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Effects of Tillage Practices and Organic Cropping Systems on the Yield of
Sorghum (sorghum bicolor L.) and Sweet Potato (Ipomoea batatas L) in Yatta Sub-

County, Kenya

ABSTRACT

The study was conducted between October 2012 to February 2013 short rain season
(SRS) and April 2013 to August 2013 long rain season (LRS) in semi-arid Yatta sub-
county, to evaluate the influence of tillage practices, cropping systems and organic
inputs on the yield of sorghum and sweet potato. A Randomized Complete Block
Design with a split-split plot arrangement replicated thrice was used. The main plots
were tillage practices (TP); Oxen plough (OP), tied ridges (TR) and furrows and ridges
(FR). The Split-plots were cropping systems (CS); mono-cropping (MC), intercropping
(IC), and crop rotation (CR) while split-split plots were organic inputs; Farm Yard
manure (FYM), Minjingu Rock Phosphate (MRP), combined MRP and FYM
(MRP+FYM) and the control. Test crops were sorghum and sweet potatoes with
Dolichos (Dolichos lablab) and chickpea (Cicer arietinum L) either as intercrops or in
rotation. Plant sampling was done by harvesting the grain and tuber and yield
determined by weighing with a precision balance. The yields increased significantly
(P<0.05) with application of MRP+FYM of 16.37 and 1.38 t ha-! for sweet potatoes and
sorghum mono-crop, respectively under TR were observed. There was also significant
(P<0.05) yield increase of chickpea and dolichos under combined TR, IC of sorghum
with chickpea (1.44 t haV and dolichos (1.38 t ha™V and with application of MRP+FYM
during SRS of 2012. Improved yield of srghum and sweet potatoes were attained with
the combined TR, MC and with application of MRP + FYM.
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INTRODUCTION

Sweet potato (Ipomoea batatas L) is among the world's most important and under-
exploited crop and is commonly referred to as subsistence, food security, or famine
relief crop (Scott and Maldinado, 1999). In addition, sweet potato provides good
ground cover, and is usually cultivated with little or no fertilizer additions (Lusweti
et al., 1999). In Africa, sorghum (sorghum bicolor L.) is a largely subsistence food
security crop asitis drought resistant among cereals, can withstand high temperatures
and grow in areas with annual rainfall of 500 -700mm per year. Sorghum, an important
crop in East Africa (Taylor et al., 2010) is economically rated as the fifth most important
cereal after maize, wheat, barley, and rice. It performs well on a wide range of poor
soils with low rainfall and often out-yielding most cereals in hot and dry
environments. It is particularly adapted to agro-ecological zones of Kenya, which are
arid and semi-arid (Kameri-Mbote, 2005). Sorghum and sweet potato are typically
valuable hardy crops adapted to the local climate (Chepkemoi, 2014) and are widely
grown by the resource poor farmers in the ASALs of Kenya for subsistence and as a

source of income (Macharia, 2004).

To the contrary, farmers in the ASALs cultivate a variety of crops of which the main
ones are maize, beans, green grams and cowpeas under rain-fed agriculture and
horticultural crops such as oranges, mangoes, bananas, tomato, onions, kale, pawpaw
and citrus (KARI-NDFRC, 1995). The farmers in Yatta Sub County have abandoned
the traditional crops that are drought resistant, can withstand high temperature unlike
the introduced crops, and have the potential to contribute to food security, nutrition,
health, income generation, and environmental services (Chepkemoi, 2014). Drought-
resistant crops reduces the risk of total loss during drought especially where there is
overreliance in one crop. Intercropping on the other hand generate beneficial
biological interaction between crops, increasing grain yield and stability, more
efficient use of available resources and reducing weed pressure (Kadziuliene 2009).

Well-managed crop rotations also increase soil organic matter to sufficient levels, help



JOURNAL OF AGRICULTURE AND SUSTAINABILITY

to moderate and retain soil moisture in dry conditions while allowing excess moisture
to drain away in wet seasons. Shifting crop types also helps vary water demand within
the soil profile. The deep-rooted crops following shallow crops can access moisture
reserves as well as capture any nutrients that have leached below the shallower root
zones before they reach groundwater (Kadziuliene 2009).

