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Abstract

Maize production in Malawi is limited mainly by low soil N and P. Improved fallows of N-fixing
legumes such as Tephrosia and Sesbania offer options for improving soil fertility particularly N
supply. The interactions of Tephrosia fallows and inorganic fertilizers on soil properties, N
uptake, and maize yields were evaluated at Chitedze Research Station in Malawi. The results
indicated that the level of organic matter and pH increased in all the treatments except for the
control. Total N remained almost unchanged while available P decreased in all plots amended
with T. vogelii but increased in T. candida plots where inorganic P was applied. Exchangeable K
increased in all the plots irrespective of the type of amendment. The interaction of N and P
fertilizers with T. vogelii fallows significantly increased the grain yield. The treatment that
received 45 kg N ha—1 and 20 kg P ha—1 produced significantly higher grain yields (6.8 t ha—1)
than all the other treatments except where 68 kg N ha—1 and 30 kg P ha—1 were applied which
gave 6.5 t ha—1 of maize grain. T. candida fallows alone or in combination with N and P



fertilizers did not significantly affect grain yield. However, T. candida fallows alone can raise
maize grain yield by 300% over the no-input control. Based on these results we conclude that
high quality residues such as T. candida and T. vogelii can be used as sources of nutrients to
improve crop yields and soil fertility in N-limited soils. However, inorganic P fertilizer is needed
due to the low soil available P levels.

1. Introduction

Land degradation and depletion of soil nutrients are widespread in sub-Saharan Africa (SSA) and
especially in Malawi. In small-scale farming systems, continuous cropping of cereals without
rotation with legumes and inappropriate soil conservation practices have depleted soil fertility
[1]. Recent analyses [2] show that N limitation is widespread in Africa. This is specially so due
to depletion as a result of soil erosion. According to Stoorvogel et al. [3] and Smaling [4] the
annual net nutrient depletion exceeds 30 kg N of arable land in Malawi. The inability of most
farmers to practice fallowing due to land shortage and reduced inorganic fertilizer use due to
high prices of inorganic fertilizer are some of the major causes of decline in crop productivity in
Malawi [5] and sub-Saharan Africa at large.

Many options have been explored to address land degradation and declining soil fertility in
Malawi [6-8]. Because organic sources such as animal and plant manure are often in short
supply, governments and development agencies tend to promote mineral fertilizers as the
solution to low soil fertility [8]. For example, there has been increased emphasis on inorganic
fertilizers especially through the Farm Input Subsidy Programme in Malawi [7]. Although
inorganic fertilizers provide readily available nutrients, their continuous application may lead to
soil and environmental degradation (e.g., acidification, pollution of water bodies, and
eutrophication). In addition, inorganic fertilizers may not be sustainable among the resource-poor
farmers due to their soaring prices on the global market [5]. For resource-poor farmers investing
in fertilizer can also be risky during a drought year; for instance, farmers might not produce
enough to cover the costs [8].

Integrating N-fixing perennials with food crops could restore soil health and increase staple
yields [8, 9] as they can be self-sufficient in N when planted in degraded land (Djumaeva et al.)
[10]. However, the main challenges is in finding species that will grow under the harsh
conditions common in degraded soils, where colonization of the area by native vegetation
through natural succession processes may be extremely limited. Tephrosia species have been
shown to be suitable for rehabilitation of degraded land and acidic soils and increasing soil
organic matter (Gichuru; Huancheng and Jueiming) [9, 11-13]. In addition, they are useful



sources of firewood and botanical insecticides [14]. But in Malawi, not many studies have been
conducted on Tephrosia species to determine the role they play in improving soil fertility and
crop yields.

Opportunities also exist for the integrated use of organic inputs from N-fixing perennials with
inorganic fertilizers [9]. Management systems that rely on organic inputs as plant nutrient
sources have different dynamics of nutrient availability from those involving the use of inorganic
fertilizers. For sustainable crop production, integrated use of inorganic and organic fertilizer has
proved to be highly beneficial [15]. Several researchers have demonstrated the beneficial effect
of combined use of chemical and organic fertilizers to mitigate the deficiency of many secondary
and micronutrients in fields that continuously received only N, P, and K fertilizers for a few
years, without any micronutrient or organic fertilizer. However, the effect of integrated use of
inorganic fertilizer and organic inputs from Tephrosia species on soil fertility and crop yields has
not been studied in Malawi. Therefore, the objective of this study was to evaluate the combined
effect of Tephrosia improved fallows and inorganic N and P fertilizers on soil chemical
properties, N uptake, and maize yield in Malawi.

