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Abstract: The aim of this study was to improve land productivity through the integrated animal-plant system. 

The methodology applied in this study consisted in the banana association, rearing of common rabbits 

(Oryctolagus cuniculus), Tilapias (Oreochromis niloticus) as well as the fragment propagation system (PIF). 

Several treatments were applied on the banana plant, including: 3 kg of wood chips with an increasing dose of 

NPK (10-20-10): 250, 375, 500, 625, 750 and 875 grams. One category of bulbs for PIF was treated with copper 

sulphate and another category was not treated. 

After inventorying the different species of weeds in the banana field, four were selected and constituted 

the diet of the rabbits. In addition, 30 grams / day of fish feed (go aqua) were tested on the growth of Tilapias of 

the Nile in this system. 

The results obtained on the banana growth parameters show that the different treatments have 

influenced the growth without revealing any significant effects. 

Treated and untreated bulbs each yielded an average of Seven seedlings per bulb. Moreover, from the 

disease point of view, no material showed symptoms of infection during the spread. 

The same trend was observed for the different species of weeds given to rabbits where identical effects 

were observed on weight, excrement and uneaten food with an average of 12; 20.8; and 14 Kg.Weight gain was 

almost double every two months for fish. 

The concentration of chemical elements contained in rabbit faeces was similar for the two Panicum 

maximum + Galisoga palidifusca and banana + Bidens pilonsa food groups. However, high levels of total 

copper and total manganese were respectively recorded in the faeces of rabbits fed with Panicum maximum + 

Galisoga palidifusca and banana + Bidens pilonsa. 

The analysis of the pond water shows that the pH is favorable for the absorption of other nutrients by 

the plant. Thus, nitrogen and potassium have higher levels compared to other elements of pond water. 

This study is important in the context of the Lubumbashi region where access to land for agriculture is 

difficult, small producers have almost limited access to agricultural inputs and production is low. Thus, this 

system of crops could satisfy the needs of food to the inhabitants of the city of Lubumbashi on the one hand and 

improve the income of the farmers on the other hand. 

Keywords:Association, banana, aboveground, monogastric fish farming, PIF method. 

 
1. Introduction 

The world population will increase by 3 billion people by 2030 and 95% of this increase will be in 

developing countries (ONU., 2007). Food production will have to double to meet food needs and waste and 

effluent production will quadruple in cities (FAO/IFA, 2000). In the coming years, agricultural production will 

have to face a twofold challenge: to meet the growing needs of the world's population on the one hand and to 

preserve the environment and natural resources on the other hand (FAO., 2012). Indeed, according to United 

Nations forecasts, the current world population of about seven billion people will reach nearly 8 billion in 2030, 

which will require a significant increase in agricultural production, especially for the production of crops and 

animals whose production does not meet the population's needs (Van Asten etal., 2005). Since 1960, 
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agricultural production has mainly decreased according to the area of land used. Limited access to land, the use 

of inadequate production systems, the high cost of fertilizers and other inputs have forced African farmers to 

cultivate less fertile soils on marginal lands. In addition, the latter are generally more prone to degradation and 

have low productivity(Kasongo etal,. 2013). However, agriculture in the Democratic Republic of Congo is 

characterized by low production (of the approximately 100 million hectares of arable land in the DRC, food 

crops occupy 1%, while meat production estimated at 70,000 and 95,000 tonnes represents only 5.5% of the 

estimated need of 1,512,000 tonnes of meat per year (FAO., 2009).In Lubumbashi, to meet food needs, people 

resort to imports in neighboring countries and provinces Mazinga et al., 2014). Yet, there are production 

systems that can meet the food and economic needs of the population without harming the environment (Marc, 

2011) ; (Lekane, 2003). Among which, agropastoralism (animal-plant integration) (FAO., 2014) ; (David, 

2010). The waste produced by one component serves as a resource for the other (Aloueimine et al., 2005). For 

example, the droppings produced by rabbits and fish are used in the banana field to improve soil fertility and 

increase yield. In the same case, water from the pond is brought into the field to compensate for water problems 

in crops during periods of deficit. Weeds from the banana field and other residues are harvested and used as 

food for the rabbits. Products from rabbits, fish and banana can be consumed or sold to meet the needs of 

farmers and increase their income. 

