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Abstract

Conservation agriculture (CA) has proven to be a successful strategy to
conserve soil and water through minimum or zero tillage, permanent soil
cover, and crop rotations. This paper presents results of a study investigating
possible changes in soil physical and chemical properties under conservation
farming (CF), an adapted form of CA that is appropriate for Zimbabwe’s
smallholder farming systems. CF is a package of 8 components the planting
basin being the central component, which is a small hole/pit, dug in an
unplowed field, where seed is planted.

Soil samples were collected from 37 households in 8 districts around
Zimbabwe, encompassing both high (>800 mm year™') and low rainfall
regions (as low as 400 mm year™') on CF plots and conventionally managed
plots, termed farmer practice (FP). Physical parameters that were determined
included bulk density, water retention, and infiltration. Chemical parameters
that were determined included total N, total P, pH, and soil organic carbon
(SOC). Besides the soil quality measurements, maize grain yield was
determined on both CF and FP plots.

Bulk density in the top 15 cm of the soil profile was 6% lower in basins than in
FP soil the difference being significant. Soil water retention in the top 20 cm of
the soil profile was higher in basins than in FP plots. Infiltration rate was 48%
higher in basins than in FP plots and 87% higher than in areas between
basins and increased with number of years that farmers had practiced CF.
The chemical properties showed less changes except for soil pH in the top 20
cm that was significantly higher in basins than in FP plots. For most soil
physical and chemical parameters there was no significant difference between
the FP soil and soil between basins, showing that mulching had not yet
improved soil quality significantly and short term yield benefits of CF were
obtained by spot application of organic and inorganic fertilisers. Maize yields
in CF plots were doubled compared to FP plots for the 2006/07 season and
the difference was consistent across different natural regions.

Introduction

The distinguishing features of conservation agriculture (CA) are minimum or
zero tillage, crop rotation, and permanent soil cover. Through the
conservation of soil and water, CA is often seen as a more sustainable
cultivation system than conventional tillage systems (Hobbs, 2007). CA has
spread to both temperate and tropical regions and both large and small scale
farming systems but mostly to more mechanized farming systems provided
that farmers are convinced by the benefits of CA (Hobbs, 2007). The spread
of CA in Brazil, currently the country with the largest acreage under CA, was
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partly driven by availability of cheap herbicides (Bolliger et al 2006). Spread of
CA in the Indo-Gangetic plains in India was driven by availability of new farm
equipment such as seed drills (Hobbs, 2007). Gowing and Palmer (2007)
argue that CA is the desired approach to raise productivity in sub-Saharan
African rainfed agriculture. However, to data little research work has been
done on CA in sub-Saharan Africa.

Conservation farming (CF) is a modification of CA and uses hand hoes. CF
has evolved in southern Africa for smallholder households that have limited or
no access to draught power. Frequently these households plant late and
harvest low yields. For the past several years, non-governmental
organizations (NGOs) and research institutions such as the International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT) have been
promoting CF in different areas in Zimbabwe as part of ‘protracted’ relief
assistance. The aim of the CF promotion was to enable farmers to plant timely
thereby raising household food security.

CF is a package and consists of 8 components. The central component of CF
is the planting station, a small hole or pit that can be prepared with a hand
hoe at the end of the dry season. This planting basin is a modification of the
traditional pit systems once common in southern Africa, and is a variation on
the Zai Pit system from West Africa. The planting station is around 15 x 15 x
15 cm and facilitates the precision application of manure or mineral basal and
topdress fertiliser. CF further entails timely weeding during and after the
growing season, crop rotation, and mulching of crop residues.

Many claims on improved soil quality with CA have been made, such as
improved sequestration of organic carbon (Corbeels et al, 2006; Chivenge et
al, 2007), improved infiltration (Fabrizzi et al 2005) and soil water storage,
reduced run-off and erosion (Findeling et al 2003; Rao et al 1998), and
improved soil fertility (Hobbs and Gupta, 2004). These improvements in
resource use efficiency might offer the much needed improvement in crop
water productivities in many of the worlds rainfed areas (Rockstrém and
Barron, 2007). The first Millennium Development Goal agreed on by the
United Nations speaks of reducing and finally eradicating absolute poverty
and the 7™ goal is to ensure environmental sustainability. CA and CF may
play their role in addressing both goals.

