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Maize yields under coppicing and non coppicing fallows
in a fallow—maize rotation system in central Zimbabwe
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Abstract Fallowing can improve crop yields as a
result of improved soil fertility and nutrient status. The
objective of this work was to determine the effects of
fallows and pruning regimes in coppicing fallows on
soil moisture and maize yields under conventional
tillage (CT) and no tillage (NT). Fallows that were
evaluated were coppicing Acacia angustissima, non
coppicing Sesbania sesban, natural fallow (NF) and
continuous maize. In 2000/2001 season, maize yields
were significantly different (P < 0.05) among treat-
ments and were; 1.8, 1.2, 0.7 and 0.5 tonnes per
hectare (t ha_l) under CT, while under NT yields were
1.3,0.8,0.7 and 0.2 t ha! for A. angustissima, maize,
S. sesban and NF plots respectively. In 2001/2002
season, yields decreased in the order S. sesban > con-
tinuous maize > NF > A. angustissima, for both CT
and NT. The 2-week pruning regime had significantly
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higher maize yields when compared to the 1 and
3 week pruning regime during the 2002/2003 crop-
ping season. For the three seasons, CT had signifi-
cantly higher yields than NT. A. angustissima had
significantly higher mean available water at suctions
<33 kPa for the 0-25 cm depth when compared to
other fallow treatments. The bulk of the available
water (47-80%) was retained at suction <33 kPa for
all treatments and depths. There were no treatment
differences in water retention at suctions >33 kPa for
all treatments. It was concluded that improved
fallowing increased yields when compared to NF.
However, in coppicing fallows competition for water
can result in reduced yields when there is rainfall
deficiency, thus the need for pruning to manage the
competition.

Keywords Fallows - Coppices - No tillage -
Conventional tillage - Soil moisture

Introduction

Most soils in the smallholder farming areas of
Zimbabwe, tropical Africa and many other parts of
the world have very low soil fertility, low crop yields
and this has resulted in increased food insecurity. Most
of these smallholder farmers are resource poor and
they cannot afford high inputs of inorganic or organic
nutrient supplements. Improved fallowing is one of
many technologies which are currently being used for
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soil fertility improvement in low input agricultural
systems in the semi arid to arid tropics (Kwesiga et al.
1999; Mafongoya et al. 2006). Improved fallows have
been adopted by farmers Southern Africa in countries
such as Zambia, Malawi (Kwesiga et al. 1999;
Mafongoya et al. 2006), semi arid Kenya (Ong et al.
2006, 2007) and in humid tropics (Siriri et al. 2010).
Improved fallows can increase nutrient input through
nitrogen fixation (Sun et al. 2008; Mafongoya and
Dzowela 1999; Chikowo et al. 2004; Mapfumo et al.
2005; Jose et al. 2004), they built up of soil organic
matter (Nyamadzawo et al. 2008b; Lal 1989; Kwesiga
and Beniest 1998) and they improve infiltration rates
of soils (Young 1997; Nyamadzawo et al. 2008a).

Soil fertility benefits from fallowing are derived
mainly from the use of annual, biannual or perennial
nitrogen fixing trees or legumes which are either
planted in rotation (e.g. improved fallows) or together
with crops (e.g. alley or intercropping). Nitrogen from
improved fallows can be made available to the
subsequent crop when the crop residues decompose.
Research has demonstrated that crop N uptake is the
prime determinant of grain yield under low fertility
conditions (Muchow and Sinclair 1995), thus
improved legume tree fallows give significant
increases in maize yields through enhanced N inputs
(e.g. Mafongoya and Dzowela 1999; Mapfumo et al.
2005). Trees also act as “safety nets” and nutrient
pumps as they help in closing the nutrient cycle by
taking up nutrients leached into deeper layers to the
surface (Jose et al. 2004). Legume trees have deeper
rooting systems, and they break up hardened layers
and help increase infiltration rates (Nyamadzawo et al.
2008a) and also help with the hydraulic lift which
can bring water to the surface from deeper layers
(Jose et al. 2004).

