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ASSESSMENT OF SOIL NUTRIENT BALANCES IN ORGANIC BASED1
CASSAVA (Manihotesculenta crantz) AND SORGHUM (Sorghum bicolor (L.)2
moench) CROPPING SYSTEMS OF YATTA SUBCOUNTY, KENYA3

4
5
6

ABSTRACT7
Long-term food production in developing countries is under threat due to soil nutrient8
mining resulting from unsustainable production practices. In this study, the sustainability9
of various cropping systems and organic input combinations were assessed through10
monitoring nutrient flows and balances at crop production level. The study was conducted11
in Katangi and Ikombe divisions of Kitui sub-county between October 2010 and August12
2012. A randomised complete block design with a split plot arrangement was used. The13
main plots were three cropping systems: (i) Intercropping (Dolichos [Lablab14
purpureus]/Cassava, Dolichos/Sorghum, Pigeon pea [Cajanus cajan (L.)15
Millsp.]/Sorghum, Pigeon pea/Cassava); (ii) Rotation (Dolichos-Cassava, Dolichos-16
Sorghum, Pigeon pea-Cassava, Pigeon pea-Sorghum); (iii) Monocrop (pure cassava and17
sorghum). The split plots were; farm yard manure (FYM), compost and control. All crops18
had above ground biomass incorporated after harvest in the same plot they were harvested19
from. Nutrient flows; Nitrogen (N), phosphorus (P) and Potassium (K), were monitored20
for four seasons i.e. SRS of 2010, LR of 2011, SRS of 2011 and LRS of 2012 using21
NUTMON toolbox. There were no significant differences in Nutrient balances between22
the four seasons except in sorghum based cropping systems where N and P balances were23
significantly lower in the second year. Losses across the seasons occurred mainly through24
harvested products in both sorghum and cassava cropping systems while addition mainly25
occurred through biological N fixation and incorporation of crop residue. Negative NPK26
balances were found in cassava than sorghum-based cropping systems regardless of the27
legumes used in both sites. Dolichos rotation with sorghum and compost applied resulted28
in positive N balances. Dolichos-cassava rotation with compost also had reduced N losses29
compared to when pigeon pea was used. P losses were less negative under pigeon pea-30
sorghum and pigeon pea-cassava rotation with FYM applied. Pigeon pea rotation with31
sorghum and FYM applied resulted in reduced K losses while with cassava the same32
cropping system was superior but with application of compost. The choice of legume and33
organic input for use would depend on the environment the farmer operates in. In N, P and34
K limited environments dolichos rotation with compost application, pigeon pea rotation35
with FYM and, pigeon pea-sorghum rotation with FYM and pigeon pea-cassava rotation36
with compost applied would, respectively be the technological packages of choice.37

38
Key words: Agroecological intensification; Cassava; Intercropping; Nutrient balance;39
NUTMON Toolbox; Sorghum; Organic inputs; Rotation40

41
INTRODUCTION42
Per capita agricultural production in sub-Saharan Africa (SSA) continues to decline thus43
presenting a serious challenge to food security. Rapid population growth and the need to44
integrate into the monetary economy has forced farmers to increase production of staple45
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food and cash crops which are heavily reliant on external inorganic inputs (de Jager t al.,46
1998). However, these inorganic inputs are either not used at all or applied in suboptimal47
quantities due to their unavailability and high cost (Smestad et al., 2002). As a result, most48
of the income in subsistence-oriented farms is based on nutrient mining putting in danger49
long-term sustainability of the agricultural production system (de Jager et al., 2001).50

51
To achieve sustainability, it is necessary that farming should make maximum use of52
nature’s goods and services without destroying them (Altieri, 1999). This implies the use53
of agro-ecological intensification techniques, which call for promotion of biological54
diversity; use of locally available resources; non-use of synthetic inputs and incorporation55
of natural process into agricultural production (Altieri et al., 1998; Place et al., 2003). In56
addition crop varieties produced should be adapted to harsh conditions that prevail in the57
SSA specifically low soil fertility (especially N and P deficiency) and low and erratic58
rainfall (Mokwunye et al., 1996; Lawson & Sivukamar, 1991). Sorghum and Cassava are59
some of the recommended crops due to their adaptability to drought, ability to grow in low60
soil fertility and minimum input requirement. Cassava can also be particularly attractive to61
small-scale farmers due to its harvest flexibility (El-Sharkawy, 2003; Gobeze et al., 2005;62
World Bank, 2005). Dual-purpose drought resistant legumes such as dolichos and pigeon63
pea when in rotation or intercropped with main crops can improve the physical, chemical64
and biological properties of soils. Organic fertilizers could also be used to improve the soil65
properties. This would go a long way into increasing food availability and incomes for66
small-scale farmers and hence improve sustainability of the agricultural system (Rao and67
Mathuva, 2000; Haque et al., 1995; Cheruiyot et al., 2001; Altieri, 2002).68

69
Sustainability of agricultural production systems and its accurate assessment is crucial for70
continued food availability in the future (Tait and Morris, 2000). Quantification of nutrient71
balances can be used as quantifiable indicators of agricultural sustainability (Smaling et72
al., 1996). NUTMON is widely considered as a particularly useful tool in this regard as it73
can be used to assess the effects of various nutrient management strategies on nutrient74
balances as it employs relatively easy to quantify data to estimate flows (Vlaming et al.,75
2001). NUTMON has been applied at various levels to study ecological sustainability of76
various nutrient management strategies in different environments (De Jager et al., 1998;77
Onwonga et al., 2008; Surendran et al., 2005; De Jager et al., 2001; Ehabe et al., 2010).78
However, limited studies under experimental conditions have been done to determine the79
combined effects of various cropping systems and organic inputs on nutrient balances at80
crop activity levels. The current study aimed at monitoring nutrient balances in organic81
based cassava and sorghum cropping systems as a basis for determining their82
sustainability.83