Many techniques have been tried to utilize rain water among them ridges & furrows
and tied ridges with mulching being the most effective measures (Li et al., 2000;
Karuku et al., 2019). In addition Farmyard manure acts as an alternative source of
fertility enhancement for inorganic fertilizer as they release nutrients slowly and
steadily over long periods and improve soil fertility status by activating the soil
microbial biomass (Ayuso et al., 1996; Belay et al., 2001; Karuku et al., 2019). The current
study investigated the effects of tillage practices, cropping systems and organic inputs

on crop yield in Yatta sub-county, Kenya.

MATERIALS AND METHODS

Study Site

The study was carried out in Yatta sub-county, Kenya (longitude -1.4667°S, latitude
37.8333°E, 944m asl). The sub-county falls under agro-ecological zone IV, classified as
semi-arid lands (Jaetzold and Schmidt, 2006). The soils are a combination of Acrisols
and Luvisols with Ferralsols (WRB, 2015). In most places, the topsoil comprises of
loamy sand to sandy loam, sandy clay to clay with low nutrient availability (Kibunja
et al., 2010). The mean annual temperature vary from 18°C to 24°C and experiences
bimodal rainfall with long rains season commencing early April to May (about 400
mm) and short rains season from early October to December (500 mm). Most farmers
in the sub county are small-scale mixed farmers who grow maize, beans, pigeon pea,

green grams, sorghum, and cowpea (Macharia, 2004).
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Treatments and Experimental design

The treatments included tillage practices (Oxen plough, tied ridges and, furrows and
ridges); cropping systems (mono-cropping, intercropping, and crop rotation) and
organic inputs (farmyard manure, rock phosphate, and combined Farmyard manure
and rock phosphate) plus a control. The design was in a Complete Randomized Block
with split-split plot arrangement. The main plots (150m x 60m) were; tillage practices
(Oxen plough, tied ridges and furrows, and ridges); Split-plots (10m x 4m) while the
split plots comprised cropping systems (mono cropping, intercropping, and crop
rotation) and split-split plots (2.5m x 1m) were organic inputs (farmyard manure, rock
phosphate and combination of Farmyard manure and rock phosphate). A control with
no added inputs applied was included as a split-split plot. The test crops were sweet
potatoes (ipomea batatas 1. lam) and sorghum (sorghum bicolor I.) with Dolichos (Dolichos

lablab) and chickpea Chickpea (Cicer arietinum L.) either as intercrops or in rotation.

Field Practices

Land was prepared manually with oxen plough in late September and planted in
October short rains and April long rainy seasons of 2012 and 2013, respectively. Tillage
practices (tied ridges and furrows & ridges) were constructed during planting
according to each crop type spacing. Manure was broadcasted at a rate of 5t ha' and
minjingu rock phosphate (MRP) at 498kg ha! (equivalent to 60kgP ha') and mixed
thoroughly with the soil before the vines and the other crop seeds were placed into
the holes. Sweet potatoes (wabolinge variety) were propagated through cuttings 30cm
long at spacing of 90cm between rows and 30 cm within rows. Weeding was done 5
weeks after planting and harvesting after 6 months when the leaves were yellowish
in color and dry. All tubers were harvested using a hoe (Mureithi, 2005). Sorghum
crop (serendo variety) on the other hand was sown at spacing of 75cm x 30cm while
dolichos and chickpea were planted at a spacing of 30cm within the sorghum and
sweet potato rows. Weeding was done as described above. Harvesting of sorghum

was after three months after reaching physiological maturity.
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Plant sampling

Plant sampling for grain and tuber was done at crop maturity within the middle rows
and two rows were left on the sides at harvesting stage for sorghum and for sweet
potato and a Im? quadrant used to harvest samples. Grain and sweet potato yields
were determined by weighing either grains or tubers in kg m? and then converting to

t ha' using the formula:

Grain/tuber yield (t ha?') 10000m?*kg ha
= 1000kg*m?Area

Statistical analysis
Data was subjected to analysis of variance using GenStat 18" edition statistical
software (Payne et al., 2015) and means separated using least significant difference at

5% confidence level.