The disadvantage of using annuals as improved
fallows is that they need to be re-planted regularly
after each cropping phase, thus they are labour
intensive and challenging to establish. The use of
perennials legume fallows such as A. angustissima can
be a solution as they do not need regular re-planting
and they add huge amounts of biomass (Chikowo et al.
2004). One challenge of using coppicing fallows is
that they can compete with crops for moisture and
nutrients during the cropping phase, especially in low
rainfall areas or during seasons when there is limited
rainfall (Ong et al. 2006, 2007). Competition for water
may cause moisture stress and this can result in
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reduced crop yields especially in drought years
(Rao et al. 1992; Nyamadzawo 2004; Sun et al. 2008;
Govindarajan et al. 1996). Competitive interactions
involving water seem to be the most influential driving
force of productivity (Jose et al. 2004). In another
study, Jose et al. (2000a) reported that growing season
water uptake in maize plants was reduced by up to
31.4% when tree roots were present and yields were
reduced 35 and 33% for maize and black walnut and
maize and red oak temperate cropping alley respec-
tively. Similar observations were also made by Siriri
et al. (2010) who reported reduce yields on a maize
crop adjacent to unpruned calliandra, alnus and
S. sesban relative to sole maize due to competition
for water in the humid tropics, in Uganda. For a
successful maize crop—tree fallow intercrop, there is
need to manage coppices to limit their competitive
impact (Schroth 1999), for example through pruning
(Ong et al. 2007).

During the cropping phase of maize fallow rotation
most smallholder farmers in Zimbabwe and southern
Africa at large use conventional tillage (CT) to
prepare the land. CT which involves using ox or
donkey drawn moldboard plough is practiced because
it improves the soil tilth and for weed control. CT has
been associated with high rates of soil loss and
physical degradation (Elwell 1989; Mrabet 2002;
Nyamadzawo et al. 2009). Grandy and Robertson
(2006) observed that years of soil regeneration can be
lost after a single tillage event. Conservation tillage
practices which minimize soil disturbance and pro-
motes retention of crop residues on the soil surface are
viable options for increasing water use efficiency
because they reduce erosion (Giller et al. 2011)
and increase water infiltration and storage in soil
(Nyagumbo 2002; Mzezewa and van Rensburg 2011).
Conservation tillage systems such as no tillage (NT)
also maintains soil aggregation and higher SOC levels
when compared with CT (Zotarelli et al. 2005; Grandy
and Robertson 2006; Chivenge et al. 2007).

However, the two tillage practices have been found
to affect yields differently. Lal (1976) and Moyo
(1997) found that NT increased yields relative to CT.
Some workers have found that NT had no effect on
yields e.g. Carter et al. (1990), while Vogel et al.
(1995) found that CT had a higher yield than NT.
However, Hussein et al. (1999) found that CT resulted
in higher yields during the early years, but yields
decreased in successive years, relative to NT.
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Thus, this study will evaluate the effects of different
fallows and tillage on soil moisture and maize yields.
This study will also evaluate the effects of different
pruning regimes in coppicing fallows on soil moisture
and maize yields. It was hypothesized that fallows
improved soil moisture and maize yields and that
frequent pruning in coppicing fallows reduces com-
petition for water, hence increasing yields. The
objective of this work was to determine the residual
effects of coppicing and non coppicing fallows on
maize yields in plots subjected to CT and NT and to
evaluate the effects of pruning regimes in coppicing
A. angustissima on soil water and maize yields.

Materials and methods
Study site
ICRAF Domboshawa Research site

The experimental site was at the Domboshawa Train-
ing Centre (DTC) which is about 30 km north of
Harare, at approximately 19°35’S, 31°14'E and at
1,474 m altitude (Mafongoya and Dzowela 1999). The
soils are classified as alfisols (USDA) or lixisols
(FAO). The soil texture is sandy clay loam, with 22%
clay and 71% sand. Table 1 summaries soil properties
at the ICRAF site at DTC. Domboshawa receives
unimodal rainfall; the mean annual rainfall is 750 mm,
usually received from November to April. Figure 1
show the rainfall received at DTC during the period of
the study.

