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Abstract .

The study, aimed at determining the effect of the selected multipurpose fallow trees on the performance of  Xanthosoma sagitifolia and soil fertility maintenance was carried  out at Imo State Polytechnic, Imo state. The treatments, each replicated 3 times include Anthonotha microphylla, Alcornea cordifolia, Acioa baterrii, Leucaena leucocephala, Gliricidia sepium, NPK (20:10:10) applied at the recommended rate of 400 kg/ha and a control.

Highest height per plant, 85cm, in both 2007 and 2008 respectively, leaf area index (LAI) 0.36 in 2007 and 0.38 in 2008, number of cormels per plant, 8.7 in 2007 and 9.3 in 2008 and corn yield, 7.3t ha-1 in 2007 and 9.9t ha-1 in 2008, were recorded from the alleys of Anthonotha microphylla. While the poorest performance of the crop was observed from the control plot, soil physico-chemical properties of the experimental site was significantly improved by Multipurpose fallow trees. Alley farming using Anthonatha and/or Leucaena for  growing Xanthosoma sagitifolia is recommend to the farmers. 
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Introduction 

Anyaegbu et al (2009) had identified the causes of land degradation to include among others, clearing of forest land for residential and industrial development, cutting down trees for charcoal production and high demand for bio-fuel. As Nigeria ,like other nations ,  is experiencing the global warming, arising from the above practices, the available farm lands are seriously under pressure, resulting in drastic reduction of fallow periods from the normal five years or six in most areas, to zero as continuous cropping is norm in most communities. 

The development of productive  cropping systems that would take care of the above problems and ensure high and sustainable crop yield is of paramount importance. One of such cropping systems, is Agro-forestry (Alley farming). The concept is aimed at the overall  management of land by combining trees with food crops to control soil erosion, improve soil conditions, conserve  soil and soil water to meet  the need of the people, (Dormmergus 1987).

Traditionally, cocoyam is grown popularly in Home-stead farms especially in the south eastern Nigeria, under the storey of trees like Penthaclethra mycrophylla, Pterocarpus souyaxi, Chlorophora excels,Crystophylum  albiduim Albizia lebbeck etc. Unfortunately the reduction in the size of arable land due to global warming has driven farmers to use the home-stead farms for the production of other highly needed crops like cassava, yam, maize and vegetables.

In addition some of the home-stead farm lands  are being cleared to give way for shelter to the geometric growing human population. By the above development the available quantity of cocoyam in the market could not meet  the demand of the population that needs it.


Cocoyam corns and cormels can be eaten after being boiled, baked, roasted or fried in oil. (Onwueme 1979). In some parts of west Africa, the boiled corms and cormels may be pounded into a paste and eaten with soup. The fresh corns and cormels may be peeled, fried and ground into flour for thickening soup especially   in the eastern parts of Nigeria. (Ibe and Iwueke 1984)

 
The aim of investigation is to determine the multipurpose fallow tree(s) that will increase the yield of Xanthozoma sajitifolia and has the capacity to sustain the fertility of the soil.

 Materials and methods.   

  The field trails were carried  out during  the farming seasons of 2007 and 2008 at the Alley Research farm, Imo State Polytechnic, Imo State, Nigeria, Latitude 070 00’ E and Longitude 070 07’ E. The area, in the humid tropics, has bimodal pattern, April to August being the longer and September to November shorter wet periods. The average annual rainfall is about 2500mm.


The alley field was established in 2004 for a 3 year trial of cassava/maize intercropping system. The field was under 5 months fallow when the trial commenced. The multipurpose species were, Acioa barterrii Anthonotha microphylla, Alcornea cordifolia, Leucaena leucocephola and Gliricidia sepum.  A Randomized Complete Block Design (RCBD) with 3 replications ,was used. Each replicate contained 7 plot ,giving a total of 21 plots for the trail. A plot measured 4m x 4m. The treatments evaluated include, Anthonotha microphylla, Alcornea cordifolia, Acioa barterrii, Leucaena, leucocephela, Gliricidia sepum, N.P.K.( 20:10:10) and control (no multipurpose and no fertilizer applied). Except in N.P.K and control plots, other plots were alleys of individual fallow species, 4m long and 4m wide. Planting spacing within each alley (intra-spacing) was 50cm. thus a plot of each multipurpose tree contained 18 stands of trees but the plant population for each tree was 5000 stands/ha. Each plot in both alley fields, N.P.K treated plots and control plots, contained 20 mounds; 50cm basal circumference, 50cm high, spaced in 1m x 1m at the top.