RESULTS AND DISCUSSION

Effects of tillage practices, cropping systems and organic inputs on Dolichos (Lablab
purpureus) and Chickpea (Cicer arietinum L.) yields

There was a significantly (P<0.05) increased yield of chickpea and dolichos for
combined tied ridges, intercropping with sorghum and application of MRP+FYM at
1.44 and 1.38 t ha! for chickpea and dolichos, respectively during SRS of 2012 (Table
1). Both legume yields also increased under intercropping or rotation with sweet
potato compared to sorghum under tied ridges and with the application of
MRP+FYM. Accordingly, intercropping chickpea and dolichos with sweet potato
gavel.54 and 1.48 t ha' while with sorghum, the yield was 1.38 and 1.44 t ha') for
Chicpea and Dolichos, respectively in the SRS of 2012 (Table 1).



of 2013

Table 1: Effects of tillage practice, cropping systems and organic inputs on of dolichos and chickpea yield during SRS of 2012 and LRS

SRS 2012 LRS 2013
CROPS CROP MRP+ MRP+
P CS CTRL MRP FYM FYM CTRL MRP FYM FYM
SOR FR  Intercropping  SOR/CP CP 1.23f 1.28f8 1.29% 1.31fh 1.34¢ 1.38fs  1.39¢fe 1.41eh
PLOTS Intercropping ~ SOR/DOL  DOL 1.27]defg 1.23gh 1.258h 1.31ghi 1.32¢ 1.33¢ 1.35¢f 1.39¢f
Crop Rotation =~ CP-SOR CP 1.134ef 1.169%f 1.17def 1.23gh - - - -
Crop Rotation = DOL-SOR  DOL 1.05b¢ 1.14def 1.18defg 1.238h - - - -
OP  Intercropping  SOR/CP CP 1.06b¢ 1.08¢ 1.09 1.154ef 1.162 1.182 1.20% 1.25¢
Intercropping ~ SOR/DOL ~ DOL 1.19¢f 1.26% 1.28% 1.29% 1.29¢ 1.36¢ 1.38¢f8 1.39¢f8
Crop Rotation =~ CP-SOR CP 1.278h 1.328hi 1.338hi 1.415 - - - -
Crop Rotation = DOL-SOR  DOL 1.04zbcd 1.12¢ef 1.169f 1.22defg - - - -
TR  Intercropping  SOR/CP CP 1.34ehi 1.378hi 1.395k 1.445 1.43sh 1.46! 1.487 1.49i
Intercropping ~ SOR/DOL  DOL 1.19<f 1.33fgh 1.36fghi 1.38fsghi 1.294 1.43gh 1.46! 1.48%
Crop Rotation =~ CP-SOR CP 1.17¢f8 1.29shi 1.34shi 1.39ik - - - -
Crop Rotation =~ DOL-SOR  DOL 1.01= 1.1¢de 1.13 def 1.19defg - - - -
SP FR  Intercropping  SP/CP CP 1.33f 1.38f8 1.39f8 1.41fsh 1.44e 1.48¢f8 1.49<fs 1.51sh
PLOTS Intercropping  SP /DOL DOL 1.31defs  1.338h 1.358h 1.418hi 1.42¢ 1.43¢ 1.45¢f 1.49¢f8
Crop Rotation ~ CP- SP cp 1.23def 1.36%f 1.27def 1.33sh - - - -

© Copyright 2019 the authors.
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Crop Rotation =~ DOL- SP DOL 1.15%bcd 1.24def 1.28defs 1.33sh - - - -

OP  Intercropping  SP/CP cp 1.16%bd  1.18¢ 1.19de 1.25def 1.26° 1.28¢ 1.302® 1.35¢
Intercropping ~ SP /DOL DOL 1.29¢ 1.36% 1.38% 1.39% 1.394 1.46¢f 1.48¢f 1.49¢f
Crop Rotation ~ CP-SP cpr 1.37sh 1.428hi 1.438hi 1.515 - - - -
Crop Rotation =~ DOL- SP DOL 1.14abcd 1.324ef 1.264f 1.32defg - - - -