The study was conducted in a randomised block
design experiment, replicated three times. The main
treatments were fallows of Acacia angustissima
(a coppicing fallow), Sesbania sesban, natural fallow
(NF) and continuous maize (Zea mays) which served

Table 1 Selected properties at DTC, ICRAF Research site

Soil property

Clay (%) 22
pH (0.01 M CaCl,) 4.8
Organic carbon (g kg™") 6
Total nitrogen (g kg™") 0.04
Phosphorus (mg kg™") 3.8
Exchangeable K (mmol, kgfl) 0.03

Source Mafongoya and Dzowela (1999)
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Fig. 1 Rainfall distribution at Domboshawa during the
2000/2001, 2001/2002 and 2002/2003 seasons

as the control. The experiment was initiated in the
1991-1992 season, to compare planted fallows of
different duration. Fallows were established in a
phased manner on 12 x 9 m plots, separated from
each other by a distance of 2 m. Three-year fallows
were first established in 1991-1992, 2-year in
1992-1993, and 1-year fallows in 1993—-1994 season.
This fallow phase was followed by a cropping phase
during which all plots were cultivated by ox-drawn
plough. After the end of 4 years of cropping, a new
2-year fallow phase was reinstated in November
1998 and the fallow period ended in October 2000
(Nyamadzawo et al. 2009). A continuous maize
treatment was included as a control at the initiation
of the experiment in 1992 and was maintained
throughout the study period.

At the end of the fallow period in October 2000, the
woody biomass was removed from the plots while leaf
litter, fresh leaves and twigs were left in the plots.
Total above ground litter additions after 2 years of
fallowing were 10 and 5.7 Mg ha™", for A. angustiss-
ima and S. sesban, respectively (Chikowo et al. 2004).
Biomass from NF was burnt before ploughing from the
control of weeds and pests and for easy of ploughing as
is the normal practice in the smallholder farming
sector. During the 2-year cropping phase (November
2000-April 2002) A. angustissima produced an addi-
tional average 1.5 Mg ha™' annually through coppic-
ing and this was cut and left in the plots.

In the third season, which started in December
2002-April 2003, only A. angustissima was used to
evaluate the effects of pruning regimes as it was the
only coppicing legume tree in the experiment. This
experiment was initiated after realizing that the
pruning regime that we used in the first two seasons
(pruning once a month) contributed to moisture stress
in A. angustissima plots and as a result the maize
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yields were depressed. In each block of the experiment
there were three plots of A. angustissima and each was
randomly picked and randomly assigned a pruning
frequency, which were weekly, biweekly or 3 week
intervals. Coppices from A. angustissima were cut,
weighed and left in the plots after the removal of a
subsample that was taken to the laboratory for the
determination of moisture content.

Plot management

Plots were divided into two sub-treatments of CT and
NT at fallow termination in 2000. Tillage involved
ploughing using an ox-drawn mouldboard plough to a
depth of 15-20 cm. In NT plots the soil was only
disturbed during opening of planting holes using a hand
hoe before planting maize. Maize was planted using
hand hoes at an inter-row space of 90 cm and an in-row
space of 30 cm at the beginning of each rain season
(November/December 2000, 2001 and 2002). Plots
were weeded using hoes twice during the growing
season and this disturbed the top 0-5 cm depth.

Fertilizer was applied at the following rates; nitro-
gen (N) = 60 kg ha™"', phosphorus (P) = 15 kg ha™"
and potassium (K) = 10 kg ha™', these were half the
generally recommended fertilizer application rates.
The maize varieties planted were hybrid Seed Co. (SC)
501 in the first season, hybrid SC 513 in the second and
the third season.

Pruning frequencies measurements

From 2000 to 2003 maize was planted between the 1st
and the 5th of December. In the first 2 years pruning
was carried out once a month. However, in the third
season (2002-2003) different pruning regimes were
evaluated after noticing depressed crop yields in plots
that had coppicing fallows. The first pruning was
carried out 1 week after maize had germinated
(1 week pruning regime), then after 2 and 3 weeks
respectively for the 2 and 3 weeks pruning regimes.
Coppicing fallows were pruned on the 16th, 23rd, 30th
of December 2002; the 6th, 13th, 21st, 27th of January
2003; and the 10th, 17th and 25th of February 2003. A.
angustissima coppices were cut from an area of 4 m?,
then bagged and taken to the laboratory where it was
oven dried and the dry weight recorded. A small
representative sample was collected, dried and stored
in khaki bags, while the rest was returned to the field.
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Soil moisture analysis

Sampling for soil moisture coincided with pruning of
coppices. Soil samples for moisture determination
were collected from the 0-20, 20-40, 40-60, 60—80
and 80-100 cm depths using augers. Soil moisture
content was determined gravimetrically in the labora-
tory soon after sampling. The volumetric water
content was obtained after multiplying the gravimetric
water content by the average bulk density. Bulk
density was measured using samples that were
collected using cores. Bulk density was calculated
by dividing the mass of soil by the volume.