The cocoyam corm setts (100g) were planted into the mounds at 1 corn per stand giving a population of 20 stands per plot and 1000 plants per hectare. Hand weeding was done 6 weeks after planting (WAP) in each trial. The multipurpose trees were pruned every two months and the pruning’s applied to the associated crop (Xanthosoma sagitifolia). Cocoyam plant height was determined using a meter tape. The leaf area was determined using the non-destructive estimation method described by Agueguia (1993). The leaf Area index (LAI) was expressed as the leaf area per plant divided by the area subtending the plant. Cocoyam was harvested at 28 WAP and the number of cormels per plant counted. Fresh total (corn + cormel) yield was expressed in tones per hectare. Post harvest soil analyses were carried to determine the nutrient status of the soil after each harvest.
Data were analyzed by analyses of variance for randomized complete block 

Design. Means were separated by Least Significant Difference at 5%

Results and Discussion 
Table 1 showed the pre-planting soil physico-chemical analysis of the experimental site. The result of the analysis showed that the soil in the alley plots was significantly endowed with the basic elements required by plants for improved performance, compared to that in the control plots. The site was under 5 year fallow, following a three year cassava trial (TMS 419). Thus, for the soil in the alley plots to still be fertile including enhanced pH (5.3) after a three year continuous cropping, confirms the role ascribed to the multipurpose trees as soil fertility improvers. Trees through the effects of organic matter and roots influence soil aggregates formation (Wright and Hons, 2004)and soil  wettabilty(Goebel et al 2004) Asiabaka and Onweremadu (2009) indicated that soil physical properties such as porosity, structure, erosion resistance, moisture holding capacity and permeability are possible with tress. 

The vegetative growth of Xanthozoma sagitifolium as influenced by multipurpose fallow species and NPK(20:10:10) is shown in Table 3. The leaf Area index and plant height of the stands in the alley plots and those treated with NPK fertilizer were significantly greater (p>0.05) than those in the control plots. The post harvest soil analysis (Table 5) has shown the presence of elemental nitrogen in alley plots and areas treated with N.P.K. fertilizers, with little or non in the control plots. Hence, adequate nitrogen supply is known to produce vigorous vegetative growths in plants (Anyaegbu et al 2007). Harris (1975) in his experiment on the effect of various levels of nitrogen fertilizers on maize performance, reported that there was significant increase in plant height with application  of nitrogen fertilizers. Gupta(1970) attributed the increase in height of  maize to the increase in the amount of mineral nitrogen. 

In both years of  the trial (2007 and 2008) the vegetative growth of the crops in alleys of Anthonotha microphylla, and Leucaena leucocephala was significantly greater (p.> 0.05) than those grown in other alleys and those given NPK( 20:10:10).

Xanthosoma stands in alleys of Acioa baterrii, Gliricidia Sepium and those in NPK treated plots were fairly the same (P>0.05). However, the poorest growth performance of the crop was recorded in control plots in both 2007 and 2008.

The results of this study showed a direct relationship between the growth characteristics and the yield of the crop. The highest (p>0.05) number of cormels per plant, 8.7 in 2007 and 9.3 in 2008 was recorded from stands of Xanthosoma sigitifolia grown in alleys of Anthonotha  microphylla followed by those grown in alleys of Leucacna leucocephala, 7.3 in 2007 and 8.2 in 2008,( Table 4). Cormel production per stand in alleys of Alcornea cordifolia, Gliricidia sepuim, Acioa barterrii was fairly the same (p>0.05) with those treated with NPK (20:10:10). The poorest number of cormels 3.8 in 2007 and 2.1 in 2008 were obtained from the control plots (plots that neither received NPK nor were  under multipurpose trees). For the two years of the trial, the yield component determined (number of cormels per plant) showed the same trend with the corm yield of the crop (Fig I). The phenomenon confirms the equational yield of Wahua and Miller (1978) for yield and yield components (log Y = log p + log d …. Log n) which implied that the absolute yield of a crop is dependant on the inter-play of the yield components.