TR  Intercropping  SP/CP cp 1.44shi 1.478hi 1. 49 1.54 1.53sh 1.56! 1.58i 1.59i
Intercropping SP /DOL DOL 1.292 1.43fgh 1.461shi 1.48tshi 1.394 1.438h 1.56 1.58i
Crop Rotation ~ CP-SP cp 1.274def 1.398hi 1.44sh3 1.49i - - - -
Crop Rotation =~ DOL- SP DOL 1.17ebe 1.2de 1.23def 1.29defg - - - -

Legend: SOR-sorghum, SP-sweet potato, DOL-dolichos, CP-chickpea, TP-tillage practice, TR-tied ridges, FR-furrows and ridges, OP-oxen plough, FYM-farm yard -
manure, MRP-minjingu rock phosphate, CI'RL-control, LRS-long rain season, SRS-short rain season, CS-cropping system. Dash (-) indicates in Rotation SP/SOR

were harvested during LRS 2013. Means followed by the same letters in the same season are not significantly different at P < 0.05.



The retained soil cover under intercropping of sweet potato reduces direct
evaporative losses, thereby retaining soil moisture longer for crop to use. Increased
dolichos and chickpea yield under combined TR and intercropping with sorghum
could be attributed to this increased soil moisture and improved soil nutrient status
due to application of MRP+FYM, intercropping and tied ridges as compared to oxen
plough and furrows and ridges. Tied ridges conserve soil moisture that is then availed
for crop consumptive use. Crop roots absorb the available moisture for growth and
development, giving the crop under this treatment higher grain yield. Kumar et al.
(2000) observed that availability of adequate moisture during various crop growth

stages resulted in better crop growth and thus improved yield.

Dolichos and chickpea grain yields were significantly higher (p<0.05) in the LRS of
2013 (1.48 t ha!) across treatments compared to SRS of 2012 (1.38 t ha') (Table 1).The
higher grain yields in the LRS (of 2013) were as a result of improved nutrient and
moisture contents in soil due to residual effect of the of the organic inputs supplied by
MRP+FYM and FYM. Rainfall in SRS (of 2012) was also less compared to LRS (of 2013),
resulting in the crop depending mainly on the inadequate stored soil moisture in SRS.
This in essence affected final economic yield of the crop. Chickpea seed yield was
reported by Lopez et al. (2004) to strongly depend on rainfall during flowering and
seed filling stages, both critical development stages requiring adequate moisture.
Karuku et al. (2014) indicated that low moisture content during critical crop growth

stages lead to high yield reduction (Ky) leading to poor economic yields.

Sorghum (sorghum bicolor L.) and sweet potato (Ipomoea batatas L) yield

There was a significantly (P<0.05) higher yield for combined tied ridges, mono-
cropping and MRP+FYM of 1.38 and 16.27 t ha! for sorghum and sweet potatoes,
respectively as compared to furrows and ridges at 1.31 and 15.67 t ha! and for oxen
plough at 1.29 and 16.17 t ha’! during SRS 2012. This was attributed to higher moisture
content under tied ridges compared to oxen plough and furrows & ridges (Table 1 and

2).

© Copyright 2019 the authors.



Table 2: Effects of tillage practice, cropping systems and organic inputs on sorghum yield during SRS 2012 and LRS 2013.

