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Abstract 
One major challenge to developing sustainable family farms in tropical regions is increasing nitrogen use 
efficiency. The aim of this study was to evaluate the combined effects of leguminous residues of low-and 
high-quality on nitrogen uptake, as well as on content of protein of a Quality Protein Maize (QPM) and of a 
hybrid maize in a tropical sandy loam soil. The experimental design consisted of randomized blocks with four 
replicates in a 6 × 2 factorial and six treatments: Gliricidia + Clitoria (GC); Gliricidia + Acacia (GA); Leucaena 
+ Gliricidia (LG); Leucaena + Clitoria (LC); Leucaena + Acacia (LA) and a control without legumes (C). A 
sub-plot was constructed, sowing in each plot two maize cultivars, opened pollination QPM BR 473 and hybrid 
Ag 7088. We conclude that the combined use of leguminous residues applied on the soil surface might increase 
the uptake of nitrogen, the protein contents of maize and the grain yield. In bare soil prone to cohesion, the use 
of synthetic N is not feasible for both maize yield and for protein yield compared with use of covered soil. The 
results also showed that the effects of leguminous residue quality on N uptake may differ from year to year due 
to variation in water stress days.  

Keywords: nitrogen uptake, protein yield, maize cultivars, tree legume 

1. Introduction 
For smallholder maize growers in the humid tropics, hybrid seeds and nitrogen (N) fertilizer are very costly 
(Gaju et al., 2013). Therefore, one major challenge to creating a sustainable and feasible family farm in humid 
tropical regions is identifying and reducing inefficient use of nitrogen while simultaneously reducing seed cost 
and intensifying crop production to save conservation areas. Inefficient N use by crops may also have 
environmental impacts through nitrate leaching, N2O (a greenhouse gas) emissions associated with 
denitrification by soil bacteria and in N losses from the root zone. Thus, inefficient use of N fertilizer is clearly 
inconsistent with agricultural sustainability and ecological efficiency practices (Hochman et al., 2011). 

In contrast, the efficient use of N by crops results in greater returns in stubble cover, soil organic matter 
maintenance, higher yields and increased grain protein contents (Silva, Aguiar, Moura, & Jorge, 2016). For small 
farmers, particularly in developing countries, the increase in protein grain maize plays an important role because 
corn is the main staple food and often the sole source of which derive protein and caloric requirements for 
animal and human nutrition (Ufaz & Galili, 2008; Mbuya, Nkongolo, & Kalonji-Mbuya, 2011). Therefore, 
although product quantity is the principal function that drives the producer revenue stream, product quality is 
also important for driving economic and social return. However, cereal proteins are of poor nutritional value for 
monogastric animals (including humans) due to their reduced essential amino acid contents, including lysine, 
tryptophan and threonine contents (Prasanna, Vasal, Kassahun, & Singh, 2001). It is in this context that the story 
of open-pollinated maize cultivars, Quality Protein Maize (QPM), assumes significance, due to its higher levels 
of lysine and tryptophan than hybrid tropical maize, making it a promising candidate to enrich the human and 
animal nutrition (Bello et al., 2014). However, adverse environmental effects, such as low N availability, may 
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impose severe constraints on exploiting this important alternative crop for family farms. According to Seebauer 
et al. (2010) to produce higher grain protein contents in maize, a suitable amount of N must be available. 

In sandy loam soils in humid tropical regions, due to poor soil rootability and high rates of nutrient loss by 
leaching, the low availability and reduced N use efficiency (NUE) are major factors influencing successful 
management of agrosystems (Aguiar, Amorim, Coêlho, & Moura, 2009). Most soils exposed to repeated cycles 
of wetting and drying tend to undergo hardsetting, due to the generally low free-iron contents and organic carbon 
levels combined with high fine-sand and silt proportions, which worsens soil rootability and decreases root 
growth (Daniells, 2012). This process reduces the soil volume accessed by roots, impairs nitrogen uptake, and 
decreases NUE reducing agrosystem feasibility (Moura et al., 2016). In addition, under tropical meteorological 
conditions, due to the high atmospheric evaporative demand, the actual transpiration rate may be less than the 
potential transpiration rate even though soil moisture supply might be considered sufficient. This can lead to loss 
of turgidity, decreased carbon uptake, cessation of growth and lower productivity of crops (Denmead & Shaw, 
1960). 