2. Materials and Methods

2.1. Site Description

The experiment was conducted on station at Chitedze Agricultural Research Station (located at
13°85'S and 33°38' E) in Lilongwe District, Malawi. The station is located 16 km west of the
Capital City, Lilongwe, on the Lilongwe-Mchinji Road to Zambia. It lies at an altitude of 1146 m
above the sea level. Chitedze has a mean annual temperature of 20°C (maximum temperature of
more than 24°C in November and lowest 16°C in July). Malawi has one long growing season in
a year (October to April). The station receives a mean annual rainfall of 892 mm with 85%
falling between November and March [16]. During the reported period, the area received a total
annual rainfall of about 869 mm. The soils in this area are classified as ferruginous Latosols
(Alfisols) and are medium-textured sandy clay loam. Alfisols have a clay-enriched subsoil and
relatively high native fertility. They are suitable for food and fiber production. They are widely
used both in agriculture and forestry and are generally easier to keep fertile than other humid-
climate soils. The study area is characterized by maize mixed cropping. The soils for the study
area has sandy, loam texture, are strongly acidic (pH 4.6), moderate soil organic matter (OM) of
2.39%, and have low N (0.12%) and available P content (14.3 png/g). Soil analyses also indicated
moderate K content (0.35 cmolkg—1) in the soils. The initial physical and chemical properties of
the soils for the study sites during the reported period are presented in Table 1.

tabl



Table 1: Initial physicochemical soil properties at the study area (0—20 cm depth).

2.2. Experimental Design and Treatments

Tephrosia vogelii and T. candida tree fallows were established 4 km apart within Chitedze
Research Station in 2009 by direct seeding as pure seed stands at a spacing of 0.75 m x 0.75 m.
This experiment was superimposed with application of different rates of inorganic fertilizers.
The Tephrosia stands were clear-cut and incorporated into the soil during land preparation. Then
the land was subdivided into 6 m x 6 m plots (net plot =5 m x 3 m) to superimpose the inorganic
fertilizer rates. The experiment was a factorial combinations with 3 different levels of N (0, 45,
and 68 kg of recommended 90 kg N ha—1) and P (0, 20, and 30 kg of recommended

40 kg P ha—1), respectively, plus a no-input control. The N and P fertilizer rates correspond to 0,
50%, and 75% of the national N and P fertilizer recommendations, respectively. The experiment
thus consisted of 9 treatments and an added control as indicated in Table 2. These treatments
were laid out in a randomised complete block design (RCBD) with three replicates. The no-input
control treatment included where neither Tephrosia improved fallows nor inorganic fertilizers
were applied. The Tephrosia standing biomass input to the soil from the fallows was estimated at
3.5tha—1 in all the treatments except for the no-input control. This is excluding litter and root
biomass remaining in the soil. The control plot was laid out close (5 meters) to T. candida plots,
which was separated by a 4 m path. Urea and Triple Superphosphate (TSP) fertilizers were used
as a source of N and P, respectively. Maize hybrid (Pan 53) was used as a test crop in this study.
Maize was planted on December 19th, 2011, two weeks after biomass incorporation. TSP was
applied at planting while Urea was split-applied: 50% applied two weeks after planting and 50%
at four weeks after planting.

tab2
Table 2: Treatments for each of the Tephrosia fallow experiment.