Soil water retention

Samples for water retention were collected at fallow
termination, in October 2000 and October 2002.
Samples were collected from the following depths:
0-5, 10-15, 20-25 and 35-40 cm using metal cores.
Soil cores were saturated with water and equilibrated
at the following suctions; 0, 5 and 10 using tension
tables and 33, 200 and 1500 kPa using pressure plates.
Soil moisture retention was calculated at different
suctions and the results were used to plot soil water
retention curves.

Maize yields

Grain and stover yields were measured from an 8.1 m?
net plot. The maize and residues were harvested at the
end of the cropping season after the crop had reached
physiological maturity and had dried. Grain was
corrected for moisture content to 12.5% moisture
level. Data was analysed by carrying out ANOVA
using the split plot design for grain and stover yields,
soil moisture content and water retention using Genstat
statistical package (GENSTAT 2003). Least signifi-
cance differences (LSD) were used to separate treat-
ment means where there was significant difference.

Results
Maize yields in different fallows systems
During the 2000-2001 season there was above normal

rainfall and there were no soil moisture deficit, while
in 2001-2002 season there was a rainfall deficit in the
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last half of the season (Fig. 1). In the first season
(2000/2001), fallow treatments showed significant
differences (P < 0.05) in maize yields. Maize yields
decreased in the following order; A. angustiss-
ima > continuous maize > S. sesban > NF (Fig. 2a).
Among the fallow treatments, nitrogen fixing
improved fallows of A. angustissima (coppicing
fallow) and S. sesban (non coppicing fallow) out
yielded NF. CT performed better than NT in A.
angustissima, continuous maize and NF. For CT plots
average maize yields were 1.8, 1.2,0.7and 0.5 t ha™!
for A. angustissima, continuous maize, S. sesban and
NF respectively, while under NT maize yields were
1.3, 0.8, 0.8 and 0.2 t ha™! for A. angustissima, S.
sesban, continuous maize and NF respectively
(Fig. 2a). Under NT S. sesban had better yields that
S. sesban under CT, however the yields were not
statistically different. In the first year (2000/2001),
stover yields were significantly higher in A. angus-
tissima plots, which also gave the highest yields and
lowest in NF plots, which gave the lowest maize
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Fig. 2 a Maize yields in 2000-2001 seasons under CT and NT
at half the recommended fertilizer rates. Vertical bar LSD, LSD
at P < 0.05, = 217. NF natural fallow. b Grain yields in the
2001-2002 season under CT and NT practices at half the
recommended fertilizer rates. Vertical bar LSD, LSD at
P < 0.05, = 407. NF natural fallow

yields. CT had higher biomass yields relative to NT
and biomass yields decreased in the same order as
grain yields.

In the second cropping year (2001/2002), S. sesban
had significantly higher grain yields for both CT and
NT. Grain yield was highest in the CT plots relative to
the NT plots (Fig. 2b). For CT maize yields were 1.6,
1.25, 1.2 and 0.5t ha™' for S. sesban, continuous
maize, NF and A. angustissima respectively. For NT
plots maize yields were 1.5, 0.6, 0.25 and 0.3 t ha™!
for S. sesban, continuous maize, NF and A. angustiss-
ima respectively (Fig. 2b). Stover yields were highest
under CT when compared to NT. The order of
decreasing stover yields for both CT and NT was
S. sesban = NF > continuous maize > A. angustissima.
Both grain and stover yields from A. angustissima
were low because in the second season as there was a
mid-season drought which caused moisture stress in
the maize crop.

Maize yields under different pruning regimes
in coppicing fallows

In the third year, 2002—-2003, the average maize yields
in A. angustissima were 2.0 t ha~'. The mean yields
were 1.93,2.14 and 1.95 t ha™' for 1, 2 and 3 weeks
pruning regime respectively. CT with fertilizer had
significantly higher average yields (2.5 t ha™") when
compared to NT which had average yields of
20tha~!. CT with no fertiliser (2.1 tha™') had
similar maize yields with NT with fertilizer (2 t ha™ ! ),
while NT with no fertiliser had the lowest maize yields
(1.5tha™ .

