan, a nematicide-insectic ide was used for b.nana weevi I and nematode 
control. Bayfidan and Tilt, fung icides, were applied during the ra iny and dry seasons 
respectively, to contro l black sigatoka . Weed control was either manual or chemical 
using Gramoxone weed killer. 

At cutting back and during the regular pruning of the hedgerows. the foliage 
biomass was determined. The field capacity moisture was determ ined 24 hours after 
a heavy rain by means of hand auger at 0-5 cm and 5-15 cm. Soil core samples 
were also collected at the same depths starting at the onset of the dry season 
(December, 1989) for gravimetric water determinat ion. Soil temperature was 
measured at 6, 8, 10, 12, 14, 16 and 18 hours using stem mercury-in-glass 
thermometers installed at 0-5 cm depth. Observations were made on 18 plantain 
plants in each subplot to assess the effect of the mulch types on plantain 
productiv ity. There were no differences between the cropping systems in pruning 
biomass, soil p!'operties or plantain yield . The results presented are, therefore, the 
average of the two cropping systems. 

3. Results 
3.1 H~erow species pruning yield 
The pruning biomass (leaves + twigs) productivity of the hedgerow species (figure 
1) show that at init ial pruning, D. barteri had the highest prun ing yield followed by 
A. cordifoliawhereas S. siamea and G. arborea had the low ... t. During the first year, 
D. barteri regrowth was slow, giving the lowest pruning dry matter whi ch was 
obtained in one pruning. Other hedgerow species were pruned several times; 
G.a,borea required five p!'unings whereas A. cordifolia and S. siamea were pruned 
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three times. However, during the second year, D. barleri and C. arborea produced 
higher amounts of prunings than A. cordifolia and S. siamea. The pruning frequency 
of C. arborea, A. cordifolia and S. siamea was maintained as in the first year 
whereas D. barteri was only pruned twice. 
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Figure 1. Dry matter producLion ot the hedgerow species 

3.2 Soil temperature 
Soil temperature readings (figure 2) revealed a contrast between the pattern of 
variation in diurnal temperature of the top 5 cm layer of soil mulched with D. 
barteri and Pennisetum purpureum on one hand, and A. cordifolia, S. siamea and 
G. arborea on the other. The soil temperatures were higher at 6 a.m. under A. 
cordifolia, S. siamea and G. arborea mulched plots and remained much higher 
throughout the day. Under D. barteri and r. p"rp"re"m mulched plots, the 
temperatures remained low with a maximum of about 27-28°C. In addition, the 
amplitude of temperature variation was smaller during the day. 

3.3 Soil moisture 
Soil gravimetric water content during the dry season in plots mulched with D. 
barteri, C. arborea and P. purpureum is presented in table 2. At field capacity and 
9 days later, no significant differences were observed in soil gravimetric water 
content between the treatments in the 15 cm soil depth. But at 19 days, after a 
period of rainless days, the water content of the top 5 cm soil layer of the alley 
cropped plots was lower than that of the P. purpurellm plot, while in the 5-15 cm 
soil layer, G. arborea plots had Ihe lowest amount of water. At the end of the dry 
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season in 1990, the amount of water in the G. a,borea plots in the soil profile 
examined was still the lowest. 
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3.4 Plantain crop 
The length of cycle and plantain yield are shown in table 3. Th e results indicate 
significant differences in plantain response to mulch treatments. The plants growing 
in plots mulched with P. pu'pureum (control) completed the first cycle 25, 62, 78, 
and 64 days earlier Lhan those in D. barteri, S. siamea, A. cordi(olia and C. arborea 
plots, respectively. A shorter cycle indicates beller growth in plantain and is 
positively correlated with yield iSwennen and de Langhe 19851. In the first cycle 
(plant crop), higher yields were obtained in P. pu'pureum plots than in the alley 
cropped treatments. The relative yields were 85, 77 , 72 and 66% fo r D. barreri. A. 
cordi(olia, S .• iamea and G. arborea, respectively. The cu mulative yield 2 years after 
planting (May, 1989-May, 1991) showed the same trend with hi~hest total yield 
obtained in P. purpureum mul ched plots followed by D. barleri. S. siamea. A. 
cordifolia and C. arborea. Among the four hedgerow species. D. barteri produced 
the highest plantain crop plots because of a shorter cycle. 
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T_ble 2. Effect of different mulche. on ,._vimetric soil water content ('Y.) 

Mulch 

D~clyladenja baner; 
Cmelin~ arborea 
Penniselum purpureum «onlrol) 
LSD (0.05) 
CV(%) 

Oactybldeni. "'~ri 
CmeJina atbotea 
PennMrum purpureum (control) 
LSD (0.05) 
CV (".) 