CA in southern Africa has sofar been practiced in Zambia. Most research on
CA took place in ecosystems that are much wetter than can be found in
Zimbabwe. Positive changes on soil physical and chemical properties might
occur only after several years of practicing CA (Bolliger et al, 2006). It is
therefore important to know if any changes in key soil physical and chemical
properties change rapidly because. Moreover, if the effect on crop yield is
slow, CF package has less likelhood to be adopted by smallholder farmers
who are keen to see quick returns. We used the concept of soil quality, which
is defined as a measureable soil property that influences the capacity of a soll
to perform a specified function (Acton and Padbury, 1993).

This study report on the effect of CF on several soil quality parameters and
yield. The study also investigated the rate of change of these soil quality
parameters.

Materials and methods
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Soil quality is a much debated issue but in this paper refers to a set of sall
physical and chemical properties such as infiltration rate, soil organic carbon
(SOC), water retention, bulk density, pH, total nitrogen (N) and total
phosphorus (P). These properties were determined from 37 farmers in 8
districts across Zimbabwe (see [Table 1 for more details) who practiced CF but
who also had a plot where they practiced conventional land management
termed the farmer practice (FP). In each district a farmer was selected who
practiced CF for 1, 2 or 3 years and in some districts like Masvingo, Nyanga
and Nkayi two different wards were chosen with farmers practicing CF for 1-3
years. In Bindura farmers have been practicing CF up to 8 years and to
capture possible changes, farmers with 2, 3, 4, 6, 7 and 8 years of continuous
CF practice were sampled. Where possible, farmers were chosen in close
proximity to each other to avoid differences in soil type within a ward.
Statistical analysis included pair-wise comparison using the t-test, because of
unbalanced number of observations for treatments and years.

{Table 1)

Soil samples were taken and infiltration measurements done in April and May
2007 just before or just after harvest of the maize crop. Since the central
component of the CF package is the planting basin, all measurements were
performed in the basin and area between the basins. Soil samples from FP
plots were not subdivided as farmers usually do not concentrate resources
around planting stations but spread them across the field.

Soil physical properties

Infiltration was determined non-destructively by inserting a steel core in the
soil and adding 100 ml of water. The time to complete infiltration was recorded
and subsequently converted to infiltration rate in mm per minute.

To determine soil bulk density, volumetric samples were collected at 0-5, 5-
10, 10-15, 15-20, 20-30, and 30-40 cm depth using steel cores with a known
internal volume of 100 cm® for the 5 cm depth intervals (length of core 5.0 cm)
and around 170 cm? for the 10 cm depth intervals (length of core 10.0 cm).
Samples were stored in plastic bags and taken to the laboratory for
determining fresh and oven-dry (24 hours at 105°C) weights.

Water retention was determined on undisturbed soil samples, which were
collected from a subset of 8 farmers located in Bindura (4) Masvingo (3) and
Chivi (1). These samples were taken from 0-5, 5-10, 10-15, and 15-20 cm
depth and remained undisturbed in metal cores until measurements were
conducted in the laboratory. Water retention was determined using the
hanging column method. Each sample was saturated and then exposed to -
10, -25, -50, and -100 cm water pressure. The water released between the
levels of water pressure was measured in a burette.

Soil chemical properties

For the chemical properties, samples were taken at 0-20 and 20-40 cm depth
using a post-hole auger. Samples were taken from three positions across the
CF or FP plot, were thoroughly mixed on a tray and then subsampled prior to
laboratory analysis. For several soils it was impossible to move the auger
beyond 20 cm depth and in these cases bulk density samples were used to
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determine the chemical properties for the 20-40 cm sample. The chemical
properties were: pH in H>O (2.5 : 1) according to Rhoades (1982), soil organic
carbon determined with the Walkley-Black method as described by Nelson
and Sommers (1975), total nitrogen (N) and total phosphorus (P) as described
by Anderson and Ingram (1989).