SRS 2012 LRS 2013
CROPS CROP MRP+ MRP+
TP CS CTRL MRP FYM FYM CTRL MRP FYM FYM
FR  Intercropping SOR/CP SOR 0.9220 0.973be 0.94abe 0.98abe 0.912 0.922b 0.942b 0.972b
Intercropping SOR/DOL  SOR 0.953b¢ 0.98abc 0.99abed 7 0] 2bcd 0.93q 0.942b 0.95% 1.012be
Mono cropping  SOR SOR 1.23¢ 1.28f 1.29% 1.31fh 1.27¢fs  1.23sh 1.258h 1.378hi
Crop Rotation CP-SOR SOR - - - - 1.13def 1.16%f  1.]7def 1.238h
Crop Rotation DOL-SOR  SOR - - - - 1.05%cd  1.14def  ].18defe  1.23sh
OP Intercropping SOR/CP SOR 0.812 0.952bc 0.962b¢ Jabed 1.06%b«d  1.08de 1.09de 1.15def
Intercropping SOR/DOL  SOR 0.872 1.072bcde  1.17¢ 1.27 0.932b 1.12def  1.22defg 1.38ik
Mono cropping  SOR SOR 1.19¢ 1.26f8 1.28f 1.29%8 1.278h 1.32¢hi  1.33shi 1.41%
Crop Rotation CP-SOR SOR - - - - 0.942b 1.01ebc  1.05%bd 7 ]de
Crop Rotation DOL-SOR  SOR - - - - 1.042bcd  1.12def ] 16 1.22defg
TR  Intercropping SOR/CP SOR 0.862 0.872 0.882 0.942> 0.91ab 0.942bc  (.953b¢ 0.98abe
Intercropping SOR/DOL  SOR 1.01bed ] 032bcd 1.042bcd  1,063bcde  (.99abc ]abe 1.012be 1.07de
Mono cropping ~ SOR SOR 1.192 1.33fh 1.36f%h 1.38fghi 1.174ef 1.29shi  1.34shj 1.39ik
Crop Rotation CP-SOR SOR - - - - 1.0712bc 1.1 1.134ef 1.19defg
Crop Rotation DOL-SOR  SOR - - - - 1.34hi 1.378hi 1.39% 1.445

Legend: SOR-sorghum, SP-sweet potato, DOL-dolichos, CP-chickpea, TP-tillage practice, TR-tied ridges, FR-furrows and ridges, OP-oxen plough, FYM-farm yard -

manure, MRP-minjingu rock phosphate, CI'RL-control, LRS-long rain season, SRS-short rain season, CS-cropping system.

Dash (-) indicates

lequmes were harvested during SRS of 2012. Means followed by the same letters in the same season are not significantly different at P < 0.05.

© Copyright 2019 the authors.
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Table 3: Effects of tillage practice, cropping systems and organic inputs on crop yield during SRS 2012 and LRS 2013.

SRS 2012 LRS 2013

CROPS MRP+ MRP+

TP CS CTRL MRP FYM FYM CTRL MRP FYM FYM
FR  intercropping Sp/CP 8.452 12.17bc 13.42bcd 13.41bcd 13.6132bd 15.044defg 15.528h 15.628h
Intercropping SP/DOL 9.252 12.33b¢ 13.35bd 13.35b«d 11.622 12.84abe 13.25qb¢ 13.24abc
Mono-cropping Sp 15.2bedef 15.53bedef 15.67bedef 15.77bcdef 16.178hi 16.538hi 16.698hi 16.79k
Crop rotation CpP-sP - - - - 11.872 13.04¢2bc 13.442bcd 13.432bcd
Crop rotation DOL-SP - - - - 11.972 13.15¢2b¢ 13.542bcd 13.54¢2bcd
OP intercropping SP/CP 12.56b¢ 13.89bcd 14.33pcde 14.32bcde 13.6132bcd 15.04defg 15.528h 15.628h
Intercropping SP/DOL 10.72> 11.85b 12.23be 12.33be 11.622 12.84abe 13.25ab¢ 13.24ab¢
Mono-cropping Sp 14.7bcde 15.03bcde 15.17Pecdef 15.27bcdef 16.178hi 16.538hi 16.698hi 16.79ik
Crop rotation CPp-sp - - - - 11.52 12.682be 13.072be 13.172be
Crop rotation DOL-SP - - - - 11.75a 12.92abe 13.32abcd 13.37abed
TR  intercropping Sp/CP 11.170 12.34be 12.74be 13.14bed 12.1ab 13.37abed 13.8abed 14.23¢e
Intercropping SP/DOL 12.9be 13.53pd 13.670«d 13.77bcd 13.98de 14.66%f 14.81def 14.81def
Mono-cropping SP 15.7bcdef 16.03bedef 16.17bcdef 16.27bcdef 17.27% 17.63M 17.79M4 17.89ikim
Crop rotation CP-SP - - - - 11.952 13.12abe 13.57abcd 13.67abcd
Crop rotation DOL-SP - - - - 12.08a 13.262b¢ 13.652bd 13.75¢2bcd

Legend: SP-sweet potato, DOL-dolichos, CP-chickpea, TP-tillage practice, TR-tied ridges, FR-furrows and ridges, OP-oxen plough, FYM-farm yard -manure, MRP-
minjingu rock phosphate, CTRL-control, LRS-long rain season, SRS-short rain season, CS-cropping system. Dash (-) indicates in rotation lequmes were harvested during
the SRS 2012 whereas sweet potatoes and sorghum were harvested during the LRS 2013, Means followed by the same letters in the same season are not significantly different

at P<0.05

© Copyright 2019 the authors.



