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Abstract 

Successful integration of useful trees and perennials into food crop production system is a key to developing sustainable 

agriculture in the tropics region. Alley cropping or inter-planting multipurpose tree legumes with annual food crops provides 

an ecologically sound basis for new farming system development. In this respect, nine indigenous multipurpose tree species; 

Croton megalocarpus, Pterygota mildbraedii, Podocarpus latifolius, Markhamia platycalyx, Polyscias fulva, Erythrina 

abyssinica, Ficus thonningii, Maesopsis eminii, Syzygium parvifolium were evaluated for their performance on crop yield, 

notably Maize planted in alley cropping system at Ruhashya sector, Huye district. These trees were planted in a randomized 

complete block design system with three replications. In the middle season these trees were pruned and thinned to assess their 

biomass nutritional concentrations. Maize was planted together with tree species in an alley cropping system. Data collected 

from the experiment included tree diameters at breast height (cm), total height of trees (m), nutritional concentrations of tree 

leaf biomass, number of leaves, leaves diameter, maize height, leaves diameter, total maize biomass and dry grain weight. It 

was found with the result that Sygygium parvifolium had the highest number of leaves (12.29) and highest leaves diameter 

(8.66cm) approximately two times more than Maesopsis eminii which had the lowest number of leaves (8.35) and lowest 

leaves diameter (4.50cm). The highest maize biomass and grain yield was found for Ptergotha mildbraedi (6.56 ton ha
-1

 and 

2.89 ton ha
-1

 respectively) approximately 3 times and 4 times more than Maesopsis eminii which had the lowest maize biomass 

and grain yield. We concluded that to increase the crop production Ptergotha mildbraedi would be the best choice for 

intercropping. However, the choice should depend on the need of the farmers, for example if the purpose is to produce timber 

Maesopsis eminii and Croton megalocarps could be the best choice. 
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1. Introduction 

Rwanda is a land locked country with restricted resources 

and most of the Rwandan population lives from agriculture 

which accounts for a third of Rwanda’s GDP, it constitutes 

the main economic activity for the rural households and 

remains their main source of income [1]. Recently most of 

the Rwandan agriculture practice was dominated by 

monoculture which is the practice of growing the same crop 

each year on a given acreage but monoculture has not been 

generally successful in the past because non-legume crops 

usually exhaust the nitrogen in the soil with a resulting 

reduction in yields [2]. 
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Research from most of agriculture institutions found that 

planting agroforestry trees species together with crops can 

provide multiple functions and services not only for farmers 

but also for the environment in which they live [3]. 

Environmentally, trees provide shade for livestock living 

places for predators of pests such as birds and other insects 

which reduces the need for pesticides and recycles nutrients 

and organic matter for the soil that helps annual crops grow 

well and which not only reduces the need for fertilizers but 

also increases the soil’s water-holding capacity [4]. 

Economically, trees provide sources of income other than 

those from annual crops and livestock and help make best use 

of land, labour and capital [5]. In a whole landscape, the trees 

and fields combined provide a range of functions that benefit 

entire communities: food and fuel; increasing infiltration of 

water into soil and generally improving the flow and quality 

of water; transferring nutrients across landscapes by livestock 

and preserving biodiversity that provides its own range of 

benefits such as medicines and control of pests and diseases 

ensuring watersheds function well and regulating micro- and 

meso-climates [6, 14]. 

Despite the many benefits provided by trees care must be 

taken when integrating trees with crops because of potential; 

competition for light, nutrients and water; hosting plant 

diseases and pests and low compatibility with mechanization 

of crop production [7, 8]. 

Agroforestry has attracted considerable attention in recent 

years because of its potential to reduce poverty, improve food 

security, reduce land degradation and mitigate climate change. 

However progress in promoting agroforestry is held back 

because decision-makers lack reliable tools to accurately 

predict yields from tree-crop mixtures [9, 10]. The aim of this 

study was to provide a description of the individual effects of 

the nine indigenous tree species on maize yield, regarding to 

some aspects such as: grain weight, total biomass, height, 

number of leaves and leaves diameters of maize. 

2. Materials and Methods 

2.1. Study Area 

This study was conducted at Rwanda Agriculture Board 

(RAB), Rubona Station. This station is located in southern 

province of Rwanda, Huye district precisely in Ruhashya 

sector. Its geographical coordinates is 2° 25' 25" South, 29° 

46' 31" East, The altitude range from 1200 to 1700 m above 

sea level. The climate is of the type temperate tropical 

highland characterized by a long rainy season which lasts 

from about March to May, long dry season ranging from June 

to mid-September, short rain season which lasts from 

October to December and short dry season which lasts from 

January to March. The annual mean rainfall is estimated to 

1,000 mm. The mean minimal and maximal temperature is 

estimated to 16°C and 30°C, respectively [11]. 