2.3. Soil Sampling and Analysis

Two samplings were made before biomass incorporation and after harvesting maize. Composite
soils were collected across the two experimental sites (T. vogelii site and T. candida site) at a
depth of 020 cm within the fields before planting to characterize the soils of the study site. The
soils were analyzed for soil texture, soil pH, total N, available P, K, Ca, and Mg, and Organic C
(OC). Soil samples were analyzed at Chitedze Agricultural Research Station using the standard
laboratory procedures used by the station [17]. Soil pH was measured using a soil to water ratio
(1:2.5). The exchangeable bases were extracted with 1 M Ammonium Acetate (NH4OAc) at pH



7. In the extract, K was determined using a Flame Photometer. Ca and Mg were determined on
Atomic Absorption Spectrophotometer (AAS). Organic carbon was determined following the
Wet Digestion method as described by Walkley and Black [18] whereas Kjeldahl procedure was
used for determination of total N as described by Jackson [19]. The soil texture was determined
by the hydrometer method. Available P was determined using Mehlich 3 method.

2.4. Plant Sampling and Analysis

Fresh leaves and twigs (foliar samples) of Tephrosia were randomly collected from 10 trees from
the two study sites at maturity stage and mixed, and a composite sample was taken for each site.
The collected samples were dried at 70°C for 48 hours to a constant weight and the dried tissues
were grounded and sieved through 0.5 mm size and transported to Chitedze Research Station for
analyses. The samples were analyzed for N, P, K, Ca, Mg, and C. The N content of the plant
tissues were determined by Kjedahl procedure whereas P content was determined
calorimetrically according to Murphy and Rilley [20] and the K content of the plant tissue was
determined by the Flame Photometer while Ca and Mg were determined by AAS. Organic C was
determined using Dichromate-Oxidation Method.

2.5. Maize Yield Measurements

Nutrient uptake was assessed in the plant dry matter (DM) at 25 days after planting (DAP), 60
DAP, and at harvest (at harvest in grain and stover). Total dry matter yield and grain and Stover
yields were estimated per hectare at grain moisture content (MC) of 12.5%.

2.6. Statistical Analysis

Data collected on soil and yields were subjected to analyses of variance (ANOVA) in order to
evaluate the effects of the treatments on soil chemical properties and maize yield. ANOVA was
conducted using the GENSTAT statistical package 14th edition. Due to the nature of the
experiment, Dunnett’s method of preplanned mean comparison was used instead of comparing
all treatments with each other. Planned comparisons provide a better alternative to post-hoc tests
and increased statistical power because of the focus on a limited number of comparisons related
to a clear hypothesis about the effect size [9]. In this study, all other treatments means were
compared to the no input “control.”

3. Results

3.1. Characterization of Organic Materials Used in the Study



The average nutrient concentrations in the various parts of Tephrosia standing biomass are
presented in Table 3. The N content in Tephrosia biomass ranged from 2.2 to 5.2%. T. candida
leaves had the highest N content (5.2%) and twigs had the lowest (2.2%). The N content of
residues was in the order T. candida leaves > T. vogelii leaves > T. vogelii leaf + twig

mixtures > T. candida mixtures > T. vogelii twigs > T. candida twigs. The highest P content
was recorded in T. vogelii leaves (0.6%) with the lowest in T. candida twigs and T. vogelii leaf +
twig (0.2%).

tab3

Table 3: Nutrient concentration of Tephrosia biomass used in the fallow experiment.

Based on the amount of Tephrosia standing biomass (leaf and twigs mixtures) incorporated into
the soil, the estimated N, P, and K input for each site are summarized in Table 4. This is in
addition to the nutrients supplied by the litter fall (which could not be estimated) and applied
inorganic fertilizers.

tab4

Table 4: The amount of Tephrosia standing biomass incorporated into the soil and the
corresponding N, P, and K inputs.

3.2. Effect of Tephrosia Improved Fallows and Inorganic Fertilizers on Soil Properties

Soil pH did not significantly vary with treatments though there was an increase in pH upon
application of treatments in both species as compared to the initial pH (Table 5). In T. vogelii
fallows, the pH increased from 4.9 to 6.4 while, in T. candida, it increased from 4.2 to 5.3
constituting a 30.6% and 22.4% increase from the initial conditions, respectively.

tab5

Table 5: Soil chemical properties as affected by Tephrosia improved fallows and application of
inorganic fertilizers.