The increase in the yield following the application of organic inputs (FYM and
FYM+MRP) could be attributed to higher soil nutrient status and availability for crop
uptake. Use of organic inputs increases crop yield as they have a positive impact on soil
physical and chemical properties such as soil water holding capacity, and enhance
nutrient release leading to higher yields (Muhammad and Khattak 2009; Akande et al.,
2010). Belay et al. (2001) found that the nutrients released from FYM and MRP+FYM upon
decomposition activate soil microbial activities thus boosting soil health. Addition of
organic manures is attributed to improved nutrient availability of the soil (Boateng et al.,
2006; Hirzel et al., 2007 and Marschner, 2011). This study in addition confirm to the
tindings of Shiraniet al. (2002) and Igbalet al. (2005) who concluded that manure
application either alone or in combination with different tillage practices and cropping

systems improve crop growth and yield.

There was an increase in the yield of sweet potato and sorghum in dolichos rotation (14.81
tha'and 1.44 t ha') whereas the lowest was noted in the intercrop (13.61 t ha' and 1.07 t
ha') during LRS 2013. This was attributed to higher competition between the two crops
for light, nutrients and soil moisture leading to a noticeable low yield under the intercrop
whereas higher yield under rotation was due the breaking of diseases and pests cycle as
a result of change in prevalent crop type (Table 1 and 2). This could also be due to lack of
competition of nutrients, water and light with the legume cover crop (Wanderi et al.,
2003). In other studies, many justifications have been adduced for yield increase in crop
rotation such as due to pests and diseases control when crops are rotated (Rathke et al.,
2005), increasing soil biological activity (Larkin, 2008), and rising water use efficiency

(Christen and Sieling, 1995) as some of the important reasons. Rotating crops along with

© Copyright 2019 the authors.
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increasing SOM increases biodiversity and soil biological community Kamkar and

Damghani, (2009).

Combined TR, sole sorghum and MRP+FYM gave higher yields during the long rain
season (1.39 and 17.29 t ha! as compared to short rain season (1.38 and 16.27 t ha) as
noted in (Table 2 and 3). This was attributed to prolonged rainfall during the long rain
season, which translated to a higher yield. This also implies that under such prolonged
rainfall the crops utilize both moisture and nutrients more efficiently and effectively
during the four growth stages of establishment, development, reproduction and maturity
leading less yield reduction (ky) at each stage hence less overall yield reduction factor
(Ky) and ultimately better overall yields (Karuku, 201; Karuku et al., 20014). The higher
yields in the LRS 2013 were partly as a result of the elevated available NPK and organic
carbon content in soil due to residual effect of the amendments FYM, MRP+FYM and
MRP (Buresh et al.,1997) and its subsequent uptake by sorghum and sweet potatoes.

In Northern Ethiopia, Berhane et al. (2006) found sorghum (Sorghum bicolour L. Moench)
yield to be increased by 62% with tied-ridging compared with flat planting. Adoption of
tied-ridging for small-scale sorghum production in Africa was found to increase farm

income by 12% (Berhane et al., 2006).

CONCLUSION

Combined Tied-ridging, rotation of sweet potato and sorghum with dolichos with
application of FYM+MRP led to an increase in crop yield. Integrated use of farm yard
manure + minjingu rock phosphate with tied ridges and crop rotation would be a better

and practical approach to sustain soil fertility and crop productivity.



JOURNAL OF AGRICULTURE AND SUSTAINABILITY

Acknowledgements
The authors acknowledge the financial support by the McKnight foundation to the first
author to undertake the research as part of her postgraduate studies. The farmers who

provided their land and other resources for the study are equally appreciated.