Yield

Yield was determined at the end of the 2006/°07 growing season from 50 x 20
m plots within CF and FP plots. Yield data were collected from 13 out of 37
farmers where soil samples were collected and an additional 56 farmers who
were practicing CF and were interviewed for a comprehensive study on CF
(Mazvimavi et al, 2007). The yield was calculated based on the number of
bags that could be filled with maize cobs. Based on previous measurements,
a 50 kg bag of maize cobs contains 24 kg of grain. Rainfall during the season
was below average especially in Natural Regions IlI-V.

Results and Discussion
Soil physical properties

Bulk density and water retention

There was a significant (P=0.05) 6% reduction in bulk density in the top 15 cm
of the soil profile within the basins, when compared to the soils from the FP
plots (See Figure 1) and confirms results obtained under CA by Karlen et al
(1994). The reduced bulk density coincides with the depth of the basin which
is 15 cm. A reduced bulk density leads to an increase in porosity and enables
plants to establish more easily. Improved water retention in basins was
observed in Bindura and Chivi but not in Masvingo (Figure 2). There was no
trend in water retention as a function of the number of years that CF was
practiced in both Bindura and Masvingo.

FIGURE 1. Bulk density as function of depth in the soil profile for farmer
practice, area between basins and within basins, N=37, averaged over 8
districts in Zimbabwe (bars represent standard errors)

FIGURE 2. Water retention characteristics in Bindura, farmer practice (A),
area between basins (B) and in basins (C); and in Masvingo, farmer practice
(D), area between basins (E) and in basins (F). Bindura data is average of 4
farmers, Masvingo data is averaged over 3 farmers. Retention based on water
pressure at —-10, —25, -50, and —100 cm H>O and compared with saturation.

Infiltration rate

The changes in bulk density and water retention caused some dramatic
changes in infiltration rate as can be seen in (Figures 3). Infiltration rate in
basins was on average 26 mm min~' which was 87% and significantly
(P=0.01) higher than in areas between basins. Infiltration rate in basins was
also significant (P=0.01) higher than in FP plots. Infiltration also increased
with the number of years CF was practiced. This is an important finding as a
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higher infiltration rate in the basin leads to preferential inflow of rainwater in
the planting station thus increasing the water harvesting capacity of a CF plot.

FIGURE 3. Infiltration rates in 37 farmers’ fields under farmer practice,
between basins and in basins as function of year that conservation farming is
being practiced (bars represent standard errors)

Soil chemical properties

Soil pH

Soil pH in the top 20 cm in basins was significantly (P=0.05) higher than in
areas between basins or on FP plots (Figure 4). Soil pH was lowest in
Murehwa and Bindura ([Table 2). Both districts are located in Natural Region |l
with soils that are leached to a higher degree than the soils in Natural Regions
[1I-V (Nyamapfene, 1991).

FIGURE 4. Soil pH of farmer practice, between basin and in basins from 37
farmers across Zimbabwe (bars represent standard errors)

{Table 2}
TABLE xx

Nitrogen, phosphorus and soil organic carbon

There was an increase in total % N in the top 20 cm in basins as compared to
soil between basins. There was, however, no increase in total % N and P in
basins as compared to FP (Figures 5-6). Soil organic carbon (SOC), likewise,
was significantly higher in the top 20 cm of the soil in basins than between
basins but no significant differences occurred between basins and the FP
(Figure 7). The higher %SOC in the basins can possibly be attributed to
precision application of manure and inorganic fertiliser and decomposition of
roots. The increase in SOC in the basins could then also explain the
amelioration of soil pH, as SOC increases the cation exchange capacity and
so creates a buffer.

We found large differences in SOC even across small distances in the field,
indicating that land use history and practices play a dominant role in SOC
dynamics as observed by Zingore et al (2007). However, as of yet there were
no major changes in total N and P in contrast to the more noticeable changes
in soil physical properties.