In T. vogelii fallows, total N, available P, Ca, Mg, OC, and organic matter did not significantly
increase with the application of inorganic fertilizers, but exchangeable K significantly ()



increased. In T. candida fallows, available P and exchangeable bases (K, Ca, and Mg) did not
significantly differ with application of inorganic fertilizers. However, total N, organic C, and
organic matter varied with application of inorganic P (). Total N remained unchanged in almost
all the plots for T. vogelii, but in T. candida fallows total N decreased in some of the plots while,
for available P, it was vice versa. The exchangeable K for both fallows increased as compared to
the initial properties. There was also an increase in Soil Organic Matter (SOM) in some plots for
both T. vogelii and T. candida fallows. The increase in SOM ranged from 1.5% to 32.7%.

3.3. Effect of Tephrosia Improved Fallows and Inorganic Fertilizers on Maize Yield

In the T. vogelii plots, treatments significantly influenced grain yield (), stover yield (), and total
dry matter yield (), but harvest index did not significantly vary with treatment (Table 6). Grain,
stover, and total dry matter yields in all treatments were significantly higher than the control.
Plots which received 45 kg N ha—1 and 20 kg P ha—1 produced the highest grain yield

(6.8 t ha—1) thus increasing yield on average by 5.7 t ha—1 (518%) over the control or by
1.3tha—1 (24%) over fallow plots that received no inorganic fertilizer (NOP0O) amendment. The
next highest yield (6.5 t ha—1) was recorded in plots that received 68 kg N ha—1 and

30 kg P ha—1, and this achieved 5.4 t ha—1 (491%) over the control (Table 6). Stover yield and
total dry matter showed similar variations with treatment as grain yield. The T. vogelii fallow
without inorganic fertilizer input increased maize yield by 400% over the no-input control (Table
6).

tab6

Table 6: Effect of T. vogelii and T. candida fallows and inorganic fertilizers on maize grain yield
(t/ha), average yield increase (t/ha) over control and NOPO (unfertilized fallow), stover and dry
matter yield (t/ha), and harvest index (%) of species.

In the T. candida fallow plots, grain yield, stover yield, total dry matter yield, and harvest index
did not significantly increase due to application of N and P fertilizers (Table 6). Comparison of
treatments using Dunnett’s test indicated that most N and P application rates except for NOP20,
NOP30, and N45P30 had significantly higher yields in T. candida fallows than the control. The
T. candida fallow without inorganic fertilizer input increased maize yield by 3.3 t ha—1 over the
no input control, and performed even better than some inorganic fertilizer rates. The negative
values for the control, NOP20, NOP30, N45P20, and N45P30 in column 5 of Table 6 indicate that
these fertilizer amendments had lower yields relative to fallow plots without inorganic fertilizer
amendment (NOPO) (Table 6). In both T. vogelii and T. candida fallows, the harvest index
obtained with all treatments was in the acceptable range of 0.4—-0.6 for maize.



3.4. Effect of Tephrosia Biomass and Inorganic Fertilizers on Maize N Uptake

The results of N concentrations and uptake in aboveground biomass and grain and stover are
presented in Figure 1. In the T. vogelii fallow plots, N uptake in the grains was significantly
improved by application of N alone (). High N accumulation in maize aboveground biomass was
observed from 25 to 60 DAP in treatment NOPO with 0 kg N ha—1 and 0 kg P ha—1 of inorganic
fertilizers but fallow biomass accumulated 100.8 kg N ha—1, as compared to no-input control
with only 13.1 kg N ha—1 (Figure 1). In addition, there was a sharp increase in tissue N
accumulation in all the fertilized maize between 25DAP to harvest. The maximum N
accumulation in maize aboveground biomass at harvest averaged 163.2 kg N ha—1 and

131.8 kg N ha—1 for maize which received 45 g N ha—1 and 20 kg P ha—1 and fallow biomass
alone, respectively.

figl

Figure 1: Effect of T. vogelii and T. candida biomass and inorganic fertilizers on maize N
uptake.

In T. candida fallows N uptake increased over time. N uptake in the aboveground biomass at
25DAP, 60DAP and at harvest ranged from 8.7 to 14 kg N ha—1, 10.7 to 99.1 kg N ha—1, and
25.8 to 112.4 kg N ha—1, respectively (Figure 1). N uptake at 60DAP and at harvest was the
highest in the treatment with 68 kg N ha—1 and 0 kg P ha—1 while the control had the lowest. The
N uptake by maize that received T. candida fallow biomass alone as N source was about 249%
higher than the no-input control which was not significantly different from the treatment which
had the highest N uptake.