It is in this context that this study was conducted with the objective of improving the productivity of 

land by animal-plant association. It is based on the assumption that the animal-plant association would improve 

the productivity of the land. 

 

2. Materials and methods 
The experiment was conducted in Lubumbashi, Haut-Katanga (DRC), at the experimental field of the 

Faculty of Agricultural Sciences of the University of Lubumbashi. The experimental site is located at 27 ° 48'61 

'' east longitude, 11 ° 61'55 3 '' south latitude and 1257 m altitude. 

 

2.1. Materials 

The common rabbits of the silver race of champagne (Oryctolagus cuniculus), the Banana plantain of 

the Grande naine variety, the Tilapias of the nile (Oreochromis niloticus) and the banana plants were used as 

biological materials. 

 

2.2. Methodology 

The study was conducted on an area of 2.2 ares distributed as follows: 

The banana trees (variety Grande dwarf) occupied 187 m2 and were installed in a complete block 

randomized device composed of five treatments repeated six times each. Each treatment received 3 kg of wood 

chips to which were added the different increasing doses of NPK 10-20-10 including: T0, T1, T2, T3, T4, T5. (3 

kg of chip + 250, 375, 500, 625, 750, 875 g of NPK 10-20-10). 

The rabbits were reared in cages divided into eight chambers of 0.5 m2 with one rabbit per cage and on 

a surface of 2 m2. They were fed 4 forage species harvested in the banana field, among others: Bidens pilosa 

and banana leaves for 4 rabbits and Galisonga palviflora and Panicum maximum for 4 others at a rate of 600 g / 

day. Apart from banana leaves, the other three forages are among the weed species growing under banana 

cultivation. 

Fifty-two (52) poor fish were raised in an aboveground pond with an area of 8 m
2
. They were fed by a 

fish food found in the local market at a rate of 30 g per day. 

The banana bulbs (Grande naine variety) were used to obtain the plants derived from fragments (PIF). 

One category of bulbs was treated with copper sulphate and another category was not treated. They were then 

placed in a propagator of 4.2 m2 which was watered regularly. 

The water of the pond was used to water the banana plants to fill the water deficit on the one hand and 

fertilize the soil on the other hand. 

Parameters such as: height of plants, number of leaves and neck diameter were determined on banana. 

Rabbits' weights, excrement weights, and amount of uneaten food were measured in rabbits. The weight of the 

fish and the number of seedlings per bulb were determined. The chemical analyzes of the excrement of the 

rabbits, and the water of the pond were realized. 

Statistical analyzes were done using Minitab 16. The one-way analysis of variance and the TUKEY test 

were used to compare the different averages. To determine the fish weights, pond water analysis, Excel software 

was used to make the graphs. 
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3. Results 
3.1. Effect of organo-mineral amendments on the growth of banana plants of the Grande naine variety in 

an integrated animal-plant system 

3.1.1. Influence of organo-mineral amendments on the height of the banana crop 

Table 3.1.1 illustrates the variation in the height of banana plants as a function of treatments. The 

results obtained show that the different treatments influenced the height of the plants, but without expressing 

differences between the treatments regardless of the observation period (p> 0.05) compared to the control 

treatment. 

 

Table 3.1.1: Influence of organo-mineral amendments on the height of banana plants. Averages and standard 

deviations. HS: heights of seedlings in cm; HP: height of plants in cm. 

 

 
3.1.2. Influence of organo-mineral amendments on leaf formation at the growing stage of banana plants 

The result obtained for the foliar emission at the growth stage does not indicate a significant difference 

between the treatments whatever the moment of observation (Table 3.1.2.). 