FIGURE 5. Percentage N in soil from in farmer practice, between basin, and
in basin from 37 farmers across Zimbabwe (bars represent standard errors)

FIGURE 6. Percentage P in soil from in farmer practice, between basin, and
in basin from 37 farmers across Zimbabwe (bars represent standard errors)

FIGURE 7. Percentage soil organic carbon in soil from in farmer practice,
between basin, and in basin from 37 farmers across Zimbabwe (bars
represent standard errors)
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Yield

Maize grain yield was higher with CF than FP across all natural regions (Table
3). Maize grain yield was significantly enhanced by N top dress application but
much more so with CF than current farmer practice (Table 4). Table 3 also
shows that without topdressing with N, benefits of CF are much lower,
showing the importance of precision application of topdress N fertiliser to
improve yields as included in the CF package.

{Table 3+4}

Conclusions

CF has led to improvement in porosity, water retention and infiltration in the
basins. It was somewhat surprising that these improvements occurred quite
rapid after implementation of CF and indicate the status of soil degradation in
many soils around Zimbabwe. Improved infiltration rate and water retention
leads to more effective use of rainfall and a lower bulk density enables better
root growth. The precision application of manure and fertilizer to the basins as
well as decomposing roots builds soil organic carbon. In degraded soils such
as prevalent in many communal farming areas in Zimbabwe, building up SOC
is of paramount importance to revert further soil degradation. Further
investigations are required to determine if CF leads to higher availability of
important nutrients as N and P, and the effect of CF on water retention across
agro-ecosystems. Higher yields were realised irrespective of agro-ecological
zones and soil types. CF therefore looks like a promising strategy to raise
productivity under rainfed conditions and early results on labour use and
profitability show that CF is more profitable than the FP (Mazvimavi et al,
2007).

Acknowledgements

We would like to thank the farmers, district community leaders, national
extension staff, and NGO field staff in various parts of the country who helped
us during data collection. We also wish to thank Bhekimpilo Ncube, Alfa
Ndlovu, Clophas Ncube, and Mureiro Madzvamuse for their dedication during
sample taking and laboratory analysis.



Paper Presented at the ICID Conference, November 2007, Johanesburg, South Africa

References

ACTON DF, PADBURY GA (1993). A conceptual framework for soil quality
assessment and monitoring. In: Acton DF (Editor), A program to asess and
monitor soil quality in Canada: Soil quality evaluation program summary
(interim). Centre for land and biological resources research, No. 93-49,
Agriculture Canada, Ottawa

ANDERSON JM, INGRAM JSI (1989). TSBF: A handbook of methods of
analysis. CAB International p. 39

BOLLIGER A, MAGID J, CARNEIRO AMADO TJ, SKORA NETO F, DE
FATIMA DOS SANTOS RIBEIRO M, CALEGARI A, RALISH R, DE
NEERGAARD A (2006). Taking stock of the Brazilian “zero-till revolution”: a
review of landmark research and farmers’ practice. Advances in Agronomy
91, 47-109

CHIVENGE PP, MURWIRA HK, GILLER KE, MAPFUMO P, SIX J (2007).
Long-term impact of reduced tillage and residue management on soil carbon
stabilization: implications for conservation agriculture on contrasting soils.
Soil&Tillage Research 94, 328-337

CORBEELS M, SCOPEL E, CARDOSO A, BERNOUX M, DOUZET JM,
SIQUERA NETO M (2006). Soil carbon storage potential of direct seeding
mulch-based cropping systems in the Cerrados of Brazil. Global Change
Biology 12, 1-15

FABRIZZI KP, GARCIA FO, COSTA JL, PICONE LI (2005). Soil water
dynamics, physical properties and corn and wheat responses to minimum and
no-tillage systems in the southern Pampas of Argentina. Soil and Tillage
Research 81, 57-69