 

Figure 1. Location of Ruhashya sector, Kayonza District (File: 

http://197.243.22.137/Huye8/index.php?id=83 

2.2. Experimental Design and Treatments 

The experimental design consisted of nine treatments of nine 

indigenous multipurpose tree species planted in alley 

cropping with maize: treatment 1/ Croton megalocarpus, 

treatment 2/ Pterygota mildbraedii, treatment 3/ Podocarpus 

latifolius, treatment 4/ Markhamia platycalyx, treatment 5/ 

Polyscias fulva, treatment 6/ Erythrina abyssinica, treatment 

7/ Ficus thonningii, treatment 8/ Maesopsis eminii, treatment 

9/ Sygygium parvifolium and a control replicated three times 

in a randomized complete block design (RCBD). Each 

experimental plot size was 15x15 m. The spacing between 

trees in each experimental plot was 3×3 m and the spacing 

between experimental plots was 2m. 

2.3. Sampling and Data Collection 

Land preparation was done manually by farmers; nine 

indigenous multipurpose tree species used in this experiment 

were planted two years before the intercropping with maize. 

Every year these tree species were pruned to remove the 

damaged part and to control their size and shape. Pruning 

was done by cutting above the bud at an angle slowing away 
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from it. In each experimental plot, a sample of five trees was 

selected and marked with red ribbon for repeated 

measurements for diameter at breast height and for the total 

height of the tree; these two parameters were measured using 

a calliper and graduated pole respectively. 

Maize (Zea Maize Saccharata variety) was planted before the 

long rain season of February. The plant spacing used was 75 

cm × 50 cm to give a plant population of approximately 27 

000 per hectare. Two seeds were planted in each hole, no 

other fertilizer were applied. Weeding was done by farmers 

every two months. For each experimental plot 16 maize crops 

were selected randomly at 5 m away from the last selected 

trees for growth assessment. Maize crops were also marked 

with black ribbon for repeated measurements. The measured 

parameters included: number of leaves, leaves diameter, 

maize height (from the soil surface to the top of canopy), 

maize biomass and grain yield. The measurements were done 

at 6, 9 and 12 weeks after crop emergency. The maize yield 

in each plot was assessed at the end of the cropping season. 

The yield measurements included dry grain weight obtained 

after drying the maize cobs in oven (105°C) for four days and 

the dry weight of the maize grain was determined after 

shelling the cobs. The concentrations of Nitrogen and 

Phosphorus were determined in laboratory from dried leaves 

samples by using UV/visible spectrometry and flame 

photometry for Potassium [12, 13]. Data collected from this 

experiment was subjected to Analysis of variance (ANOVA) 

using Genstat discovery edition 13. Means was separated using 

Tukey test with an individual simultaneous confidence 

intervals at 5% of significance level. 

3. Results and Discussions 

3.1. Trees Diameters and Heights 

Results obtained from the growth rate of the trees were 

summarized in figure 1. The highest average height and 

diameter were found for Croton megalocarpus (4.58m, 

9.75cm respectively) followed by Maesopsis eminii (3.53m, 

9.075cm) which were approximately four times more than 

Sygygium parvifolium (1.35m, 2.73cm) and Ptergotha 

(1.36m, 2.44cm) found to have the lowest diameter and 

height. 

 

Figure 2. Average Heights and Diameters of the tree species. 

3.2. Agronomic Parameters at Harvest 

It was found that some tree species influenced significantly 

maize for some measured parameters (Table 1). Even though 

the maize heights were not statistical significant different 

among tree species, the maize intercropped with Markhamia 

platycalyx was found to have the highest height. Sygygium 

parvifolium was found to have the highest number of leaves 

(12.29) and highest leaves diameter (8.66cm) approximately 

two times more than Maesopsis eminii which had the lowest 

number of leaves (8.35) and leaves diameter (4.50cm). The 

highest maize biomass and grain yield was found for 

Ptergotha mildbraedi (6.56 ton ha
-1

 and 2.89 ton ha
-1

 

respectively) approximately 3 times and 4 times more than 

Maesopsis eminii which had the lowest value. However 

maize yields showed a slightly negative response when 

intercropped with Croton megalocarpus and Maesopsis 

eminii relative to the control. 

