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Abstract 
A field experiment was designed to determine the effects of leaf biomass of agroforestry tree species and urea on maize yield in Sudan 
savanna ecological zone of Nigeria. The experiment was laid out as 3 x 4 x 2 factorial in a split-split plot design with three replicates for two 
years. The factors considered for the experiment include: control, biomass species (Albizia lebbeck and Parkia biglobosa) as main plots, four 

-1levels of nitrogen fertilizer (0, 40, 80, 120 kg N ha ) as sub-plots, and two maize varieties (DMR-ESR-7 and 2009 EVAT) as sub-sub plot. 
Data collected from soil samples, growth and yield parameters and nutrient content of the species were analysed using Analysis of Variance 
(ANOVA). Chemical composition of A. lebbeck biomass had higher average contents of nitrogen (N) (3.24 %) and C (18.64 %) and lower 
average C: N ratio (5.75) than P. biglobosa and this affected their decomposition rate, hence, A. lebbeck decompose faster than P. biglobosa. 

-1 -1A. lebbeck had significant higher effect (1881.9 kg ha ) and interaction (2107.6 kg ha ) on maize grain yield of 2009 EVAT compared to P. 
-1 -1biglobosa. No significant effect was observed in nitrogen applied plots from 40 kg N ha  to 120 kg N ha  on grain yield of both maize 

-1 -1 varieties. In conclusion, A. lebbeck and nitrogen application from 40 kg N ha  up to 120 kg N ha with the two maize varieties (DMR-ESR-7 
and 2009 EVAT), but most especially with 2009 EVAT are better combinations and therefore recommended for maize grain yield under 
savanna conditions.
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Introduction
Agroforestry has a very important role to play in increasing food 
security and hence improving nutrition and alleviating poverty 
(Mbwambo et al., 2006). The success of any      Agroforestry 
system relies heavily on the choice of suitable tree species that 
should offer diversity of benefits and show compatibility with 
food crops (Edward et al., 2006).

In agroforestry systems, prunings of different tree species and 
shrubs that are incorporated into soils or applied as mulch have 
to undergo decomposition to release nutrients. Since litter decay 
rate and nutrient release pattern of different mulch species may 

be different (  et al., 2001; ). Moretto Although biomass transfer 
technologies require a lot of labour for managing and 
incorporating biomass, economic analyses have concluded that 
it is unprofitable to invest in it when labour is scarce and its cost 
is thus high (Kuntashula et al., 2004, 2006). In addition to 
increasing yields of maize, biomass transfer has shown 
potential to increase yields of crops (Kuntashula et al., 2004, 
2006). Leguminous trees are more effective in improving soil 
productivity for maize yield, probably because of their biomass 
production differences, N  fixation and recovery of leached 2

nutrients (Akinnifesi et al., 2008).

Decomposition is the breakdown of organic residues by 
microorganism into simple inorganic forms. The products of 

complete decomposition of organic materials (e.g., plant 
biomass) are carbon dioxide, water and inorganic ions 

(ammonium, nitrate, phosphate and sulphate) (  et al., Koukoura
2003). Litter decomposition is a critical process that removes 
wastes, recycles nutrients, renews soil fertility and sequesters 
carbon among different ecosystems services such as natural 
forests or agro-ecological systems. Litter decomposition is 
however affected by soil micro and macro faunal activities, 
climatic factors, substrate type and its quality. 

Initial N content of the biomass, C: N ratio, lignin content, lignin: 
N ratio, and polyphenol and its ratios with N and lignin have been 
shown to be important chemicals affecting the rate of 
decomposition and mineralization (Mafongoya et al., 1998). 
Other factors that affect the rate of mineralization include 
climate, soil characteristics, and cultural practices such as the 
method of application of biomass, application of mineral 
fertilizers, and methods employed in soil tillage (Mugendi and 
Nair, 1997).

However, few farmers can afford mineral fertilizers, and those 
using fertilizer hardly use the recommended rates (Mugwe et al., 
2009). Though, inorganic fertilizers feed the plant faster but could 
lead to soil degradation and increase soil acidity but organic 
materials will increase organic content of soils of which inorganic 
fertility cannot do. Organic material has various derivable 
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removed from the soil in each plot at 2, 4, 6, 8 and 10 weeks after 
planting (WAP). The contents in the bags were cleaned with water, 

0 oven dried at 65 C to constant weight, and dry weights were 
recorded.