Soil moisture distribution

Soil moisture distribution was related to the amount of
rainfall received (Fig. 1). In the first season there was
no soil moisture deficit, soil moisture was >10%
during the season, except for December 2000 (Fig. 3).
A summary of the soil moisture distribution of soil
moisture during the first season is shown in Fig. 3.
However, in the second season the average monthly
soil moisture was low, the average soil moisture in
the 0-20 cm depth was <10% and this was worse in
the last half of the season. Soil moisture profiles for the
second season are shown in Fig. 4. In the second
season the mid season drought occurred at a period
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Fig. 3 Soil moisture distribution for December 2000, January 2001, February 2001 and March 2001 during the 2000-2001 rain season.

CT conventional tillage, NT no tillage, NF natural fallow

which coincided with 8 weeks after planting, during
this period most of the maize roots were concentrated
in the 0-60 cm depth (Chikowo et al. 2004). As a
result maize roots were not able to extract limited
amounts of water within the 0-60 cm depth, or the
water beyond 60 cm depth and this resulted in water
stress in the maize crop.
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Soil water retention in improved fallows

In October 2000, there was a significant differences in
water retention among treatments between 5 and
1,500 kPa, with A. angustissima having higher avail-
able water when compared to the other treatments and
the same trend was shown in the 0-5, 10-15 and
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Fig. 4 Soil moisture distribution for December 2001, January 2002, February 2002 and March 2002 during the 2001-2002 rain season.

CT conventional tillage, NT no tillage, NF natural fallow

20-25 cm depths (Fig. 5a—d). There were no signif-
icant differences among treatments in available water
at the 35—40 cm depth and at suction >33 kPa. Most of
the available water was held between 5 and 33 kPa.
For the 5-33 kPa suctions, A. angustissima had
significantly higher available water (Table 2).

In October 2002, available water at all suctions had
decreased when compared to 2000 for all treatments
and there were significant differences in available

water between the 2 years. A. angustissima had
significantly higher water retention in the 0-5 cm
depth and NF had higher water retention for the 10-15
and 20-25 cm depths (Fig. 6a—c). For both October
2000 and 2002 there were significant differences in
water retention at suctions <33 kPa, but no treatment
differences in water retention at suctions >33 kPa for
all treatments (Figs. 5, 6). Available water retained at
suction <33 kPa was 77-80, 75-79, 63-68 and
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Fig. 5 Water retention (a) (b) 10-15 cm
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Table 2 Volumetric water held between 5 and 33 kPa and 5 and 1,500 kPa

Depth (cm)  Available water (5-33 kPa) Available water (5-1,500 kPa) % Water held at <33 kPa

Maize Acacia  Sesbania  NF Maize

Acacia  Sesbania  NF Maize Acacia  Sesbania  NF

0-5 12.8 16.5 12.8 13.0 16.6
10-15 11.0 14.8 12.1 129 144
20-25 7.4 10.9 9.5 11.1 109
3540 5.7 72 53 53 10.1
LSD (P <0.05) =19 2.1

20.7 16.1 16.9 77 80 80 77
19.8 15.8 162 77 75 71 79
15.8 13.0 153 68 69 73 73
10.9 10.8 114 57 66 49 47

Values are averages for October 2000 and October 2002

47-66% of the total available water or the 0-5, 10-15,

20-25 and 3540 cm depths respectively (Table 2).
For both October 2000 and 2002, available water

decreased as soil depth increased. There were no
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treatment differences in water retention at soil depths
>25 cm and at suction >33 kPa (Figs. 5, 6). Soil
water retention decreased with depth, possibly
because soil organic matter decreased as depth
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Fig. 6 Water retention
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increased. There were no significant changes in clay
content with depth. There were no significant tillage
effects on water retention for both October 2000 and
2002.

Effects of pruning regimes on biomass and soil
moisture distribution

In the third season, pruning had an effect on biomass
productivity and soil moisture levels. The mean
seasonal biomass yields were 3.7, 5.3 and
6.4 Mg ha~' for the 1, 2 and 3 weeks pruning regime
respectively. Total biomass productivity was signifi-
cantly higher (P < 0.05) under 3 weeks pruning
regime than in 1 and 2 weeks pruning regimes. There

were no significant tillage effects on biomass produc-
tivity for the 1 week pruning regime, however for the 2
and 3 week pruning regimes there were significant
differences between NT and CT, with NT have higher
biomass productivity when compared to CT.

