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ABSTRACT

Crop production in arid and semi-arid lands (ASAls)constrained by insufficient and
unreliable rainfall, and low soil fertility. Againsthis backdrop a survey and field
experimentwas conducted in Matuu, Yatta sub-couStyrvey was meant to determined
farmers’ perception on climate change, crop pradactrends and moisture conservation
techniques whereas the on farm field experimenisated the influence of tillage practices,
cropping systems and organic inputs on soil maestwntent, soil nutrient (NPK and organic
carbon) and crop yield.The experimental was laidim&andomized Complete Block Design
with a split-split plot arrangement replicated ¢eri The main plots were tillage practices
(TP); Oxen plough (OP), tied ridges (TR) and fursoand ridges (FR). Split-plots were
cropping systems (CS); mono cropping (MC), inteppiag (IC) and crop rotation (CR)
while split-split plots were organic inputs; Farmard manure (FYM), Minjingu Rock
Phosphate (MRP), combined MRP and FYM (MRP+FYM) #r&r control. The test crops
were sorghum and sweet potatoes with Dolich@®li¢hos lablal) and chickpea
(Cicerarietinunk.) grown either as intercrops or in rotation. Theriment was carried out
for two seasons between October 2012 to Februat® 20d March to August 205il
samples were taken from the test plots randomlyr@ps maturity, at a depth of 0-15, for
determination of; soil moisture content on per amytweight basisNitrogen, Phosphorous,
Potassium and organic Carbon. Crop yield was as$erchined by weighing grain and tuber.
Most (92%) farmers have perceived climate changeerstudy area and the aspects include
increasing temperature, erratic rainfall. Most 838) farmers reported, unreliable rainfall,
pests and diseases, drought, low soil fertiliticklaf inputs and low soil moisture as
constraints to agricultural production. The cropdurction trend showed that most farmers
hadabandoned crops such as cassava, sorghum agidpaiagoes (also known as traditional
crops) in favour of introduced crops such as bearawze and wheat. About 15%, of the
farmers stated manure application, basin and tesregspectively as methods of coping with
low soil moisture. Significant §0.05) increased in soil moisture content was rezwbid TR
under IC of dolichos with application of FYM (7.53&mhd 7.88%) for sorghum and sweet
potato plots respectively. Least moisture levelsawecorded in MRP applied plots across all
TP and CS. Moisture content in the second seadtmwkd same pattern across TP and CS
as for first season but not significantly<(R05) different between seasons. There was a
significant (0.05) increased potassium (1.91 Cmol+Kg), phospi®(61.45 ppm), Total
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nitrogen (0.19%) and organic carbon (2.19%), in UrRlerintercrop sorghum/chickpeawith
application of MRP+FYM.There was a significant(P05) increase on the yield of sorghum
and sweet potatoes with a significan£QF05) increase yield in plots with MRP+ FYM and
FYM across all the tillage practices and croppiygtems. Mono cropped sweet potato
(16.27t/ha) and sorghum (1.38 t/ha) yields werddsty under tied ridges with application of
MRP+FYM. The changing climate as perceived by tenkrs vis-a-vis the emerging crop
production trends calls for better methods of swiisture conservation and production of
adapted crops. The field experiment conformed fromncern raised during the survey i.e.
decreased soil fertility, crop yield and soil marst these were as a result of climate change
and crop production trends these led the resear¢berarry out field experiment on tillage
practices, cropping systems and oranic inputs ifiestby the farmers. Intercrop and crop
rotation of sorghum and sweet potatoes with dobchinder tied ridges with application of
MRP+FYM is a viable technology for increased sodisture, nutrients, and crop yield.

Key words: Arid and semi arid areas; climate change; cropmystems; organic inputs;

tillage practices; Traditional crops
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CHAPTER ONE

1.0 General Introduction

In developing countries, Arid and Semi-Arid LandsSALs) are the most vulnerable and
likely to be affected hardest by climate change ttu¢heir low adaptive capacity (IPCC,
2000). For instance Kenya , the ASALs occupy ov@&f the country and host about 10
million people. These areas have the lowest dewabnp indicators and the highest incidence
of poverty (United Nations, 2000). Over 60% of tA8ALs inhabitants live below the
poverty line (subsisting on one dollar per day) KG2004). The most limiting factor to crop
production in the ASALs is unavailability of soilaisture especially Yatta sub county. The
low rainfall together with its unreliability and po distribution severely limits crop
production (KARI, 1996). Additionally, the low quii of soil resource base which on one
hand has been due to inherent and induced defieeot major nutrients N, P and K or low
nutrient holding capacity, high acidity and low anijc matter (Kaolo R. 2003) negatively
affect crop production.

To combat soil fertility issue the application ofanures to soil provide potential benefits
including; improving the fertility, structure, ireasing soil organic matter, water holding
capacity and reducing the amount of syntheticlieeti needed for crop production (Phain
al., 2002, Blayet al, 2002). Manures are the main sources of nitrogrs@pply in organic
production. The phosphorous content in rock phagpha 25-31% FOs and has low
solubility (Akande 2005, Adetuji, 2006). Applicatioof ground rock phosphate has been
proved beneficial to crops (Akands al., 2008a). Intercropping preferentially spreading
types of crops legumes, pumpkins, or sweet potairibute to a faster and denser ground
cover and suppress weed growth at least duringhwing season (Steiner and Towmlow,
2003). The rotation of crops with species thatease plant residues on the soil surface is
fundamental to avoid erosion and to improve nutr@ycling through nutrient mobilization
from deeper soil layers (Crusciet al., 2005) to the top. Plant residues of untilled crigoe

a nutrient reserve as wel as conserve soil moigRwsolemet al.,2003).

In addition tillage practices such as; tied ridgesl furrows and ridges would allow
rainwater retained on open furrows for longer daraas the water infiltrates the soil or soll
management techniques that favour prolonged raaniatiltration and retention thus raising

the overall soil moisture retention and soil watelding capacity and hence improved crop
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production in asals (Itabari, 2003). The tradiibarops have the potential to contribute to
food security, nutrition, health, income generatiand environmental services, have been
abandoned because of a variety of socio-econontccattural reasons (NEMRI, 2009).
Traditional cropsinclude; sorghum and sweet potaatso termed as abandoned crops
especially in the ASALs. These crops are drouglitistent and can withstand high
temperature unlike the introduced crops. Plantihgrought-resistant crops reduces the risk
of total loss during drought. Sweet potato andsaas, for example, are typically hardy and
adapted to the arid and semi arid climate, thusimgathem very valuable (Beehive, 2011).
Sorghum and sweet potato are crops that were wgtelyn by the resource poor farmers in
the ASALs of Kenya for subsistence and as a soafdacome (Macharia, 2004). Sweet
potato (pomoea batatas)Lis among the world’s most important and undeplated crop. It

is commonly referred to a subsistence, food segudt famine relief crop (Scott and
Maldinado, 1999). In addition sweet potato providgod ground cover, and is usually
cultivated with little or no fertilizer (Luswedt al., 1999). Sorghumsprghum bicolor L), on
the other hand, is an important food security drofgkenya. It is a drought resistant and
performs well on a range of poor soils with lownfail often out-yielding most cereals in hot
and dry environments. It is particularly adapte@goo ecological zones of Kenya, which are
arid and semi-arid. These include the semi-arichsaref Eastern Kenya, the coastal, the

waterlogged areas (Kameri-Mbote, 2005).

There is however a dearth of literature on combia#fdcts of tillage practices, cropping
system and organic inputs on soil moisture contsoit, nutrient status and yield of crops in

the study areas as this has only been done singly.

From the study it is hypothesized that applicatébrnillage practices, cropping systems and

organic inputs improved soil productivity and cqmoduction in Matuu Yatta sub-county.



1.1 Statement of the Problem

The most limiting factor to crop production in ar&hd semi-arid lands (ASALS) is
unavailability of soil moisture. Most soils in drand semi-arid areas of Kenya are sand
which pose a great challenge because of their gtoocture and course texture of sand soils
results in low water holding capacity and low retticontent and retention (Batiano, 1998).
Low productivity of agriculture especially in Yatsab county is related to low quality of soil
resource base, which on one hand has been dukeet and induced deficiencies of major
nutrients N, P and K or low nutrient holding capgchigh acidity, and low organic matter
(Kaolo R. 2003).Fertilizer use is low because d@irtlunavailability at the right time, high
cost owing to the resource poor farmers. It isdfe@e a major challenge to sustain crop
yields. (Rao and Mathuya, 2000). Typically, smadlileo systems in the study area are
characterized by continuous cropping with few exdémnutrient inputs and removal of crop
field residues for feeding livestock with limiteéaycling of nutrients and organic matter
back into the soil. The resulting depletion of suitrients and organic matter is threatening

the sustainability of many agricultural systemdacBet al.2003)

Furthermore, the traditional crops, which have plogential to contribute to food security,
nutrition, health, income generation, and environtak services, have been abandoned
because of a variety of socio-economic and cultwasons (NEMRI, 2009) in favour of the
so called introduced crops. These crops are drovgéistant and can withstand high

temperature unlike the introduced crops.



1.2 Justification of the study

In view of insufficient and unreliable rainfall ¢he ASALs and low soil fertility. Escalating
poverty levels, sustainable technological techrégihat conserve soil moisture and enhance
soil fertility need to be developed and recommentiedhe smallholder farmers in the
ASALs. These technologies will encompass the imtiégn of legumes into the cropping

systems, use of organic inputs and tillage prastice

Intercropping preferentially spreading types ofpsrdegumes, pumpkins, or sweet potato
contribute to a faster and denser ground coversapgress weed growth at least during the
growing season. The rotation of crops with spetias$ increase plant residues on the soll
surface is fundamental to avoid erosion and to awprnutrient cycling through nutrient
mobilization from deeper soil layers to the toparRl residues of untilled crops form a
nutrient reserve. The use of rotational systemsluirg legumes for nitrogen fixation has

gained importance. The amount of nitrogen fixeddmyuminous crops can be quite high.

Application of manures to soil provide potentiainbéts including improving the fertility,

structure, increasing soil organic matter, watdding capacity and reducing the amount of
synthetic fertilizer needed for crop productioneTise of indigenous-rock phosphate would
improve the phosphorous content of the soil. Theaetices applied in the production of the
abandoned crops such as sweet potatoes and sofgfaaimional crops) will help improve

food production in ASALS. The traditional crops whiare drought resistant and can
withstand high temperature unlike the modern ceopd have the potential of contributing to
improved nutrition and food security.Tillage praet techniques like the tied ridges and
furrows and ridges would allow rainwater to be ire¢d on open furrows and in ridges for

longer duration as the water infiltrates the dwils raising the overall soil moisture.



1.3 Research objectives

1.3.1 Broad objective

To evaluate the influence of tillage practices,piog systems and organic inputson soll

productivity and crop vyield.

1.3.2 Specific objectives

To assess farmers’ perception on climate changepmaduction trends, and moisture

conservation techniques.

To evaluate the efficiency of combined tillage pices, cropping systems and

organic inputs on soil moisture retention.

To evaluate the effects of tillage practices, ciogpystems and organic inputs on

soil Nitrogen, phosphorous, potassium, and orgeaibon.

To evaluate the effects of tillage practices, ciogsystems and organic inputs on

crop vyield.

1.4Hypothesis

Farmers’ have perceived climate change, crop ptemudrends, and moisture

conservation techniques.

Combined tillage practices, cropping systems armghmc inputs have an effect on

soil moisture retention .

Tillage practices, cropping systems and organiatmpave an effect on soil Nitrogen,

phosphorous, potassium, and organic carbon.

Tillage practices, cropping systems and organiatsighad an effect on crop yield.



CHAPTER TWO
2.0 GENERAL LITERATURE REVIEW

2.1 Agricultural production in the Arid and Semiarid Lands

Farmers in the semiarid lands of Eastern Kenya haditionally relied on food staples such
as sorghum, and in drier parts, pearl millet, galhegrown in mixed stands with a range of
legumes, including beans, cowpea, green gram, igledp pea. These crops are both used for
consumption and sold for cash in local markets. fEnming systems are relatively complex
because of the high rainfall variability typical thie semiarid tropics (Government of Kenya,
2005). Inadequate soil moisture is the most limitaonstraint to land productivity in the
semi-arid lands of Kenya (ltabagt al., 2004). Research conducted in this region over the
years has pointed out that rainwater harvestingombination with significantly increase
crop production (Itabari and Wamuongo 2003, Gichastgal., 2007). Tied ridges and
furrows ridges or that allow rainwater retained apen furrows for longer duration as the
water infiltrates the soil or soil management teghas that favor prolonged rainwater
infiltration and retention thus raising the ovewsail moisture retention and soil water holding
capacity (Itabari, 2003).