Estimation of leaf biomass decomposition and N mineralization 
rate were carried out as follows:
Y = e–kt, where Y is the percent remaining of initial weight of 
material at time t in weeks and k is the rate of decomposition/N 
release per week (rate constant). The k values were estimated using 
ANOVA in SAS (2000).

Nitrogen released (RLS) over time were calculated following the 
formula by Giashuddin et al. (1993):
% N RLS = 100 – % of original N content remaining (No) where, 

No = (% N a time t) x % of original weight remaining

Data Collection Method
Five maize plants were randomly selected within each of the net 

2plots of 4 m x 1.5 m (6 m ) with a tag for periodic observations at 4, 
6, 8 and 10 Weeks After Planting during the crop growth cycle for 
pre- harvest data collection. At harvest, these same five tagged 
plants were still used to obtain yield.

Soil Sample Collections
Soil sample collections from the depth of 0-30 which were 
randomly taken in each plot in 2014, were analyzed as described 
below. Soil pH was determined in 0.01M Cacl  by using a soil 2

solution ratio of 1: 2.5 by means of a Philip analogue pH meter. The 
soil was determined using the pH meter (Black, 1965). The organic 
carbon content of soil was determined by the wet oxidation method 
of Walkley-Black as described by Allison (1965). The total 
nitrogen content of the soil was determined by Micro Kjeldahl 
procedure Bremner (1965). C;N was computed as ratio of N to C. 
Available phosphorus (P) was extracted by the Bray 1 method. The 
P concentration in the extract was determined colorimetrically by 
using the Spectronic 20 and absorption was read-off as described 
by Bray and Kurtz (1945) and modified by Murphy and Riley 
(1962). Exchangeable K, Ca and Mg were extracted using 
ammonium acetate. K was determined on flame photometer and 
Ca and Mg by Atomic Absorption Spectrophotometer (AAS).

Statistical Analysis 
Data were analysed using Analysis of Variance using Statistical 
Analysis System (SAS, 2000) computer package at 5 % level of 
significance to determine differences in the treatment and 
interaction effects. The Duncan's Multiple Range Test (Duncan, 
1955) was used to separate means of significant differences among 
the treatments.

Results
Selected Soil Properties before Planting
The physical and chemical analysis of the top soil (0-30cm depth) 
of the experiment site before planting in 2014 as determined by 
standard procedures showed that the soil was sandy loam with the 
following properties: pH (0.01M CaCl ), 4.1; organic carbon, 5.3 g 2

-1 -1 -1kg ; total nitrogen, 0.4 g kg ; ammonia-nitrogen, 23.99 mg kg ; 

benefits; such as Cations Exchange Capacity (CEC) 
enhancement, soil structure improvement, crop production and 
yield amelioration and increment, and soil chemical, physical 
and biological properties improvement.  

Materials and Methods  
Study Area 
The study area is Makera, a village in Dutsinma Local 
Government Area of Katsina State, having an area of 527 km², 
altitude of 605 m and a population of 169, 671 and is found 

0 0within Latitude 12 27'18" N and Longitude 07 29'29" E. It is 
also found in the basement complex derived soils of Katsina 
State (Oguntoyinbo, 1983). The area receive an annual rainfall 
of 700 mm, which is spread from May to September. The mean 

o annual temperatures range from 29-31 C. the high temperature 
normally occurs in April/May and the lowest in December 
through February (Tukur et al., 2013).

Experimental Design
The experiment was laid in split-split plot design in 3 x 4 x 2 
factorials with three replicates. The plot dimension was 4 m x 3 
m. Leafy biomass of Albizia lebbeck and Parkia biglobosa were 
pruned and incorporated fresh into the soil at the rate of 6 kg for 
each of each species biomass plots (B  and B  for A. lebbeck and 1 2

P. biglobosa respectively). There are plots without 
incorporation of leafy biomass (B ), referred to as control. The 0

leafy biomass was incorporated into the soil for two planting 
seasons (2014 and 2015). Four levels of N fertilizers were split 

-1 -1applied as: N 0 kg N ha (control); N , 40 kg N ha ; N , 80 kg N 0, 1 2
-1 -1ha ; N , 120 kg N ha and half were applied at 2 weeks after 3

planting (WAP). The remaining quantity was applied 5 WAP. 
The two varieties of maize used (DMR- ESR- 7 (Yellow Maize) 
and 2009 EVAT (White Maize) were obtained from Katsina 
State Agricultural and Rural Development Authority 
(KTARDA). The two maize varieties were planted; two maize 
seeds were planted per hole, at equal depth and it was later 
thinned to one 2 WAP by conventional spacing of 75 cm x 25 cm 
two weeks after the incorporation of leafy biomass of A. lebbeck 
and P. biglobosa into the soil, to make the total plant population 
of 64 stands per plot.

