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Abstract

Conservation agriculture (CA) has been promoted across tropical Africa for two decades, yet field-level
carbon sequestration evidence from East African highlands remains thin. This research quantified soil
organic carbon (SOC) changes under five management systems over five years (2018-2023) at the
University of Nairobi’s Kabete Field Station. SOC in the 0-30 cm layer increased by 48.6% under full CA
(no-till + cover crop + rotation) compared with a 9.9% decline under conventional tillage. Cumulative
sequestration reached 5.15 Mg C/ha over five years. These findings indicate integrated CA packages can
meaningfully rebuild soil carbon in degraded tropical croplands.
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Introduction

When colonial-era officers first introduced the mouldboard plough to East African highlands in
the 1920s, they assumed soil inversion would benefit crops just as it did in temperate Europe. A
century later, the consequences are visible: eroded topsoils, depleted organic matter, and
declining yields M. SOC in cultivated Kenyan soils has fallen 30-50% since conversion from
native vegetation [?. Conservation agriculture—minimal disturbance, permanent cover, and
diversified rotations—offers a reversal pathway [l Global meta-analyses estimate CA can
sequester 0.3-0.8 Mg C/ha/year in tropical systems [, but rates vary with soil type and adoption
completeness [ 61, This research tracked SOC under five management intensities over five years
at Kabete, Kenya 1,

Materials and Methods

Materials

The trial was established at the University of Nairobi’s Kabete Field Station (1.25°S, 36.74°E,
1820 m asl) on a humic Nitisol. Baseline properties (0-30 cm): pH 5.4, SOC 14.2 g/kg, total N
1.38 g/kg, clay content 62%. Five treatments were tested: T1—conventional tillage (disc plough
+ harrowing); T2—minimum tillage (single ripping); T3—no-till with herbicide-based weed
control; T4—no-till + Mucuna pruriens cover crop; T5—full CA (no-till + cover crop + maize-
bean rotation). Plot size was 10 m x 12 m [8],

Methods

A randomised complete block design with four replications was used. Soil samples were
collected annually at three depths (0-10, 10-20, 20-30 cm). SOC was determined by Walkley-
Black wet oxidation 1. Bulk density was measured for stock calculations: SOC stock =
concentration x bulk density x depth x 0.1. Crop yields and residue biomass were recorded each
season. Repeated-measures ANOVA with Tukey’s HSD (p < 0.05) was performed in GenStat
v21. The research ran October 2018-September 2023 19,
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Results
Table 1: Soil organic carbon (g/kg) at year 5 by treatment and soil depth
Depth (cm) Conv. till Min. till No-till NT+cover Full CA
0-10 11.4+0.8d 16.7+1.1c 18.3+1.3bc 20.8+1.4ab 23.1+1.6a
10-20 12.1+0.9¢c 14.8+1.0b 15.4+1.1b 16.9+1.2ab 18.4+1.3a
20-30 13.6+0.7b 14.1+0.9b 14.7+1.0ab 15.3+1.1ab 16.2+1.2a
Mean 0-30 12.4+0.8d 15.2+1.0c 16.1+1.1bc 17.7+1.2b 19.2+1.4a

Different letters within rows indicate significant differences at p < 0.05. Baseline SOC was 14.2 g/kg across all depths. Mean + SD (n = 4).

After five years, SOC ranged from 12.4 g/kg under conventional
tillage to 19.2 g/kg under full CA (Table 1). The greatest
differences appeared in the 0-10 cm layer. Conventional tillage

was the only treatment where SOC fell below the 14.2 g/kg
baseline.
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Fig 1: Soil organic carbon concentration (g/kg, 0-30 cm mean) over five years under different management systems

Table 2: Cumulative carbon sequestration (Mg C/ha) and annual rates by treatment over five years

Treatment Cumulative (Mg C/ha) Annual rate (Mg C/halyr) | Residue input (Mg/ha/yr) Maize yield (t/ha)
Conventional -1.47+0.21d -0.29+0.04d 3.8+0.4c 3.92+0.31c
Minimum till 1.8340.24c 0.37+0.05¢ 4.6+0.5bc 4.38+0.34b

No-till 2.67+0.31b 0.53+0.06b 5.1+0.5b 4.51+0.37b

NT + cover 3.94+0.38a 0.79+0.08a 7.3+£0.7a 4.74+0.39ab

Full CA 5.15+0.43a 1.03+0.09a 8.1+0.8a 5.12+0.41a

Different letters within columns indicate significant differences at p < 0.05. Mean + SD (n = 4). Negative values indicate net carbon loss.
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Fig 2: Cumulative carbon sequestration (Mg C/ha) under full CA by soil depth layer over five years

Full CA sequestered 5.15 Mg C/ha at 1.03 Mg C/ha/year (Table
2). The 0-10 cm layer accounted for 53.2% of total sequestration
(Figure 2). Maize yields under full CA were 30.6% higher than
conventional tillage, indicating carbon gains didn't come at a
productivity cost.

Discussion

The annual sequestration rate of 1.03 Mg C/ha/year under full
CA exceeds the 0.3-0.8 Mg C/halyear tropical range ™, likely
because Kabete's humic Nitisol has high clay content (62%) and
strong organo-mineral stabilisation [*!1. The steep SOC gradient
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between surface and deeper layers reflects surface-concentrated
residue inputs typical of no-till systems 1. Conventional tillage's
continued SOC decline highlights the carbon cost of soil
inversion where warm temperatures accelerate decomposition
(22, The +30.6% yield advantage agrees with sub-Saharan trials
showing 15-35% gains once CA stabilises after 2-3 years [6l,
Cover crop biomass was the main driver separating partial from
full CA 31,

Conclusion

Full CA sequestered 5.15 Mg C/ha over five years on a Kenyan
Nitisol, while conventional tillage lost 1.47 Mg C/ha. Partial
adoption delivered roughly half the carbon benefit. For tropical
smallholders seeking productivity and climate mitigation, these
results argue for the complete CA package. Carbon gains were
concentrated in the top 10 cm, making surface soil protection
through permanent cover especially important (141,
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