The principal reasons for farmers to intercrop féaribility, profit, resource maximization,
risk minimization, soil conservation and maintermnaveed control and nutritional
advantages (Kaolo 2003). Leguminous plants are fitapbfor improving soil fertility all
over the world including arid tropical countries ifMemaet al., 2004; Muhammacbt al.,
2006). Traditionally, farmers in the semi-arid ficgpintercrop cereals with grain legumes,
especially pigeon peeChjanus cajahas a strategy for diversifying food production and
household income since legumes are both cash addciops, (Mafongoyat al.2000) also
pigeon pea plants are drought tolerant due to deefing, thus providing insurance against
total crop failure in low rainfall seasons. (Raa &hathuya, 2000). The legume improves soil
fertility and yields of associated as well throdmblogical (N) fixation, nutrient pumping and

incorporation of green manure (Chikowbal .,2004).

2.2 Tillage practice
Inadequate soil moisture is the most limiting comist to land productivity in the semi-arid
lands of Kenya (Itabart al, 2004). Research conducted in this region overydeas has

pointed out that rainwater harvesting in combimatimith significantly increase crop
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production (Itabari and Wamuongo 2003, Gichastgal, 2007). Tied ridges and open ridges
or that allow rain water to be retained on operdws for longer duration as the water
infiltrates the soil or soil management technigtied favor prolonged rainwater infiltration

and retention thus raising the overall soil mosttgtention and soil water holding capacity
(Itabari, 2003).

Tied ridge system involve the use of semi-perman&ges about 20-25 cm high with
additional ridge with additional stress between filreows at a short interval. In soils with
low organic matter, fine textured, compacted swith low infiltration rates high run-off and
soil loss tied ridges has been found to be efficserd effective method for conserving soil
moisture it enhance rapid buildup of soil moistaeeded for rapid germination and early
plant growth (Yitebitu, 2004).Ridge tillage is anservation tillage system that is fast gaining
popularity in many dry land areas of the world ioyes soil density and reducing soil
resistance to root elongation (Chiroetaal.,2005).

Many techniques have been tried to utilize rainewaft these are ridges and furrows and tied
ridges with mulching is one of the most effectiveasures (Let al.2000). The traditional
method that was used to plant sweet potatoes wadldah method (Yuan eal., 2003.In
Northern Ethiopia, Brhanet al, (2006) found sorghuns6rghum bicolout.. Moench) yield
increased by 62% with tied ridging compared witht fplanting.Drought adapted early
maturing crops combined with reduced tillage pedihave the potential to stabilize and

increase dry land crop yields in semi-arid regiohthe world (Moroke, 2011)

2.3 Cropping systems

A suitable crop rotation combines cereals and lezggi(®teiner 2002). The rotation of crops
with species that increase plant residues on thessdace is fundamental to avoid erosion
and to improve nutrient cycling through nutrient biti@ation from deeper soil layers
(Crusciol et al., 2005) to the top. Plant residues of untilled crégsn a nutrient reserve
(Rosolemet al., 2003). Therefore, the use of species differeninftbe main crop such as
legumes contributes to the nutrient balance, wingly consequently increase soil fertility
over time. Leguminous species are known for thepacity to fix atmospheric nitrogen and
narrow the C/N ratio, resulting in faster resideeamposition (Aita and Giacomini, 2003)

and consequent release of accumulated N and otligents such as P and K, to the soil



(Borkertet al.,2003). Well-managed crop rotations increase sgianic matter to sufficient
levels help to moderate soil moisture, retain nuoestin dry conditions, and allow excess
moisture to drain away in wet seasons. Shiftingpdypes also helps vary water demand
within the soil profile. The deep-rooted crops daling shallow crops can access moisture
reserves as well as capture any nutrients that leaashed below the shallower root zones
before they reach groundwater (Adatral.,2011).

According to (VAST 2007) the aims of crop rotatiorxclude; improve or maintain soil
fertility, reduce soil erosion, reduce the buildappests and weeds and mitigate risk of
weather changes.Studies have shown that cereaige dasth yield and N benefits from
rotation from grain legumes compared with cereahaowolture (Kirkegaarcet al., 2008).
Legume green manures have the added benefit ofuprayl plant-available N through
biological N2 fixation (BNF) from the atmospher@dagreatly improve the residue biomass
quality. Legumes are also efficient at mobilizingrém the soil (Knight and Shirtliffe, 2005),
and the stimulation of rhizosphere activity ince=a® uptake by other crops in the rotation
(Johnstoret al., 2008). The C: N: P ratios of legumes are narrowickv results in rapid
release of N and P from the residues (Lupvedil.,2006a, 2007).

In crop rotation, legumes are known to contribugmificantly to the yields of subsequent
crops like cereals and tubers (Nottidgteal., 2008), due to the amount of nitrogen and other
nutrients returned into the soil by the legumesditronally, farmers in the semi-arid tropics
intercrop cereals with grain legumes, especialfjepn peaCajanus cajal as a strategy for
diversifying food production and household inconmce legumes are both cash and food
crops, (Mafongoyeet al., 2000) also pigeon pea plants are drought toleraet td deep
rooting, thus providing insurance against totalpcfailure in low rainfall seasons, (Rao and
Mathuya, 2000). The legume improves soil fertibityd yields of associated as well through
biological (N) fixation, nutrient pumping, and inporation of green manure. (Chikoved

al., 2004).

Intercropping plays an important role in agricudtusecause of the effective utilization of
resources, significantly enhancing crop productidompared with that of monoculture
crops. Two or more crops planted together were knaw intercropping system in order to

maximize beneficial interactions. Intercroppingaisustainable soil management means in
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many developed and developing countries. Introdactf a grain legume in cereal-based
cropping system aims at increased productivity g@mdfitability to achieve food and
nutritional security and sustainability (Meheli al., 2010).Intercropping generate beneficial
biological interaction between crops increasingrgyéeld and stability, more efficient use of
available resources and reducing weed pressurez{ldashe 2009). The main principle of
better resource use in intercropping is that if psradiffer in the way they utilize
environmental resources when grown together, tlagy complement each other and make
better combined use of resources than when theyrgreeparately (Bonjar, 2000).
Intercropping preferentially spreading types ofpsrdegumes, pumpkins, or sweet potato
contribute to a faster and denser ground coversapgress weed growth at least during the
growing season (Steiner and Towmlow, 2003).Accgdio (Terhanet al., 2009)
combination of a legume and cereal are most comamoong small scale farmers in semi-
arids tropics and it benefit them in resource lingtconditions compared with corresponding
sole crops. Yield advantages have been recordeéreal- legume intercropping. The reason
for yield advantage are mainly that environmengéaburces such as water, light and nutrients

can be utilized more efficiently in intercroppirttah in the respective sole cropping systems.

According to (Farodaet al., 2007,Sheorenaet al., 2009 intercropping stabilizes crop
production and provides insurance mechanism agasistrrant weather situation
characterized by rainfed agriculture intercroppiogld be a viable agronomic means of risk
minimizing.Intercropping increase light interceptiand shading reduce water evaporation,
and improve conservation of soil moisture compatedsole crops, (Ahmacdet al.,
2009.Intercropping sweet potato with legume will ersuthe supply of dietary
carbohydrates, proteins fats, vitamins, and migeddl the rural household. Furthermore
intercropping legumes and sweet potatoes would amy ensure better environmental
resource utilization but would also provide betferld stability, reduce pests and diseases
and diversify rural income ( Egbe, 2005, N jogual.2007).Legume green manures are
efficient at mobilizing P from the soil (Knight an8hirtliffe, 2005). As green manures
decompose, the P is released in a labile form ¢hatnces the P nutrition of succeeding

crops (Cavigelli and Thien, 2003).

2.4 Organic inputs
To be sustainable, organic farming needs to bessdficient in nitrogen (N) through the

fixation of atmospheric nitrogen (N) by legumes (({Beet al, 2002); recycling of crop



residue (green manures) (Elfsstraachl, 2007) and application of farm yard manure (FYM)
and compost (Rokhzadi and Toashih, 2011). The iefficuse of nutrients within crop
production system has been in focus for severadks: The application of manures to soil
provide potential benefits including improving tetility, structure, increasing soil organic
matter, water holding capacity and reducing thewamof synthetic fertilizer needed for crop
production (Pharet al, 2002, Blayet al, 2002). Manures are the main sources of nitrogen

(N) supply in organic production.

Low soil fertility and moisture deficits are majoonstraints to crop production in the semi-
arid areas of Kenya. Farmers in these areas useydad manure (FYM) as a cheaper
alternative source of plant nutrients as opposettidomore costly inorganic fertilizers (E.M
Gichagi et al.,, 2007).Farmyard manure is heterogeneous compostgdnior material
consisting of dung, crop residue, and/ or househ®iMteping in various stages of
decomposition. It is mostly available, producedairms, and is an important organic resource
for agricultural production in livestock based famm system in many countries including
semi-arid areas of Kenya (Marcel, 2002).Farmyarchuna acts as an alternative source of
fertility enhancement for inorganic fertilizer d&y release nutrients slowly and steadily over
long periods and improve the soil fertility statog activating the soil microbial biomass
(Ayusoet al., 1996, Belayet al., 200L It contains all the nutrients needed for cropvgh

including trace elements.

Economic and environmental considerations, as ag#vailability make their use unsuitable
since they are rather expensive and not readilyladla to resource poor-African farmer.
Therefore, the use of locally available alternatigach as indegenous-rock phosphate is now
being advocated. The phosphorous content in rodspitate is 25-31%,8s and has low
solubility (Akande 2005, Adetuji, 2006). Applicatioof ground rock phosphate has been
proved beneficial to crops (Akande al., 2008a).Incorporation of poultry manure and cow
dung with phosphate rock significantly improves teease of P and performance of crops
(Akandeet al.,2005, Akandet al.,2008).The efficacy of cow dung in facilitating tredease

of phosphate from the applied rock phosphate has beported by (Akandet al., 2005 &
2006). Tied ridging in combination with integratadtrient management can improve crop
production in semiarid areas. Tillage practicesetbgr with cropping systems have been

used to improve yields (Mwallest al.,2008).
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2.5 sorghum gorghum bicolor L.)and sweet potato (pomoea batatas L)

Sweet potatolpomoea batatas)Lis among the world’s most important and undepliated.
Commonly referred to a subsistence, food secudtyfamine relief crop; its uses have
diversified considerably in the developing courgri€cott and Maldinado, 1999). Alternative
utilization option namely flour for porridgepandazi or chapattnd making of sweet potato
chips were developed because sweet potato is cankdeaten in a limited range of forms
(Wanjekecheet al., 1999). Sweet potato is receiving increased atterticeastern province
region’s production system because it can be growrsoils of limited fertility and is
relatively drought tolerant. In addition, sweet giot provides good ground cover, and is
usually cultivated with little or no fertilizer (lswetiet al.,1999).

Sweet potato has a long history as a crop to sHviarnine especially as a cheap source of
calories (Adam, 2005). It is the world seventh mdgod crop (Gichukiet al., 2003) and
rank third among the tubers and roots in Kenyar gftdéatoes and cassava. In Kenya, over
75% of sweet potatoes production is concentratedeistern, central, and coastal areas of the
country. Out of this, over 80% is grown in the Lakietoria basin (Grunebergt al.,2004).

Its production is however limited due to high prevee of pests and diseases (Atekal.,
2004).Sorghum gorghum bicolor L. is an important food security crop in Kenya,
economically rated as the fifth most important ekedter maize, wheat, barley, and rice. It is
a drought resistant and performs well on a rangpoofr soils with low rainfall often out-
yielding most cereals in hot and dry environmeltts particularly adapted to agroecological
zones of Kenya, which are arid and semi-arid. Theskide the semi-arid areas of Eastern
Kenya, the coastal, the waterlogged areas (Kambéot® 2005). In Africa, sorghum is
largely a subsistence food crop. It is cruciallyportant to food security in Africa as it is
uniquely drought resistant among cereals and c#rstaind high temperatures, grow in areas
of annual rainfall 500-700mm per year. Noted akohat sorghum is an important crop in
East Africa (Taylor, 2010).

2.6Dolichos [ablab purpureus) and chickpeaCicer arietinum L.)

Dolichos (ablab purpureusgan grow in a variety of soils, from sand to cleya pH range
of 4.5-7.5 (Cook et al., 2005). It does not growlwesaline or poorly-drained soils, but it
grows better than most legumes under acidic candit(Valenzuela and Smith, 2002). It can
continue to grow in drought or shady conditionsd avill grow in areas with an average

annual rainfall is 25—-120 in. (Cook et al., 2006)s more drought resistant than other similar
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legumes like common beanBhaseolus vulgar)sand cowpea Maass et al., 2010), and can
access soil water 6 feet deep (Cook et al., 20@&izbos (ablab purpureusjs a climbing or
erect perennial herbaceous crop often grown aswanah It is popular as a nitrogen-fixing
green manure contributing to soil N and improvd gaglity, as a cover crop to suppress
weeds and provide soil erosion control on infertileidic soils, and it is drought tolerant once
established. Like other legumes, also incorporatema grazing rotation (Valenzuelal and
Smith, 2002).