To calculate the total number of days when soil moisture contents is sufficiently low to cause crop water stress 
Benjamin, Nielsen, and Vigi (2003) suggested a soil physical indicator symbolized by the expression ‘water 
stress day’. In cohesive sandy loam soil in tropical regions, water stress days can be added from the fourth days 
without rain or irrigation (Moura et al., 2009). 

Thus, to reduce cohesion, increase NUE and the subsequent degradation of structurally fragile tropical soils, 
some authors have recommended mulching with leguminous residues to provide soil cover (Mulumba & Lal, 
2007; Aguiar et al., 2009). Mulching with surface residues delays soil moisture loss, decreases the 
evapotranspiration rate, and improves soil rootability (i.e., providing good conditions for root growth) (Qamar et 
al., 2015). However, this practice will only be successful if a combination of biomass producer species that 
provide low- and high-quality residues is used. This technique will ensure an adequate release rate of N during 
crop growth and maintain soil cover during the entire crop cycle in tropical conditions with high biomass 
decomposition rates (Moura, Oliveira, Coutinho, Pinheiro, & Aguiar, 2012). 

Thus, we hypothesize, that a combination of different leguminous residues applied on soil surfaces may affect in 
different ways the uptake of nitrogen of maize cultivars and doing so to alter the protein contents and grain yield. 
The aim of this study was to evaluate the combined effects of low- and high-quality residues on nitrogen uptake, 
to compare protein yield of QPM and hybrid maize cultivar in a tropical sandy loam soil prone to cohesion.  

2. Material and Methods 
2.1 Experimental Site and Trial Set-Up 

The study was carried out in 2014 and 2015 in one experimental field at Maranhão State University, Brazil (2°30′ 
S and 44º18′ W). The climate can be described as hot and semi-humid equatorial with two well-defined seasons: 
a rainy season (January–June) and a dry season with a marked water deficit (July–December). The annual mean 
rainfall (mm) during the experimental period was 1,457.5 mm year-1, and the mean minimum and maximum 
temperatures were 27 °C and 37 °C, respectively. The climate data were collected in a Remote Automated 
Weather Station localized on side of experimental area. The water stress days were calculated considering the 
number of days after four days without rain (Benjamin, Nielsen, & Vigi, 2003; Moura et al., 2009).  

The local soils displayed cohesive characteristics Moura et al. (2012) and were classified as Arenic Hapludults 
with 260 g kg-1 coarse sand, 560 g kg-1 fine sand, 80 g kg-1 silt and 100 g kg-1 clay. Before sowing the 
experimental area, the chemical properties of soil were determined, as follows: pH 5.35 (in CaCl2); 19.29 g kg-1 
of organic-C; 32.25 mg dm-3 of P; 22.67 mmolc dm-3 of (Al + H); 20.04 mmolc dm-3 of Ca; 12.79 mmolc dm-3 of 
Mg; 1.4 mmolc dm-3 of K; 56.52 mmolc dm-3 of CEC; 58.49% of percentage base saturation. 

Four perennial leguminous species were tested, two of which have a higher quality residue, Gliricidia sepium 
Jacq. (Gliricidia) and Leucaena leucocephala Lam. (Leucena), and two with trees producing a lower quality 
residue, Clitoria fairchildiana Howard (Clitoria) and Acacia mangium Wild (Acacia) (Aguiar et al., 2010). 
Leguminous residue quality was determined by amount of nitrogen, lignin and polyphenols in each residue (Tian, 
Brussaard, & Kang, 1995). In the alley cropping system, legumes were sown in 4 m spaces between rows and in 
0.5 m spaces between plants, which resulted in 10 m × 4 m plots. Since 2003, maize (Zea mays L.) was grown 
during the rainy season between the rows of leguminous plants in each plot of 21 × 4 m plot with a spacing of 90 
cm between the rows and 33 cm between the plants. 

The alley cropping system included the six treatments: Gliricidia + Clitoria (GC); Gliricidia + Acacia (GA); 
Leucaena + Gliricidia (LG); Leucaena + Clitoria (LC); Leucaena + Acacia (LA) and a control without legumes 
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We determined the weight of 100 grains by weighing the grain on a scale with an accuracy of 0.0001 g. Grain 
yield was calculated on the basis of 6 m2 harvest areas in each plot and expressed at 13% grain moisture content. 
The protein yield was calculated this way: [(Grain Yield × Grain Protein)]/100.  

2.3 Statistical Analysis 

The parameters were analyzed using analysis of variance (ANOVA), and means were compared using Duncan’s 
post hoc test at a *P < 0.05 significance level. The data were analysed using InfoStat software (InfoStat Group, 
College of Agricultural Sciences, National University of Córdoba, Argentina). 