Soil moisture was significantly different (P < 0.05)
between pruning regimes. For CT the average volu-
metric soil moisture levels in the 1 week cutting
frequency were significantly higher (18.5%) when
compared to the 2 and 3-week pruning regimes which
had volumetric soil moisture of 15.1 and 14.6%
respectively. For NT there were no significant differ-
ences in the average soil moisture among the one and
2 week pruning regimes (17.5%), but these two
pruning regimes were different from the 3 week
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pruning regime which had a volumetric moisture
content of 15.5%. There were only significant treat-
ment differences for the 2 week pruning regime.

Discussion
Grain and biomass yield

The grain and biomass yields were highest in
A. angustissima in the first year of cropping. The
same A. angustissima plots had the highest biomass
residues from the fallowing years. In addition
A. angustissima generated coppices and this resulted
in continuous biomass addition during the cropping.
Enhanced nitrogen (N) levels from the accumulated
biomass could have resulted in increased crop yields
(Muchow and Sinclair 1995; Mafongoya and Dzowela
1999). In addition to the high biomass and N addition,
there was adequate rainfall during the first post fallow
cropping season (2000/2001).

Unlike in the temperate regions were agroforestry
systems are managed with high input of inorganic or
organic nutrient supplements (Jose et al. 2000b), in the
tropical Africa most smallholder farmers cannot
afford organic and inorganic nutrient supplement,
thus they rely solely on the enhanced fertility from N
fixing legume trees. Grain yields are usually low and
they respond inorganic N applications. Studies in from
the tropics (Chikowo et al. 2004) and the temperate
regions (Jose et al. 2000b) showed that although N and
P are added to the subsequent crops from the
decomposing tree litter (leaves and roots), a consid-
erable amount of fertilizer input is still needed to
maintain productivity.

During the first cropping season the maize crop in S.
sesban plots did not perform well because it was
infested by cut-worms, this reduced biomass and grain
yields. Both grain and biomass yields were lowest in
NF, because it was not nitrogen fixing though it is good
at improving soil physical properties such as infiltra-
tion rates (Nyamadzawo et al. 2007). In addition, low
soil N and increased immobilization in NF may have
resulted in reduced available N for plant uptake, poor
crop establishment and low yields.

In the second year, which had a mid season drought,
grain and biomass yields were highest in S. sesban.
This was probably because there was reduction in
nutrient uptake during the first year as the crop failed
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due to cut worm infestation and therefore residual
fertility was higher. Secondly most of the plant’s litter
and leaves from S. sesban had decomposed and there
were available nutrients for plant uptake. Studies by
Mafongoya and Dzowela (1999) showed that S. sesban
residues were of better quality when compared to
A. angustissima. The crop was able to use these
nutrients to establish a good crop stand (Chikowo et al.
2004). Maize grown in plots where there was S. sesban,
anon coppicing fallow, did not compete for water with
coppices as was the case in A. angustissima plots. In
continuous maize plots low yields were attributed to
continuous monoculture cropping which resulted in
reduced soil nutrients, reduced infiltration rates and
soil structural degradation (Nyamadzawo et al. 2007)
and also low plant available water (Table 2).

In coppicing A. angustissima, maize yields were
very low in the second season of the study (2001/
2002). A mid-season drought resulted in serious
competition for water between the coppicing fallow
and the maize crop. Work by Chikowo et al. (2004) at
the same site showed that most maize roots were
concentrated in the 0-60 cm depth, 8 weeks after
planting, a period which coincided with the mid
season drought. Soil moisture content was lower in the
0-60 cm depth and this resulted in severe moisture
stress in the crop. The study by Chikowo et al. (2004)
also showed that maize has a low root length density,
which is concentrated mainly in the 0-20 cm depth; as
a result water uptake at depths greater than 20 cm was
low. Similar observation were also made by several
other researchers in the temperate zone (Lehmannn
et al. 1998; Jose et al. 2000a; Wanvestraut et al. 2004)
who reported observing the greatest concentration of
tree-root density within the top 30 cm of soil, the
region which was predominantly explored by crop root
systems and this zone had a more prominent variation
in soil moisture. Wanvestraut et al. (2004) reported
that the upper 0-30 cm soil layer alone contained 52%
of the total fine root biomass.

