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Abstract — The effect of a two-year Sesbania and Tephrosia
fallow on soil properties and growth of subsequentaize was
examined in Zambia. The study was conducted on 18te$
laid in a randomized complete block design with famers as
replicates. The treatments were: Sesbania fallow, Téposia
fallow, grass fallow, maize with and without fertiizer.
Standing biomass plus litter after two years rangedrom 5 to
49 mgha® for Sesbania and from 3 to 16 mgha for
Tephrosia. Both trees increased topsoil inorganic Nand
anaerobic N mineralisation, as compared to a two-y&
uncultivated fallow with regrowth of native vegetaton and
unfertilised maize monoculture. Topsoil inorganic N after
Sesbania was directly related to Sesbania biomass0.80).
The yield of unfertilised maize was increased an avage of
75% in the season after harvest of Sesbania and 43% the
season after Tephrosia. The residual benefit to maize
generally lasted for two cropping seasons after Slesnia and
one cropping season after Tephrosia. The magnitude dn
duration of the residual benefit from Sesbania waglirectly
related to biomass at harvest. We conclude that famers can
use N-fixing trees to enhance soil properties and improe
maize yield in the subsequent season.

Keywords — Tree Fallows, Nutrient Availability, Maize
Yield.
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transport costs and unavailability in most casesreditly,
SSA accounts for less than one percent of globtlifer
consumption. The use of fertilizers by smallholtigmers

is not economically feasible due to high prices anpply
logistics. The consequences of this are land degjimad
low yields, persistent poverty and wild spread ra#ition

[6]. Hundreds of thousands of rainfed farmers imBaa,
Malawi, Niger and Burkina Faso have been shifting t
farming systems that are restoring exhausted soils
increasing crop Yyields, household food security and
incomes using what is called evergreen agricultore
agroforestry practices [1]. Evergreen agricultwreéfined

as the integration of particular tree species iatmual
food crop systems [1]. This approach increases food
security and environmental resilience.

Cultivation with long duration fallow periods suisted
low but relatively stable production of food crops
Africa. Shifting cultivation in Zambia have disapped as
increasing population density and pressure for lzgelled
to intensive, sedentary agriculture on small-sdaled
holding and expansion of agriculture into margenaas.

One promising system for the improvement of soil
fertility is by the use of short duration tree ¢alls planted
with fast growing N fixing trees [7]. These trees improve
soil fertility through biological nitrogen fixatiofi8], by

Producing more food for a growing population in thdecycling nutrients from the subsoil [9], [10]. leegnce

coming decades while at the same time compactingdtu
and poverty is a huge challenge facing Africanagdture

[1]. Crop yields in Africa have been increasingt laugely

driven by expansion of cultivated land (extenstfima)

rather than by increasing vyield per
(intensification). The average grain yields of nmagoops
in sub-Saharan Africa (SSA) have been around 1ptm
hectare since the 1960s compared with an averaip of
2.5 tons hectare in Asian and 4.5 tons per hedataEast
Asia [2].

[11] showed that tree fallows planted with Sesbaeisban
(L) Merr and other tree legumes increased soilganic N
and N mineralisation. Sesbania fallows of two years
duration increased maize grain yield by 3.8t N-

hectarélepleted soils in Zambia. Nitrogen is the most tiimgi

nutrient to maize productivity in southern Africa.

This study was done to determine the effect of two
perennials, Sesbania and Tephrosia, grown for tearsy
on diverse soils, on biomass production, availatnd
nutrients and yield of subsequent maize crops.Idb a

The uncertainty of Obtaining h|gher crop y|e|ds igested the relationShipS between tree biomass ptlodlu

further threatened by climate change and vulnetalp].
Many farmers grow the same crops year after yeahen
same plot of land without adequate fertilization smil
replenishment measurements [1], [4]. Fertilizers agry
expensive, unavailable and unaffordable to smalkol
throughout SSA and use is very low around 8-13 &grh
most countries [5]. Commercial fertilisers have rbee
widely used as external nutrients in Asia, and o
commercial farms in SSA. However, very small ameun
have been used by small-scale farmers. With remofval
subsidies on fertilisers, small-scale farmers camfford
inorganic fertilisers. Other problems associateth ow
fertiliser use by farmers are untimely delivery,ghhi

and changes in soil nutrients and yield of maize.