Chickpea Cicer arietinumL.) is the largest produced food legume in Soutta/asd the

third largest produced food legume globally, aél@mmon beanRhaseolus vulgarik.) and
field pea Pisum sativuni.) (ICRISAT, 2010)lt is the third most important pulse crop
globaly, with a production of 9.8m tons from anaaoé 11.1 m ha (FAO STAT, 2009) and
plays a significant role in improving soil fertiliby fixing the atmospheric nitrogen, meets
80% of its nitrogen (N) requirement from symbiatitrogen fixation and can fix up to 140

kg N ha-1 from air. It leaves substantial amoumntesidual nitrogen for subsequent crops and
adds plenty of organic matter to maintain and inaprsoil health and fertility. Because of its
deep tap root system, chickpea can withstand dtaagiditions by extracting water from
deeper layers in the soil profile (ICRISAT, 2010).
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CHAPTER THREE
3.0 GENERAL MATERIALS AND METHODS

3.1 Study Site

The study was conducted in Yatta sub-county, Keny@ngitude -1.4667S, latitude
37.8333°E, 944m asl) (Fig 1). The sub-county falsler agro- ecological zones IV, which
is, classified as semi-arid lands (Jaetzold anar&ith 2006).
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Figure 1: Map of the study area

The soils in Yatta Sub County are a combinatiorAofisols and Luvisols with Ferralsols
(WRB, 2006). Initial soil analysis indicated thaetsoils at the site were sandy clay, low in

fertility, acidic, with low amounts of total N, aagic carbon and. Phosphorus (Table 1).
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Table 1: initial soil physical and chemical properies

Soil K

chemical | % % P (M PH PH

properties| Org.C Total N | (ppm) ol/Kg) H>0 CACL, |CEC
1.86 0.1 26.84 1.91 5 5.63 14.65

Saoll %Clay % loam | % sand Textura

physical class

properties| 54 22 24 Sand clay

This was attributed to farmers’ reliance on onehmétof cropping systems and continuous
cropping systems by the farmers in the area withbetapplication of organic inputs.The
same was reported by Smalliegal. (1997) who stated that continuous cropping of laatt
little or no nutrient returns, results into nuttielepletion and decline in soil fertility. In most
places, they have topsoil that is loamy sand talgdoam, sandy clay to clay with low
nutrient availability (Kibunjaet al.,2010)

It has a semi-arid climate with mean annual tentpegzavarying from 18 to 24C and
experiences bimodal rainfall with long rains seasommencing early April to May (about
400 mm) and short rains season commencing frony €xstober to December (500 mm).
Most of the farmers in the sub county are smalleso@ixed farmers. Crops grown in the area

include maize, beans, pigeon pea, green gramdiuworgand cowpea (Macharia, 2004).
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4.0 RESULTS AND DISCUSSION

4.1 Farmers’ climate change perception, crop produon trends and moisture
conservation techniques.

Abstract

The Arid and Semi Arid Lands (ASALSs) are the moleeted by climate change and this
includes Kenya whose 80% of its landmass is constt&SALs. Despite this, crops mostly
grown in these areas are introduced crops that@radapted to the climatic variability of the
ASALs unlike traditional crops. Against this bac&gr survey study was conducted in
Matuu,Yatta sub-county late September 2012 to aseesp farmers’ perception climate
change, production trends and moisture conservéicmiques. A sample of 60 farmers was
used in the study. A stratified random samplingcpoure was used to select respondents
with locations forming the stratum. A computer ramdnumber generator was employed to
select the number of households in each stratuighdtlipercentages of farmers (92%) are
aware of climate change. The main indicators ohate change among the farmers in Yatta
Sub County include; rising temperatures (23%),terrainfall (23%), low rainfall (22%) and
increase drought conditions (18%). 38.9% of #reners had abandoned production of some
crops such as cassava, sorghum and sweet potateesaid crops, had been abandoned in
favor of introduced crops such as beans, maizewdraht. Most farmers (83.3%) reported,
unreliable rainfall, pests and diseases, drought,doil fertility, lack of inputs and low soil
moisture as constraints to agricultural producfiéfo stated manure application, basin and
terraces and terraces respectively as methodspifig with low soil moisture. Farmers in
Yatta Sub County have perceived climate changechwliiias led to changes in crop
production and influenced soil moisture contentsthfarmers applied a number of soll
moisture conservation techniques to improve onraoikture content.

Key words: climate change, crop production trend, soil mosstwnservation techniques.
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4.1.1 Introduction

Climate change is one of the biggest risk factdiescting agricultural systems performance
and management in many parts of the world (Kuridwiga and Mendelson, 2006).
Scientific evidence about the seriousness of thmaté threat to agriculture is now
unambiguous, but the exact magnitude is uncertagalse of the complex interactions and
feedback processes in the ecosystem and the ecofwond Bank Annual Report, 2007).
The indicators include; higher temperature, redue@dfall, and increased rainfall variability
reduces crop yield and threatens food security aw-ihcome and agriculture-based
economies especially the ASALs. This could haveatieg impacts on nutrition and health of
the population (IAC, 2004; Dixon, Gulliver and Gidoh 2001; IPCC, 2001). These effects
have a direct impact on smallholder farmers, whatiiaely on rain-fed agriculture for their
production and have a limited means of coping whils adverse weather variability (FAO
2012).

Another factor that farmers battle with is low swibisture content, in the semi-arid regions
of Africa; it is evident that in systems reliant infall as a sole source of moisture for crop
production, seasonal rainfall variability inevitgbeads to highly variable production levels
and risks. This as a result has led to introductibadaptation methods in agriculture which
include use of new crop varieties and livestockcise that are better suited to drier
conditions, irrigation, crop diversification, adapt of mixed crop and livestock farming
systems, and changing planting dates (Bradshetwal.2004; Kurukulasuriya and
Mendelsohn, 2008; Nhemachena and Hassan, 2007).

Farmers in the ASAL areas cultivate a variety afpsr of which the main ones are maize,
sorghum, green grams, beans and cowpeas unddedaagriculture as well as horticultural
crops such as mangoes, bananas, tomato, onioaschalsicum, pawpaw and citrus (NEMR,
2009). Most of these are introduced crops mos#yfepred over traditional crops due to their
economic importance though they are not adaptaltleet harsh climate conditions of ASAL

areas.

The study carried out was to determine farmers’cgggion on climate change, crop

production trends, and moisture conservation tegles in Yatta Sub County.
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4.1.2 Materials and methods

The study site is as described in in general nmateyiand methods (section 3.1)

4.1.2.1 Study approach

A Farmer survey was conducted in Matuu Yatta sulmto late September 2012 using
guestionnaires to determine farmers’ climate chamgeeption,crop production trends and
moisture conservation methods.A sample size oa@®érs was arrived at using the table on

sample size selection as@dndardization equation,

= 1+ @l

where; N is the known population; n is sample semed no is the unknown population.A
stratified random sampling procedure was then usedelect respondents with locations
forming the stratum. A computer random number gaioerwas employed to select the
number of households in each stratum. Computerorandumber generator is an online
process that produces random numbers. Random Nu@éeerator produces a listing of
random numbers, based on the following User smatifins;, the quantity of random

numbers desired, the maximum and minimum valuesaolom numbers in the table and
whether or not duplicate random Numbers are pegthitThe minimum value identifies the

smallest number in the range; and the maximum valastifies the largest number. Key

elements of the semi-structured questionnaire: éesirperceptions on climate change, crop

production trend and soil moisture conservatiohnéepues.

4.1.2.2 Statistical analysis
The semi-structured questionnaires were analyzedyube Statistical packages for social
Sciences (SPSS version 14).
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4.1.3 Results and discussion

4.1.3.1 Climate change

Climate change aspects

About 92 % of the farmers were aware of climatengiega The main indicators of climate
change reported by farmers in Matuu, Yatta Sub Goimcluded; rising temperatures (23%),
erratic rainfall (23%), low rainfall (22%) and ir&se drought conditions (18%) (Fig.2).

Strong
winds
5%

Floods
2%

perception on climate change aspects of climate change
Figure 2: Farmers’ perception and aspects of clima change

This was attributed to the fact that farmers inshely area depended on rain fed agriculture
therefore could easily notice effects of climatampe that included reduction of agricultural

productivity which causes production instabilitydgmoor incomes in the area.

The results of a study conformed to the study bghdaaiaet al., (2012) found that the main
indicators of climate change among communitiesrid and semi arid areas were erratic
rainfall, high and low temperatures, low crop ygkhd increase of droughts. Barrios et al.,
(2008) also reported that rainfall and tempera@nme a major determinant of agricultural
production in sub-Saharan Africa
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Farming practices in response to climate change

The common farming practices used included incngasine application rates of organic
inputs (56%), using a variety of cropping systerd$%), planting drought tolerant crops
(42%) and rain water harvesting (34%) (Fig.3).
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Figure 3: Farmers response to climate change

In an effort to increase productivity and adaptltmate change, farmers employ a variety of
farming practices which included; application fiezérs/manures , using a variety of cropping
systems, planting drought tolerant crops , rainewdtarvesting and soil and water
conservation techniques. The farmer in the studicated manures as the cheap source and
readily available organic input for improved soértility and thus commonly used as
compared to the artificial fertilizers which arepexsive to the resource poor farmers and

unavailable at the right time and quantity. Therfars stated that by adapting a number of
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cropping system such as intercropping and crogiootansured improved soil fertility and
reduced risk of food insecurity incase crop faitkee to production of a number of crops
under one farm as opposed to mono cropping. Farstated that Water harvesting has
enabled them undertake agricultural production naigas of rainfall failure since farmers
can irrigate their crops during such seasons.Giafiagl.,2007 also found out farmers in the
Eastern part of Kenya use farmyard manure (FYMa aheaper alternative source of plant
nutrients as opposed to the more costly inorgagridlizers. Aita and Giacomini, (2003) the
use of species different from the main crop suchHegsmes contributes to the nutrient
balance, which may consequently increase soillitgrtevel over time. Leguminous species
are known for their capacity to fix atmosphericnitrogen and narrow the C/N ratio,
resulting in faster residue decomposition. Accagdim Mugerwa (2007) water harvesting and
storage would be vital to ensure water availabégypecially during prolonged dry season and
drought.

Relationship between soil moisture and climate chaye

The farmers generally associate amount of raiméadkived and temperature as having an
influence on soil moisture. About 14% of the farmardicate high temperatures as the main
cause of low soil moisture presumably due to highperation whereas 10% indicated that

low rainfall results to low soil moisture contefid. 4).
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Figure 4: Relationship between soil moisture and thate change

These reduced soil moisture content resulted frawreased loss of water through
evapotranspiration from the soil and bodies of wated increased transpiration from plants.
The farmers indicated that with low rainfall it v#s into low moisture content due to
reduced amount of water percolating into the $nistreduced soil moisture content.

This conforms to the study by Oguét al., 007) who found that increase in temperature
have a tremendous impact on the water availabiitgd thus exacerbating conditions of
drought. In addition Wilson et al., 2004 found that the exchanges between the atmosphere
and the soil (precipitation and evapotranspiratidoininate changes in soil moisture, with
moisture being replenished by infiltration and @¢pd by soil evaporation and plant
transpiration.

Coping mechanisms for improved crop production

Majority 78% of the farmers used ashes as a waiynpfoving crop production whereas
about 68% indicate drought resistant crops whilpraximately 36.7% of the farmers

practiced early planting to cope with low rainfétirough for improved crop production
(Fig.5).

22



90
80
70
60
50
40

30
20
10

s £ § & ¥ §|8%8 5 & £ 27 &
=S = = = = = ° o = G = o
3 5 % © g 2 = 5 S P = 5
@ — —

= i e ] Q W o —
=1 o = a c = = g U a S
a - = @ I = Fed o s
IS = 5 < @ g = @
Q @ = T a =
b @ © [ ] I U
= c - - @
c ] o —
z E 5
E % =3
o e

=

low rainfall pests and diseases drought

Figure 5: Coping mechanisms for improved crop prodation

Farmers stated that the used ashes to control @estsell direct application to soils stating
that they are user friendly, cheap or free and llpcavailable.Farmers planted drought
resistant crops to cope with incidences of drougtgspondents stated that early planting
ensured that the crops could utilize the first sagince rainfall distribution is no longer
predictable. This conformed to the study by Muiigi(B005) who stated that ashes are not
poisonous to human and livestock, they do not lstag on the plants or in the environment,
the plants can be eaten three days after spratfieg,also do not usually harm the natural
enemies of the pests such as the ladybird beetle..

The same was also stated by Steve and Gelson,)(8@13=arly planting enables farmers to
sow with the first rains when their plants will & from the initial nitrogen flush in the
soil. Farmers enjoy the benefits of timely plantimgproved water retention and infiltration,
good root development, soil investment and greatecision in input use. In addition
Mureithi (2005) found out that early planting all®werminating seeds to benefit from the
warm soil temperatures and good aeration.