 

Table 3.1.2. Influence of organo-mineral amendments on the leaf formation of banana plants. TR: treatment, 

NL: number of leaves, 

TR.     NL. NL 30J NL 60J NL 90J NL 120J 

T0  4,40±2,881      5,400±3,209   6,400±3,647    8,200±4,764       8,800±5,167        

T1  4,00±2,739    5,400±3,912   6,200±4,266   8,200±5,070       8,200±5,070      

T2  4,60±4,450       5,600±5,367    6,200±5,891   7,200±6,686   7,200±6,686   

T3  5,20±3,271          6,000±3,674      7,000±4,183      8,800±5,070         9,000±5,099         

T4  4,40±3,647      5,600±4,393    6,600±4,722     8,200±5,450       8,600±5,505        

T5  3,80±2,588   6,000±3,937      7,000±4,301       8,600±5,128        8,800   ±5,167        

  p       0,989     1,000      0,999      0,998       0,996  

 
3.1.3. Influence of organo-mineral amendments on neck diameters of banana plants 

Table 3.1.3 shows the evolution of neck diameter as a function of treatments at different observation 

periods. The results obtained after statistical analysis of the data, show that the different treatments have induced 

positive effects on the neck diameter, but that no difference between the treatments has been revealed. 

 

 

 

 

 

 

 

 

Treatments HS Hp30J Hp60J Hp90J Hp120J 

T0 40,80±26,86         48,80±29,17    45,00±35,14   64,80±37,28   68,80±39,46   

T1 36,40±24,15 48,40±31,05    57,00±37,67       66,20±42,51    70,60±44,52    

T2 44,80±44,18           58,60±56,25        70,40±67,40           77,20±73,88        80,60±76,85       

T3 32,00±33,59    45,20±44,93   52,60±50,12      66,60±66,80    69,40±68,97    

T4 39,80±35,20        56,40±41,05       66,60±46,16          74,60±50,94       79,00±53,16      

T5 29,80±22,74   54,60±39,23       67,60±49,26           77,20±54,05        81,80±56,28       

P    0,976     0,994      0,955        0,998     0,998 
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Table 3.1.3. Influence of organo-mineral amendments on neck diameters of banana plants. Dn = Diameter at the 

neck in cm, DC = Diameter at the collar obtained at the end of the test according to the different sampling dates 

in cm, TR: treatment. 

TR           Dn      DC 30J DC 60J DC 90J DC 120J 

T0  17,60±10,88 20,80±12,32    25,60±14,79    30,20±17,24     32,00±18,26    

T1  17,00±10,65 22,00±13,36     27,20±16,30      31,80±18,86      33,80±19,82     

T2  19,00±18,55 24,00±23,12       29,00±27,71       32,40±30,63      34,00±32,15     

T3  15,40±14,83 20,00±19,89   24,40±23,89   28,40±27,01    30,00±28,50   

T4  17,00±10,44 24,00±14,37       30,40±18,37        35,80±21,14         37,60±22,10        

T5    15,00±9,41 24,00±17,82        29,00±19,66       33,00±23,63        34,40±24,40      

 p          0,997      0,998       0,997       0,998        0,998 

 
3.2. Impact of the PIF system on the spread of discards of the Grand naine variety 

Figure 3.2 shows a similarity between bulbs treated with copper sulphate and untreated bulbs on the 

number of rejects (p = 0.838). Treated and untreated bulbs yielded an average of 7 seedlings per bulb. 

Moreover, from the disease point of view, no symptoms of disease were revealed during the spread (PIF). 

 

 
 
Figure 3.2. Effect of treatment of banana bulbs on the number of rejects 

 

3.3. Effect of different species of banana weeds used as forage on the weight of rabbits in an integrated 

system. 

3.3.1. Effect of different forage species on the weight of rabbits 

The result obtained shows that, the ration consisting of species Panicum maximum + 

Galisogapalidifusca and banana leaf + Bidens pilonsa allowed the fattening of rabbits with an average weight of 

12 kg. And the highest weight is 18 kg. both cases, weight similarity to all rabbits was recorded (Figure 3.3.1). 

 

 
Figure 3.3.1. Effect of different forage species on the weight of rabbits 
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3.3.2. Influence of the different species of weeds used as fodder on the excretion weight of rabbits 

The result recorded after statistical analysis shows that the food consumed influenced the amount of 

rabbits' excrement. The weight of faeces consisting of Panicum maximum + Galisogapalidifusca and banana 

leaves + Bidens pilonsa are similar with an average weight of 20.8 kg. The highest weight is 23.6 kg. 