The use of coppicing fallows can result in serious
competition for moisture when there is rainfall defi-
ciency or in semi arid areas and the result is depressed
crop yields (Rao et al. 1992). In this study although
coppices from A. angustissima fallows were cut once a
month to reduce competition between coppices and
crop during the first two seasons, this did not reduce
moisture stress in the maize crop during the second
season. Similar results have been reported from a
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maize—leucaena intercrop (Leucaena leucocephala
(Lam.) de Wit.) in Kenya (Govindarajan et al. 1996).
Miller and Pallardy (2001) also reported that compe-
tition for water to reduce crop yields by 22-27% in
silver maple and maize, while Jose et al. (2000b)
reported a 35 and 33% reduction in maize yields for
black walnut and red oak systems, respectively in
temperate region of the United States. Frequent
pruning was found to reduce apical dominance of the
root system, so that they become branched and
superficial (Hairiah et al. 1992), thus increasing
competition for water, as increased numbers of roots
scavenge for water in the top soil layer.

Water retention was highest in fallows relative to
continuous maize at suctions <33 kPa. At lower
suction water retention is structure controlled, while
at higher suctions it is texture controlled (Hillel 1982).
Therefore the differences in water retention at lower
suction are a reflection of structural differences
between fallows and continuous maize (Table 2). At
lower suctions water retention is also affected by the
amount of SOC. The differences in SOC levels may
have resulted in greater water holding capacity in
fallows than in continuous maize (Young 1997). In the
top 0—15 cm depth, between 75 and 80% of the total
available water was retained at suction <33 kPa. This
showed the important role of SOC in water retention.
Water retention was highest in A. angustissima, which
also had the highest amounts of SOC. The SOC levels
were highest in A. angustissima and lowest in contin-
uous maize (Nyamadzawo et al. 2008b). In A.
angustissima a 3.8 g kg~ ' increase in SOC over the
NF resulted in a difference of 23% in water holding
capacity. The decrease in available water with
increasing depth reflected a decrease in SOC with
depth (Nyamadzawo et al. 2008b). There were no
differences in texture in the different plots and this
explains why there were no significant differences in
water retention at higher suctions. Water retention was
not significantly different between CT and NT and this
agrees with Lindwall et al. (1984), who found no
significant differences in water retention between NT
and CT after carrying out a 5-year study on water
conservation in two tillage systems in a maize
cropping system. Although A. angustissima had the
highest plant available water when compared to the
other fallow systems that were evaluated (Table 2),
increased transpiration from coppices of A. angustiss-
ima used up most of the available water and very little

was left for the maize crop, resulting in low maize
yields.

Effects of tillage on grain and stover yield

CT had higher yields relative to NT during the two
seasons. This may be due to increased mineralisation
in CT relative to NT which allowed maize under CT
plots to establish a good stand quickly. Results from N
mineralisation studies at the same site have shown
faster mineralisation in CT than in NT (Chikowo et al.
2004). In a 5-year study of water conservation by
Lindwall et al. (1984), water conservation was greater
in CT than in NT. Other studies have shown that the
existence of better pore continuity to lower soil depth
under NT can result in greater water loss by evapo-
ration (Phillips 1981). Schillinger and Bolton (1993)
have also shown that residues in NT reduced evapo-
ration during frequent rainfall periods, but evaporation
in NT was higher during long dry spells due to none
disturbance of capillary flow resulting in reduced crop
yields. Giller et al. (2011) suggested that as a result of
lower maize yields under conservation agriculture
many smallholder farmers have been reluctant to
adopt conservation agriculture.

The use of fertilizer in crop production systems is
an economic investment. In a study in Kentucky,
Phillips (1981) reported that low N rates of fertilizer
produced lower yields under NT than under CT.
However, the same study reported that when rates
were increased NT yielded more than CT. Campbell
et al. (1998) found that in wheat NT yielded more at N
rates greater than 75 kg ha~', however at rates lower
than 75 kg ha~' CT yielded more than NT. High
yields in CT at low N levels could be due to enhanced
N mineralisation after tillage. Chikowo et al. (2004)
reported faster N mineralisation and had better yields
under CT at the same study site. At Domboshawa, N
was applied at a rate of 60 kg ha~' and this could
partly explain why NT had lower yields than CT.
House et al. (1984) found out that under NT yields
were low in early years and this was probably due to
reduction in soil organic matter and N mineralisation
and increased immobilization of fertilizers in NT than
in CT. Although fallows under NT had better soil
structure (Nyamadzawo et al. 2007) these benefits did
not translate to improved maize yields. This showed
that for the soils at the ICRAF Domboshawa Research
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site, soil fertility was a more limiting factor than soil
structure.