Maximum N uptake in grain was found in treatment combinations of 45 kg N ha—1 and

20 kg P ha—1 and 68 kg N ha—1 and 30 kg P ha—1 in Tephrosia improved fallows. Similarly, N
uptake in maize stover was greater in treatment combinations of 45 kg N ha—1 and 20 kg P ha—1.
Maximum grain N concentrations were recorded in treatment combinations of 68 kg N ha—1 and
20 kg P ha—1 followed by fallow biomass alone (NOP0). Similarly, maximum stover N
concentration was recorded in treatments where 45 kg N ha—1 and 20 kg P ha—1 and

68 kg N ha—1 and 30 kg P ha—1.

4. Discussion



The N, P, K, and bases estimated in the Tephrosia fallow biomass especially Tephrosia leaf +
twig found in this study are within the ranges observed by other researchers (Hagedorn et al.)
[21, 22]. On the other hand, the results for N concentration in Tephrosia leaves alone are greater
than those found by other studies (2.85—-4.0%).

Tephrosia fallows increased in soil organic matter relative to the control. This could be attributed
to decomposition of the Tephrosia biomass while that of high N content accumulated in the
fallow biomass. The results are in agreement with findings of Nabahungu et al. [23] in Rwanda
who reported that use of tithonia green manure and maize residues improved soil fertility, but
available P after harvest decreased in all plots except in control when compared to other
treatments which clearly indicated that P was immobilized [24]. The results clearly demonstrate
the beneficial effects of combined application of organic and inorganic fertilizers.

The present study suggests that, through incorporation of Tephrosia vogelii fallow biomass
alone, resource-poor farmers can be able to increase maize grain yield by up to 400% over the
no-input control. The results also show that resource-poor farmers can increase grain yield by up
to 6-24% with modest amounts of inorganic fertilizers amendments (e.g., N45P20) of Tephrosia
fallows. The significant differences in the maize yield between the control and fallow alone or
the fallow amended with inorganic fertilizers confirm that high levels of maize production
cannot be achieved without additional N and P inputs. Through incorporation of fallow biomass
alone (NOPO) it was possible to increase maize yield by 400% in T. vogelii and 300% in T.
candida over the control. This increase in grain yield with fallow was probably due to higher
nutrient () concentration of T. vogelii biomass and the faster decomposition of the fallow
biomass as reported earlier. Palm et al. [25] reported that organic materials with N content above
2.5%, lignin contents less than 15%, and polyphenol content of 4% or less should be
incorporated directly with annual crops. Similar results of increased maize yields after two years
of Sesbania fallows and pigeon pea fallows have been reported [11, 26]. Maroko et al. [27]
attributed increase in crop yield after Sesbania fallow to rapid release of plant-available N from
litter and leaves resulting in an increased supply of inorganic N at crop planting after fallow
period and increased soil N mineralization rates. Other researchers have observed greater maize
production through application of high quality organic inputs like tithonia in combination with
inorganic fertilizer as compared to sole application of mineral fertilizers (Gachengo) [25, 28, 29].

The low yields obtained from T. candida fallows as compared to T. vogelii fallows could be
attributed to pest infestation. T. candida fallow site was affected by pest infestation during the
initial maize establishment phase and the maize plants were attacked by white grubs 4 weeks
after planting which caused death of maize. The results are similar to Chikowo et al., [30] who



evaluated the residual N effect of two-year legume fallows of Sesbania sesban, Acacia
angustissima, and Cajanus cajan on two subsequent cropping systems under minimum and
conventional tillage management. They reported that maize growth following the legumes for
two subsequent cropping systems was affected due to pest infestation and drought. In addition,
these legumes adapted poorly and did not improve N cycling in sandy soils of Zimbabwe.
Despite large inputs of litter and continued recycling of N during the cropping phase, legume
species that regrow after cutting can result in depressed yields in drought seasons. Sanchez [31]
also reported that the main reason for the decline in yield is soil fertility depletion, increased
weed infestation, deterioration of soil physical properties, and increased insect and disease
attacks.