This can be explained by the fact that due to high canopy of 
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Croton megalocarpus and Maesopsis eminii, the Shading 

effect was reducing the light to reach the crop leaves, the 

fastest growing rate of this two tree species also increased the 

competition for nutrients and water between then and maize, 

even if this two species could have an appreciable amount of 

litter production which after decomposition could produce 

organic matter, this effect was dominated by low light and 

nutrients competition. The highest yield observed to other 

species could be resulted to the low competition of the light 

and nutrients, and the high litter production, which after 

decomposition provided nutrients to the crop. 

These results are in agreements with those found by [9, 14, 

15] through their research on Influence of selected tree 

species on soil characteristics, growth and yield of maize in 

Western Kenya and reported a no significant difference in the 

height of maize under different tree species and a significant 

increase in maize yield under intercropping with different 

tree species. 

Table 1. Agronomic parameters after harvest. 

Treatments Number of leaves Plant height (m) Leaves diameter (cm) Total biomass (ton ha-1) Grain yield (ton ha-1) 

Control 9.55±1.19 bc 1.76±10.4 5.65±1.11 bc 3.75±0.15 d 1.86±0.41 ab 

Croton megalocarpus 10.03±1.13 abc 1.85±1.05 5.05±0.55 bc 3.35±0.15 d 1.20±0.67 b 

Maesopsis eminii 8.35±0.60 c 1.78±0.71 4.50±0.14 c 2.20±0.28 e 0.70±0.1 c 

Polyscias fulva 10.37±1.21 abc 2.27±0.22 6.43±0.63 abc 6.14±0.66 ab 2.34±1.00 ab 

Markhamia platycalyx 11.62±0.98ab 2.62±1.04 6.62±0.12abc 2.62±10.41d 2.21±1.13 ab 

Ficus thonningii 11.41±1.70 ab 2.41±0.40 7.41±0.41 ab 4.11±1.66 cd 2.58±0.58 ab 

Podocarpus latifolius 12.00±0.76 ab 2.42±0.45 6.00±1.00 abc 4.40±1.10bcd 2.04±0.10 ab 

Sygygium parvifolium 12.29±0.53 a 2.26±0.51 8.66±0.55 a 5.84±0.81 abc 2.12±1.03 ab 

Erytrina abyssinica 10.23±1.52 abc 2.16±0.50 7.56±2.2 ab 6.19±0.55 ab 2.62±0.23 ab 

Ptergotha mildbraedii 10.56±1.06 abc 2.46±1.1 7.56±1.00 ab 6.56±0.45 a 2.89±0.81 a 

Mean value ± standard deviation (SD); treatments with same letters are not significantly different (Tukey test, p<0.05). Number of leaves (p<0.001), Plant 

height (p=0.771), leaves diameter (p=0.001), total biomass (p<0.001) and total grain yield (p=0.013). 

3.3. Nutritional Evaluation of Tree’s Leaf 

Biomass 

As summarized in table 2, they have been a slightly 

significant difference among tree species for Phosphorus, 

contrarily to Nitrogen and Potassium where treatments were 

highly significant different. Polyscias fulva was found to 

have the highest nitrogen (1.125%) and phosphorus 

concentrations (0.699%), Ficus thonningii was found to have 

the highest Potassium concentration (0.898%). However the 

lowest Nitrogen and Potassium concentrations was found for 

Croton megalocarpus (0.236 and 0.152% respectively) and 

the lowest Phosphorus concentration was found for 

Sygygium parvifolium (0.142%). 

Table 2. Nutritional contents of tree’s leaves. 

Treatments N (%) P (%) K (%) 

Croton megalocarps 0.236+0.001 e 0.432±0.438 ab 0.152±0.004 e 

Maesopsis eminii 0.625+0.004 d 0.425±0.004 ab 0.366±0.002 cd 

Polyscias fulva 1.125±0.002 a 0.699±0.002 a 0.522±0.003 bc 

Markhamia platycalyx 0.871±0.001 bc 0.676±0.001 a 0.208±0.002 de 

Ficus thonningii 0.616±0.001 d 0.494±0.003 a 0.898±0.003 a 

Podocalpus latifolius 0.322±0.002 e 0.578±0.001 a 0.154±0.002 e 

Erytrina abuscinica 0.864±0.004 c 0.495±0.004 a 0.313±0.004 de 

Sygygium parvifolium 0.991±0.001 abc 0.142±0.004 b 0.522±0.004 bc 

Pterygotta mildibradei 1.0182±0.001 ab 0.613±0.004 a 0.639±0.002 b 

Mean value ± standard deviation (SD); treatments with same letters are not significantly different (Tukey test. p<0.05). Nitrogen (p<0.001), Phosphorus 

(p<0.001), Potassium (p<0.001). 