Note: • :z:: Field capacity 

29/11/89" 

16.3 
16.1 
18.5 
NS 

19.5 

U .6 
14.6 
15.3 

NS 
9.6 

8/12/89 
D.ne-

18/12189 

()"S em depth 

10.8 6.4 
10.1 6.5 
11.2 8.8 
N5 0 .8 

16.4 27.6 

5·15 em depth 

11.2 10.0 
11.3 8.8 
11.9 10.3 

NS 0 .9 
13.5 14.7 

27/1/90 

10.4 
6.8 
9.1 
1.6 

17.1 

11.3 
8.7 

10.1 
0 .3 

11.4 

Table 3. Effect of different mulche. on plantain prodUc1ion durinlthe fint 2 yea .. after 
planti", 

Mulch 

Dactyladeniii barte,; 
.-"'chame .. cordifalia 
Senna $iamea 
Cmelina arbrorea 
Pennisewm purpureum (conlron 
LSD (0.05) 
CV ('Y.) 

Note: • YAP = Yean after planting 

4. Discussion 

C yel. length 

(day.' 

449 
502 
4111> 
508 
424 

38.4 
7.2 

Yield plant crop Cumul~live yield 
2 YAP" 

..•. (l h.a·I
) • .•• , • •..•. 

15.1 
13.7 
12.8 
11 .8 
17.8 

2.5 
16.7 

23.2 
175 
18.1 
15 .8 
35 .4 

5.1 
26.9 

Of the four hedgerow species, D. barte,; produced Ihe highesl amounl of prunings 
after four years of fallow (figure \). The advanlage of this shrub during the firsltwo 
years of the experiment was that it produced relalivey high amounts of foliage from 
much fewer prunings than the Ihree other hedgerow species. This shrub appears, 
Iherefore, to be a promising species for in-silu mulch produclion on Ultisols. 

Considering Ihe pruning frequency of the hedgerow species during the firsllwo 
years, the results showed Ihal C. arborea had 10 be pruned more frequently (5 times 
annually) than A. cordifolia (3 limes), S. siamea (3 times) and D. barteri (once in lhe 
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fim year, twice in the second year) due to the rapid growlh of shoots after 
coppicing. The use of C. arborea in agroforestry systems such as alley cropping 
would, therefore, result in higher labor requirements than the other three hedgerow 
species. The rapid growlh of C. arborea and to some extent A. corddolia and S. 
siamea coupled with the tendency of the coppice shoots to grow vertically rather 
than laterally required more frequent pruning to reduce light competition. In 
addition, rapid growlh implies more exploitation of soil resources by Ihese hedgerow 
species leading to more compelition for nutrients wilh Ihe associated food crop(s). 
The potentially high competition for soil resources under A. cordi(olia, S .• iamea and 
C. arborea hedgerows as a consequence of their rapid growlh may in part have 
affected the growlh of the inlercropped plantain. 

The results indicate that plantains in P. purpureum plots fruited earlier than those 
in the alley cropped plols. This confirms previous observations that P. purpureum 
is a suitable mulch in terms of early maturity, bunch weight and yield of plantain 
[Swennen 19841. The implicalion of a shorter fruclificalion duration as observed in 
P. purpureum mulched plolS is that Ihe firsl raloon crop will start fruiling earlier; 
thus the following raloon crop(s) will be produced sooner and land use will be more 
efficient. 

Redu ced soil temperature and high waler contenl of surface· soil under a 3 m x 
2 m spaced plantain field mulched wilh P. purpureum were reporled in a recent 
study carried out at Onne [Salau et al. 1992[ . Among Ihe hedgerow species, D, 
barteri was most similar to p, purpureum (table 2 and figure 2) . However, P. 
purpureum required extra land for its produclion as well as high labor for cuning, 
transportation, application and the prevention of cunings from sprouling. The higher 
yield obtained from D. barleri plots in comparison wilh Ih e other hedgerow species 
is partly anribuled to Ihe slow decomposition of D. barleri [van der Kruijs et al. 
1989]. resulting in longer protection of Ihe superficial plantain rools. 

Poor plantain performance in A. cordi(o{ia, S. siamea and C. arborea plots 
compared to D. barleri and P. purpureum mulched plols could also be due to the 
below ground competilion. Ruh igwa el al. (1992) observed Ihatthe three hedgerow 
species had most of their fine roots in the top 20 em layer. Therefore, these species 
can compete for soil resources with the shallow-rooted intercropped food crop(s) 
such as plantain [Swennen 1984, Swennen et al. 19881. Our results have shown that 
the soil water deplet ion in the top 15 cm depth during the dry season was more 
pronounced in C. arborea plots than in P. purpureum and D. barleri plots. The soil 
water dep letion in A. cordi(o/ia and 5. siamea plots is expected to be similar to that 
in G. arborea plots based on their fine root dist ributi on pattern, growth habit, the 
amount of mulching materials produced and in their decomposition panerns. 

5, Conclusions 
The evaluation of the growth of four hedgerow species indicated that O. barleri 
appears to be most promising for in-situ mulch production for plantain cultivation. 
This species produced the highest pruning yield at cutting back after the fallow 
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period than A. cordifolia, S. siamea and G. ariJOrea. In addilion, its growth did not 
seem to be affected by the reduced light resulting from the shade cast by the 
plantain trees. It also showed the merit of produci ng more mulching material from 
fewer prunings. Although P. purpureum was the best mulch treatment, its high labor 
requ irement is not compensated for by increased yield. D. barteri is therefore 
considered as a potential source for low input mulch for plantain production . The 
final conclusion depends on the results of plantain productivity over several cycles. 
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