The high N accumulation in maize aboveground biomass was probably due to the addition of
mineral fertilizer and rapid assimilation of nutrients by the maize plants. In addition, the high N
accumulated in the maize with fallow biomass alone could be associated with the decomposition
of T. vogelii and T. candida biomass; thus, there was better synchrony of N release to N demand
by crop. This implies that improved fallow along with or low dose of NP fertilizers not only
conserves soil N but makes nutrient uptake more efficient. Low N accumulation in unfertilized
maize (no input control) was probably due to low levels of soil nutrients to influence plant
uptake and growth and lack of synchrony of N release to N demand by the crop.

The highest N uptake recorded between 60DAP and at harvest during the reported period was
due to high demand of N by the maize crop during this growth period. In this region, maize
grows rapidly from 25DAP to harvest (silking-grain filling stage) and this is the phase when
maize has the highest demand for N [32, 33]. Increased N uptake in fallow biomass alone or in
combination with inorganic fertilizers is an indication of more availability of plant nutrients in
these treatments than in the no-input control. This is in agreement with Makumba et al. [34] and
Harawa et al. [35] who reported increased N uptake by maize in treatments that had been applied
with tree pruning combined with inorganic fertilizers. Kramer et al. [36] also indicated that the
inorganic N source applied in combination with organic sources is better utilized than inorganic
source of nutrient alone. The N uptake by maize is governed by its concentration in plants and
dry matter accumulation. The overall N uptake following the various treatments application
showed that combined use of organic and inorganic nutrient sources was better utilized by the
maize plant. This might be due to slow and continuous supply of nutrients to maize plant as
required by the plants due to influence of chemical fertilizer on organic fertilizer as noted by
Palm et al. [25].

5. Conclusion and Recommendations



From the results of this study it is concluded that Tephrosia improved fallows can increase soil
fertility and improve maize yield in Malawi. T. vogelii has a potential to supply inorganic soil N
through fallow biomass as well as improve soil pH and soil organic carbon. The results suggest
that integrated use of Tephrosia improved fallow and inorganic fertilizer can raise agricultural
productivity in Malawi if, for example, resource-poor farmers could apply low rates of inorganic
fertilizers (50% N and 50% P of the recommended fertilizers rates) in combination with
Tephrosia fallow, thus, reducing the need for purchasing fertilizer by 50%. However, further
research and development efforts are needed to scale up this integration. We also recommend
further research to develop site-specific recommendations.

Conflict of Interests

The authors declare that there is no conflict of interests regarding the publication of this article.

Acknowledgments

The authors would like to express their gratitude to Alliance for Green Revolution in Africa for
sponsoring the main author’s M.S. studies. They thank World Agroforestry Centre and the
Malawi Department of Forestry for providing funding for the research project.

References

J. N. Chianu, J. N. Chianu, and F. Mairura, “Mineral fertilizers in the farming systems of sub-
Saharan Africa. A review,” Agronomy for Sustainable Development, vol. 32, pp. 545-566, 2012.

J. Liu, L. You, M. Amini et al., “A high-resolution assessment on global nitrogen flows in
cropland,” Proceedings of the National Academy of Sciences of the United States of America,
vol. 107, no. 17, pp. 8035-8040, 2010. View at Publisher - View at Google Scholar - View at
Scopus

J. J. Stoorvogel, E. M. A. Smaling, and B. H. Janssen, “Calculating soil nutrient balances in
Africa at different scales—I supranational scale,” Fertilizer Research, vol. 35, no. 3, pp. 227—
235, 1993. View at Publisher - View at Google Scholar - View at Scopus

E. M. A. Smaling, “Nutrient flows and balances as indicators of productivity and sustainability

in sub-Saharan African agroecosystems,” Agriculture, Ecosystems and Environment, vol. 71, pp.
1-346, 1998.



M. Smale and T. Jayne, “Maize in eastern and southern Africa: “Seeds” of success in
retrospect,” Environment and Production Technology Division Discussion Paper 97,
International Food Policy Research Institute, Washington, DC, USA, 2003.