84
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Materials and methods85
Study site86
On-farm trials were conducted in Katangi and Ikombe divisions of Yatta Sub-county of87
Machakos County, which lies in agroclimatic zone IV classified as semi-arid (Sombroek88
et al., 1982). The study was conducted for 2 years (from October 2010 to August 2012)89
which constituted four seasons of experimentation. The two seasons in a year are the short90
(SRs) occurring from October to December and Long rain season (LRs) from march/April91
to May (Fig. 1)92

93

94
Season usually classified as dry period but this is no longer the case perhaps due to climate change95

96
Figure 1: Total rainfall received during the four experimental period – four seasons97
The first year of experimentation was treated as SRS of 2010 and LRS of 2011 while the98
second year was SRS of 2011 and LRS of 2012. Cumulative rainfall received during the99
SRS of 2010 (season 1) was 539.4 mm; LRS of 2011 (season 2) 501.7 mm; SRS of 2011100
(season 3) 171.3; and LRS of 2012 (season 4) 90.6 mm.101

102
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The soils of the study area mainly consist of Ferric Luvisols, Lithisols and Rhodic Ferralsols103
(Sombroek et al., 1982; WRB, 2006) with Nitrogen, Phosphorous and organic matter being104
the main limiting nutrients (Jaetzold and Schmidt et al., 2006). Soil properties prior to105
experimental set-up in Katangi were: of clay texture, moderate bulk density (Hazelton and106
Murphy, 2007), moderate organic C, Low Nitrogen, high Potassium and moderate107
phosphorus (Table 1). For Ikombe, the initial soil properties were:  sandy clay loam texture,108
low bulk density (Hazelton and Murphy, 2007), low OC, low Nitrogen, high Phosphorous109
and moderate Potassium (Table 1) according to Landon and Brown (1990).110

111
Table 1: Initial physical and chemical soil properties at the experimental sites112
Soil properties Katangi Ikombe
Bulk density 1.36 1.11
Sand (%) 40 58
Silt (%) 17 19
Clay (%) 43 23
Textural class Clay Sandy clay loam
pH (H2O) 6.31 6.49
pH (CaCl2) 5.67 5.89
EC (dsm-1) 0.2 0.2
C (%) 1.17 0.74
N (%) 0.18 0.09
Na (cmol/kg) 0.38 0.38
K (cmol/kg) 0.98 0.75

CEC (cmol/kg) 20.1 8.1
P (ppm) 5.25 26.25

113
Treatments and experimental design114
The treatments consisted of three cropping systems and two organic inputs with a control.115
The cropping systems were monocropping, intercropping and rotation of a test crop with116
either dolichos or pigeon pea. The test crops (TC) were sorghum and cassava. Organic117
inputs used were compost and Farmyard manure (FYM). This resulted in fifteen treatments118
combinations (Table 2). All crops had above ground biomass incorporated after harvest in119
the same plot they were harvested from.120

121
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Table 2: Treatments in the trail fields122
Sorghum cropping systems

Treatment no. Cropping system Organic input (5t ha-1)
Monocrop 1 TC FYM

2 TC Compost
3 TC Control

Rotation 4 Pigeon pea-TC rotation FYM
5 Pigeon pea-TC rotation Compost
6 Pigeon pea-TC rotation Control
7 Dolichos-TC rotation FYM
8 Dolichos-TC rotation Compost
9 Dolichos-TC rotation Control

Intercropping 10 TC pigeon pea intercrop FYM
11 TC pigeon pea intercrop Compost
12 TC pigeon pea intercrop Control
13 TC Dolichos intercrop FYM
14 TC Dolichos intercrop Compost
15 TC Dolichos intercrop Control

TC = Test crop (Sorghum and Cassava)123
124

The experimental setup was a Randomized Complete Block Design with a split plot125
arrangement replicated three times. The main plots (10m x 10m) were cropping systems126
while split-plots (3m x 10m) were organic inputs each applied at the rate of 5 tha-1 (Fig 2)127

128
2010 2011 2012

Cropping
system Description Crops SRS LRS SRS LRS

Monocrop
Sorghum monocrop Sorghum
Cassava monocrop Cassava

Rotation

Dolichos-sorghum
rotation

Dolichos
Sorghum

Pigeon pea-sorghum
rotation

Pigeon pea
Sorghum

Dolichos-cassava
rotation

Dolichos
Cassava

Pigeon pea- cassava
rotation

Pigeon pea
Cassava

Intercropping

Legume sorghum
intercrop

Dolichos/sorghum
Pigeon pea/sorghum

Legume cassava
intercrop

Dolichos/cassava
Pigeon pea/sorghum

Figure 2: Spatial and temporal distribution of the crops during the experimental period129
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130
Field practices131
Primary land preparation was done using oxen plough and thereafter hand hoes were used132
during secondary cultivation. Fifteen kilograms of FYM and compost per split plot133
(translating into a rate of 5t ha-1) were applied in planting holes (Table 3) and thoroughly134
mixed with soil.135

136
Table 3: Chemical characteristics of compost and FYM used during the experimental period137
Organic input property FYM COMPOST
N (%) 2.71 2.55
P (%) 1.01 0.74
K (%) 3.9 1.81
OC (%) 35 35.60
pH(H2O) 8.6 9.26
C:N Ratio 12.92 13.96