The high significant yield recorded in Anthonotha microphylla and Leucaena leucocephala (Fig I) may be attributed to their leguminous properties. Anyaegbu et al (2009) reported that Leucaena leucocephala has the capacity of fixing about 500 – 600kg of nitrogen per hectare to the benefit of the companion crop. Its capacity of high biomass productively (2.31t DM/ha) is an added advantage (Orok and Duguma 1987).  Anthonotha  microphylla  in addition to its high biomass index (3.2 t DM/ha) is in a special association with a fungi which produces an edible mushroom . Action of   mycorrhiza associated  with tree roots help in nutrient trapping and recycling thereby making a closed plant soil system (Asiabaka and Onwerenadu 2009).  Thus, the observed highly appreciable yield of Xanthosoma sigitifolia in the leguminous fallow trees in this study confirmed  other work, (OSonubi 1994, Awoteye et al 1991).

Although Gliricidia sepum is a legume, the corm yield of cocoyam is its alleys (5.6 t ha–1 in 2007 and 6.3 t ha–1 in 2008) was not as high as those obtained from Anthonotha and Leucaena alleys respectively.

Perhaps, its poor biomass productivity of 0.27 t DM/ha may have contributed to its reduced performance.

The yield of cocoyam treated with NPK (20:10:10) in 2007 was 5.8 tha_1 and 4.8 t ha_1 in 2008, (fig I), a 9.4 % reduction in yield from 2007 to 2008. This reduction in yield of the crop in NPK treated plots is an indication that the soil in this area has been badly used as a result of  continuous cropping. Evidence of the poor condition of the soil in the NPK treated plots and the control is shown in Table 5. 

While the yield of the cocoyam stands in NPK treated plots and control plots decreased from 2007 to 2008, the yields of the stands in the alleys of the individual multipurpose trees increased from 2007 to 2008, (fig I). This increase in yield in alleys of multipurpose fallow trees, in the face of continuous cropping ,confirms the advantage of the species in soil fertility maintenance. In Zambia, Kwesiga and Beriset (1998) reported farmer perceptions of pros and cons of Sesbana improved fallows. Perceived effects in the field according to Kwesiga and Beniset  (1998) include improved soil fertility, soil structure and infiltration, reduced soil erosion, improved water retention, better maize seedlings and yield, much better control of striga , and serve as a windbreak.

Conclusion

The study has shown that the growth performance of Xanthosoma sagitifolia was significantly improved by multipurpose fallow species, Anthonotha micophylla, Alcornea cordifolia, Acioa barterrii, Luciana leucocephala, and Gliricidia sepum more than the use of NPK 20:10:10. Highest growth performance, number of cormels per plant and corm yield were obtained from alleys  of Anthonotha microphylla and Leuceana lucocephala. While the yields in the NPk treated plots and control plots decreased from 2007 to 2008  it significantly  increased from 2007 to 2008 in all alleys of multipurpose tree species, thus confirming their sustainability potentials in soil fertility mentainance.  

Table 1: Pre-plant soil physico-chemical properties at the face 0-15cm at the experimental site 



Values
Properties
Alley
Control
Sand (%)



82


82 

Silt (%)



4.5


4.5

Clay (%)



10.6


10.6

PH (H20)



5.3


4.6

Organic Carbon (%)

1.14


0.43

Total N (%)


 
0.38


0.21

AVP (ppm)



14.4


7.6

Potassium Cmol/kg

0.21


0.14

Mg cmol kg -1


1.01


0.75 

Table 2: the climatic data at Imo State Polytechnic showing mean monthly rainfall (mm) in 2007 and 2008

Months



2007


2008

Jan.




0


8

Feb.