F. K. Akinnifesi, W. Makumba, and F. R. Kwesiga, “Sustainable maize production using
gliricidia/maize intercropping in southern Malawi,” Experimental Agriculture, vol. 42, no. 4, pp.
441-457, 2006. View at Publisher - View at Google Scholar - View at Scopus

G. Denning, P. Kabambe, P. Sanchez et al., “Input subsidies to improve smallholder maize
productivity in Malawi: toward an African green revolution,” PLoS Biology, vol. 7, no. 1,
Article ID €1000023, 2009. View at Publisher - View at Google Scholar - View at Scopus

J. D. Glover, J. P. Reganold, and C. M. Cox, “Plant perennials to save Africa's soils,” Nature,
vol. 489, pp. 359-361, 2012.

G. W. Sileshi, L. K. Debusho, and F. K. Akinnifesi, “Can integration of legume trees increase
yield stability in rain-fed maize cropping systems in southern Africa?” Agronomy Journal, vol.
104, pp. 1392-1398, 2012.

D. Djumaeva, J. P. A. Lamers, C. Martius, A. Khamzina, N. Ibragimov, and P. L. G. Vlek,
“Quantification of symbiotic nitrogen fixation by Elaecagnus angustifolia L. on salt-affected

irrigated croplands using two 15N isotopic methods,” Nutrient Cycling in Agroecosystems, vol.
88, no. 3, pp. 329-339, 2010. View at Publisher - View at Google Scholar - View at Scopus

P. L. Mafongoya, R. Chintu, T. S. Chirwa, J. Matibini, and S. Chikale, “Tephrosia species and
provenances for improved fallows in southern Africa,” Agroforestry Systems, vol. 59, no. 3, pp.
279-288, 2003. View at Publisher - View at Google Scholar - View at Scopus

M. P. Gichuru, “Regeneration of a degraded ultisol with Tephrosia candida in the humid zone
of southeastern Nigeria,” Interciencia, vol. 19, pp. 382—386, 1994.

M. A. Huancheng and Z. Jueiming, “Effect of Tephrosia candida on soil,” Nitrogen Fixing
Tree Research Reports, vol. 11, pp. 127-128, 1993.

P. C. Stevenson, G. C. Kite, G. P. Lewis et al., “Distinct chemotypes of Tephrosia vogelii and
implications for their use in pest control and soil enrichment,” Phytochemistry, vol. 78, pp. 135—
146, 2012. View at Publisher - View at Google Scholar - View at Scopus

N. Sanginga and P. L. Woomer, Eds., Integrated Soil Fertility Management in Africa:
Principles, Practices and Developmental Process. Tropical Soil Biology and Fertility, Institute of
the International Centre for Tropical agriculture, Nairobi, Kenya, 20009.

Government of Malawi, Chitedze Agricultural Research: Station Guide 1999, Ministry of
Agriculture and Irrigation, Lilongwe, Malawi, 1999.



C. Chilimba, “Methods of analysis of soil, plants, animal feed & fertilizers: working manual
for use in soils and plants laboratories at Chitedze and Bvumbwe research stations Department of
Agricultural Research and Technical Services,” 1997.

A. Walkley and I. A. Black, “An examination of the Degtjareff method for determining soil
organic matter,and a proposed modification of the chromic acid titration method,” Soil Science,
vol. 37, pp. 29-38, 1934.

M. L. Jackson, Soil Chemical Analysis, Prentice-Hall, Englewood Cliffs, NJ, USA, 1958.

J. Murphy and J. P. Riley, “A modified single solution method for the determination of
phosphate in natural waters,” Analytica Chimica Acta, vol. 27, pp. 31-36, 1962. View at Scopus

P. Mutuo, A. E. Marandu, R. Rabeson, and M. Mwale, “N fertilizer equivalency values of
organic materials of differing quality: network trial results from East and southern Africa, season
1,” in Proceedings of the 24th East Africa Soil Science Society Annual General Meeting, pp. 13—
19, Tanga, Tanzania, December 1998.