138
Planting of the crops was done manually by direct placement of the seeds/cuttings into the139
planting holes. Cassava variety Muceliceli, sorghum variety Gandam, pigeon  pea variety140
KAT 60/8, and dolichos black variety were planted with sole crops spaced at1m x 1m141
(cassava), 0.75 x 0.25 (sorghum), 0.75 by 0.3 m (dolichos) and 0.75 x 0.50 m (pigeon pea).142
All the crops for intercrop (pigeon pea or dolichos) were sown in rows between sorghum143
and cassava at the same inter-plant spacing as in pure stands. Weeding was regularly done144
using hand hoes.145

146
During the subsequent planting seasons, land preparation was done using hand hoes. This147
was done to avoid mixing of organic inputs from one plot to another. Immediately after148
harvesting, above ground biomass of the crops was weighed, chopped into small pieces and149
incorporated in the same plots that they were harvested from.150

151
Mapping Nutrient flows in and out of the farm152
Resource flow monitoring for the quantification of nutrient balances, was monitored for four153
seasons at plot level (October 2010 to July 2012) using the farm-NUTMON approach (De154
Jager et al. 2001). Under this methodology, the farm is conceptualised as a set of dynamic155
units which form the destination and/or source of nutrient flows depending on the type of156
management adopted. The farm units distinguished under this methodology are:157
Farm Section Units (FSUs): Areas within the farm with relatively homogenous properties158
Primary Production Units (PPUs)/Crop activities: Piece of land with different possible159
activities such as crops, pasture, a fallow. Usually a PPU is located in one or more FSUs.160
Secondary production Units (SPUs)/Livestock activities: Group of animals within the farms161
that are under the same type of management.162
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Redistribution Unit (RUs): These are nutrient storage locations within the farm from which163
nutrient gather and later on redistributed.164
House Hold (HH): Group of people who usually live in the same house and share food165
regularly166
Stock: these are the amount of crop products and chemical fertilizers stored for later use.167
Outside (EXT): the external nutrient pool which are the source and destination of nutrient168
but is itself never monitored. It includes markets, other families and neighbours.169

170
Under this approach, side boundaries of the farm are the physical borders of the farm with171
the upper boundary being the atmosphere-soil interface, the lower boundary is considered to172
be 30 cm below the soil surface. Calculation of nutrient balances takes into account a set of173
five inflows: IN 1-mineral fertilizer, IN2-organic inputs, IN3-atmospheric deposition, IN-174
biological nitrogen fixation and IN5-sedimantation and six outflows. Inflows; OUT 1-farm175
products, OUT2-other organic inputs, OUT3-leaching, OUT4-volatization, OUT 5-erosion176
and OUT6-human execrate.177

178
Since the current study considered nutrient balances at only crop activity level under179
experimental conditions, the farm NUTMON approach needed to be customised. The180
external boundaries were the experimental area, whereas the Farm Section Units (FSUs)181
were the replicates/blocks, the primary production units (PPUs) were the plots (i.e. the182
fifteen cropping systems and organic input combinations).183

184
In order to customize the study, certain elements of the concept by de Jager et al. (1998)185
such as nutrient inputs through mineral fertilizer (IN 1) were ignored since the experiment186
did not involve use of any inorganic materials. De Jagger, 1998 also envisions inputs of187
nutrient into a system through sedimentation (IN 5) can only occur under irrigation. The188
amount of nutrient supplied through subsoil exploitation (IN 6) is usually ignored due to189
difficulties in its determination and its relatively smaller contribution to the total nutrient190
balances. Since the experiment took place under rainfed conditions, IN 5 was similarly191
ignored. Nutrient flows into PPUs were identified as organic fertilizers (IN 2), atmospheric192
deposition (IN 3) and biological nitrogen fixation (IN 4) and returned plant residue (OUT193
2). For cassava however, no plant residues were returned which represented the common194
practices of removing stems from the field after harvest and preserving them for the next195
planting, use as firewood or sold. Nutrient output flows were identified as crop harvest196
(OUT 1), leaching (OUT 3), volatization (OUT 4) and soil erosion (OUT 5) (Fig 3).197

UNDER PEER REVIEW



8

Figure 3: Modified Concept of on farm nutrient management (modified from Surendran and198
Mugurapan, 2010)199

200
Calculation of nutrient balances201
For the quantification of nutrient flows for calculation of balances, methods utilized202
included (i) sampling and analysis of product flows for N, P and K, (ii) use of transfer203
functions and (iii) other approaches using sub-models and assumptions (van den Bosch et204
al., 1998).205

206
Soil sampling and analysis: Soil samples for quantification of stocks were randomly207
sampled at 0-30 cm depth and mixed thoroughly to make composite sample. The soil208
chemical parameters analyzed were Total N, available Phosphorous, soil organic carbon and209
exchangeable Potassium. Physical properties analysed included bulk density and texture.210
Soil analysis was done according to the methods described by Okalebo et al., (2002).211

212
Plant sampling and analysis: Sampling and analysis of crop products was used to quantify213
flows such as IN 2, OUT 1 and OUT 2. Sorghum, pigeon pea and dolichos were harvested214

 IN 2: Organic manure (FYM/Compost)
 IN 3: Atmospheric deposition
 IN 4: Atmospheric Nitrogen Fixation (BNF)

INFLOW

Mining

Immobilization
 OUT 2: Crop residues

(sorghum/dolichos/pigeon pea stover)
stover

 OUT 1: Harvest
(sorghum/dolichos/pigeon pea grains,
cassava tuber and stover)