 
Figure 3.3.2. Influence of different forage species on the excretion weight of rabbits. 

 
3.3.3. Influence of different weed species used as forage on the weight of food not consumed by rabbits 

Figure 3.3.3 shows that the ration consisting of Panicum maximum + Galisoga palidifusca and banana 

leaves + Bidens pilonsa was consumed in the same way (p> 0.05). In both cases, the average weight recorded is 

14 kg. The highest weight is 15.2 kg. 

 
Figure 3.3.3. Influence of different forage species on the weight of food not consumed by rabbits. 

 
3.3.4. Influence of different weed species used as fodder on the chemical composition of rabbit faeces 

Table 3.3.4 presents the results of chemical analyzes of rabbit faeces based on four weed species used 

as forage. Elements such as Nitrogen, Phosphorus and Potassium have almost the same percentage for rabbit-fed 

rabbits fed with Panicum maximum + Galisoga palidifusca and banana leaves + Bidens pilonsa. For the other 

elements: the total copper is raised in the droppings of the rabbits fed by Panicum maximum + Galisoga 

palidifusca. On the other hand, total manganese is high in the droppings of rabbits fed banana leaves + Bidens 

pilonsa. 

 

Table 3.3.4: Influence of different forage species on the chemical composition of rabbit faeces. P + G: Panicum 

maximum + Galisoga palidifusca, FB + B: banana leaves + Bidens pilonsa. N: Nitrogen, P: Phosphorus, K: 

Potassium, Total Fe: Total Iron, Total Mn: Total Manganese, Total Zn: Total Zinc, Total Cu: Total Copper, Cl: 

Clore, Total Mo: Total Molybdate, μg / g soil. 

specis N(%) P(%) K(%) Fe total Mn total Zn total Cu total Cl total Mo total 

P+G 2,23 0,29 3,48 0,28 331 266 91 0,27 5,1 

FB+B 2,32 0,34 3,01 0,29 556 256 63 0,34 5,5 
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3.4. Effect of feeding on the weight of Tilapias and the fertilization of pond water in above-ground fish 

culture and at different growth periods 

3.4.1. Effect of fish food on weight of tilapias 

Figure 3.5.1 shows the evolution of fish weights according to different sampling dates. The starting 

weight is 2.78 Kg, at two months it was recorded a weight of 4,654 Kg ie an increase of 1,87 Kg. And 4 months 

after the weight was 7,21 Kg, an increase of 4, 43 kg. In addition, for the total mass of fish, a weight gain of 

almost double the previous weight was recorded at 4 months. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.5.1. Fish weight: PRF = reference weight in kilograms; P 2 months = weight after two months in kg; P 

4 months = weight in the fourth month in kg. 

 

3.4.2. Effect of fish feed on the fertility of pond water 

The result of the analysis of the pond water shows that the pH is favorable to the abstention of other 

nutritive elements for the plant. Thus, higher levels of nitrogen and potasium were recorded compared to other 

elements (Table 3.5.2.). 

pH N K P Mg Na Cl 

7,03 122 16 0,0109 5 18 28,4 

 
4. Discussion of results 

Influence of organo-mineral amendments on the height of the banana crop 

The results obtained show that the different treatments influenced the height of the plants but without 

expressing differences between the treatments, whatever the period of observation. This observation is general 

to most cultivars under organic amendments (Lassourdiere, 1978). (Ferris H et al., 2012)considers that 

fertilization effectively contributes to the strengthening of cyclical exchanges between crops and telluric 

organisms on the renewal of soil fertility. These results support the idea of (Vandenhout et al., 2005) 

;Lassoudiere and Garcia, 2010) who believe that crops grown in the same climatic conditions tend to behave the 

same way in height at the beginning of growth and show a different behavior in the evolved phase following soil 

fertility. This result is similar to that found by (Tezenas, 1985). 