II. METHODOLOGY

A. SteDescription
The study was conducted on 18 sites in eastern and
central Zambia. These sites were chosen based ibn so
pes, texture and rainfall amounts. The amoumaiwifall

treceived ranged from 550 mm to 1500 mm across the

three seasons. The rainfall at these sites is waimmost
of it coming between December and March.
B. Experimental Design and Management
The study was initiated in 1993. The experimental
design used was a randomised complete block desthn
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farmers as replicates. The treatments were: Sesbasecond season. Maize stover was always removedtfrem
(provenance Kakamega) fallow, Tephrosia (provenangdots to avoid livestock interference with the plofThe
Misamfu) fallow, grass fallow, maize with fertilisand plots were left undisturbed until November whenythe
maize without fertiliser. Tephrosia fallows werewere prepared for maize planting.

established by direct seeding while Sesbania fallasre A net plot of 2013.5 mwas used to measure maize
established using 8 weeks old seedlings. The spaxin yield components. A representative sample of 2G awds
trees in the fallows was 1 x 1 m. Weeding was dortke taken to determine maize grain yield which was egged
first year of establishment at all sites. The falltrees at 13% moisture content.

grew for two years before clearance of the fallomss F. Satitical Analyses

done in November 2005 by cutting trees at grounelle  Analyses of variance were conducted using Genstat
The trees were left in the plot for two weeks t@dh version 5 [15]. Simple correlation’s coefficientsea on
remaining leaves. Wood from the plots was removedi a plot data were determined for linear relationshigvizen

used by the farmers. soil N, tree biomass and maize yield. Results are
C. Plant Sampling for Trees considered statistically to be significant whes 8.05.

A net plot of 32 rh with 32 trees was used. Six
representative trees were taken to measure leafvand [ll. RESULTS

biomass. Plant sub-samples of 500 g and 1 kg vedsent o ) )
to determine leaf and stem dry matter at fallovaciece ~ The 18 sites in Zambia represented a range of soil
surface litter using 3 quadrants of 2 m x 1 m. Sammples textures. Eight of the 18 sites had exchangeableelkiw
of 1 kg were also taken for drying at’&5for dry matter the critical value of 0.15 cmokg". Based on work in
determination. Leaf and litter biomass of treedfath were Western Kenya the site with 0.04 cmél™ (Chipata 5)
incorporated into the soil at land preparationdmpping. ~ Was probably K limiting. At the other sites withifetween
D. Soil Sampling and Analyses 0.10 and 0.15 cmgkg™, K would likely not be limiting
Initial soil samples were collected in October 1993vi€ld until the N and P deficiencies were totally
Further samples were collected two years latertov ell|r_n_|nated. The results.m 5 highlight that K coblecome
clearance and one year during the cropped phase lifjiting at many locations, and fallows could play
October. The soil samples were collected with aelfidn IMPortant role in alleviating potential K problerasd N
auger from a depth of 0 — 15 cm. In each plot, @i deficiency is overcome. _ o
collected and bulked from 20 locations sub samples: Six of the 18 sites had extractible P below théiozi
taken to the laboratory and stored #iCd4prior to Value of 5 mg kg. This is not nearly as severe as a P
extraction. About 20 g soil was extracted with 180 of ~ deficiency in western Kenya, and it does not catitta
2 mKcl. The samples were shaken on a horizontatesha earlier conclus_lons that N is the most limiting nierit in
at 250 oscillations mif filtered through the Whitman No. €astern Zambia. It does, however, suggest that Uil co
5 filter paper and frozen until analysis. A secondP€come a problem when N deficiencies are overcome.
subsample of soil was dried at 2G5for 24 hours to Hence, we need to know whether fallows can contgibbo

determine the dry weight of extracted soil. Alluks were Increasing P availability by increasing the P il

expressed on an oven dry weight soil basis. fractions of soil organic matter.
Ammonium-N was determined on the extracts bylf€€Biomass S _
salicylate-hypochlorite calorimetric method [12]itiite- ~ There was large variability in biomass production o

N was determined by cadmium reduction [13] anéesbania and Tephrosia across sites (Table 1)aSiesb
subsequent calorimetric analysis of nitrate. Then saf Produced twice the amount of leaf biomass compésed
ammonium nitrate and nitrate-N is referred as totdhat of Tephrosia. However, there were no significa
inorganic N in the text. differences between the two species on the litteda
Anaerobic N mineralisation potential was determibgd fallow clearance.
a 7-day incubation of flooded soils at°@) as described ~ Total standing biomass at fallow clearance of Seisba
by [14]. Anaerobic N mineralisation was calculateithe Was four times that of Tephrosia (Table 1). Sesbani
difference between the ammonium extracted froritanding biomass was directly related in clay cont&’ =
incubated and non-incubated samples, expressedsim 0.50, Fig 1). Higher tree biomass was obtained ails s
kg™ dry soil. with higher clay content (Fig 1). However, this
E. Maize Crop Management relationship did not hold for Tephrosi& & 0.00).