4. Conclusions 

From this study it was concluded that except Maesopsis 

eminii and Croton megalocarps other experimented tree 

species revealed to have a positive influence on maize yield. 

Pterygotta mildibradei was the best recommended tree 

species due to its high nutrients content in leaves in term of 

Nitrogen, Phosphorus and Potassium which after 

accumulation and decomposition produced organic material 

used by the crop to increase the yield, in addition, there was a 

low completion between Pterygotta mildibradei and maize 

for light and water due to its rapid growth in height compare 

to diameter and its deep rooting system. Then, it was 

concluded that while selecting the tree species for 

intercropping, the choice should depend on the need of the 
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farmers and the purpose of growing them. For example if the 

purpose is to produce trees for timber, fodder, fire wood or 

wind protection Maesopsis eminii and Croton megalocarps 

could be the best choice. Moreover, if the purpose is to 

increase the maize production, Pterygotta mildibradei and 

other tree species would be the recommended ones. 

Acknowledgements 

Authors thank University of Rwanda, College of Agriculture, 

Animal Sciences and Veterinary Medicine, Huye campus. 

Author also thanks Rwanda Agriculture Board (Southern 

province) for the provision of experimental land where this 

research was conducted. 

References 

[1] UNESCO 2017. Rwanda country profile. 

[2] Sustainable Agriculture Network-SAN. Managing Cover 
Crops Profitability, 3rd ed.; Sustainable Agriculture Network: 
Beltsville, MD, USA, 2008. 

[3] Pumariño, L., Weldesemayat, S. G., Gripenberg, S., Kaartinen, 
R., Barrios, E., Muchane, M. N., Midega, C. J. M., (2014). 
Effects of agroforestry on pest disease and weed control: A 
meta-analysis. Basic and Applied Ecology. 16 (2015): 573–
582. 

[4] MacLean, R. H., Litsinger, J. A., Moody, K., Watson, A. K., 
Libetario, E. M., (2003). Impact of Gliricidia sepium and 
Cassia spectabilis hedgerows on weeds and insect pests of 
upland rice. Agriculture. Ecosystems and Environment. 94 
(2003): 275–288. 

[5] Katende, A. B., Birnie, A., Tengnäs. B., (1995). Useful trees 
and shrubs for Uganda: identification, propagation and 
management for agricultural and pastoral communities 

Technical Handbook 10. Regional Soil Conservation Unit. 
Nairobi. Kenya. 710 pp. 

[6] Nduwamungu, J., (2011). Forest plantations and woodlots in 
Rwanda. African Forest Forum (AFF) Working Paper Series. 
Vol. 1. Issue 14. 2011. Nairobi. 

[7] Rajashekhara, R. B. K., Siddaramappa, R., (2008). Evaluation 
of soil quality parameters in a tropical paddy soil amended 
with rice residue and tree litters. European Journal of Soil 
Biology. 44 (2008): 334–340. 

[8] Luedeling, E.,(2016). Field-scale modeling of tree–crop 
interactions: Challenges and development needs. Agricultural 
Systems 142, 51–69. 

[9] Ekhuya, N. J., Wesonga, J. M., Mowo, J., (2015). Influence of 
selected tree species on soil characteristics, growth and yield 
of maize in Western Kenya. African journal of agricultural 
research 10 (24): 2399-2406. 

[10] Kang, B.T., Akinnifesi, F.K., (2000). Agroforestry as 
alternative land-use production systems for the tropics. Nat 
Resour Forum 24: 137–151. 

[11] www.google.com/amp/s/en.climate-
data.org/africa/rwanda/amajvepfo/huye-44897/%3famp=true 

[12] American Society for Testing and Materials (1971). The 
Annual Book of ASTM Standards. Part II, 225-232. 

[13] Division of Agricultural Chemistry Indian Agricultural 
Research Institute New Delhi (2012). Practical Manual on 
Measurement of Soil chemical Properties. part I, 5-45. 

[14] Diriba, G., Mekonnen, H., Ashenafi, M., Agdugna, T., (2013). 
Nutritive value of selected browse and herbeceous forage 
legumes adapted to medium altitude subhumid areas of 
Western Oromia, Ethiopia. Glob Vet 11 (6): 809–816. 

[15] Oyebamiji, N. A., Jamala, G. Y., Adelani, D. O., (2019). 
Effects of Agroforestry Trees Biomass and Urea on Maize 
Tasselling and Silking Production, International scientific 
journal. 120 (2) 250-258. 

 