 OUT 3: Leaching
 OUT 4: Volatization
 OUT 5: Erosion


Losses

Labile pool

Soil reserve
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three months after planting while cassava was harvested eleven months after planting.215
Sampling for sorghum, pigeon pea and dolichos was done from the middle rows of each216
subplot while cassava was sampled from a quadrant area of 4m2.  Plants from the net plot217
area within the inner rows were harvested by cutting the stem immediately above ground.218
They were then heaped and left for drying. The dried plants were threshed to separate seeds219
from pods. For cassava, harvesting required digging around the base of individual plants220
within the net plot area using hand tools and then uprooting the whole plant. Thereafter, the221
stem was separated from the tuber. The grain, stover and tuber yields were then weighed.222
Product flows were quantified by extrapolating the recorded yield to kgha-1. Absolute223
amounts of nitrogen, Potassium and phosphorous in the product flows were calculated using224
the nutrient contents of the organic inputs, tubers and seeds of sorghum, dolichos and pigeon225
pea. The sampled grain and tubers were oven dried at 600C to a constant weight. Nutrient226
concentrations in seeds and tuber samples were determined by wet oxidation procedure227
(Parkinson and Allen, 1975) based on a Kjeldahl digestion using H2SO4 and H2O2. The N228
and P were determined colorimetrically determined, while K was measured by flame229
photometry.230

231
Use of transfer functions and assumptions: Transfer functions are used in estimating232
those flows which cannot be obtained by simple measurements namely IN 3, IN 4, OUT 3,233
OUT 4 and OUT 5. Transfer functions explain variables which are difficult to obtain as a234
function of parameters which are easy to obtain ( Stoovogel and Smalling, 1990; Smaling et235
al., 1993).236

237
The NUTMON-toolbox calculated the balances by subtracting the sum of the nutrient238
outputs from the sum of the nutrient inputs and presents then in Kg ha-1239

240

Where:241
Inputs 2-4 are nutrient contained in: In 2- Organic inputs, IN 3-Atmospheric deposition, IN242
4-Biological nitrogen fixation243
Outputs 1-5 are nutrients contained in: OUT 1-Harvested products, OUT 2- Removed crop244
residues, OUT 3-Leaching, OUT 4-Volatization, OUT 5-Runoff/erosion245
Positive balances indicated that nutrients were accumulating in the soil and negative246
balances indicate that the soil is being mined off nutrients (Nandwa and Bekunda, 1998).247

248
Statistical analysis249
NPK balances for the various PPUs generated by NUTMON-toolbox were exported to250
genstat for further analysis. Analysis of variance for NPK balances at plot level was done251
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and the treatment means separated using the Fisher’s Protected Least Significant Difference252
(P = 0.05).253

254
255

Results and discussions256
Nitrogen balances257
Comparison between the cassava based cropping systems and sorghum based cropping258
systems revealed N losses were significantly higher in cassava based cropping systems259
compared to sorghum based cropping systems (Table 4 and Table 5).260

261

UNDER PEER REVIEW

Usuario
Sticky Note
The difference was significant or not however is not necessary to say that in the text



11

Table 4: N balances as influenced by cropping systems and organic inputs in the sorghum based cropping systems (Kg/ha/yr)262
KATANGI
YEAR 1 (SR 2010/LR 2011) YEAR 2 (SR 2011/LR 2012) MEAN
FYM COMP CTRL FYM COMP CTRL

Sorghum monocrop -25.90 mn -1.00 i -37.50 o -35.77 efg -1.20 abcdef -36.77 efgh
Sorghum/Dolichos intercrop 22.90 de 40.93 c -4.70 k 6.40 abcde 29.9 a -10.20 bcdef
Sorghum/Pigeon pea intercop -4.10 jk 12.67 f -26.23 n -1.43 ebcdef 21.83 abc -16.83 bdef
Dolichos-Sorghum rotation 46.70 b 61.00 a 7.07 g 4.37 abcdef 25.03 ab -20.2 def
Pigeon pea-Sorghum rotation 0.53 h 20.17 e -20.23 l -0.40 abcdefg 24.43 ab -12.57 bcdef

LSD 0.05 Cropping systems (c)
Organic inputs (o)
(c xo) 2.74 36.88

CV% 26.10 289.90
IKOMBE
FYM COMP CTRL FYM COMP CTRL

Sorghum monocrop -27.33 mn -2.60 hj -37.10 o -36.73 -4.53 -48.17 -29.81 c
Sorghum/Dolichos intercrop 22.17 d 41.2 bc 1.57 h 8.87 21.3 -23.67 -8.92 bc
Sorghum/Pigeon pea intercrop -4.40 kj 10.20 f -22.9 m -9.37 9.67 -27.07 1.59 bc
Dolichos-Sorghum rotation 47.50 b 61.87 a 8.90 fg 2.37 23.3 -16.07 2.17 b
Pigeon pea-Sorghum rotation 0.33 hi 21.33 de -15.23 l 1.17 22.37 -18.77 3.20 a
MEAN -6.74 c 14.42 a -26.75 b

LSD 0.05 Cropping systems (c) 11.09
Organic inputs (o) 4.061
(c xo) 5.5

CV% 30.40 83.90
263
264
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265
Table 5: N balances as influenced by cropping systems and organic inputs in the cassava based cropping systems266

KATANGI
YEAR 1 (SR 2010/LR 2011) YEAR 2 (SR 2011/LR 2012) MEAN
FYM COMP CTRL MEAN FYM COMP CTRL

Cassava monocrop -71.70 fghi -60.10 efghi -57.10 defghi -81.10 -60.60 -50.40 -64.01b b
Cassava/dolichos intercrop -21.10 bcd -15.00 ab -15.5 bc -11.60 2.00 -1.80 -3.82 a
Cassava/pigeon pea intercrop -72.40 fghij -52.30 cdefghi -71.90 fghij -76.10 -59.70 -91.30 -75.72b
Dolichos-Cassava rotation -0.60 ab 21.00 a -4.20 ab
Pigeon pea-Cassava rotation -66.70 efghi -30.30 bcde -66.90 efghi