Reference
Ayuso MA, Pascal JA, Garcia C, Hernandez T. 1996. Evaluation of urban waste for
agricultural use. Soil Sci. Plant Nutr, 42:105-. 111.

Aziz T, Ullah S, Sattar A, Nasim M, Farooq M, Khan MM. 2010. Nutrient availability and
maize (Zea mays) growth in soil amended with organic manures. Int. . Agric. Biol 12

(4), 621-624.

Belay A, Classens AS, Wehner FC, De-Beer JM. 2001. Influence of residual manure on
selected nutrient elements and microbial composition of soil under long-term crop

rotation South Afr. J. Plant and Soil. 18:1-6

Boateng SA, Zichermann ], Kornahrens M. 2006. Poultry manure effect on growth and

yield of maize. West Africa J. Appl. Ecol., 9: 1-. 11.

Berhane, G, Wortmann CS, Mamo M, Gebrekidan H, and Belay A. 2006. Micro-basin
tillage for grain sorghum production in semiarid areas of Northern Ethiopia.

Agronomy J. 98: 124-128

Buresh R], Smithson PC, Hellums DT. 1997. Building soil phosphorus capital in Africa.
In: Buresh R].,Sanchez PA., Calhoun F. Replenishing Soil Fertility in Africa, SSSA Special
Publication. (51):111-149. Madison, WI: SSSA; ASA


http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29

JOURNAL OF AGRICULTURE AND SUSTAINABILITY

Chepkemoi J. 2014. Influence of Tillage Practices and Organic Cropping Systems on Soil
Moisture, Nutrients and Yield of Sweet Potatoes (ipomea batatas 1.lam) and Sorghum

(sorghum bicolor l.) in Yatta sub county, Kenya. MSc Thesis, 2014. University of Nairobi.

Heluf G and Yohannes UA. 2002. Yield response of Sorghum to tied ridges and planting
methods on Entisols and Vertisols of the eastern Ethiopian highlands. Journal of
Agriculture and Rural Development in the Tropics and Subtropics 104, No 2 (2003)

Hirzel ], Matus I, Novoa F, Walter I. 2007. Effect of poultry litter on silage maize (Zea

mays L.) production and nutrient uptake. Spain J. Agric Res. 5 (1), 102-109.

Igbal M, Hassan AU, Ali A, Rizwanullah M. 2005. Residual effect of tillage and farm
manure on some soil physical properties and growth of wheat (Triticumaestivum L.).

Int. ]. Agri. Biol., 7: 54-57

Jaetzold R and Schmidt H. 2006. Farm Management handbook of Kenya. Natural conditions

and farmer management information. Part C, East Kenya.
Kadziuliene, Z, Sarunaite L, Dereikyte I, Maiksteniene S., Arlauskiene A, Masilionyte L,
Cenuleviciene R and Zekaite V. 2009. Qualitative effects of pea and spring cereals

intercrop in the organic farming systems. Agron. Res. 7(2): 606-611.

Kamkar B, Mahdavi DA. 2009. Principles of sustainable agriculture. Ferdowsi University

Press. In Persian. 345 pp

Kameri-Mbote, P. 2005. Regulation of GMO crops and food. Case study of Kenya.


http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29

JOURNAL OF AGRICULTURE AND SUSTAINABILITY

KARI. 1996. Kenya Agricultural Research Institute Annual Report for 1996. Nairobi.
http://www kalro.org:8080/repository/handle/0/3990/browse?type=title&sort_by=
1&order=ASC&rpp=30&etal=-1&null=&offset=1616

Karuku GN, Onwonga RN, Chepkemoi ] and Kathumo VM. 2019. Effects of tillage
practices, cropping systems and organic inputs on soil nutrient content in Machakos
County, Kenya. Journal of Agriculture and Sustainability. ISSN 2201-4357.Vol 12,
Number 1, 2019, p13-46.INIFINITY PRESS. www.inifinitypress.info

Karuku GN. 2011. Effect of cover crop residue management practices on Soil moisture
conservation and validation of CROPWAT model for predicting water use

requirements for tomato crop in Kabete, Kenya. PhD Thesis. University of Nairobi.