F. Hagedorn, K. G. Steiner, L. Sekayange, and W. Zech, “Effect of rainfall pattern on nitrogen
mineralization and leaching in a green manure experiment in South Rwanda,” Plant and Soil,
vol. 195, no. 2, pp. 365-375, 1997. View at Publisher - View at Google Scholar - View at
Scopus

N. L. Nabahungu, J. G. Mowo, A. Uwiragiye, and E. Nsengumuremyi, “Use of Tithonia
biomass, maize residues and inorganic phosphate in climbing bean yield and soil properties in
Rwanda,” in Innovations as Key to the Green Revolution in Africa, A. Batiano, B. Waswa, J. M.
Okeyo, F. Maina, and J. M. Kihara, Eds., pp. 335-341, Springer, Dordrecht, The Netherlands,
2011.

J. J. Mbonigaba, Essdaie de compostage de dechets verts et evaluation des effects des
composts obtenus sur des soils acides [M.S. thesis], Rwanda Universite de Gembloux, 2002.

C. A. Palm, R. J. K. Myers, and S. M. Nandwa, “Combined use of organic and inorganic
nutrient sources for soil fertility maintenance and replenishment,” in Replenishing Soil Fertility
in Africa, R. J. Buresh, P. A. Sanchez, and F. Calhoun, Eds., SSSA Publication no. 51, pp. 193—
217, Soil Science Society of America, Madison, Wis, USA, 1997.

F. Kwesiga and R. Coe, “The effect of short rotation Sesbania sesban planted fallows on maize
yield,” Forest Ecology and Management, vol. 64, no. 2-3, pp. 199-208, 1994. View at Scopus

J. B. Maroko, R. J. Buresh, and P. C. Smithson, “Soil nitrogen availability as affected by
fallow-maize systems on two soils in Kenya,” Biology and Fertility of Soils, vol. 26, no. 3, pp.
229-234, 1998. View at Publisher - View at Google Scholar - View at Scopus



V. Rutunga, N. K. Karanja, and C. K. K. Gachene, “Six month-duration Tephrosia vogelii
Hookf and Tithonia diversifolia (Hemsl) a gray planted-fallows for improving maize production
in Kenya,” Biotechnology, Agronomy, Society and Environment, vol. 12, no. 3, pp. 267-278,
2007.

C. N. Gachengo, Phosphorus release and availability on addition of organic materials to
phosphorus fixing soils [M.S. thesis], Moi University, Eldoret, Kenya, 1996.

R. Chikowo, P. Mapfumo, P. Nyamugafata, and K. E. Giller, “Woody legume fallow
productivity, biological N2-fixation and residual benefits to two successive maize crops in
Zimbabwe,” Plant and Soil, vol. 262, no. 1-2, pp. 303-315, 2004. View at Publisher - View at
Google Scholar

P. A. Sanchez, Properties and Management of Soils in the Tropics, Wiley, New York, NY,
USA, 1976.

D. L. Karlen, L. A. Kramer, and S. D. Logsdon, “Field-scale nitrogen balances associated with
long-term continuous corn production,” Agronomy Journal, vol. 90, no. 5, pp. 644-650, 1998.
View at Scopus

F. M. Kihanda, “Effect of composted manures with high quality organic manures on dry
matter accumulation, nitrogen uptake and grain yield,” East African Agricultural and Forestry
Journal, vol. 69, pp. 63-68, 2003.

W. Makumba, B. Janssen, O. Oenema, and F. K. Akinnifesi, “Influence of time of application
on the performance of gliricidia prunings as a source of N for maize,” Experimental Agriculture,
vol. 42, no. 1, pp. 51-63, 2006. View at Publisher - View at Google Scholar - View at Scopus

R. Harawa, J. Lehmann, F. Akinnifesi, E. Fernandes, and G. Kanyama-Phiri, “Nitrogen
dynamics in maize-based agroforestry systems as affected by landscape position in southern
Malawi,” Nutrient Cycling in Agroecosystems, vol. 75, no. 1-3, pp. 271-284, 2006. View at
Publisher - View at Google Scholar - View at Scopus

A. W. Kramer, T. A. Doane, W. R. Horwath, and C. V. Kessel, “Combining fertilizer and
organic inputs to synchronize N supply in alternative cropping systems in California,”
Agriculture, Ecosystems and Environment, vol. 91, no. 1-3, pp. 233-243, 2002. View at
Publisher - View at Google Scholar - View at Scopus