Plant Tissue Analysis of the Agroforestry Tree 
Species
Samples of pruned leaves of A. lebbeck and P. biglobosa were 
air dried at a room temperature and ground to be analysed for 
their initial contents of N, C, lignin and polyphenols. Total N 
was analysed by Macro-Kjeldahl digestion, followed by 
distillation and titration (Anderson and Ingram, 1993; 
Brandstreet, 1965). Lignin was determined by the Acid 
Detergent Fibre (ADF) method as outlined in (Anderson and 

0 Ingram, 1993). The polyphenol was extracted in hot (80 C) 50 
% aqueous methanol and determined calorimetrically with 
tannic acid as a standard measurement (Anderson and Ingram, 
1993; Hagerman, 1988).

Leaf  Biomass  Decomposition 
Fifty grams of the tree-leafy biomass from all the treatments that 
received biomass application was placed in 1-mm mesh size 
litter bags and buried into the soil at a depth of about 15 cm at the 
time of maize planting (beginning of the season). One bag per 
replicate containing residues from each species was randomly 

No = (% N a time t) x % of original weight remaining

 

         (% N at time 0)  
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Soil properties  Value  
Particle size (g  kg-1)   
Sand  88.60  
Silt    4.00  
Clay    7.40  
Textural class  Sandy loam  
Chemical properties   
Ph

     
4.1

  
Organic carbon

 
(g

 
kg-1)

      
5.3

 
Total nitrogen

 
(g

 
kg-1)

        
0.4

 NH4
+N (mg

 
kg-1)                     

 
23.99

 NO3
-N

 
(mg

 
kg-1)                     

 
26.38

 Available phosphorus
 

(mg kg-1)
    

7.94
 Exchangeable cations

 
(C mol kg-1)

   Ca
   

6.25
 Mg

   
1.01

  K
   

0.20
 Na

   
0.35

 CEC                                         

   

7.96

 

 

 
Chemical Composition of Leafy Biomass of the Two 
Agroforestry Species 
The leaves of A. lebbeck contained more N (leading to lower C: 
N ratio) than P. biglobosa. A. lebbeck had the highest 

Component  N %  C %  Lignin %  Polyphenol %  C: N  

Albizia lebbeck       
2014  3.32a  18.62a  11.37a  0.65b  5.60b  

2015  3.16a  18.65a  10.74a  0.48b  5.90b  
Means  3.24a  18.64a  11.06a  0.57b  5.75b  
Parkia biglobosa

      
2014

 
2.85b

 
17.81b

 
8.35b

 
0.87a

 
6.20a

 
2015

 
2.44b

 
15.52b

 
8.13b

 
0.63a

 
6.40a

 
Means

 
2.65b

 
16.67b

 
8.24b

 
0.75a

 
6.30a

 

concentration of lignin with mean value of 11.06, while P. 
biglobosa had highest concentration of C: N ratios with mean 
value of 6.30. The result showed that P. biglobosa had low N and C 
contents (Table 2).

Table 2: Chemical composition of the leafy biomass of Albizia lebbeck and Parkia biglobosa

N= Nitrogen; C= Carbon; C:N= Carbon/N ratio 
Means followed by the same letter(s) within the same column and treatment are not significantly different (P > 0.05).

Decomposition patterns of plant Residues
Generally, there was a rapid loss of mass from the litter bags 
during the first two weeks after planting (2 WAP) for the two 
species (Figure 1) in this order A. lebbeck (38.2 g) < P. biglobosa 
(28.16 g) compared to initial weight of 50 g. At four weeks after 
planting (4 WAP), A. lebbeck had lost 42.19 g of its initial weight 

while 30.04 g of P. biglobosa had been decomposed. At 6 WAP, 
the rate of mass loss due to decomposition declined in both 
species. Even then, A. lebbeck continued to decompose faster than 
P. biglobosa. The rate of decomposition increased with increase in 
the number of weeks after planting.
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-1 -1nitrate-nitrogen, 26.38 mg kg  available phosphorus, 7.94 mg kg  ;
-1 2+ 2+ 

; and exchangeable cations (cmol kg ) of Ca  , 6.25;   Mg , 1.01; 
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+ + - 1K  , 0.20; and Na , 0.35; and CEC, 7.96 cmol kg  (Table 1).