11


14

March 



115


106

April 




105


117

May 




110


265

June 




315


406

July




408


408

Aug. 




110


123

Sept.




335


385

Oct.




205


285

Nov.




00


150

Dec.




00


20

Table 3 Effects of the Selected Multipurpose tree species on the vegetative growth of cocoyam.

Treatments 


leaf area index/plant 

height/plant(cm)






2007

2008

2007

2008


Anthonotha microplylla 

0.36

0.38

85

85

Alcornea cordifolia 

0.30

0.32

73

74.3

Acioa barterrii 


0.23

0.25

56

70

Leucaena leucocephala

0.38

0.39

84

87

Gliricidia sepum


0.26

0.27

66

68

N.P.K 20:10:10


0.26

0.20

67

56

Control 



015

0.09

4

30

LSD(p>0.05)


0.041

0.o38

4.33

4.87
Table 4 Number of cormels of Xanthosoma sagitifolia as affected by the Multipurpose Fallow Species 

Treatments 



Number of cormels /plant 







2007


2008

Anthonotha microphylla


8.7


9.3

Alcornea cordifolia 


7.3


8.2

Acioa barterrii 



6.4


8.0

Leucaena leucocephala


8.8


9.3

Gliricidia sepum 



7.3


7.8

NPK 20:10:10



7.4


5.7

Control 




3.8


2.1

LSD (p>0.05)



1.001


0.846
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Fig I 



Treatments


Yield of Xanthosoma sagitifolia as affected by the Multipurpose 
fallow species and NPK 20:10:10
   = Anthonotha

    Z    = Alcornea,

    = Acioa
    = Leucaena


= Ciliricidia

N =  NPK
Table 5
Post Harvest Physico-chemical properties of the soil as influenced by the multipurpose fallow trees and NPK( 20:10:10,) 2007.

Properties

                             %                               %        %
 (PPM)

Year
Treatments sand   silt   clay     PH org.canbon Total N AVP    K          mg 
ca

 
Anthonotha  82     4.5  P’10.6  
5.8  
2.34  
1.63   
16.34  
0.44  
1.25  
0.41

2007   Alcornea       81    4.4  
10.3  
5.5  
2.33  
0.68   
14.8    
0.41  
1.18  
0.40


Acioa
        82    4.5  
10.6  
5.5  
2.04  
0.48   
13.6    
0.38  
1.25  
0.40


Lecaena     82.5   4.0  
10.4  
5.7  
2.09  
1.69   
16.50  
0.32  
1.20  
0.42


Gliricidia    82    4.3  
10.6  
5.7  
1.89  
1.41   
13.88  
0.28  
1.15  
0.41

NPK 20:10:10         82    4.4  
10.5  
4.5  
0.88  
0.64    
 7.4    
0.26  
0.86  
0.41


Control        82    4.5  
10.6  
4.6  
0.44    
0.22     3.5    
0.11  
6.68  
0.35

   LSD (P70.05)       NS   NS  
NS  
0.11 
0.14  
0.08    
0.67   
0.03  
0.28  
0.04

2008

Anthonotha  82     4.5  
10.3  
6.3  
2.36  
1.65    
15.21 
0.61  
1.20


Alcornea     82     4.3  
10.0  
5.6  
2.30  
0.78    
13.3   
0.55   
1.21
0.52

Acioa        83.3    4.0  
10.2  
5.8 
 2.12 
0.52    
12.06 
0.53   
1.24
0.38

Leucaena  81.6    4.0  
10.1  
5.8  
2.10  
1.67    
14.32  
0.48  
1.18
0.42

Gliricidia    82     4.3  
10.6  
5.7  
1.93  
1.40    
10.6    
0.31  
1.16
0.34
     NPK 20:10:10   83     4.3  
10.4  
4.3  
0.85  
0.61     8.14   
0.31 
0.84
0.43

Control       82     4.1  
10.3  
4.5  
0.35  
0.13     0.31   
0.09  
0.43
0.27
    LSD (P>0.05)    NS    NS  
NS  
0.25 
0.003 
0.221   0.011 
0.014 
0.213
0.102
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