Other coping mechanisms to low rainfall were cardton of terraces, manure application,
irrigation, early land preparation and water hatimgsabout (Fig. 5) farmers stated that this
ensured improved soil moisture content due improwvater conservation and reduced loss

through evapotranspiration and erosion. This wasomformity with the study by Mutunga,
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(2001), who reported that terraces, manure apmitatonserve moisture in the soil for a
long period of time and hence sustaining agricaltproductivity and improving the living

conditions of land users.

Pesticides not used frequently due to their resedfext and negative impact on health; these
results are consistent with those of Jokaml. (2002).Planting drought resistant crops such
as sorghum and finger millet, which are said t@beapted to low moisture content and high

temperatures, reduces the effect of crop failureesg results are in agreement with those of
Parryet al.(2008).
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4.1.3.2 Crop production trend
Crop production trends from 1980 to 2013

There has been an increasing trend for pumpkimgefimillet and sorghum from 1980 to
date.Higher percentage of farmers (38.9%) wereddorhave abandoned pumpkin whereas
32%, fingermillet and 28% sorghum from 2000 toeddiig. 6)
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Figure 6: Crop production trends from 1980-2013

The said crops, also known as traditional crops, @en abandoned for introduced crops
such as beans, maize and wheat. This is becausettbéuced crops have high economic
importance compared to the traditional crops whaech highly susceptible to pests and

diseases.

Crops such as pumpkin, sorghum and finger millet taghly susceptible to pests such as
birds according to TOF, (2012).
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Abandoned crops and reasons for abandonment

Most farmers (85%) were found to have abandonedefi millet due to insufficient labour
stating that to grow fingermillet it is cumbersoraéso requires children to assist in quarding
them in case of bird feeding on it, requires a nimanof people to assist during weeding and
harvestion.About 50% had abandoned sorghum for sdi@e reason while 40 % had
abandoned cassava due lack of seeds they stateatidfaare not availble locally since most

farmers in the area aro not growing cassava. {ig.
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Figure 7: Abandoned crops and reasons for abandonme

The crops which had been abandoned due pests seabkdiinclude sweet potatoes, dolichos,
beans, chick peas, pumpkin, sorghum, finger maltet cassava. Farmers perceived that there
has been an increase in pests and disease duenungdor instance, stalk borer€dlidea
dregii) which attacks maize, sorghum and finger millet. Sehéndings are also supported by
results reported by Shao (1999) that pests andaskseare among the critical factors
contributing to unsustainable agriculture in serdiareas.
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Other farmers reported land scarcity as a reasoohfange in crop production(Fig 6). This is
caused by increased land fragmentation which ia essult of increased population. These
results were agreement with those of Gachimbial., 006) who found out that as

population increases the land for cultivation akstuces.
Ecological importance of the abandoned crops

The abandoned crops were reported to be of immegségical significance . These

included soil moisture conservation, soil fertilitpprovement, drought resistant crops and
cover crops.Majority of the farmers 90% and 45%iext sweet potatoes as crop which
conserve soil moisture and cover crops respectiwbije 50% and 40% stated dolichos and

cassava for improvement of soil fertility and adraught resistant crop respectively(Fig.8).
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Figure 8: Ecological importance of the abandoned aps

Farmers stated that due sweet potato broad letvegsensures that there is a full ground
coverage and thus reduces evapotranspiration egssoil moisture conservation which in
turn increases soil moisture content. Dolichosres af the legumes ensures soil fertility as a
result of nitrogen fixation. These results are gme@ment to those of Gachegieal., 004)
and Khisaet al., 002). According to Mureithi, (2000) dolichos, as and chick peas are

nitrogen fixing legumes and hence they improve férélity of the soil. Mukarumbwa and
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Mushunje, (201pstated that Sorghum, finger millet and cassavadesaght resistant crops

which can be used as food crops when other cragsasimaize fail.

Enhancing crop productivity
About 70 % and 68% of the farmers used organictsypad tillage practices respectively to

enhance crop production while 60 % of the farméated cropping systems in the study area
(Fig. 9).
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Figure 9: Ways of enhancing crop productivity

Different cropping systems ensured diversify cpopduction while addition of organic
inputs to the soil are known to improve the chemighysical, and biological soil properties
that will enhance the availability of nutrients atiakir uptake by crops. Tillage practices
ensure improved soil moisture content in turn imprg crop performance resulting to
enhanced crop productivity. The tillage practicesdiinclude use of ridges and tied ridges.
The technique involves digging major ridges that agross the predominant slope and then
creating smaller sub ridges (or cross ties) withie@ main furrows. Furrows conserve soil

moisture while crops planted on the ridges.

Manures provide both N and P and other nutriehtssd results are in agreement with those
of Okwuagwuet al., 003) According to Jonathan, (2008) the cropping systémkide
monocropping, crop rotation and intercropping. Crogation will lead to improved soil
fertility especially where legumes which are nigadfixing are rotated with cereals. It will

also break disease and pest cycles. Intercroppilhidead to increased output from a given
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piece of land. Intercropping will also lead to fodiersification.These results also agree to
those of Mati, (2005) who found out that seriesroéro- basins that store rainwater in situ

enhances infiltration.

4.1.3.3 Soil moisture conservation

Effects of low soil moisture on crop production

On proportion of the effects of low soil moistune @rop production drying of crops had the

highest percentage with 36% of the respondents {iBig

no germinati
and hardpan
2%

Figure 10: Effects of low soil moisture in crop praluction

Whereas 24%, 21% and 17% of the respondents @thaced yield and failure of crops, no

germinationand no germination and death respewgtivel

The most limiting factor to crop production in tA8ALs is availability of soil moisture. The
low rainfall together with its unreliability and po distribution severely limits crop
Production KARI, (1996).
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Methods of coping with low soil moisture

About 15%, 13%, and 11% of the farmers stated neaapplication, basin and terraces and

terraces respectively as methods of coping withdowmoisture (Fig. 11).
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Figure 11: Ways of coping with low soil moisture

The application of manures to soil similarly provigotential benefits including improving
the fertility, structure, increasing soil organiatter, water holding capacity and reducing the
amount of synthetic fertilizer needed for crop pratiibn (Pharet al.2002, Blayet al.2002).
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Innovative soil moisture conservation measures

About 15% of the respondents rated tied ridges famdws as one of the innovative soil

moisture conservation measures (Fig. 12).
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Figure 12: Innovative soil moisture conservation masures

Plastic mulch was rated by 3% of the respondentsnasof the innovative soil conservation
measure. Tied ridges were cited 7% of the respdadenanother method for innovative soil
conservation measures. Plastic mulches and subgeibs cited by 3% of the respondents

as one of the innovative soil conservation measures

Tillage practices techniques like the tied ridges apen ridges would allow rainwater be
retained on open furrows for longer duration as waer infiltrates into the soil or soil
management techniques that favors prolonged ra@wimfiltration and retention thus raising

the overall soil moisture retention and soil wdttelding capacity (Itabari, 2003).
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4.1.3 Conclusions

Farmers in Yatta Sub County have perceived clinchtenge, which has led to changes in
crop production and influenced soil moisture conténs; farmers applied a number of soll
moisture conservation techniques to improve onrsoikture content. The main indicators of
climate change among the farmers include; risingperatures, erratic/ low rainfall and

increase drought conditions. Most farmers had atwaed most of the traditional crops such
as cassava, sorghum and sweet potatoes for produsftintroduced crops such as maize,
wheat and beans.
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4.2 Efficiency and Interactive effects of tillage pactices, cropping systems and organic
inputs on soil moisture content

Abstract

The study evaluated the efficiency and interacwfects of tillage practices, cropping
systems and organic inputs (soil moisture consenvaechniques) on soil moisture retention.
The study was carried out in semi-arid Yatta subaty between October 2012 and February
2013 short rain season (SRS) and March to Augu&B 46ng rain season (LRS). The
experiment was laid out in Randomized Complete Bl@esign with a split-split plot
arrangement. Main plots were; tillage practices){T¥xen plough (OP), tied ridges (TR) and
furrows and ridges (FR). The Split-plots were; g@iog systems (CS); mono cropping (MC),
intercropping (IC) and crop rotation (CR) while tbplit-split plots were organic inputs;
Farmyard manure (FYM), Minjingu Rock Phosphate (MR&mbined MRP and FYM
(MRP+FYM) and control. Sorghum and sweet potatoesewgrown as intercrops or in
rotation with Dolichos Dolichos lablah) and chickpeaQicer arietinumL.). Soil samples
taken at 0-30 cm depth at the start of the experinad maturity of test crops for
determination of soil moisture content (expressed¥d and efficiency of soil moisture
conservation techniques. SignificantQp05) increased in soil moisture content was resrd
in TR under IC of dolichos with application of FY.53% and 7.88%) for sorghum and
sweet potato plots respectively. Tied ridges withirgercrop of dolichos and sorghum and,
dolichos and sweet potato with application of FYMRP were the most efficient techniques
for moisture conservation (6.73%) LRS 2013.Tiedjesl with intercrop and/or rotation with
Dolichos and application of MRP+FYM is a feasiblethrods for moisture conservation in
the Yatta Sub-county.

Key words: cropping systems; tillage practices; organic isp8emi-arid; soil moisture
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4.2.1 Introduction

Agricultural production in Sub-Saharan Africa (SS#&)marily relies on rain-fed production
that is climate sensitive (IITA, 1993). The mostiling factor to crop production in the arid
and semi arid lands of Kenya especially Yatta Sabr@y is availability of soil moisture. The
low rainfall together with its unreliability and po distribution severely limits crop
production (KARI, 1996). Additionally, the low quii of soil resource base which on one
hand has been due to inherent and induced defieen€ major nutrients N, P and K or low
nutrient holding capacity and low organic mattekd@boet al., 1992; Kaolo R. 2003)
negatively affect crop production. To ensure insegacrop production and food security,
farmers in the semi-arid tropics intercrop cereaih grain legumes, such as pigeon pea
(Cajanus cajah as a strategy for diversifying food production draisehold income since
legumes are both cash and food crops (Mafongayal.2006). The legume improves soil
fertility and yields of associated cereals, as wlough atmospheric di-nitrogen fixation in
association with rhizobia bacteria, nutrient pungpind incorporation of green manure
(Chikowoet al.,2004).

In addition to intercropping, farmers practice wektnaged crop rotations with the aim of
increasing soil organic matter to sufficient levétgat help to moderate and retain soll
moisture under dry conditions, and allow excessstnoé to drain away in wet seasons thus
recharging the ground water aquifers. The deepetbotops following shallow rooted crops
can access moisture reserves as well as capturawngnts that have leached below the
shallower root zones before they reach groundwéielam et al., 2011). Further, the
application of manures to soil provide benefitshsas fertility, structure, increased soil
organic matter, better water holding capacity (Plednal.2002, Blay et al.2001) and
transmission properties. Besides use of organicténfm enhance and conserve soil moisture,
various tillage practices; furrows and ridges dad tidges, have been found to conserve soil

moisture (Gebrekidan and Yohannes 2002) in serdiagas.

Tillage modifies soil surface structure by breakthg pan layer, total porosity and macro-
porosity, pore continuity and pore size distribntind therefore has great influence on the
hydrology of an agricultural catchment (Mwender®02). These have shown positive
response in terms of yield increase in maize ahérotrops. These moisture conservation

methods contribute to increased infiltration, redhre of run-off hence reduced erosion
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episodes and increasing rooting volume in shallovs S(Vogel et al ., 2001). There is
however a dearth of information on the efficiencyl anteractive effects of tillage practices,
cropping systems and organic inputs (soil moistureservation techniques) on soil moisture
retention in the ASALSs, thus necessitating the entrstudy.
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4.2 .2 Materials and methods

Study site as described under general materialsratidods in section 3.1

4.2.2.1 Treatments and Experimental design

The treatments were tillage practices (Oxen plougd ridges and, furrows and ridges),

cropping systems (mono cropping, intercropping, @nap rotation) and organic inputs

(farmyard manure, rock phosphate, and combined y&ahmanure and rock phosphate) and
control. The farm yard manure used was slightlalale with a pH of 8.2. It had an organic

carbon content of 18.6 %. Total nitrogen contens ®a % with P and K contents of 0.4 %

and 2.7 % respectively. The calcium content wa®@@ able 2).