The fallow plots were cropped for 3 years usingaazm

hybrid MMB04 at a spacing of 75 cm x 30 cm. Maizesw Table 1. Standing biomass of fallows after two ggaB8

locations in Zambia)

planted on ridges at all sites except at Masumberevit Treatment Standing biomass ((ha

was planted on flat. Ridging was done at planting ee- Average  Minimum Maimum
ridged at weeding time. Compound D (10: 20: 10 -PN: bani 13 39 23

K) was applied at the rate of 250 kghas basal dressing Sesbania :

fertiliser in the fertilised plot only. Urea (46%) Nvas fallopl]v . 3.9 90
applied to fertilised maize at the rate of 168 kgHdaize :;ﬁgv\;os'a ' 15 :

was grown for 2 seasons at all sites and 3 seaabns
selected sites which showed residual potentialr &fie
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40 = 0.51x-0.45 Effects of Fallows on Soil Inorganic N and
R*=0.50 Potassium

Sesbania and Tephrosia fallow plots had signifigant
higher amounts of ammonium N compared to grassvall
and unfertilised plot at fallow clearance (Table Bhe
same trend was observed in the first year of crappihe
trend was: Sesbania > Tephrosia = grass fallow >
o ] . , . , unfertilised plots. In the third year of croppingsbania

o 10 20 30 40 50 has the significantly higher amount of ammonium — N
Clay (%) than the other treatments. Nitrate N was in thgeoof

Fig. 1. Relationship between topsoil clay content a ~ S€Sbania = Tephrosia = unfertilised > grass falltw
Sesbania standing biomass (Zambia, 95/96 season) fallow clearance. Sesbania had S|gn|_f|cantly hlghlm_ate
N than the rest of the treatments in the first ping
Maize Grain Yields After Fallows (Table 3).
The fallows had significant effect on maize graialg
during the cropping phase (Table 2). In the firstpping
of Sesbania significantly higher maize yields were

30 A1

20 A

10 -

Standing biomass (tha-1)

Table 3. Effect of fallows on inorganic N in topis(i8
locations in Zambia)

obtained compared to Tephrosia. Tephrosia gaveehigh-and use Maize grain yield (t hd)
maize grain yields compared to grass fallow. Theas no : Fallow harvest 1 year
significant yield differences between grass falland Se€sbania fallow 13.4 13.4
unfertilised maize grain yield. In the second dnicityear T ephrosia fallow 10.9 10.0
of cropping maize grain was in this order: Sesbania Grass fallow 6.6 8.4
Tephrosia = grass fallow = unfertilised maize. Ehexere U_nfe_ryhzed maize 7.8 7.1
no significant differences among treatments in tiied _Significance level <0.001 <0.001

year of cropping. Maize grain yield was directlyretated
to tree biomass in N (Table 2) and preseason imizgd
(Figure 3) in Sesbania fallows. However, this iielahip
was not observed in Tephrosia fallows.

In the second year of cropping Sesbania > Tephrosia
grass fallow > unfertilised maize. In the third yea
Sesbania > Tephrosia = grass fallow = unfertilisgaize
plots in terms of soil nitrate levels.

Total inorganic N was significantly higher in Sesiza>

Table 2. Effect of fallows on maize grain yield (18  Tephrosia > grass fallow = unfertilised maize plats

locations in Zambia)

fallow clearance (Table 3). The trend was this orde

Land use Maize grain yield (t ha) Sesbania > Tephrosia = grass fallow. However, Tagar
Fallow 1 year 2 years had significantly higher total inorganic N that artflised
harvest maize plots. In the second year Sesbania > Tephrosi

Sesbania 3.9 1.7 11 grass fallow > unfertilised maize plots. The samend

fallow was observed in the third year of cropping excéatt t

Tephrosia 2.4 0.8 0.9 unfertilised maize plots had similar amounts ofakot

fallow inorganic N as Tephrosia.