3. Results 
All combinations of leguminous residues affected the accumulation of N until tasseling stage in the two years 
and in the two maize cultivars. However, there were differences among these treatments in two cultivars in 2014, 
when the accumulation of N pre-tasseling was lower in LG than in other treatments with leguminous biomass. In 
GA and GC it was higher for two cultivars except for LA treatment in the hybrid cultivars. In 2015, accumulation 
of N pre-tasseling was higher in LC than in the other treatments in the QPM cultivar except again for LA. There 
were no differences among the treatments with leguminous to hybrid cultivars, as well as for N accumulation 
until tasseling stage (Table 1).  

 

Table 1. Nitrogen at tasseling (NT), amount of nitrogen remobilized (NR) and amount of nitrogen uptake 
post-tasseling (NPT) in two maize cultivars in the experimental area in 2014 and 2015 

Treatments 
NT (kg ha-1) NR (kg ha-1) NPT (kg ha-1) 

2014 2015 2014 2015 2014 2015 

QPM 

LC 42.32 b 84.44 a 27.48 b 56.75 a 12.46 b 22.46 ab 

LA 48.23 b 71.78 ab 30.88 b 30.75 b 23.23 a 17.61 b 

LG 40.40 c 51.02 c 16.19 c 18.37 c 13.29 b 37.88 a 

GA 58.54 a 65.04 bc 38.97 a 22.32 bc 8.46 bc 39.36 a 

GC 56.67 a 66.64 bc 42.45 a 29.81 b 4.19 c 30.46 ab 

C 30.60 d 47.56 d 12.35 c 17.89 c 2.86 c 6.48 c 

Hybrid 

LC 54.81 b 78.99 a 35.54 b 40.91 a 14.14 a 30.55 c 

LA 58.70 ab 80.09 a 35.13 b 24.27 b 18.25 a 53. 65 ab 

LG 42.32 c 80.86 a 25.61 c 38.52 a 16.9 a 38.89 bc 

GA 64.43 a 89.55 a 45.16 a 21.94 bc 5.99 b 42.40 bc 

GC 62.02 a 80.48 a 43.09 a 25.61 b 6.97 b 60.31 a 

C 39.00 d 52.29 b 22.21 c 19.09 c 5.55 b 10.68 d 

Note. Different letters in the same column indicate significant differences by Duncan’s test (P < 0.05). LC = 
Leucaena and Clitoria; LA = Leucaena and Acacia; LG = Leucaena and Gliricidia; GA = Gliricidia and Acacia; 
GC = Gliricidia and Clitoria; C = control. 

 

The remobilization of nitrogen in 2014 also was higher in GA and GC treatments in the two cultivars. In 2015, 
the highest remobilization of nitrogen was in LC treatment, but in LG it was also higher than in other hybrid 
treatments and was not different for the control in the QPM cultivar. Accumulation post-tasseling in 2014 was 
higher in combinations with leucaena (LC, LA, LG) in the hybrid cultivar, without differences among other 
treatments. In QPM it was the highest only when leucaena was combined with gliricidia (LG), without 
differences between control, GA and GC. In 2015, the differences, as for accumulation post-tasseling, were less 
clear, but the combinations with gliricidia (LG, GA,) were superior to the control and LA in the QPM cultivar. In 
the hybrid cultivar, it was the highest only when the gliricidia was combined with clitoria (GC). In all the plots 
with leguminous accumulation, post-tasseling was higher than in the control in 2015.  

Mainly for hybrid cultivars, there was wide variation in the contribution of leguminous treatments in the use of N 
applied comparing 2014 and 2015. The QPMLC treatment showed lower contribution for total N uptake than all 
other treatments in 2014, except for GA. In contrast, in 2015 the highest contribution was provided by the GA 
treatment (Figure 2a). For hybrid cultivars it was lower in the treatments LC and LG than in LA, GA and GC in 
2014. In 2015 a contribution of the legume was higher in GC than LC and LG (Figure 2b). 
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4. Discussion 

The differences in accumulation of N until the pre-tasseling stage as well as in N remobilization in 2014 showed 
the influence of the treatments with lower residue quality (GA, GC), on N uptake in this year with eight water 
stress days. In addition, differences between these treatments and the control were also substantial in this year. 
Uptake of N by plants is highly dependent on root development and in cohesive soil enhancement in root growth 
may be associated with reduction of evaporative losses, conserved soil moisture and delayed cohesion, which 
can be better provided by mulching with greater preservation on soil surfaces (Cook, Valdez, & Lee, 2006). On 
the other hand, soil rootability also can be enhanced by residual content of the organic matter label fraction 
derived from the application in previous years of biomass of low quality (Aguiar et al., 2009). In turn, the greater 
fast N releasing capacity, in treatments with residue of the highest quality, as in the LG treatment, was not able to 
provide better conditions for N uptake due to the low ability of this combination to maintain soil cover from 30 
days of application (Aguiar et al., 2010). Therefore the lowest contributions in use of applied N were given by 
the treatments with higher residue quality such as LC and LG. 