Effects of different pruning regimes on maize
yields

One disadvantage of using coppicing fallows is that
they compete with crops for moisture and nutrients
during the cropping phase, especially in low rainfall
areas or during seasons when there is limited rainfall
(Ong et al. 2006, 2007). Competition for water may
cause moisture and nutrient stress and this can result in
reduced crop growth and yields especially in drought
years (Rao et al. 1992; Nyamadzawo 2004; Sun et al.
2008). Similar results of reduced crop yields were also
reported in a Leucaena-millet (Pennisetum glaucum
(L.)) inter-cropping (Ong et al. 1991), maize—leucaena
intercrop (Govindarajan et al. 1996), while Siriri et al.
(2010) reported a reduction in maize yields on maize
crop adjacent to unpruned calliandra, alnus and
sesbania relative to sole maize. Legume trees such as
A. angustissima have an extensive root system that can
out-compete annual crops such as maize which have
roots mainly in 0—100 cm depth (Chikowo et al. 2004).

Having a higher fine root biomass may favor trees
when they are mixed with crops as in an alley cropping
system (Jose et al. 2000b). For a successful maize
crop—coppicing fallow intercrop, there is need to
manage to limit their competitive impact (Schroth
1999), for example through pruning (Ong 2007).

Maize yields were significantly higher under the
2 week pruning frequency when compared to the 1
and 3 week pruning frequencies during the 2002-2003
season. Increased the interval between pruning
resulted in increased competition for water and
possibly nutrients between the fallow trees and the
crop and this was shown by lower yields in the 3 week
pruning frequency. Siriri et al. (2010) reported that
crop yields may decreased probably due to increased
competition and declining soil fertility. Increased
interval between prunings may also reduce the quality
of biomass pruned, although quality and mineralisa-
tion studies were not carried out.

Although there was less biomass accumulation
under the 1 week pruning regime when compared to
the 2 and 3 weeks pruning regimes, the 1 week
pruning regimes had greater soil moisture content.
Jackson et al. (2000) reported that severe shoot
pruning can reduce water use by trees, improving
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recharge of the crop rooting zone in semi-arid areas.
Frequent pruning can also result in low shoot re-growth
and increased apical dominance of roots. Jones et al.
(1998) found that shoot pruning of Prosopis juliflora
in semi-arid Nigeria reduced competition for below-
ground and above-ground resources, but also reduced
root length density.

However, Hairiah et al. (1992) found that frequent
cutting reduced apical dominance of the root system,
such that they become branched and superficial
resulting in increased competition for water, as the
increased numbers of roots scavenge for water in the
soil in the tropics. Jose et al. (2000b) also reported that
when tree roots were pruned in either ‘trench’ or
‘barrier’ treatments, a higher root biomass was
observed and this implied increased root proliferation
along the disturbed soil profile. In this study no clear
explanation could be given for high yields under the
2 week pruning regime when compared to the 1 or
3 week regimes during the 2002-2003 season. Thus,
there is need for more studies to evaluate the effect of
different pruning regimes on crop yields.

Conclusions

Improved fallowing with A. angustissima and S. sesban
increased maize yields when compared to NF, non
nitrogen fixing fallow and continuous maize. Coppicing
fallows enhanced maize yields only when there is no
competition for moisture. Even though A. angustissima
had the greatest plant available water, severe compe-
tition for water with the maize crop during periods of
moisture deficiencies resulted in reduced maize yields,
thus the need to frequently prune to reduce competition
with crops. In non coppicing improved fallows such as
S. sesban, maize yields were higher even during periods
of moisture stress and are recommended for low rainfall
areas or in areas when there are frequent rainfall
deficiencies. NFs had low yields throughout the study
period and this because NF provided little soil fertility
improvement.
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