 

Influence of organo-mineral amendments on leaf formation at the growing stage of banana plants 

The result obtained for the foliar emission at the growth stage does not indicate a significant difference 

between the treatments whatever the moment of observation. 

These results could be explained by the fact that the use of the fertilizer stimulates the leaf meristem 

and allows the banana to more quickly complete its crop cycle according to the richness of the soil. (Belfakih et 

al., 2013) obtained similar results by working on the effect of salinity on the growth of two varieties of banana 

"large dwarf" and "small dwarf" and their mineral nutrition in Morocco. (Pattisonet al., 2006) also obtained 

similar results in Australia. 

The foliar emission rate for all treatments is approximately 1 leaf per week and 19 leaves were obtained 

during the experimental phase. This growth rate is identical to that obtained by (Anno AP, 1981) ; and (Tixier, 

2004). These authors recorded a number of between 20 and 35 leaves issued before flowering. (Dagba, 1994) 

obtained a number of leaves slightly higher than these different authors. 

 

Influence of organo-mineral amendments on neck diameters of banana plants 
The results obtained after statistical analysis of the data, show that the different treatments have 

induced positive effects on the neck diameter, but that no difference between the treatments has been revealed. 

0

2

4

6

8

10

P RF P 2MOIS P 4MOIS

p
o

id
s 

d
es

 p
o

is
so

n
s 

(k
g)



International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 04 – Issue 11 || November 2019 || PP. 39-47 

45 | P a g e                                                                                                                      www.ijrerd.com 

These results are still within the range of those obtained by (Lassourdiere, 1978 ;Anno, 1981) ; (Dagba, 

1994) ;(Turquin L, 1998) ;and (Tixier, 2004). In fact, according to (Lassourdiere, 1978) ; Anno, 1981) and 

(Turquin L, 1998), banana pseudostem results from leaf imbrication. This could then explain why circumference 

evolved in a similar way to all treatments throughout the experimental phase. 

 

Impact of the PIF system on the spread of discards of the Grand naine variety 

With regard to seedlings derived from discarded fragments, the results revealed a similarity between 

bulbs treated with copper sulphate and untreated bulbs on the number of rejects. It has been reported that the 

application of pesticides only acts on the bulb with pathogens that can induce rot, but does not necessarily 

influence the production of discards (Kwa , 2003). 

 

Effect of different forage species on the weight of rabbits 

The result obtained shows that, the ration consisting of species Panicum maximum + Galisoga 

palidifusca and banana leaf + Bidens pilonsa allowed the fattening of rabbits with an average weight of 12 kg. 

And the highest weight is 18 kg. both cases, a similarity of weight to all rabbits was recorded. These results are 

almost similar to those obtained by (Aboh, et al., 2002) with Munuca pruriens supplemented with Panicum 

maximum and Kpodekon during the evaluation of the influence of cottonseed content on rabbit zootechnical 

performance. This effect would be explained by the daily food requirements of rabbits, which vary according to 

the types and quantities of fodder given (Ngou Ngoupayou et al., 2007). On the other hand, (Lebas et al., 

1996)reports that, the needs of monogastrics vary according to their ages. This means that rabbits of the same 

ages and placed in the same environment have the same dietary needs. 

 

Influence of the different species of weeds used as fodder on the excretion weight of rabbits 

The result recorded after statistical analysis shows that the food consumed influenced the amount of 

rabbits' excrement. The weight of faeces consisting of Panicum maximum + Galisoga palidifusca and banana 

leaves + Bidens pilonsa are similar with an average weight of 20.8 kg. The highest weight is 23.6 kg. 

According to (Schlecht,2006), Bidens pilosa with (24-28%; 12-16%, 3-4%) and banana leaves with (25-32%; 

13-19%; 4-8%) are rich crude protein, crude MS pulp, lipids as the second food Galisoga palidifusca: (19-20%; 

14-16% ;-) plus Panicum maximum (15-25%; 5-12%; 1-2%). This confirms (Marie-Magdeleine et al., 2010) 

hypothesis that foods rich in protein and energy are important nutrients and positively influence the amount of 

rabbit excrement. 