Table 2:Farm yard Manure chemical analysis

Soll % % % % % % PH
chemical | Org.C Total N P K Ca Na H,0
properties

of FYM | 18.6 2.1 0.4 2.7 3.5 0.8 8.2

The experiment was in a Randomized Complete Blodsigh with split-split plot
arrangement. The main plots (150 by 60metres) wdlage practices (Oxen plough, tied
ridges and furrows, and ridges). Split plots (104oyetres) were cropping systems (mono
cropping, intercropping, and crop rotation) andtsgplit plots (2.5 by 1metres) were organic
inputs (farmyard manure, rock phosphate and combiRarmyard manure and rock
phosphate). A control (no organic input appliedswaéso included as a split-split plot (Table
3). The test crops were sweet potatogmeabatatddam) and sorghumsprghum bicolor

[.) with Dolichos pPolichos lablab)and chickpea ChickpeeCicerarietinuni.) either as
intercrops or in rotation.
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Table 3: treatment and experimental design

Tilage | TR FR OoP
practice
Croppin |[MC [IC® [IC® |[CR*® |CR® |[MC |Ic*® IC?®* [CR*® |CR*® |MC |IC? IC® |CR*®|CR?®
g
systems
o |MRP |FYM |CTRL |CTRL |CTRL [MRP |FYM+ |[CTRL |[CTRL |[CTRL |MRP |FYM+ |CTRL |CTR |CTRL
o +MR MRP MRP L
5 P
© |FYM |MRP |FYM+ | FYM+ |MRP |FYM |MRP FYM+ | FYM+ | MRP | FYM | MRP FYM+ | FYM | MRP
é MRP | MRP MRP | MRP MRP | +MR
= P
w
FYM |FYM |MRP |[FYM |FYM |FYM+ |FYM MRP |FYM |[FYM |FYM+ |FYM MRP |FYM | FYM
+MR MRP MRP
P
CTR |[CTRL|FYM |MRP |[FYM+ [CTRL [CTRL |FYM |[MRP |FYM+ [CTRL |[CTRL |FYM |MRP |FYM+
L MRP MRP MRP
Legend/key

Mc —sorghum, sweet potatoes,

231C - sweet potato/dolichos, sweet potato/chickpea,

25C - sorghum/dolichos and sorghum/chickpea

33CR- dolichos -sweet potato, chickpea -sweet potato,

3*CR- Dolichos-sorghum, chickpea—sorghum

CR-Crop rotation

FR-Furrows and ridges

IC-Intercropping

MC —Mono cropping

OP-Oxen plough

TR-Tied ridges
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4.2.2.3 Field Practices

Land was prepared manually using oxen plough i@ $gptember and planted in October
short rain season 2012 and April long rain seatB2Tillage practices (tied ridges and
furrows and ridges) were constructed during plantiith measurements according to crop
spacing. Manure was broadcasted at a rate of &tidaminjingu rock phosphate (MRP) at
498 Kg/ha equivalent to 60 Kg P/ ha and mixed thghdy with the soil before the vines and

seeds were placed in the holes (KARI, 2004). Svpegatoes (wabolinge variety) were

propagated through cuttings of 30 cm long at sgpoh90 cm between rows and 30 cm
within rows. Weeding was done 5 weeks after plantmd harvesting was done after 6
months when the leaves were yellow and dry. Haimgsvas done using a sharp hoe by
removal of all tubers (Mureithi, 2005). Sorghumréselo variety) was sown at spacing of 75
cm by 30 cm while dolichos and chickpea were plargea spacing of 30 cm within the

sorghum and sweet potato rows. Weeding was doee aftveeks of planting. Harvesting

was done after three months when it had reachesigibgical maturity.

4.2.2.4 Soil sampling and analysis

Soil samples were taken in a zig-zag manner, freB0 @m depth, at the start of the
experiment and composited. Thereafter soil sampkre similarly taken, from each plot, at
maturity of the test crops and thoroughly mixedaion one composite sample per treatment.
The soil moisture content (% volume) and efficienaf soil moisture conservation

techniques (expressed as percentage) were deterasrfellows;.

Soil moisture determination: soil moisture content (% volumeyas determined using
gravimetric method (RNAM, 1995).

(Ww-Wd)
MC= ———— *100
wd

Where;

MC = Moisture content (%)
Ww = Weight of wet soil (g)
Wd = Weight of dry soil (g)
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Efficiency of soil moisture conservation techniquesPerformance of moisture conservation
techniques was quantified by their efficiency ingemtage. The efficiency of the techniques

on moisture conservation was calculated from ihétred final soil moisture content.

My
E= *100
(M1+R)

Where;

E - Efficiency of moisture conservation

M; — moisture content at the beginning of croppingqae
M, — moisture content at the end of cropping period,;

R - Rainfall received during cropping period

2.5 Statistical analysis

Data was subjected to general analysis of variaisoey Genstat statistical software (Payne
2005b). Means were separated using least signifatiference and Duncan Multiple Range

Test (where interactions occurred) at a probabligitsel of 5%.
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4.2.3 Results and discussion

4.2.3.1 Interactive effects of tillage practicegropping systems and organic inputs on
soil moisture content

An increased soil moisture content was recordedllirthe tillage practices and cropping
systems with application of FYM and MRP+FYM (Talle

Tied ridges under sorghum chickpea intercrop wjipliaation of MRP+FYM recorded an
increased moisture content (8.37% and 8.44%) fatbvay chickpea —sorghum rotation
(7.89% and 7.95% for the SRS of 2012 and LRS df320espectively, whereas under
furrows and ridges under the intercrop of sorghumickpea with the application of
MRP+FYM increased moisture content was observe®Bg6), then the rotation of chickpea
and sorghum (5.26%) while under oxen plough in lsang chickpea intercrop with the
application of MRP+FYM improved moisture contentswracorded (4.18%) followed by the
rotation of chickpea and sorghum (3.94%) (Table 4).
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Table 4: Interactive effects of tillage practices¢ropping systems and organic inputs on soil moistecontent(%) in sorghum plots during SRS of 2012

and LRS of 2013.

SRS 2012 LRS 2013
TP CS CTRL FYM  MRP MRP+FYM CTRL FYM MRP  MRP+FYM
FR crop rotation CP-SOR ¥5 5260 439 4.73" 3.8% 539 393 4.97
crop rotation DOL-SOR 3.32 498 418 4.48 3.58" 5.029  3.72 4.68
inter cropping SOR/DOL 3.61 45 376 4.08" 3.239 458  3.3#" 4.21"
inter cropping SOR/CP 372 558 465 5.02' 44 5.63 417" 5.2P%
mono cropping SOR 3.65 4.5¢ 3.8 417 3.249 462 342" 4.27"
OoP crop rotation CP-SOR 2%3 3.94 3.29 3.559 2.92° 3.9¢1  2.95¢ 3.69
crop rotation DOL-SOR 2489 374  3.1r 3.36 2.68° 3.77 2.79° 3.49"
inter cropping SOR/DOL 236 3.3§ 2.87° 3.04 2.42 342" 253 3.16*°
inter cropping SOR/CP 279 419  3.49° 3.77 3 422"  3.13° 3.9
mono cropping SOR 229 343 250 3.09 2.43 3.46"  2.86° 3.219
TR crop rotation CP-SOR 526 7.89 6.57 7.1 5.83' 7.95 5.8¢ 7.36
crop rotation DOL-SOR 498 7.47" 6.23 6.72 5.379° 7.54 5.58 6.98"
inter cropping SOR/DOL 451 6.77 5.64 6.09 4.8% 6.82" 5.081 6.32
inter cropping SOR/CP 5858 8.37 6.97 7.53" 5.99' 8.44 6.25 7.81
mono cropping SOR 488 686" 572 6.18 4.86 6.92"  5.13¢ 6.4

Legend: SOR-sorghum, DOL-dolichos, CP-chickpeaPMtjingu rock phosphate, FYM-farm yard manure;tied ridges, FR-furrows and ridges, SRS-

Short Rain Season, LRS-Long Rain Season. Mearseason followed by the same letter are not sigmifly different at P<0.05
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improved soil moisture content was observed ungl tidges as compared to furrows and
ridges and oxen plough this was attributed to imedowater retention thus enabling percolation
of the same to the soil under tied ridges as ogptséurrows and ridges and oxen plough. The
increased in soil moisture content with combinegliaption of MRP+FYM is attributable to
addition of organic manure, which contributed te thaintenance of soil physical structure, and
results in better soil moisture retention. MRP rded low moisture content as compared to
FYM and MRP+FYM this is due low solubility rate BIRP thus requires more moisture for it to
solubilise leading to low soil moisture where apgli The low solubility of MRP has been
reported by Akande 2005 and Adetuji, 2006

Addition of organic inputs conserves rainwater,u@s runoff and improve the soil moisture
content. These has also been reported by Sugedt @011) and Lemlem (2012), who found
that addition of Organic fertilizers improved swifter holding capacity. Boateng et al. (2006)
and Adeleye et al. (2010) also found out that a@ppibn of FYM increased the soil water
content.

Control had significantly 0.05) lowest soil moisture and this was attributethe soils of the
study site being naturally low in organic matteuelXo low residue returns and high temperature
causing fast decomposition as well as reducedathimnénce the low water holding capacity.

This observation is in agreement with research bgnélis, (2006) who found out that the soils
of arid and semiarid zones are very susceptiblevater erosion mostly due to the scarce

vegetation cover, low organic matter content amdstinall resistance to the erosion forces.

Soil moisture was significantly low in the mono prof sorghum for all tillage practices (Table
4) due to high evapotranspiration potential; todbetrary, soil moisture increased in the mono
crop of sweet potato (Table 5) across all tillagecpces due to low evapotranspiration potential.
The sweet potato covers the ground adequatelyréduging direct losses from soil surface
unlike in sorghum. According to Lusweti al. (1999) Sweet potato provides good ground cover

thereby reducing evapotransipiration and consetjuenhancing moisture retention.

There were significant §8.05) increases in soil moisture content undertiddes following
intercropping of sweet potato with chickpea (8.558&b)d sweet potatoes mono cropping (8.07%)
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with application FYM. The water evaporation at sitface was therefore low and soil moisture
retention high compared to intercrop of dolicho9%66).

With the intercropping of sweet potato chickpea aweet potato monocropping there was an
adequate ground cover as opposed to intercroplichds. Intercropping of dolichos and sweet

potato affects the growth of sweet potato duediotlinterception by the leafy dolichos.
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Table 5: Interactive effects of tillage practicesgropping systems and organic inputs on soil moistecontent(%) in sweet
potato plots during SRS of 2012 and LRS of 2013

SRS 2012 LRS 2013
CTRL FYM MRP MRP+FYM CTRL FYM MRP  MRP+FYM
FR  crop rotation CP-SP 3.25e4.76kI 4h 4.28ij 3.3%g 4.80 3.6gh 4.46m
crop rotation DOL-SP 3.52f 5.16n 4.34jj 4.64k 3.73hi 5.2pq 3.9ijj 4.840
inter cropping SP/DOL 3.21e 4.69k 3.95h 4.22hi 3.38eg 4.73n  3.55gh 4.4m
inter cropping SP/CP 3.92h5.76p 4.84Kkl 5.18n 4.15KI 5.81t 4.35m 5.4pqr
mono cropping SP 3.7fg 5.440 4.57k  4.89Im 4.04jk 5.48pqrs 4.11jk 5.1p
OP  crop rotation CP-SP 2.49a 3.61f 2.75b 3.25e 2.58a 3.64gh  3.04bc 3.4eg
crop rotation DOL-SP 2.69b 3.92h  3.3e 3.52f 2.83ab 3.95ij 2.97bc 3.68gh
inter cropping SP/DOL 2.46a 3.56f 3.01lbc 3.2e 2.57a 3.59gh 2.71a 3.35de
inter cropping SP/CP 2.99bc4.36i] 3.68fg 3.93h 3.15cd 4.4m 3.31de 4.1jk
mono cropping SP 2.83b4.12h  3.48f 3.71fg 3.07bc 4.16kl  3.13bd 3.87ij
TR  crop rotation CP-SP 4.78kl7.04st 5.91p 6.34r 5.01p 71w  5.31pq 6.6v
crop rotation DOL-SP 5.18n7.65w 6.42r 6.88s 5.52pqrs 1.72y 5.76t 7.17w
inter cropping SP/DOL 4.71k 6.95st  5.83p 6.25q 5p Tw 5.24pq 6.51v
inter cropping SP/CP 5.78p 8.55y 7.16tu 7.69w 6.14u 8.62z 6.43v 8z
mono cropping SP 5.4608.07x 6.76s  7.26uv 5.98u 8.13z 6.07u 7.55X

Legend: SP-Sweet Potato, DOL-dolichos, CP-chickp#P-minjingu rock phosphate, FYM-farm yard mandie-tied ridges, FR-
furrows and ridges, SRS-Short Rain Season, LRS-IRaig Season. Means per season followed by the $attee are not
significantly different at <0.05
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Additionally, distribution of root systems amongesies and cropping system influenced the
soil moisture content in that when crops are imtgped the distribution of the roots in the soil
is more intense as opposed to mono cropping. Ogamtb Walker (2005) also observed that
under intercropping, water conservation was largeig to early high leaf area index and higher
leaf area. Intercropping has also been reportesdace water evaporation, and improve soil
moisture conservation compared with sole cropp@igahbariet al.,2010)

The high moisture retention recorded the soil nuoéstconservation techniques involving tied
ridges further conforms to the findings of KARID(5) who stated that there is a positive effect
of the tied ridges and furrows and ridges in coresgwn of soil moisture and prolonged moisture
availability in arid and semi-arid regions due &mluced soil loss through erosion and runoff.
Vogel et al. 994) similarly reported that moisture conservatogthod such as tied ridges and
furrows and ridges contribute to increased infiltna, reduction of run-off and increasing
rooting volume in shallow soils.