However, the highest N remobilization in plants under the GA and GC treatments did not result in increased dry 
matter grain weight in the first year. Remobilization is needed to route nitrogen during the grain-filling period 
when nitrogen uptake is generally insufficient for the high demand of the seeds (Garnett, Conn, & Kaiser, 2009). 
Therefore, remobilization of N becomes particularly important for grain growth under conditions of abiotic stress, 
such as N deficiency when N depletion, especially in the leaves, tends to accelerate leaf senescence, reducing 
photosynthesis too rapidly compared with the duration of grain filling (Borrell, Hammer, Oosterom, & Van, 
2001). In contrast, if N uptake is maintained during grain filling, less N will be mobilized from the vegetative 
organs. This process may result in delayed leaf senescence, prolonged dry-matter accumulation and higher grain 
yield (Rajcan & Tollenaar, 1999). On the other hand, in tropical conditions, due to the high atmospheric 
evaporative demand, the actual transpiration rate may be less than the potential transpiration rate even with high 
soil water potential, which can lead to a loss of turgidity, decreased carbon uptake, and crop growth. Therefore, 
in LA treatment, a more balanced ratio pre/post tasseling N accumulation combined with higher capacity to 
maintain the soil covered results in higher dry matter, seed weight and maize yield. A positive effect of leucaena 
residue combined with acacia was reported by Moura, Oliveira, Coutinho, Pinheiro, and Aguiar (2012) which 
was attributed to improvement in soil physical conditions, root growth, coupled with a higher release of N and K. 

In the second year, when the number of water stress days was lower than in the first year, the differences in N 
accumulation and remobilization were less clear. However, the highest maize yield of LG treatment showed that 
in these circumstances the use of residues of high quality with fast release of N may be more efficient in 
increasing maize yield than in combination with soil covered by residues with slower releasing of N.  

Differences in yield and protein content between treatments in this experiment showed that soil management 
may increase the quantity and quality of grain maize, however the influence of residues in grain protein content 
was also different in two years. In 2014, the protein content was higher in treatments with gliricidia for the two 
cultivars, due to the greater amount of N remobilized. In 2015 the treatments with clitoria showed the highest 
protein contents in the QPM cultivar. According to Silva et al. (2016) a combination of residues using clitoria, a 
native species, can neutralize antagonistic interactions between trees and crops and increase maize protein 
compared to a combination of GA, LA and LG, all exotic species. Therefore the key to obtaining the best results 
in agroforestry is to minimize negative interactions and maximize positive interactions in trees and crops 
(Thevathasan & Gordon, 2004).  

The combined grain protein content with grain yield resulted in much higher protein produced by the QPM 
cultivar treated with residues of gliricidia, compared to the maize treated with urea alone. Seebauer et al. (2010) 
showed that the grain yield and grain protein content increased simultaneously as the N application rate went 
from deficient to sufficient. In addition, the results of these authors demonstrate that the grain protein 
concentration of an ultra-high-protein hybrid responded linearly to increasing N supply, whereas the protein 
concentration in the low-protein hybrids was not influenced by the N supply. Furthermore, our results show that, 
in years with less water stress, different residue quality did not influence the content of protein in hybrid 
cultivars, compared to bare soil, probably due to dilution effect in treatments with higher yield.  

5. Conclusion 
The results presented in this study showed that combining leguminous residues applied on soil surfaces might 
increase the uptake of nitrogen, protein contents of maize, and grain yield. However, the effect of the residues of 
different qualities on the maize varies from year to year probably due to differences in its potential to release N 
or capacity to maintain soil water availability. It is worth highlighting that in this experiment, the hybrid cultivar 
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was not superior to QPM regarding the amount of protein yield, which gives QPM a great advantage regarding 
costs to produce essential aminoacids. Our results also showed that in bare soil prone to cohesion the use of N in 
uncovered soil is not feasible for both maize yield and for protein yield compared to any of the combination of 
residues used. 
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