LSD 0.05 Cropping systems (c) 20.74
Organic inputs (o)
(c xo) 38.17
CV% 20.1 26.9
IKOMBE
FYM COMP CTRL

Cassava monocrop -58.9 -35.6 -42.6 -45.70 b -106.70 -85.60 -53.10 -81.80 a
Cassava/dolichos intercrop -12.8 -1.8 -1.4 -5.37 a -110.50 -77.50 -51.90 -80.00 a
Cassava/pigeon pea intercrop -66.3 -59.5 -65.2 -63.68 b -120.90 -108.50 -98.10 -109.2 a
Dolichos-Cassava rotation -20.1 14.9 -41.5 -15.56 a
Pigeon pea-Cassava rotation -70 -39.1 -63.8 -57.63 b
MEAN -45.64 a 24.22 b 42.90 a -90.50 b -67.70 c -112.70 a

LSD 0.05 Cropping systems (c) 24.72
Organic inputs (o) 11.36 22.88
(c xo)
CV% 39.7 24.7
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Cassava based cropping systems occurred mainly through tuber and stem removal. This267
observations indicate that the amount of N added to the systems through organic inputs and268
legumes BNF could not compensate for the losses that occur through stover and tuber export. In269
fact, whenever legumes residual effects seemed to benefit the cassava crop, for example when270
intercropped, the increased tuber yield led to more extraction of the N from the soil. This271
observation is supported by Fermont et al. (2007) who demonstrated that cassava tends to272
heavily mine the soil off the nutrients especially when the variety used is improved and both the273
stem and tuber harvested. It was also observed that leaching was also a major contributor to the274
strong N losses in cassava based cropping system.  This view is supported by Howeler (2001)275
who opined that wider crop spacing and slow initial development of cassava tends to leave most276
of the soil surface exposed. There were no significant differences in N balances between the two277
sites in both cassava and sorghum based cropping systems. Sorghum and cassava monocrop278
under the control experiment yielded significantly higher N losses compared to inclusion of279
legumes (Tables 4 and 5). The same observation was made even when organic inputs were280
applied though the differences under FYM were not all significant. This was due to N supplied to281
the systems through BNF and residue decomposition by the inclusion of legumes. Several282
authors have also reported that root N in legumes may significantly augment the N balance since283
they contain N derived from the soil as well as the atmosphere (Carsky, 2000; Nnadi and284
Balasubramanian, 1978).285

286
Dolichos-sorghum rotation with FYM (46.70) and Dolichos-sorghum rotation with compost287
(61.00) had significantly higher N balances compared to pigeon pea–sorghum rotation with FYM288
(0.53) and compost (20.71) applied in Katangi. In the second year, similar observations were289
observed though the differences were not significantly different in this case.  This pattern was290
also repeated in Ikombe. This observation indicated that dolichos fixes N in quantities that can291
have longer lasting effects on soil compared to pigeon pea. Comparison between the intercrops292
under the different organic inputs also revealed that sorghum/ dolichos intercrop had293
significantly higher N balances compared to sorghum/pigeon pea intercrop under both FYM and294
compost application (Tables 4). In fact, inclusion of dolichos under FYM or compost295
consistently resulted in positive balances.296

297
Under cassava cropping systems, N losses under dolichos based cropping systems under any298
given organic inputs were also significantly lower compared to those under pigeon pea based299
systems (Tables 5). This was attributed to differences in amount of fixed N and N input through300
residues as dolichos had higher N inputs into the systems through these avenues than pigeon pea.301
It has previously been observed that nitrogen fixing ability and quality and quantity of litter302
differ with the species of legume used (Giller et al., 1997; Rao and Muthuva 2000; Mafongoya et303
al., 1998). Ayoub (1986) also found total N yield and biologically fixed N were higher with304
dolichos compared to pigeon pea. He also observed that dolichos contributed more to the total N305
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budget than pigeon pea noting that pigeon pea gave the highest amount of non-recoverable N306
(lost to the atmosphere or not readily decomposable).307

308
Sorghum/dolichos intercrop and sorghum/pigeon pea intercrop with either compost or FYM309
added led to significantly lower N balances compared to their respective rotations with either of310
the two organic inputs added. Cassava systems had similar observations though the differences311
were not significant. This indicated that intercropping led to lower N balances compared to312
rotation regardless of the organic input used. These losses were attributed the export of N313
through the combined harvest of the component crops in the intercrop. Fermont et al. ( 2007) and314
Bagayoko et al. (1996) obtained similar results noting that nutrient removal from the system315
through harvest of the intercrops could still be higher than the monocrop. Rusinamhodzi et al.316
(2006) also observed that sole cowpea had a more positive N balances compared to when317
cowpea was intercropped with cotton.318

319
The result also show that application of compost regardless of the cropping system used resulted320
in significantly (p ≤ 0.05) higher N balances compared to FYM and control respectively (Table 4321
and 5). For example, monocrop sorghum with compost added (-1 in katangi and -2.60 in Ikombe)322
had resulted in reduced N losses then monocrop with FYM (-25.90 in Katangi and -27.33 in323
Ikombe) and monocrop sorghum control (-37.50 -37.10). This indicates that N losses were324
higher when FYM was applied than compost though this may not be more than when no input is325
applied.  Higher N balances application of FYM and compost have been observed by Thai Phien326
and Nguyen Cong Vinh (2001) who found that organic inputs could result in higher nutrient327
balances although this would not necessarily lead to positive balances. FYM had more negative328
N balances compared to compost due to it slow release of N over a long time (Murwira and329
Kirchmann, 1993) which would have stimulated higher crop yields hence more N removal330
through harvested products.  De Jager et al., 1998 also observed that higher plant productivity331
can enhance extraction of considerable quantities of nutrients from the soil. N balances in the332
second season were significantly lower only in the sorghum cropping systems. In the cassava333
based system, N balances were also lower in the second year though not significant. No robust334
explanation could be found other than the unfavourable climatic conditions that reduced BNF as335
well as reduced the amount of residues which were returned to the soil for decomposition336
(Ledgard and Steele, 1992; Rao and Mathuva 2000; Snapp et al., 1998).337