Changes in moisture content across the seasons

There was an increased in moisture content actbdseaillage during the long rain season TR
(8.44%), FR (5.63%) and OP (4.22%) as comparetidd sain season (8.37%) FR (5.58%) and
OP (4.18%) though not significantly<p.05) different. The same trend was observed ag sh
rain season with increased moisture content uniderittercrop of sorghum chickpea with
application of MRP+FYM. The increased in moistumntent during the long rain season was

attributed to prolonged rain during the long raaason as compared to the short rain season.
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4.2.3.2Interactive effects of tillage practices, opping systems and organic inputs on soil
moisture conservation efficiency

Tied ridges with an intercrop of dolichos and samgh(6.73%) (Fig. 1) and dolichos and sweet
potato (7%) (Fig 2) with application of MRP + FYMere the efficient techniques for moisture
conservation during the LRS of 2013 whereas oxesugil showed very poor moisture
efficiency (3.2%) under intercrop of sorghum dbbs with the application of MRP+FYM

(Fig.13).
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Figure 13: Efficiency of combined tillage practicescropping systems and organic inputs on

soil moisture retention under sorghum based plots

Legend: CR-crop rotation, IC-intercropping, Mc-Momwopping, CTRL-control, FR-furrows
and Ridges, FYM-farm yard, MRP-minjingu rock ph@phOP-oxen plough, LRS-long rain

season, SRS-short rain season
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The improved soil moisture conservation efficiemegorded in techniques involving tied ridges
is due to the fact that they allow rainwater tad@ined on the furrows for longer duration. This
is in addition to improved ground cover and inceghamount of organic matter that results into
improved soil structure and reduced water lossesougfih soil erosion, reduced
evapotranspiration following intercropping and nt@ie conservation by application of FYM.
Itabari et al (2003) made similar observation that furrows aides and tied ridges favored
prolonged rainwater infiltration and retention, shaising the overall soil moisture retention and
soil water holding capacity. Crusciet al. (2005) also found that rotation and intercroppirfig

crops with species that increase plant residueshensoil surface is fundamental to avoid

erosion.
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Figure 14: Efficiency of combined tillage practicescropping systems and organic inputs on

soil moisture retention under sweet potato based pis

Legend: CR-crop rotation, IC-intercropping, Mc-Mormwopping, CTRL-control, FR-furrows
and Ridges, FYM-farm yard, MRP-minjingu rock ph@phOP-oxen plough, LRS-long rain

season, SRS-short rain season
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This was attributed to the improved ground covet mcreased amount of organic matter in the
soil ensuring reduced loss of soil moisture throaglapotranspiration. In addition improved

ground cover results into improved soil structurd eeduced water losses through soil erosion.

The soil moisture conservation techniques were neffieient in the LRS as compared to the
SRS of but the same trend was observed with mifi@eacy under tied ridges; Intercrop of
dolichos with the application of MRP+FYM as the shefficient techniques for moisture
conservation. The high rainfall during the secoaas®n as opposed to the first season, may have
led to increased soil moisture content. This resuinto an increased biomass, which further
increased the moisture content by reducing the @vapspiration and erosion, hence increased
infiltration. The effects of conservation agricutuon higher infiltration and reduced runoff and

flooding have been well documented in Brazil intigafar (FAO, 2000e).

4.2.4 Conclusion

Significant increase in soil moisture content wasorded in tied ridges following sorghum and
dolichos and sweet potato and dolichos intercrojtk application of MRP+FYM. The same
treatments were similarly the most efficient tecjugis for moisture conservation. A combination
of tied ridges and dolichos/sorghum and/or dol&Zbeeet potato intercrops with application of
MRP+FYM are viable methods for soil moisture comaéon in the semi-arid areas of Yatta
Sub County.
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4.3 Effects of tillage practices, cropping systenmand organic inputs on soil nutrient status
Abstract

Low use efficiencies of inorganic fertilizers coegl with their rising costs has directed the
attention of farmers towards organic sources. Agjaihis backdrop study was conducted, in
Matuu, Yatta sub-county, to evaluate the influeonédillage practices, cropping systems and
organic inputs on soil nutrient status. It was iegrout between October 2012 to February 2013
short rain season (SRS) and April-August 2013 Iaig season (LRS). Randomized Complete
Block Design with a split-split plot arrangemenplieated three times was used. Main plots
tillage practices (TP); Oxen plough (OP), tied adgTR) and furrows and ridges (FR). Split-
plots were cropping systems (CS); monocropping (M@tercropping (IC), and crop rotation
(CR) while split-split plots were organic inputsarfyard manure (FYM), Minjingu Rock
Phosphate (MRP), combined MRP and FYM (MRP+FYM) amhtrol. Test crops were
sorghum and sweet potatoes with DolichDslichos lablal) and chickpeaCicerarietinunt.)
either as intercrops or in rotation. Soil samplesestaken randomly at 0-30 cm depth at the start
of experiment for initial soil analysis and at cramaturity of test crops for soil (NPK and
Organic carbon) analysis. There was a significd®0(05) high level of potassium (1.91
Cmol+Kg), phosphorous (51.45 ppm), Total nitroglrii9%) and organic carbon (2.19%), in
combined TR, intercrop sorghum/chickpea with aggian of MRP+FYM during SRS of 2012.
Comparing different organic inputs, tillage praesicand cropping systems combined TR,

intercrop of sorghum/chickpea and MRP+FYM and FYhproved the soil nutrients status.

Key words: cropping systems; tillage practices; organic tsp&emi-arid; soil nutrients
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1.0 Introduction

Low soil fertility and moisture deficits are majoonstraints to crop production in the semi-arid
areas of Kenya. Many interrelated factors, bothuratand managerial, lead to soil fertility
decline either through leaching, erosion, and drapresting (Donovan and Casey 1998). The
low soil fertility is majorly contributed by exteme agriculture production particularly in
developing countries (Rezigt al., 2012) due to the ever-increasing demand of thegris
population. Unless the nutrients are replenishadguerganic or mineral fertilizers, partially
returned through crop residues, or rebuilt more mamensively through traditional fallow
systems that allow restoration of nutrients ane@mstruction of soil organic matter, soil nutrient
levels decline continuously. Therefore, the usespmcies different from the main crop such as
legumes contributes to the nutrient balance, whigly consequently increase soil fertility level
over time. Leguminous species are known for thapacity to fix atmospheric di-nitrogen and
narrow the C/N ratio, resulting in faster resideeamposition (Aita and Giacomini, 2003) and
consequent release of accumulated N and otheentgrsuch as P and K, to the soil (Borlert
al.,2003). Legume green manures are efficient at nmbgi P from the soil (Knight and
Shirtliffe, 2005). As green manures decompose Pthe released in a labile form that enhances

the P nutrition of succeeding crops (Cavigelli dinien, 2003).

In addition, the farmers in the Eastern part of y&ense farmyard manure (FYM) as a cheaper
alternative source of plant nutrients as opposetiéanore costly inorganic fertilizers (Gichagi
et al., 2007). Farmyard manure acts as an alternative soafcfertility enhancement for
inorganic fertilizer as they release nutrients $§oand steadily over a long period of time and
also improve the soil fertility status by activatithe soil microbial biomass (Bel&y al.,2001).
Consequently, inputs from organic sources, for edlamFYM, play a pivotal role in the
productivity of many farming systems by providingitments through decomposition and
substrate for the synthesis of soil organic mg®&M). SOM is shown to improve crop growth

and yield by supplying nutrients or by modifyinglguhysical properties (Reex al.,2000)

Furthermore, SOM acts as a bonding and dispersimgntaby increasing inter-particle

hydrophobicity and cohesion within aggregates (Msll2000; Abiveret al, 2009). It is well
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known that manures are a source of all-necessacyomand micronutrients in available forms,
thereby improving the physical and biological pndies of the soil (EI-Magdet al, 2005).
Because the decomposition of manures is a slowepspenanures are usually applied at higher
rates, relative to that of inorganic fertilizers,nheet crop nutrient requirements. When applied at
high rates, they give positive residual effectstba growth and yield of succeeding crops
(Makinde and Ayoola 2008). The application of masuto soil similarly provide potential
benefits including improving the fertility, struet) increasing soil organic matter and improved
water holding capacity (Phaet al, 2002, Blayet al, 2002). Ridge tillage reduces bulk density
and concentrates fertility and organic matter skateuseedling growth and establishment and
reduces wind erosion (Kaij and Hoogmed, 1993).

The current study evaluated the effects of tillpggctice, cropping system and organic inputs on

soil nutrients N, P, K, and organic carbon in Y&téb County.
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4.3.2.Materials and methods

Study site, treatments and experimental desigrfialtpractices were as described in section
3.1,4.2.2.1 and 4.2.2.3 respectively.

4.3.2.4 Soil sampling and analysis

Initial soil samples were collected using the teanisnethod (in a zigzag manner from one edge
of the field) for initial soil analysis. Soil sangsl were also taken at crop maturity of the main
crops sweet potato and sorghum, three samplesgmment were taken and composited into
one sample and thoroughly mixed to form one comeaaEmple per treatment then air-dried by
spreading it out in a clean, warm, dry area for tags. They were then analyzed for Nitrogen,
Phosphorous, and Potassium and organic Carbon w$iegical analytical techniques. The
Walkley Black method was used to determine soidoig carbon. 10 ml of dichromate and 20ml
of sulfuric acid was added to a 5g soil sample.eAfthe mixture cooled, the amount of
dichromate used in the reaction was determinedeolyiaing the remaining dichromate with
ferrous sulphate of known normality in a simpleatiibn using barium diphenylamine as an
indicator. The percentage of carbon was calculatsibrding to a formula which took account
that 1ml of N dichromate oxidizes 3mg of carbon &@ko, 2002).

Determination of potassium involved extraction otrient from the soil through leaching with
1IN ammonium acetate. Concentration of potassiumm thhan determined through use of the
flame photometry method. Flame photometry methoblased on the fact that certain metallic
ions when ignited with a flame emit a distinct ligiWhen the light is compared to a standard, the
distinct composition of potassium can be determii@clebo, 2002).

Kjeldahl method was used to determined total ndrog2 g of the soil was weighed then
transferred to 300 ml Kjeldahl flasks in duplicageg of the catalyst were added and washed in
with 5ml of distilled water.20ml of concentratedmwric acid was then added, mixed with the
soil by gentle shaking and allowed to stand formiibutes. The flasks were then placed in a
fume cupboard and gently heated for 6 hours. Adtanpletion of digestion, the flasks were
allowed to cool after which 100ml of water was adléd®d shaken to mix. The liquid was then

transferred to small labeled plastic beakers ataval to settle down.5 ml of the digest was
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transferred using a pipette into a 300 ml Kjelddhsk and phenolphthalein indicator added.
NaoH was then added drop wise till the colour cleantp purple .It was connected to the
distillation unit and switched on with a 250 ml amali flask containing 20 ml Boric acid with 3

drops of mixed indicator on the receiving end & thstillation unit. The ammonium-N in the

distillate was determined by titrating with 0.01Hé| (Okaleboet al.,2002).

Available phosphorous was determined by weighimggsaimple of soil was into a 100-ml
extracting tube and 50ml of double acid reagenedddihe tubes were stoppered tightly and
shaken for 30 minutes in a mechanical reciprocativaker .The soils were then filtered through
Whatman No.42 filter paper and filtrate collectedpecimen bottles. 5 ml of the 5ppm standard
was pipeted into 50-ml volumetric flasks. 5Sml oLid¢e acid was added followed by 20 ml of
distilled water mixed and allowed to stand fomifhutes after which the reading (absorbance)
was taken the spectrophotometer.15 ml of theestibict was pipetted into a 50 ml volumetric
flask,25 ml of distilled water was added followedh8of reagent B ,made up to volume and

thoroughly mixed. It was allowed to stand for 25ates after which the readings were taken.