Karuku GN, Gachene CKK, Karanja N, Cornelis W and Verplancke H. 2014. Effect of
different cover crop residue management practices on soil moisture content under a

tomato crop (Lycopersicon esculentum). Tropical and Subtropical Agroecosystems, 17

(2014): 509 -523.

Kibunja CN, Mwaura FB, Mugendi DN. 2010. Long-term land management effects on soil
properties and microbial populations in a maize-bean rotation at Kabete, Kenya.
African Journal of Agricultural Research Vol. 5 (2), pp. 108-113.

Kumar J. 2000. Pulses: Towards a quantitative leap. In “Hindu Survey of Indian

Agriculture”, pp. 49-52.

Larkin RP. 2008. Relative effects of biological amendments and crop rotations on soil
microbial communities and soil borne diseases of potato. Soil Biol. Biochem. 40: 1341-

1351.


http://www.inifinitypress.info/

JOURNAL OF AGRICULTURE AND SUSTAINABILITY

Li ZA, Weng H and Yu ZY. 1995. The impact of human activities on the soil nitrogen

mineralization in artificial forests. Chinese Bulletin of Botany, 12: 142-148. (In Chinese)

Lopez-Bellido L, Lopez-Bellido R ], Castillo JE and Lopez-Bellido FJ. 2004. Chickpea
response to tillage and soil residual nitrogen in continuous rotation with wheat. Field

Crops Research 88(2/3):191-200.

Lusweti CM, Nkonge C, Nandasaba J, Wanjekeche E, Lobeta T and Rees D. 1999. “On-
farm evaluation of promising Sweet Potato varieties in the NARC Kitale mandate

region”. Mini paper for end of KARI/DFID NARP II Project Conference pp. 261

Macharia P. 2004. Kenya. Gateway to land and water information: Kenya National
Report. FAO (Food and Agriculture Organization).
http://www .fao.org/ag/agl/swlwpnr/reports/
y_sf/z_ke/ke. htm.

Marschner P. 2011. Marschner’s mineral nutrition of higher plants. 3rd edn. London:

Academic Press, 135-178.

Muhammad D and Khattak RA. 2009. Growth and nutrient concentration of maize in

press mud treated saline-sodic soils. Soil Environ. 28:145-155.

Mureithi. 2005. Maize varieties, soil fertility improvement and appropriate agronomic
practices for highland, midland and lowland areas of the north rift valley. In C.

Janeth MSc Thesis. University of Nairobi.


http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29

JOURNAL OF AGRICULTURE AND SUSTAINABILITY

Payne R, Murray D and Harding S. 2015. GenStat 18th Edition. VSN International, 2
Amberside, Wood Lane, Hemel Hempstead, Hertfordshire HP2 4TP, UK E-mail:

info@genstat.co.uk Website: http://www.genstat.co.uk/.

Rathke GW, Christen O and Diepenbrock W. 2005. Effects of nitrogen source and rate on
productivity and quality of winter oilseed rape (Brassica napus L.) grown in different

crop rotations. Field Crops Research 94 (2005) 103-113.

Scott GJ and Maldonado L (1999). CIP sweet potato facts. A compendium of key figure
and analyses for 33 important sweet potato producing countries. Peru, Lima

International Potato Centre (CIP).

Shirani H, Hajabbasi MA, Afyuni M, Hemmat A. 2002. Effect of farm manure and tillage
systems on soil physical properties and corn yield in central Iran. Soil and Tillage

Research. 68: 101-108.

Taylor JRN and Emmambux MN. 2010. Developments in our understanding of sorghum

polysaccharides and their health benefits. Cereal Chemistry, 87(4), pp 263-271.

Wanderi, SW, Mburu MWK and Salim SN. 2008. Light and water use in maize (Zea mays)
pigeon pea (Cajanus cajan) intercrop under semi-arid conditions of Kenya. In:
Proceedings of the 10th KARI Biennial scientific conference, 12- 17th November,
2006.Nairobi.

WRB. 2015. World Reference Base for Soil Resources 2014 (update 2015). International
soil classification system for naming soils and creating legends for soil maps. World

Soil Resources Reports 106. FAO, Rome, Italy.


http://www.genstat.co.uk/
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A%28%29