Table 1: Soil physical and chemical properties before establishment of the experiment at the study site.



-1Grain Yield (kg ha )
Plots amended with A. lebbeck in the first, second and combined 

-1had significantly higher grain yield of 2097.2 kg ha , 1666.7 kg 
-1 -1ha  and 1881.9 kg ha  respectively than other treatments. 

Among the nitrogen fertilizer applied, the control treatment 
-1produced significantly lower yield values (833.3 kg ha  for the 

-1 first planting and 912 kg ha for the combined means 

Fig. 1: Loss weight of Albizia and Parkia leafy biomass over a period of 10 weeks.

respectively) of grain than plots supplied with other N rates ( 40 kg 
-1 -1 -1ha , 80 kg ha  and 120 kg ha ). No significant response to N rates 

on grain yield was observed during the second planting season. 
No significant difference was observed in yields among the 
varieties of grain during the two planting seasons and for the 
combined means (Table 3).

-1 st ndTable 3: Influence of biomass and nitrogen rate on grain yield (kg ha ) of two maize varieties at the 1  and 2  planting seasons

Treatment 1st season 2nd season Combined
Biomass (B)     
Control  1388.9b  1395.8ab  1392.4b  
Albizia

 
2097.2a

 
1666.7a

 
1881.9a

 Parkia
 

1413.2b
   

930.6b
 

1171.9b
 SE±

 
210.71

 
162.49

 
136.18

 Nitrogen (N) Kg ha-1

    0

   
833.3b

   
990.7a

   
912.0b

 40

 

1875.0a

 

1250.0a

 

1562.5a

 80

 

1652.8a

 

1509.3a

 

1581.0a

 120

 

2171.3a

 

1574.1a

 

1872.7a

 
SE±

 

221.33

 

201.49

 

152.62

 
Variety (V)

    
DMR-

 

ESR-7

 

1569.4a

 

1245.4a

 

1407.4a

 
2009 EVAT

 

1696.8a

 

1416.7a

 

1556.7a

 
SE±

 

180.69

 

147.99

 

117.56

 

Interaction

    

B x N

 

S*

 

S*

 

S*

 

B x V

 

S*

 

S*

 

S*

 

V x N S* S* S*

Means followed by the same letter(s) within the same column and treatment are not significantly different at 5 % level of probability 
using DMRT. S* Significant at 5 % level of probability.     
B x N = Interaction between biomass and nitrogen fertilizer; B x V = Interaction between biomass and maize varieties; V x N = 
Interaction between maize varieties and nitrogen fertilizer.  
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Biomass and nitrogen interaction
-1A. lebbeck amended plots had higher value (2173.6 kg ha ) of 

 

  Nitrogen (Kg ha 1)   
Treatment 0 40 80 120
Biomass (B)

     

Control  763.9d  1236.1bcd  1652.8abc  1916.7ab  
Albizia 1277.8bcd 1986.1ab 2090.3ab 2173.6a
Parkia

 
694.4d

 
1465.3abcd

 
1000.0cd

 
1527.8abcd

 
SE±                                                                                                                      

 
243.99

   

Biomass and variety interaction
Comparable values of grain yield were obtained in the biomass 
treatments. A. lebbeck amended plots and 2009 EVAT had 

 Variety   
Treatment  DMR-  ESR-7  2009 EVAT  
Biomass (B)    
Control  1444.4b  1340.3b  
Albizia  1656.3ab  2107.6a  
Parkia  1121.5b  1222.2b  
SE±  100.01   

 

-1Table 5: Interaction between biomass and variety on grain yield (kg ha ) in combined analysis

Means followed by the same letter(s) are not significantly different at 5 % level of probability using DMRT.

-1significantly higher value (2107.6 kg ha ) of grain yield than P. 
biglobosa and control and with DMR-ESR-7 in combined means 
(Table 5).