4.3.2.5 Statistical analysis
Data was subjected to general analysis of variarstieg Genstat statistical software (Payne

2005b). Means were separated using least signifdiference at a probability level of 5%.
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4.3.3 Results discussion

4.3.3.1 Effects of tillage practice, cropping systes and organic inputs on soil nutrients
status.

Soil available potasium

Potassium was significantly £B.05) affected by the organic inputs. Increasedllefpotassium

content recorded with application of MRP + FYM iihtdlage practices and cropping systems,
compared to other organic inputs MRP, FYM and theirtrols. Combined TR , sorghum mono
crop (3.37 Cmol+/Kg) and intercrop of sweet potat@ad chickpea (3.08 Cmol+/Kg) plots

respectively during the short rain season of 20Eble 6 and 7).
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Table 6: Effects of tillage practice, cropping sygms and organic inputs on soil potassium Cmol+/Kgosghum based plots
during SRS of 2012 and LRS of 2013

SRS 2012 LRS 2013

TP CS CROP CTRL FYM MRP MRP+FYM CTRL FYM MRP MRP+FY

FR crop rotation CP-SOR  1.29° 1.4% 1.48" 1.67" 1.4° 1.57% 1.6 1.81%"
crop rotation DOL-SOR  1.08 1.13 1.18° 1.341 1.17 1.2 1.28° 1.45¢
inter cropping SOR/DOLb 1.62" 1.7" 1.77" 2.0 1.78" 1.84M 1.92N 2.18
inter cropping ~ SOR/CP  1.55°09 1 7 1.87" 2.1 1.68°0 184N 1.92" 12.18
mono cropping  SOR 1.19° 1.29° 1.36¢ 1.54'% 1.29° 1.4° 1.47 1.67°9

OP crop rotation CP-SOR 2.54" 2.66™ 2.78 3.1% 2.75" 2.88™ 3.0r 3.40°
crop rotation DOL-SOR  2.64™ 277 2.9 3.28" 2.86™ 3° 3.14 3.56
inter cropping SOR/DOL  2.54" 2.66™ 2.78 3.1% 2.75" 2.88™ 3.0r 3.40°
inter cropping ~ SOR/ICP  2.37" 2.49" 2.6™ 2.99 2.57 2.69" 2.82™ 3.19
mono cropping  SOR 3.08 3.82 3.22" 3.37 3.33 4.14 3.49" 3.65

TR crop rotation CP-SOR 1.45' 1.58%% 166" 1.88M 1.58'" 1. 709 1.@h 2.04"
crop rotation DOL-SOR  1.16 1.26° 1.33¢ 1.51%f 1.26 1.37° 1.441 1.63*
inter cropping SOR/DOL  1.33¢ 1.44*° 1.5 1.72" 1.441 1.56'" 1.64* 1.86"
inter cropping SOR/CP 1.47¢ 1.6 1.68" 1.9 1.6 1.75" 1.82" 2.07"
mono cropping  SOR 1.13 1.23° 1.29° 1.46" 1.22 1.33° 1.4° 1.59

Legend: SOR-sorghum, DOL-dolichos, CP-chickpea;tilldge practice, TR-tied ridges, FR-furrows anidges, OP-oxen plough,
FYM-farm yard -manure, MRP-minjingu rock phosph&@RL-contro, LRS-long rain season, SRS-short saimson, CS-cropping
system.Under rotation legumes were harvested dutieg short rain season 2012 whereas sweet potaanessorghum were
harvested during the long rain season 2013. Mealtewed by the same letters in the same seasorcoimn are not significantly
different at P<0.05.

56



Table 7: Effects of tillage practice and organic anpping systems on soil potassium Cmol+/Kg sweet @b based plots during
SRS of 2012 and LRS of 2013

SRS 2012 LRS 2013
TP CS CROP CTRL FYM MRP MRP+FYM CTRL FYM MRP MRP+FY
FR crop rotation CP-SP  1.5¢ 1.66" 1.73" 1.96" 1.74 1.82" 1.9 2.16"
crop rotation DOL-SP 1.04 1.09 1.14 1.29 1.14 1.2 1.2%8 1.42%
inter cropping sp/poL  1.73" 1.8F 1.89 2.14 1.9" 1.99 2.08 2.36
inter cropping sp/icP  1.1% 1.19° 1.248% 141 1.28 1.31° 1.37 1.55"
mono cropping SP 1.09 1.18° 1.24 1.41 1.19 1.3¢ 1.37 1.55"
OP crop rotation CP-SP  2.2¢ 2.38 2.49 2.82 2.5 2.62 2.74 3.17
crop rotation DOL-SP 1.19° 1.24%  q FPede 1.47" 1.31° 1.37% 1430 1.62™
inter cropping SP/DOL 2.48 2.6 2.72 3.08" 2.73 2.86 2.99' 3.3¢"
inter cropping SP/CP 1299  1.36 1.42% 1.61 1.42%  1.49" 1.56° 1.77
mono cropping SP 2.2P 2.75 2.37 2.42 2.43 3.02' 2.55 2.67
TR crop rotation CP-SP  1.27¢  1.38" 1.45°1 1.68" 1.4 1.52 1.6 1.81"
crop rotation DOL-SP  1.02 1.1 1.16° 1.32¢ 1.12 1.22 1.28° 1.48°°%
inter cropping SP/DOL 1.57° 1.71" 1.8 2.04 1.73 1.88" 1.98 2.24
inter cropping SP/CP  1.58 1.73" 1.8F 2.06' 1.78' 1.89" 1.99 2.26'
mono cropping SP 1.03 1.12 1.18° 1.34cd 1.13 1.23 1.3° 1.47°%%

Legend: SP-sweet potato, DOL-dolichos, CP-chickpER;tillage practice, TR-tied ridges, FR-furromsdaridges, OP-oxen plough,
FYM-farm yard -manure, MRP-minjingu rock phosph&&RL-control, LRS-long rain season, SRS-short sg@ason, CS-cropping

system.. Means followed by the same letters isdhee season in a column are not significanthecgfit at P< 0.05.
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Increased potassium content was observed under igedhlbxen plough, sorghum mono
cropping with application of MRP+FYM (3.37 Cmol+/Kgand intercropping sweet
potato/dolichos (3.08 Cmol+/Kg) as compared tceptiillage practices combined furrows and
ridges, intercropping sorghum/ dolichos with apgticn MRP+FYM (2.01 Cmol+/Kg) and
intercropping sweet potato/dolichos (2.14 Cmol+/Kag)d tied ridges with intercropping of
sorghum/chickpea (1.91 Cmol+/Kg) and intercroppiof sweet potato /chickpea (2.06
Cmol+/Kg) . Increased potassium level under thdiegipon of MRP+FYM was attributed to the
fact that when farmyard manure and minjingu rockgginate are mixed it enhance the release of
other nutrients such as potassium through impromeno@ the soil moisture content and
increased activity of microorganisms in the sog tame applies when farmyard manure was
applied. Low Potassium content under tied ridge81(€mol+/Kg) and furrows and ridges (2.11
Cmol+/Kg) as compared to oxen plough (2.95 Cmold/Keas attributed to increased soil
moisture content leading to loss of the nutriertwm the profile due to leaching thus reducing

the potassium content in the upper profile as coetpto oxen plough.

Under different cropping system increased potassiantent was observed under the intercrop
and crop rotation of both chickpea and dolichosllrtillage practices. This was attributable to
the effects of exudates released by the legumeshwdiits on the organic inputs applied thus
releasing more nutrients to the soil. Moreoverlusion of legumes in crop rotations protects the

fragile soil surface by restoring the organic mattantent and organic fertility of these soils.

Increased potassium level under intercropping aog@ cotation of chickpea and dolichos was
also reported by Ahmad et al., (2010) who found that use of green manure especially
legumes in a cropping pattern could help restooe productivity. In addition Azizt al (2010)
reported that manure application significantly eases soil K contents due to increased
microbial activity in the soil. Another similar aawation was made by Sugeal.(2011) who
found that addition ofOrganic fertilizers improvailsvater holding capacity as well as the CEC
and nutrients are released slowly to crop plants timpacting on nutrients availabilitfhe

inclusion in a rotation of cover crops or green mas can also enhance the efficient use of
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nutrients by plants, mainly owing to the increasesbil microbial population and activity
(Watson et al.2002).

Changes in potassium content Cmol+/Kg across theasons (SRS 2012 and LRS 2013)
Changes in potassium content across the two se
(3.65 Cmol+/Kg) and (3.39 Cmol+/Kg) as comparedhe SRS (3.37 Cmol+/Kg) and (3.09

Cmol+/Kg) under oxen plough in sorghum mono crogpamd intercropping of sweet potato/

ees®Iobserved with increase during the LRS

dolichos with the application of MRP+FYM in sorghuamd sweet potato plots respectively
(Table 6 and 7). During the LRS of 2013 the soilishoe content increased as a result of
prolonged rainfall as opposed to SRS of 2012.Soiktare content affects the availability of K
in soil, greater efficiency of K fertilizer with aneasing soil moisture since it influence microbial
activities responsible for decomposition for retead potassiumDecomposition of organic
matter is chiefly carried out by heterotrophic mimrganisms. This process is under the influence
of temperature, moisture and ambient soil condétiand leads to the release and cycling of plant
nutrients, especially nitrogen (N), potassium ahdsphorus (Murphy et ak007)

Available phosphorous

The soil available phosphorus level was signifigarP <0.05) increased in plots with
MRP+FYM applied compared to other treatments FYMRM and control. Accordingly,
combined TR, intercropping sweet potato and sorgliaichos with application of MRP
+FYM had increased level of phosphorous (51.45 pand (46.31 ppm) respectively in the
SRS of 2012 (Table 8 and 9).
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Table 8: Effects of tillage practice and organic iputs on soil available phosphorous sorghum basedqté during SRS of 2012
and LRS of 2013

TP CS CROPS SRS 2012 LRS 2013
CTRL  FYM MRP  MRP+FYM CTRL FYM MRP  MRP+FYM
FR  croprotation CP-SOR  27.1° 290.04  30.25 34.28 30.97 3319 3457 39.18
crop rotation DOL-SOR 30.78  32.98™ 34.3% 38.93 35.18  37.69™ 39.28 445
inter cropping SOR/DOL  34.7% 37.23 38.78  43.98 39.7P 4258 44.32 50.23
inter cropping SOR/CP  38.14  40.86 4256 48.24 4358  46.7 48.64 55.13
mono cropping SOR 25.17" 26.96¢  31.83" 28.09" 28.76" 30.82  36.38" 32.1°"
OP  croprotation CP-SOR 2168 2323 242  27.42" 2478 2655  27.66 31.34"
crop rotation DOL-SOR 24.6%  26.38  27.48" 31.18 28.14 30.158  31.4F" 3586
inter cropping SOR/DOL 27.8"  20.7¢  31.03 35.16 31.77" 34.0f 3546 40.19
inter cropping SOR/CP  30.5%  32.69™ 34.05p 38.59 34.8F  37.38™ 389F 44.F
mono cropping SOR 2013  224F 2157 2547 23.0F 25.68 2468 29.1f
TR  croprotation CP-SOR 2891 3097 32.28" 36.57 33.04 354 36.87" 41.79
crop rotaton ~ DOL-SOR 32.83™ 3518  36.64 41.53 37.52™ 40.2 41.88  47.468
inter cropping SOR/DOL  37.07 39.71 41.37 46.88 42.36 45.39 47.28 53.58
inter cropping SOR/CP  40.68  435¢' 454  51.45% 46.49 4981 5189 588
mono cropping SOR 26.84 28.76  33.95 29.9¢ 30.68 32.87 38.8F 34.24

Legend: SOR-sorghum, DOL-dolichos, CP-chickpea;tilldge practice, TR-tied ridges, FR-furrows anidges, OP-oxen plough,
FYM-farm yard -manure, MRP-minjingu rock phosph&&RL-control, LRS-long rain season, SRS-short sa@ason, CS-cropping
system.. Means followed by the same letters isdhee season in a column are not significantly idiffeat P< 0.05.
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Table 9: Effects of tillage practice and organic iputs on soil available phosphorous sweet potato bed plots during Short

Rain Season 2012 and Long Rain Season 2013

SRS 2012 LRS 2013
TP CS CROPS CTRL FYM MRP MRP+FYM CTRL  FYM MRP MRP+FYM
FR croprotaton CP-SP 24.39  26.13%" 27.229" 30.8%" 27.88  29.87%" 31.119" 35.24"
crop rotation ~ DOL-SP 27.79""  29.68! 30.92" 35.04 31.669" 33.9% 3533  40.0%
inter cropping SP/DOL 31.27" 335F 34.9 39.56' 35.74" 3829 39.89 4521
inter cropping SP/CP 3432  36.77 38.31  43.4f 39.2%  42.03 43.78  49.6Z
mono cropping SP 22.65° 2427 28.6% 25.28" 25.89° 27.73 3274 28.89"
OP crop rotaton ~ CP-SP 19.5P  20.9P° 21.78  24.6& 22.3 23.89° 2489  28.21¢
crop rotation ~ DOL-SP 22.16  23.74f 2473  28.0% 25.33 2714 28279  32.04
inter cropping  SP/DOL 25.08  26.819" 27.92  31.65™ 285  30.64%" 31.91¢ 36.17™
inter cropping  SP/CP  27.46% 29424 30.68" 34.73 31.38" 336 35.0" 39.69
mono cropping SP 18.1%  20.22° 19.4F  22.97° 20.71a 23.1F° 2219  26.19°
TR crop rotation  CP-SP 26.02" 27.88¢ 29.08 32097 29.73f" 31.8¢¢ 33.19¢ 37.67
crop rotation ~ DOL-SP 29.58¢  31.66™ 32.98  37.36° 33. 77  36.18™ 3769  42.75°
inter cropping SP/DOL 33.36¢  35.749 37.23 42.2" 38.12  40.889 42.58 48.22"
inter cropping SP/CP  36.61 39.23 40.86  46.37 41.84 44.83  46.7 52.92
mono cropping SP 2416  25.89" 30.56" 26.96%" 2761  29.58" 349"  30.85"

Legend: SP-sweet potato, DOL-dolichos, CP-chickpER;tillage practice, TR-tied ridges, FR-furromsdaridges, OP-oxen plough,
FYM-farm yard -manure, MRP-minjingu rock phosph&&RL-control, LRS-long rain season, SRS-short sgiason, CS-cropping

system.. Means followed by the same letters isdhee season in a column are not significantly idiffeat P< 0.05.
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Increased available phosphorous with applicatiomMBP+FYM was due to the enhanced release
of Phosphorous from MRP when mixed with FYM sinckew FYM decomposes it releases
humic acid which further enhance the release ofsphorous from the MRP. In addition it
implies that MRP underwent considerable dissoluteading to the release of phosphorous in
the MRP applied. Addition of FYM results into arcieased microorganism decomposition rates
and thus release phosphorous into the soil. Orgardaures after decomposition may also
provide organic acids and increase Phosphorous/diladility after dissolution of MRP when
combined with FYM and releases Phosphorous.