338
Phosphorus balances339
P balances were negative in both cassava and sorghum based cropping systems. P losses were340
significantly higher in the cassava than sorghum based cropping systems (Table 6 and 7). More P341
losses under cassava based cropping systems was attributed to export of P through harvesting of342
tubers and stems.343

344
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Table 6: P balances as affected by cropping systems and organic inputs in sorghum based cropping systems (kg/ha/yr)345
KATANGI
YEAR 1 (SR 2010/LR 2011) YEAR 2 (SR 2011/LR 2012) MEAN
FYM COMP CTRL MEAN FYM COMP CTRL MEAN

Sorghum monocrop -4.03 -4.77 -9.5 -6.10 b -10.87 -8.67 -11.6 -10.38 b
Sorghum/Dolichos intercrop -10.2 -11.2 -15.03 -12.14 d -21.77 -21.17 -23.17 -22.04 c
Sorghum/Pigeon pea intercrop -6.23 -8.67 -12.23 -9.04 c -11.57 -10.63 -13.03 -11.74 b
Dolichos-Sorghum rotation -3.47 -5.53 -8.17 -5.72 b -2.73 -5.2 -8.67 -5.5.3 ab
Pigeon pea-Sorghum rotation 0.13 -1.57 -6.23 -2.56 a -2.00 -3 -5.87 -3.62 a
MEAN -4.76 a -6.35 b -10.23 c -9.79 a -9.73 a -12.47 b

LSD 0.05 Cropping systems (o) 0.78 6.41
Organic inputs (o) 0.49 1.08
(c xo)

CV% 9 13.2
IKOMBE
FYM COMP CTRL FYM COMP CTRL MEAN

Sorghum monocrop -4.67 d -5.37 e -9.53 j -10.53 -9.1 -15.43 -6.52 c
Sorghum/Dolichos intercrop -11.13 k -12.10 l -15.03 m -14.10 -13.77 -18 -12.76 e
Sorghum/Pigeon pea intercrop -7.30 g -8.03 i -10.70 k -9.23 -11.03 -14.07 -8.68 d
Dolichos-Sorghum rotation -3.63 c -6.00 f -7.77 h -0.83 -2.73 -6.37 -5.8 b
Pigeon pea-Sorghum rotation -0.067 a -1.50 b -5.37 e -0.63 -3.33 -8.4 -2.31 a
MEAN -7.07 a 7.99 b -12.45 b

LSD 0.05 Cropping systems (c) 2.62
Organic inputs (o) 1.36
(c xo) 0.5 3.4

CV% 3.5 19.5
346
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Table 7: P balances as affected by cropping systems and organic inputs in cassava based cropping systems347
KATANGI

YEAR 1 (SR 2010/LR 2011) YEAR 2 (SR 2011/LR 2012) MEAN
FYM COMP CTRL MEAN FYM COMP CTRL MEAN

Cassava monocrop -12.10 abcd -12.9 abcdef -9.30 abc -17.83 -14 -9.7 -13.84 b
Cassava/Dolichos intercrop -21.33 i -19.57 ghi -17.00 efghi -10.70 -8.47 -7.93 -9.03 a
Cassava/Pigeon pea intercop -19.13 fghi -16.90 defgh -19.87 hi -23.7 -19.9 -23.07 -22.22 c
Dolichos-Cassava rotation -12.17 abcd -13.7 cdefg -13.30 bcdefg
Pigeon pea-Cassava rotation -8.40 ab -7.5 a -12.70 abcde
MEAN -17.41 a -14.12 a -13.57 a

LSD 0.05 Cropping systems (o) 2.84
Organic inputs (o) 3.43

(c xo) 6.91
CV% 13.3 22.2

IKOMBE
FYM COMP CTRL FYM COMP CTRL MEAN

Cassava monocrop -21.60 -20.4 -18.2 4.14 a -22 -18.4 -10.2 -16.86 a
Cassava/Dolichos intercrop -30 -27.1 -24.5 -10.22 a -35.80 -25.9 -18 -26.57 b
Cassava/Pigeon pea intercop -23.5 -19 -14.7 -12.82 a -32.60 -30.6 -26.5 -29.87 b
Dolichos-Cassava rotation -24.9 -23.6 -19.8 -11.01 a
Pigeon pea-Cassava rotation -24.1 -18.2 -21.9 -7.93 a
MEAN -8.96 a -8.88 a -9.84 a -30.19 c -25.00 b -18.2 a

LSD 0.05 Cropping systems (o) 9.18
Organic inputs (o) 5.83
(c xo) 0.5 10.81

CV% 3.5 23.2
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Only during the first year in Ikombe under sorghum based cropping systems and year 1 in348
Katangi under the cassava based cropping systems had significant interaction effects. Under the349
sorghum cropping systems only pigeon-pea sorghum rotation had significantly higher P balances350
than monocropping (Table 6). In the cassava cropping systems at Ikombe, monocropping with351
cassava had significantly higher P balances than intercropping with pigeon pea and dolichos in352
the second year. In the first year, though not significant, monocropping also had the highest P353
balances (Table 7).354