FINDELING A, RUY S, SCOPEL E (2003). Modeling the effects of a partial
residue mulch on runoff using a physically based approach. J. Hydrol. 275,
49-66

GOWING J, PALMER M (2007). Sustainable agricultural development in sub-
Saharan Africa: the case for a paradigm shift in Inad husbandry. Soil
Use&Manage (in press)

HOBBS PR (2007). Conservation agriculture: what is it and why is it important
for future sustainable food production? J. of Agric. Science 145, 127-137

HOBBS PR, GUPTA RK (2004). Problems and challenges of no-till farming
for rice-wheat systems of the Indo-Gangetic Plains in South Asia. In:
Sustainable Agriculture and the rice-wheat system (eds Lal R, Hobbs PR,
Uphoff N, Hansen DO), pp 101-119. Columbus, Ohio and New York New
Jersey: Ohio State University and Marcel Dekker.



Paper Presented at the ICID Conference, November 2007, Johanesburg, South Africa

KARLEN DL, WOLLENHAUPT NC, ERBACH DC, BERRY EC, SWAN JB,
EASH NS, JORDAHL JL (1994). Crop residue effects on soil quality following
10-years of no-till corn. Soil&Tillage Res. 31, 149-167

MAZVIMAVI K, BELDER P, HOVE L, TWOMLOW SJ (2007). Assessment of
sustainable uptake of conservation farming in Zimbabwe. International Crops
Research Institute for the Semi-Arid Tropics, Matopos ResearchStation, P.O.
Box 776, Bulawayo, Zimbabwe

NELSON DW, SOMMERS LE (1975). A rapid and accurate method for
estimating organic carbon in soil. Proc. Of the Indiana Academy of Science
84, 456-462

NYAMAPFENE, K. 1991. The soils of Zimbabwe. Nehanda Publishers,
Harare, Zimbabwe, 179 pp.

RAO K, STEENHUIS T, COGLE A, SRINIVASAN S, YULE D, SMITH G
(1998). Rainfall infiltration and runoff from an alfisol in semi-arid tropical India.
l. No-till systems. Soil&Tillage Res. 48, 51-59

RHOADES JD (1982). In Methods of Soil Analysis, Part 2. Second edition
(A.L. Page, R.H. Miller and D.R. Keeney Eds.) Am. Soc. Of Agronomy.
Madison, USA.

ROCKSTROM J, BARRON J (2007). Water productivity in rainfed systems:
overview of challenges and analysis of opportunities in water scarcity prone
savannahs. Irrig. Sci 25, 299-311

ZINGORE S, MURWIRA HK, DELVE RJ, GILLER KE (2006). Influence of
nutrient management strategies on variability of soil fertility, crop yields and
nutrient balances on smallholder farms in Zimbabwe. Agric. Ecosystems&
Environ. 119 (1-2) 112-126



Paper Presented at the ICID Conference, November 2007, Johanesburg, South Africa

TABLE 1. Sampling details of detailed soil sampling on 37 farmers’ fields

Total number

Natural Years of of farmers
District Ward Region? Soil type” CF sampled
Bindura® 10-12 Il 5G/E,5AE,6G 2,3,4,6,7,8 6
Murehwa 14 Il 5G/E,5AE,6G 1-3 3
Chirumanzu 8 M 5G/M, 6G, 4E 1 1
Masvingo 12 [ 7G 1-3 3
Masvingo 14 [l 7G 1-3 5
Chirumanzu 7 v 5G, (4M/S/E) 2-3 3
Mangwe 2 v 5G (4M/S/E) 1-3 3
Nyanga 3 v 5G,(4M/S/E) 1-3 3
Nyanga 17 A% 5G,(4M/S/E) 1-2 2
Nkayi 3 v 1,(2) 1-3 3
Nkayi 14 A% 1,(2) 1-2 2
Chivi 5 \Y 5G, 4P, 2, 4M 1-2 2