Means followed by the same letter(s) within the same column and treatment are not significantly different at 5 % level of probability 

using DMRT

Variety and nitrogen interaction
The grain yields of the maize varieties were comparable both at 

-10 and 120 kg N ha , where 2009 EVAT produced significantly 

-1 -1higher yield (2050.9 kg ha ) of grain at 120 kg N ha  than DMR-
ESR-7 at all other N rates in combined means (Table 6).

-1Table 6: Interaction between variety and nitrogen rate on grain yield (kg ha ) in combined analysis

                                                               Nitrogen (Kg ha )
Treatment 0 40 80 120
Variety (V)      
DMR- ESR- 7  777.8c 1569.4ab 1588.0ab 1694.4ab 
2009 EVAT  1046.3bc 1555.6ab 1574.1ab 2050.9a 
SE± 215.12

Means followed by the same letter(s) within the same column and treatment are not significantly different at 5 % level of 
probability using DMRT.

Discussion
The soil of the study area is basically sandy loam and acidic with 
pH of 4.1 before the experiment commenced as observed by 
Oyebamiji et al. (2017b). Plots amended with A. lebbeck 
biomass performed better as it contain higher average N and C 
contents and lower average C: N which aided its decomposition 
than P. biglobosa as confirmed by Oyebamiji et al. (2017a). 
Over 56 % of N in the litter bag was decomposed during the first 
two weeks of incubation for the two biomass species. 
Thereafter, the N release in the remaining undecomposed litter 
generally increased with time for the two biomass types.

The general performance of maize plants was discovered to be 
higher in A. lebbeck on grain yield. Maize plants in plots that 
received biomass performed better than those without any 
intervention (the control). The response of maize to nitrogen 
application agrees with Cherr et al., (2006) that maize yield is 
significantly influenced by biomass used. Yield increases as 
nitrogen are released from leguminous crops (Kang et al., 1999; 
Mugendi et al., 2000). Incorporation of biomass increased grain 
yield of maize than maize without incorporation of biomass 
(control). Incorporation of A. lebbeck biomass which brought 
about significant increase in grain yield of maize of about 37.7 % 
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-1Table 4: Interaction between biomass and nitrogen rate on grain yield (kg ha ) in combined analysis

-1grain yield at 120 kg N ha  than at all other N rates in combined 
means (Table 4).
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than P. biglobosa. The increase in total soil N from biologically 
fixed N and mineralized N from decomposed litter materials. 
This observation agrees with the findings of Lelei et al., (2009) 
who reported that the supply of N through mineralization of the 
high quality residues usually lead to higher maize grain yield. 
The observed increase in grain yield can be traceable to 
nitrogen application which is important in enhancing 
photosynthetic reaction that was needed to bring about crop 
production. This improvement in yield was evident through the 
utilization of N fertilizer to improve the crop metabolic 
activities as reported by (Wajid et al., 2007; El-Gizawy, 2009). 

-1 -1Application of N from 40 kg N ha  to 120 kg N ha  had an 
increasing effect on the yield. This findings agree with that of 

-1Buah et al., (2009) who reported that 120 kg N ha  could 
produce the highest grain yield of maize in the Semi-Arid, 
Nigeria. The significant interactions between biomass and 
nitrogen rate on grain yield showed that the combination of any 
of the biomass and N rates especially A. lebbeck; was the best 
combination for increased yield components. This may be due 
to the increase in mineralized nutrients and N fertilizer readily 
available for the maize crops; indicating that A. lebbeck with N 

-1rate at 120 kg N ha  was the best interaction combination 
(Oyebamiji et al., 2016).

However, 2009 EVAT and DMR-ESR-7 were both similar in 
terms of vegetative and yield characters. This is because these 
maize varieties have the same genetic make-up except in their 
colour differences as noted by Namakka (2002)

Conclusion and Recommendations
 Nitrogen was released from decomposed biomass of A. lebbeck 
faster and higher than P. biglobosa. Incorporation of A. lebbeck 
into the soil improved the soil fertility for better grain yield. 

-1  -1However, application of 40 kg N ha up to120 kg N ha  is found 
to be the best and suitable rate for both 2009 EVAT and DMR-
ESR-7 maize production. The use of biomass alone can 
increase grain yield but when it is combined with nitrogen 
fertilizer, it produced higher grain yield. Hence, the combined 

-1applications of A. lebbeck with 120 kg N ha  are the best 
recommended combination for increased maize grain yield.
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