355
Higher P losses in the cropping systems involving legumes could be attributed to higher uptake356
of P by the legume crops which mostly depend on BNF for their N supply (Cassman et al.,357
1981). Legumes have also been shown to increase the uptake of P for the subsequent crop in358
rotation or the associated crop in intercropping systems (Li et al., 2004; Nuruzzaman et al.,359
2005). Increased crop yields under legume rotation could also have played a part in increased360
mining of P (Onwonga et al., 2008). Inclusion of pigeon pea into the cropping systems resulted361
in higher P balances compared to dolichos. The data revealed that more P was lost through crop362
uptake under dolichos based cropping system than pigeon pea and this could be attributed to363
differences in acquisition efficiency of these elements by various legumes (Hinsinger and Gilkes364
1997; Pearse et al., 2007; Pearse et al., 2006). Another reason could have been that differing365
residual benefits between the two legumes might have resulted in increased cassava and sorghum366
yield hence differing levels of P. Differences in yields of the subsequent crop depending on the367
legume used was demonstrated by Cheruiyotet al. (2001) who observed the greatest increase in368
biomass and grain yield of maize following dolichos. Furthermore, rotation with pigeon pea369
resulted in higher P balances compared to intercropping. Dolichos use in rotation also had les P370
losses compared to intercropping. Intercropping resulted in stronger P losses than rotation in both371
cassava and sorghum based cropping systems mainly due to nutrient removal from the system372
through harvest of the intercrops.373

374
Pigeon pea-sorghum rotation with FYM at Ikombe in year 2 resulted in significantly (p ≤ 0.05)375
higher P balances than sorghum-pigeon pea rotation with compost (Table 6). At Katangi, FYM376
application also significantly reduced P losses relative to compost and control in the sorghum377
based cropping system. Similar observations were made at Ikombe in year 2 (Table 6). This was378
due to higher P input through FYM as well as the higher biomass production, which could have379
led to more P release upon decomposition. Mpairwe et al. (2002) had also noted an increased380
biomass production due to application of manure. In cassava systems however, application of381
compost at Ikombe in season 1 and in season 2 at katangi resulted in less P losses than FYM382
(Table 7). Further, combination of pigeon pea-cassava rotation with compost had higher P383
balances than pigeon pea-cassava with FYM though also not significant. It was observed that the384
main contributing factor was the uptake of P through biomass which was removed at harvest.385
Losses of P in second year were significantly (p ≤ 0.05) higher under sorghum based cropping386
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systems in the first year probably due to reduced productivity of the crops hence reduced amount387
of residue available for decomposition. Bauer and Black, 1994 also observed that plant388
productivity is closely linked to organic matter available for decomposition hence affecting the389
quantity of P released.390

391
Potassium balances392
K balances were negative across organic inputs only except when monocropping or pigeon pea393
was used in rotation and/or intercrop and FYM applied.  In cassava cropping systems very high394
K losses were observed across all the cropping systems and organic inputs (Table 8 and 9)395

396
397
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Table 8: K balance as affected by cropping systems and organic inputs in sorghum cropping systems398
KATANGI
YEAR 2 (SR 2010/LR 2011) YEAR 2 (SR 2011/LR 2012)
FYM COMP CTRL FYM COMP CTRL

Sorghum monocrop 16.63 a -0.60 d -6.40 f 12.07 ab -3.2 abcd -7.8 abcd
Sorghum/Dolichos intercrop -26.63 i -40.17 k -38.20 k -37.93 efg -50.13 g -49.6 g
Sorghum/Pigeon pea intercop 4.67 c -12.37g -15.00 h -2.17 abcd -15.27 bcdef -17.67 bcdef
Dolichos-Sorghum rotation -26.40 i -40.13 k -30.20 j 6.53 abcd -10.8 abcdef -10.77 abcde
Pigeon pea-Sorghum rotation 13.60 b -3.37 e -7.40 f 13.5 a -3.4 abcd -7.27 abcd

LSD 0.05 Cropping systems (o)
Organic inputs (o)
(c xo) 2.54 28.17

CV% 9.9 13.6
IKOMBE
FYM COMP CTRL FYM COMP CTRL

Sorghum monocrop 16.23 a -1.00 d -6.40 f 12.3 a -3.50 c -10.43 ef
Sorghum/Dolichos intercrop 13.37 b -3.70 e -7.63 g -22.90 h -29.10 i -30.17 i
Sorghum/Pigeon pea intercrop 3.07 c -12.20 h -13.73 i 4.23 b -12.1 efg -16.03 g
Dolichos-Sorghum rotation -27.17 j -41.83 m -30.13 l 11.17 a -5.47 cd -8.7 cd
Pigeon pea-Sorghum rotation -28.2 k -42.43 m -41.83 m 14.53 a -4.03 c -9.63 de

LSD 0.05 Cropping systems (o)
Organic inputs (o)
(c xo) 2.21 4.96

CV% 6.2 35.6
399
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400
Table 9: K balance as affected by cropping systems and organic inputs in sorghum cropping systems401

KATANGI
YEAR 2 (SR 2010/LR 2011) YEAR 2 (SR 2011/LR 2012) MEAN

FYM COMP CTRL MEAN FYM COMP CTRL MEAN
Cassava monocrop -32.23 abc -40.37 abc -28.9 abc -50.20 -41.1 -31.3 -40.90 a
Cassava/Dolichos intercrop -111.40 ef -107.67 de -96.07 de -47.70 -42.7 -38.8 -43.07 b
Cassava/Pigeon pea intercop -59.47 abc -59.97 abcd -61.57 abcde -74.80 -64 -63.7 -67.49 b
Dolichos-Cassava rotation -71.1 abcde -79.97 cde -70.07 abcde
Pigeon pea-Cassava rotation -27.53 a -30.63 abc -34.83 abc
MEAN 57.60 a -49.30 ab -44.60 cb
LSD 0.05 Cropping systems (o) 15.26