Chivi

19 Vv

5G, 4P, 2, 4M

3

1
3 Natural regions classified by annual rainfall; 1l—750-1000 mm, 1l1—680-800
IV—450-650 mm (inconsitent rainfall), V—<650 mm (highly inconsistent
rainfall) (Vincent and Thomas, 1960)
®) Zimbabwe soil classification as published by Nyamapfene (1991)

° Wards 10 and 12 in Bindura were adjacent to each other and considered as

one ward

TABLE 2. Average, minimum and maximum soil pH in samples taken from
basins, between basins and the farmer practice plot at 0-20 cm and 20-40 cm
from 37 farmers across the 8 sampling districts

District Average Minimum Maximum
Murehwa 3.6 2.3 4.5
Bindura 3.8 2.4 5.7
Nkayi 4.8 3.8 6.8
Nyanga 5.1 4.1 7.2
Chivi 5.1 3.5 7.0
Masvingo 5.1 3.6 6.8
Mangwe 5.1 4.3 5.9
Chirumhanzu 5.2 4.0 6.9

TABLE 3. Maize yield (kg ha™) in 2006/'07 season obtained with conservation
farming and farmer practice in 3 natural regions in Zimbabwe (N=69)

Natural Conservation

region? farming Farmer practice
Il 1950 + 2579 920 + 580
11 1590 =+ 234 698 + 204
A\ 1356 =+ 123 864 + 77

3 standard error

(source: Mazvimavi et al, 2007)
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TABLE 4. Maize yield (kg ha™) in 2006/'07 season obtained with conservation
farming and farmer practice as function of topdress fertiliser application
(N=41)

Topdress Conservation

fertiliser applied  farming Farmer practice
no 846 + 2837 642 + 93
yes 1595 + 180 874 + 229

3 standard error
(source: Mazvimavi et al, 2007)

10



Paper Presented at the ICID Conference, November 2007, Johanesburg, South Africa

Depth (cm) Bulk density (g cm™®)

1.35 1.40 1.45 1.50 1.55 1.60 1.65
0 1 1 1 1 1 1

-10 4

15 4

-20 A

-25 - ,
—— farmer practice

-30 -

—O— between basin
_35 .

40 4 —Oo— inbasin
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Depth in soil A
profile (cm) Volumetric water content
0.00 0.10 0.20 0.30 0.40 0.50 0.60
0 1 1 1 1 1 ]
u
-5 1 : ——e&—— saturation
l,' ---m----10cm
-10 - . —&—-25¢cm
= —O0—-50cm
15 J N —o—-100cm
n
20
B
0.00 0.10 0.20 0.30 0.40 0.50 0.60
0 1 1 1 1 1 1
u
51 | ——e—— saturation
n ---m----10cm
-10 A : —a—-25¢cm
n —0—-50 cm
.15 4 ——o—-100cm
]
.20 A
(o]
0.00 0.10 0.20 0.30 0.40 0.50 0.60
0 1 1 1 1 1 1
u
51 | ——e— saturation
n --m----10cm
-10 - —a—-25¢cm
1 —8—-50cm
215 4 —o—-100cm
n
.20 i
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Infiltration rate

(mm/min)
40

(A)

35

30

25

0O 1 year CF farmer

O 2 year CF farmer

W 3 year CF farmer

20

HH

i

farmer practice

between basin

basin
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%N

0.12 1

0.10 4

0.08 -

0 0-20 cm depth

0.06

0.04 -

0.02

@ 20-40 cm depth

0.00

farmer practice

between basin

in basin

pri

52

5.0

4.8

46
4.4
4.2

3.8

4.0 —

——

0 0-20 cm depth
@ 20-40 cm depth

farmer practice

between basin

inbasin

%P

0.035

0 0-20 cm depth

0.030
0.025 -+
0.020 -

0.015
0.010

0.005 -+

0.000

farmer practice

between basin

@ 20-40 cm depth

inbasin
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1.2 1

% Soil organic carbon

1.0

0.8 1

0.6 1

0.4 1

0.2 1

0.0

farmer practice

0 0-20 cm depth
@ 20-40 cm depth

between basin inbasin
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