Grass fallow 11 0.7 0.7 There were no significant differences among treatse

Unfertilized 1.0 0.7 0.6 on anaerobic N mineralisation rates at fallow ceae

maize (Table 4). In the first year of cropping Sesbania >

LSD (0.05) 0.8 0.6 0.6 Tephrosia = grass fallow > unfertilised maize plots

Unfertilised maize plots had significantly lower
mineralisation rates than the rest of the treatmeurttich

T 8- ° showed no significant differences among themselVes.

o y= 02'27’(' 062 b4 trend was observed in the second year of croppmthe

% 6 1 R®=0.62 third year Sesbania > grass fallow > Tephrosia =
> unfertilised maize plot. At fallow clearance thevere no

-% 47 significant differences among treatments on pot#&ssin

> 5 . the soil (Table 5). In the first year of croppingsBania =

] grass fallow > unfertilised maize plots. The samend

g 0 was observed in the second year of cropping. Irthird

0 5 10 15 20 55 30 year Sesbania = grass fallow > unfertilised maloésp

Inorganic N (mg kg)

Fig. 2. Relationship between preseason topsoifeac N
and maize yield (18 locations in Zambia, 95/96 spas
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Table 4. Effect of fallows on anaerobic N mineratian 5 1
(18 locations in Zambia) <
Land use N mineralization (mg kgday™) = . v=otox-0.12
Fallow harvest 1 year KR o
Sesbania fallow 2.4 3.1 £
Tephrosia fallow 2.1 2.3 227
Grass fallow 2.4 2.4 £,
Unfertilized maize 2.0 1.6 o)
Significance level 0.29 <0.001 0 : T " ; 7 X M
Table 5. Effect of fallows on exchangeable K (1&liions Standing biomass (t ha!)
in Zambia) T Fig. 4. Relationship of maize yield increase twassms
Land use Exchangeable K (cmokg') after fallow and Sesbania biomass (Zambia, 96/88x®
: Fallow harvest 1 year reference = grass fallow)
Sesbania fallow 0.32 0.39
Tephrosia fallow 0.30 0.33 The results of the relationship between increasedize
Grass fallow 0.34 0.40 yield after Sesbania and the standing biomass sithe3ga
Unfertilized maize 0.29 0.27

are not altered when the grass fallow rather than

Significance level 0.10 <0.001 continuous unfertilised maize is used as the cbrfigure

_ ) ) _ 4 shows results for the second crop of maize after

The Relationship Between Fallow Tree Biomass with  gespania, and can be contrasted with the resufgime
Maize Grain and Soil Organic Nitrogen 3.

The inorganic N was determined in the top 15 cm in with Tephrosia, in contrast to Sesbania, there mams
October 1995 at the end of the fallows. The maie&lyis direct relationship between the increase in maiekdyand
for the next season (1995/96). Figure 3 combinés & the standing tree biomass at the end of the fallaw.
all four treatments. number of different correlations were conductedieen

The increase in maize yield in the first seasorraft maize yield in the two seasons after Tephrosia and
Sesbania (Figure 3) and the second season aftbai@s piomass of various Tephrosia plant parts at theddrtte
(Figure 4) was directly related to the standingnilss of fallows. In all cases, no strong direct relatiopshvas

Sesbania at the end of the fallow. The intercem.ﬁfthal obtained between maize y|e|d after Tephrosia and
tree biomass in Figure 4 suggests that more thanha! Tephrosia biomass (Figure 5).

of Sesbania standing biomass is required in olebtain .
a residual benefit to maize in the second seasen tife = °
fallow. < R .
Maize grain yield increase is determined as thédyie g 1 .
after Sesbania minus the yield after continuousuitited é -~ * . ¥ = 0.44x +2.85
maize. The increases in yield with Sesbania weeatgr s 21, . ® R#=0.14
in the first season after the fallow (up to 6.6ththan in Z
the second season after the fallow. °5 T 3 T T 1
30 1 Grain yield increase (t ha'!)
Elal ¢ Fig. 5. Relationship of maize yield increase orassa
720 1 after fallow and Tephrosia biomass (Zambia, 95/96
é 154 season; reference = grass fallow)
210 —221x +5.47
E 5 TR0 The reason for the good relationship with Sesbania
L ° . (Figures 2, 3 and 4) but not with Tephrosia (Fig)es
0 2 a 6 8 not immediately evident.

Grain yield increase (tha!) Figure 6 further highlights the relationship betwee
standing biomass at the end of a fallow and thikel yiethe
subsequent maize crop. The relationship was good fo
Sesbania, suggesting that the fallow benefit ofhSeia
was related to the biomass production of Sesbdiare
was no comparable relationship with Tephrosia.