Organic inputs (o) 9.82
(c xo) 50.63

CV% 9.2 18.9
IKOMBE

FYM COMP CTRL FYM COMP CTRL MEAN
Cassava monocrop -31.7 -29.3 -22.4 -27.80 a -71.3 -60.6 -31.7 -54.54 a
Cassava/Dolichos intercrop -81.10 -76.6 -62.4 -73.34 b -127.50 -97 -61.5 -93.31 b
Cassava/Pigeon pea intercop -68.00 -72.8 -55.2 -65.34 b -101.70 -95.9 -79.3 92.29 b
Dolichos-Cassava rotation -80.00 -77.5 -68.3 -75.28 b
Pigeon pea-Cassava rotation -40.30 -44.5 -42.9 -42.54 a
MEAN 60.20 a 60.10 a 50.20 a 100.20 a -84.50 b -57.50 c
LSD 0.05 Cropping systems (o) 19.35 29.06

Organic inputs (o) 16.26
(c xo)

CV% 24.2 19.6
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The high K losses in both cassava and sorghum based cropping systems occurred mainly through402
harvesting of crop products. This confirms observation by Murugappan et al. (1999) that mining403
of soil K always occurred regardless of whether K is added or not due to luxury consumption of404
K by most crops. Comparison between the cassava based cropping systems and sorghum based405
cropping systems revealed K losses were significantly higher in cassava compared to sorghum406
based cropping systems.  Increased losses in the cassava based cropping systems mainly407
occurred due to tuber and stover harvest. This observation concurs with Howeler (2002) who408
noted that cassava is highly responsive to K hence mines the soil of very high quantities of K409
when tubers are harvested. Increased K losses through biomass have also been reported by410
Smalling (1993) who found that most K losses occurred due to export of harvested residue. In411
Katangi, sorghum monocrop with FYM (16.63) had significantly lower K losses the either412
sorghum/pigeon pea intercrop with FYM (4.67) applied and sorghum/dolichos intercrop with413
FYM (-26.63). Monocropping with compost applied still yielded significantly lower K losses (-414
40.37) than pigeon pea-sorghum rotation with FYM sorghum/pigeon pea intercrop (-12.37) and415
sorghum/dolichos intercrop (-40.17). Although not significantly different, comparison between416
rotation and monocropping under a given organic input also resulted in lower K balances in the417
monocrop (Table 8). This observation was repeated in Ikombe. This observation indicates that418
monocropping depleted the soil off K compared to legume rotation mainly due increased yields419
of the subsequent crop which increased amount of K released through decomposition of residues.420
Similarly, cassava monocrop resulted in lower K losses compared to the legume-based systems421
though the difference was not significant under pigeon pea-sorghum rotation. Intercropping with422
a legume under a given organic inputs also resulted in lower K balances compared to the423
equivalent rotation. For example, sorghum/pigeon pea intercrop with FYM had significantly424
lower (4.67) K balances than pigeon pea-sorghum rotation with FYM (13.60). Similarly under425
the cassava plots, the main effects of cassava/pigeon pea intercrop resulted in significantly lower426
K balances than pigeon pea-cassava rotation. Inclusion of legumes into the cropping systems427
especially in rotation could have increased crop yields for the following cassava and sorghum428
crop which played a part in increased mining of K from the soil through harvested crop products429
(Onwonga et al., 2008). Intercropping increased combined losses through harvest of the430
combined products at the same time (Fermont et al., 2007). It was also observed that inclusion431
of dolichos under a given organic input yielded significantly lower K balances than pigeon pea432
inclusion probably due to increased losses through removal of harvested crop products.433

434
Application of FYM resulted in reduced K losses than application of compost under a given435
cropping system (Table 8 and 9). For example, Sorghum monocrop with FYM (16.63) had436
significantly higher K balances compared to sorghum monocrop with compost (-0.6). This was437
attributed to increased losses in harvested tubers and stems due to increase in yield caused by438
FYM application. Salami and Sangoyomi (2013) also observed increasing levels of K mining439
with the increase adoption and increasing yield of cassava. Fermont et al., (2009) also observed a440
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triple fold increase in the amount of K mining per hectare as the amount of yield of tubers441
tripled.442

443
Conclusion444
The NPK balances varied according to the type of crop chosen, the cropping systems adopted,445
the type of legumes and the organic input used.  Cassava plots had to relatively more losses of446
NPK from the soil compared to sorghum regardless of the legume, cropping system or organic447
input used. Stronger nutrient losses in cassava cropping systems were mainly due to removal of448
both stems and tubers from the soil as well as losses due to leaching. Consequently if cassava449
based cropping systems are to be chosen, then technologies such mulching which reduce450
leaching need to be explored. Increased application of residues could also compensate for the451
losses due to crop harvest. Inclusion of legumes in the cropping systems led to more P and K452
losses relative to the monocrop though N losses were reduced when legumes were included into453
the cropping systems. N losses were minimized when dolichos was used while with P and K,454
pigeon pea was the preferred legume. The study showed that rotation with either legume could455
be preferred to intercropping so as to reduce soil NPK losses. Application of compost also456
reduced soil N losses compared to FYM but PK losses were reduced under FYM. It is457
recommended that under N limited conditions, inclusion of dolichos in rotation with Compost458
application would be the method of choice. In P limited conditions however, pigeon pea rotation-459
sorghum with FYM applied and cassava monocrop with compost applied would be ideal.460
However, if legumes are to be incorporated into the farming system, rotating with pigeon pea461
with application of compost would applicable in the cassava based systems. The same goes for K462
limited conditions. Most of the nutrient losses in the recommended packages would occurred due463
to export of harvested products. Low cost technologies such as use of night soil, rock phosphates464
in addition to increasing amount of residue incorporation into the soil need to be explored.465

466
467
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