 

Influence of different weed species used as forage on the weight of food not consumed by rabbits 

From the result obtained, the ration consisting of Panicum maximum + Galisoga palidifusca and 

banana leaves + Bidens pilonsa was consumed in the same way (p> 0.05). In both cases, the average weight 

recorded is 14 kg. The highest weight is 15.2 kg. 

This result would be due not only to the strong ingestion and digestion that the first ration presents, but also to 

the Bidens pilonsa and banana leaf association, which influenced the consumption of the second ration at the 

same level as the first ration. This result supports the hypothesis of (Chenost, 1991)that it is important to 

associate with banana leaves grass whose ingestion is done in large quantities with a high protein content. Since 

the digestibility of these banana leaves is 65% and the consumption index is 2.15 kg per 100 kg of live weight 

per day because of higher concentrations of water, lignin, and some other biochemical compounds. 

 

Influence of different weed species used as fodder on the chemical composition of rabbit faeces 

Elements such as Nitrogen, Phosphorus and Potassium have almost the same percentage for rabbit-fed 

rabbits fed with Panicum maximum + Galisoga palidifusca and banana leaves + Bidens pilonsa. 

The slight variation in the various elements analyzed is influenced by the non-homogeneous chemical 

composition of the constitutive species of rations given to rabbits. Indeed, (Copin and Oswald, 2000) considers 

that the minerals in the saint of the forage species vary according to the parts (roots, leaves, stems, fruits etc.). 

The total copper raised in the castings of rabbits fed Panicum maximum + Galisoga palidifusca and total 

manganese is high in the faeces of rabbits fed banana leaves + Bidens pilonsa. This difference may be due to the 

composition of diets and the digestibility of rations applied to monogastric animals. Indeed, rabbits have a 

complex digestive physiology compared to other herbivores and omnivores. 

 

Effect of fish food on weight of tilapias 

The result on the weight of the fish signals the almost double weight gain every two months. This is 

explained by the fact that male Tilapias gain weight quickly when they are not in association with females. The 

fact that there was a considerable gap of two months between the different days of water renewal, allowed a 
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fertilization of the water which created an additional source of nutrition to the fish. (Knud-Hansen et al., 1994) 

confirms that fish of the genus Oreochromis and particularly those of the species Oreochromis niloticus (nil 

tilapia); are generally considered to be phytoplanktonic fish, capable of ingesting and digesting large quantities 

of phytoplanktonic algae and cyanobacteria, which promotes their rapid growth. 

 

Effect of fish feed on the fertility of pond water 

The result of the pond water analysis shows that the pH is favorable for the abstinence of other 

nutrients for the plant (7,03). Thus, higher levels of nitrogen and potasium were recorded compared to other 

elements. 

The variations of the chemical elements of the water were marked and influenced either by the sources 

of fertilization (given food), or by the daily thermal fluctuations. It is pointed out by Boyer, and Coll, 2012) that 

fish feed and thermal fluctuations are likely to have direct effects of solar heating of open ponds, which is 

particularly advantageous because the productivity of algae is not primarily a single function of nutrients ( N, P 

and C), but again the availability of light and temperature. 

The result of the pond water analysis indicates that the mineral elements contained in the pond 

constitute a source of nutrients to the banana trees and present no risk of contamination to crops and soil. 

(Turquin, 1998) points out that a high salinity value indicates the presence of a large amount of dissolved ions in 

the soil water, making it more difficult for water and mineral elements to be absorbed by the water. plant. 

Excessively high salinity can cause root burns. 

 

5. Conclusion 
The present work was part of the objective of improving the productivity of land by animal-plant 

association. The results obtained revealed similar effects to the growth parameters of the banana plants and the 

plants derived from the discard fragments. The same trend has been observed in the weights of rabbits, their 

droppings and their uneaten food. However, weight gain was almost double every two months for fish. The 

analyzes of the rabbits' excreta and the pond water revealed nutritional elements useful for a better fertility of 

the soil. 

At the end of this paper, it has been concluded that combining animals with plants in agricultural 

production is one of the best ways to improve land productivity, improve yields and increase incomes. 
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