Fig. 3. Relationship of maize yield increase oresea
after fallow and Sesbania biomass (Zambia, 95/86@€
reference = grass fallow)

Copyright © 2016 1JAIR, All right reserved
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o can be limiting to maize productivity. Improved léal's
=401 y =3.60x - 0.81 would be important in regulating K in K depletediso
R#=0.54 Six of the 18 sites had extractable P below thécati

w
o
1

value of 5 mg kg. This suggests that P could become a
problem when other deficiencies are overcome. Thgre
need to know improved fallows increase P availgbly
extracting P in labile fractions of soil organic [P6].
Improved fallows have been shown to overcome N
deficiency [4], [17], [18]. From these results &pation

) ] ] ) ] source of organic K and P as suggested to increnaae
Fig. 6. Relationship between maize yield one seafien  yie|d after improved fallows [19], [20].

fallow and Sesbania biomass (Zambia, 95/96 season)” |, this study the yield of maize was directly rethtto

. o _ ) ) pre-season inorganic N in the top soil. Tephrasiadased
The increase in inorganic N in the topsoil at thd ef a e yield of subsequent maize crop and inorganic N.
Sesbania fallow was strongly related to the standinowever, these increases were not as high as ivaSies
biomass of Sesbania at the end of the fallow (igr  These increases were also not related to the standi
But soil inorganic N at the end of a Tephrosiad@all as  piomass of Tephrosia at the end of the fallow. Timild
with maize grain yield after Tephrosia, was noedily pe attributed to the low amount and low qualityrbiss

i
o
1

Satnding biomass (t ha™!
N
o
.

o

(=]
[§]
= 4
[=)}
o]

Maie grain yield (t ha?)

related to the biomass of Tephrosia. produced by Tephrosia compared to Sesbania. These
. results agree with other studies from southern cafri
. y=158x +2.55 which showed that maize yields was linearly cotssla
10 R2=0.38 with top soil inorganic N after fallows [11]. Sesli@a was

more affected than Tephrosia in increasing inomy&hin
the top 15 cm soil layer. This effect persisted Zoyears
after fallows. The difference in the top soil N dynics
could be attributed to Sesbania producing highevuats
. . . . of high quality litter (high N, low lignin, polyphm®ls)
0 4 8 12 16 compared to Tephrosia litter. This litter decompoaed
Increase in morganic N (mg kg™!) mineralises rapidly to release a lot of inorganid2y],

[22].

The increase in maize yield in the first and second
season after Sesbania was directly related to isignd
biomass at end of the fallow. From our resultsaih dbe
oncluded that more than 4.5 thaee biomass is needed
rom Sesbania in order to obtain residual benefitniaize
in the second season after the fallow. The relatign
between standing tree biomass and maize vyield after
fallows agree with results of [23]. With Tephrosia,
contrast to Sesbania, there is no direct relatipnsh
between increase in maize yield and standing tie@dss
at the end of the fallow. This can be partiallyihtited to
low amount of biomass and poor quality biomass

Standing biomass (t ha™!)
= 8

<

Fig. 7. Relationship between increase in topsaitganic
N after fallow and Sesbania biomass (Zambia, Octobe
1995; reference = grass fallow)

Tephrosia increased yield of a subsequent maize cr
(Figure 8) and inorganic N (data not shown), altffou
these increases were not as great as with Sesbéméa.
increases with Tephrosia, for unknown reasons, wete
directly related to the standing biomass of Tepiarasthe
end of the fallow. The relationship did not improkig
using Tephrosia biomass after nine months rathem &t
the end of the two-year fallow (data not shown).

10 1

_ . produced by Tephrosia compared to Sesbania.

7 5 y=036x +2.92

< R2=0.07

2 64 . V. CONCLUSION

£

'_'g 4 ° ° e L4 . . .

@ . < Both Sesbania and Tephrosia fallows increased dopso

ksl L . ° . . . . . . .

g 2 inorganic N and mineralisation. Maize yield wasedtity

A . ] . . . .

related to preseason inorganic N. Sesbania standing
0= T . . biomass was directly related to topsoil inorganicaht
Maize grain yield (t ha'!) yield of the following maize crop. Tephrosia stargli

biomass was not related to yield of the followingire
crops. It can be concluded that 7 tha-1 of biomaiis
have a two year benefit on maize yield while grettian
9 tha-1 biomass will have benefit on the followimgize
crops for three years.

Since these fallows are providing N which is catitor

The 18 sites in Zambia represented a range of SQjlant growth in tropical soils, there is need talecup
textures. Eight of these sites had exchangeableelswb ¢,y technologies. From these results, it can htzes

g _1 .
the critical value of 0.15 cmokg™. This suggest that Kt for scaling out Sesbania, clay content candeel as a

Copyright © 2016 1JAIR, All right reserved
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fallow and Tephrosia biomass (Zambia, 95/96 season)
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biophysical indicator to map out areas where thig3] Mafongoya PL, Dzowela BH (1999) Biomass productibnree

technology can be scaled out. It would be important fallows and their residual effect on maize in Zimobve. Agro
. . . forestry Systems 47: 139-151

map out these soils for greater impact on foodritgcu
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