This conforms to a study by Mengel and Kirkby (20@arschner (2011) who found out that
the increased P contents with addition of FYM ame tb mineralization and increased water
holding capacity, and thus making phosphorous headailable to crops. This is also in support
of the study by KARI, (1993) which stated that apgtion of farmyard manuré~YM) affect
available Phosphorous level considerably. In agidifarm yard manure increased soil moisture
contents (Boatengt al, 2006), which was the reason for improved Phoskevailability in
soil. Also as a result of added FYM there is anraased microbial activity and resultant
biochemical transformations in soil, because ofealdorganic manures may cause mineralization
of more recalcitrant P fraction (Nziguhebtal, 1998).

There was a significant difference across the gillapractices with increased available
phosphorous content under tied ridges (51.45 pmmompared to furrows and ridges (48.24
ppm) and oxen plough (38.59 ppm) under intercrapgiorghum chickpea with the application
of MRP+FYM during the SRS of 2012.

The increased available phosphorous under tiecgesidmd furrows and ridges was due to the
increased soil moisture content under tied ridges radges and furrows due to reduced runoff
and soil erosion thus reduced phosphorous lossesigh erosion and runoff. (Kaushik and
Gautam, 1997) found out that increased soil waterage reduces nutrients losses through
erosion Oxen plough tillage practice may have el phosphorous levels due to increased
loss through erosion and leaching. Kaumbutho anthginga (1999) documented that use of the
oxen plough tillage practice could increase erosioa to the inappropriate width adjustment on
the plough which led to formation of plough furrowsceleration the rate of rill erosion,
especially in sloping lands causing nutrients lesse
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There was also a significant difference across tlal cropping systems with increased
phosphorous content under the intercropping ofkg@a (51.45 ppm) and dolichos (46.88 ppm)
in tied ridges with the application of MRP+FYM duogi SRS 0f 2012 . This was due to enhanced
release of the nutrients from the organic inputs ttuthe presence of the legumes, which led to
enhanced release, fixation of nutrients and ine@dasiological activity of decomposing the
organic for the release of nutrients. This is sufgabby the findings of Singét al (2004) who
attributed increasing available phosphon rous duerdp rotation, and Larkin, (2008) who also
stated that crop rotation help in pests and diseasetrol thus increasing soil biological activity
and Christen and Sieling, (1995) found out thatehse rising water use efficiency and in turn
increasing potassium and phosphorous content isdgheinder crop rotation. It also conform to
the study by Kamkar and Damghani (2009) who foumtdtioat application of crop rotation along
with increasing soil organic matter, biodiversitydasoil biological community.

Changes in phosphorous content ppm across the seas®&RS 2012 and LRS 2013)

Changes in phosphorous content across the tworseess observed with increase during the
LRS (58.8 ppm) and (52.92 ppm) as compared @oSRS (51.45 ppm) and (46.31 ppm)
under oxen plough in intercropping sorghum/ chiek@nd intercropping of sweet potato/
chickpea with the application of MRP+FYM in sorghiand sweet potato plots respectively
(Table 8 and 9).The higher amounts of soil avaddblin the LRS 2013 than SRS 2012 was due
to the residual effects of the organic inputs aapMRP, MRP+FYM and FYM. According to
Rowell 1994, the rapid adsorption of P onto soittipke surfaces is followed by a slower
conversion into less available forms including mahg@hosphates, thus P in the MPR and most
phosphate fertilizers is available in the first s@a after application but remains over long
periods of time hence their residual effects.

Total Nitrogen

Total N was significantly (F0.05) increased by the application of farmyard menn all the
tillage practices and cropping systems comparedther treatments. Significant (£0.05)
increased % Total N content (0.19) was recordedeurtde application of FYM with the

intercrop of dolichos sorghum in furrows and ridg€able 10 and 11).
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Table 10: Effects of tillage practices and organicropping systems on soil total N sorghum based pfoduring SRS of 2012
and LRS of 2013

SRS-2012 LRS-2013

TP CS CROPS CTRL FYM MRP MRP+FYM CTRL FYM MRP  MRP+FYM

FR  crop rotation CP-SOR 0.1° 0.13 o.r° 0.17° 01 014 o01r* 012
crop rotation DOL-SOR 0.18' 0.19 0.16 0.16 016 0.2 017 0.18
inter cropping SOR/DOL 0.09 0.12 0.09¢ 0.1 0.09 013 o0.0 0.17
inter cropping SOR/CP 0.13 017 014 0.8 014 0.18 0.15 0.18
mono cropping  SOR 0.0¢ 01 012 0.18 01 012 01F 0.8

OP  crop rotation CP-SOR 0.08¢ 0.1 0.08 0.09 0.08 012 o0.09 0.1
crop rotation DOL-SOR 0.1Z2 0.18 0.12 0.13 01% 016 014 0.14
inter cropping SOR/DOL 0.07 0.1° 0.07 0.08 0.072 0.1 0.08 0.0
inter cropping SOR/CP 0.1° 013 01 o010 0.11e 0.14 o012 017
mono cropping  SOR 0.08¢ 012 0.09 0.09 0.08@ 0.13 0.09 0.2°

TR  crop rotation CP-SOR 0.1 018 0.1 0.13 012 016 012 014
crop rotation DOL-SOR 0.16  0.21" 0.17 0.1& 018 023 019" 0.2
inter cropping SOR/DOL 0.1° 014 01° 012 012 016 012 014
inter cropping SOR/CP 0.14 0.9 0.18 0.16 018 0.22 019" 0.2
mono cropping  SOR 011" 012 013 0.16 01 013 014 0.18

Legend: SOR-sorghum, DOL-dolichos, CP-chickpea,tilldge practice, TR-tied ridges, FR-furrows andges, OI-Organic Inputs
OP-oxen plough, FYM-farm yard -manure, MRP-minjimgck phosphate, CTRL-control, LRS-long rain sea&RiS-short rain season,
CS-cropping system.. Means followed by the sareedaeh the same season in a column are not sagmfly different at X 0.05.
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Table 11: Effects of tillage practices and organicropping systems on soil total N sweet potato basgtbts during SRS of 2012
and LRS of 2013

TP CS SRS 2012 LRS 2013
MRP+ MRP+
CTRL FYM MRP FYM CTRL FYM MRP FYM
FR  crop rotation CP-SP 0.08 0.12 0.09 0.1° 0.0¢ 0.1F 009 01F
crop rotation DOL-SP 0.13 0.17 0.14 0.15 014 019" 0.15 0.16
inter cropping SP/DOL 0.07° 0.11 0.08 0.09' 008 012 o0.0¢ 0.1
inter cropping sp/cp  0.17 0.18 0.1% 0.13 012 017 013 014
mono cropping  SP 0.08 0.09' 0.1° 0.13 0.09 0.1 01 014
OP  crop rotation CP-SP 0.07 0.1% 0.08 0.0¢ 008 012 009 0.1d
crop rotation DOL-SP 0.1% 0.16 0.13 0.14 013 018 014 0.8
inter cropping SP/DOL 0.06 0.1° 0.07 0.08 007 0.1F 008 0.09
inter cropping SP/CP 0.1° 0.14 0.11 0.1% 01 016 0172 013
mono cropping  SP 0.07 0.1% 0.08 0.09' 0.08¢ 01¥ 009 0.1
TR  crop rotation CP-SP  0.0¢ 0.13 0.09' 0.11 0.1° 014 o.0° 0.12
crop rotation DOL-SP 0.14 0.19" 0.15 0.16 016 021" 017 0.8
inter cropping SP/DOL 0.08 0.12 0.08 0.1° 0.09 013 0.09 01F
inter cropping SP/CP 0.17 0.17 0.13 0.14 014 019" 0.15 0.16
mono cropping  SP 0.09' 0.1° 0.11 0.14 009 0168 012 01F

Legend: SP-sweet potato, DOL-dolichos, CP-chickp€B;tillage practice, TR-tied ridges, FR-furrowsdaridges, Ol-Organic Inputs,
OP-oxen plough, FYM-farm yard -manure, MRP-minjimgck phosphate, CTRL-control, LRS-long rain sea&RiS-short rain season,

CS-cropping system.. Means followed by the sareedeh the same season in column are not sigmfigalifferent at P< 0.05.

65



The increase in soil total N after FYM applicatimas due to the direct addition of N through
decomposition of the FYM added to the soil and ttuthe higher contents of respective total N
in the FYM. These results are in conformity witle fimdings of Thamaraiselet al (2012) who
reported increases in soil total N due to FYM aggiion. This is also supported by Nyambati
(2000) who reported that that MRP and organics (fF¥®mbinations provide cheap N inputs
from organics and the solubilization of MRP throughmation of favorable acid environments
that result when organics FYM are in contact witRR) decompose in soils.

There was a significant different in % total N camit across cropping system with significant
increase in crop rotation dolichos-sorghum (0.2 Xl intercrop sorghum/chickpea (0.19%)
under tied ridges with the application of FYM (TallO) this same trend was observed under
furrows and ridges (0.19% and 0.17%) and oxen plq0gl5% and 0.13%) in crop rotation of
dolichos-sorghum and intercropping sorghum/chickpespectively. In sweet potato plots the
same trend was observed but the content was Iasvesrapared to sorghum plots with increased
content in dolichos sweet potato rotation (0.17%g antercrop sweet potato chickpea (0.15%)
under tied ridges. The increased in total N unadicdos intercrop and rotation was attributed to
the legumes ability to fix Nitrogen and the amowftresidue obtained from the legumes
residues, which lead to an increase in the sokhmmgmatter as opposed to the mono cropping.
This conforms to a research by Aita and Giacomi2@03) who found out that leguminous
species are known for their capacity to fix atmesph nitrogen and narrow the C/N ratio,
resulting in faster residue decomposition and cgmset release of accumulated N and other
nutrients such as P and K, to the sGilop rotations usually increase organic matter @nodhpt
changes in N sources, affecting their availabifity plants and, as a consequence, the N
efficiency is greater when a crop rotation is addpas also reported by (Montemurro and
Maiorana,2008). This was due to the effect of ridges andofus enhancing infiltration and
reducing runoff and consequently nutrient lossesighin consistent with a publication by FAO
(1993). Oxen plough having lower total nitrogen teon than ridges and furrows and tied ridges
may be attributed to increased soil erosion andffiKambutho and Simalenga, 1999).

Changes in % Total Nitrogen across the season

Changes in % total N across the two season was\@aswith increase during the LRS (0.23%)
and (0.21%) as compared to the SRS (0.19%) add%®) under tied ridges in intercropping
sorghum/ chickpea and crop rotation dolichos-svpetato with the application of MRP+FYM
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in sorghum and sweet potato plots respectively lerab and 11). This implies that total nitrogen
increased due to an increased in soil moistureecrduring the LRS of 2013. Total nitrogen
mineralization was determined by soil moisture eant This showed that there correlation
between soil moisture and soil N mineralizationjalibagreed with the previous studies that soill
N mineralization, was determined by soil moistureet al. 1995; Zhou, Ouyang 2001).

Organic Carbon

There was a significant €0.05) increase in the level of organic carbon aspared to initial
soil analysis with application of FYM and MRP +FY#&tross all cropping system and tillage
practices. An increase percentage of organic carf2of5) and (3.15) was recorded in a
combined oxen plough, intercrop of sorghum andkgea and dolichos sweet potato rotations
respectively with the application of FYM (Table 42d 13).
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Table 12: Effects of tillage practices and organicropping systems on % soil Carbon sorghum based g during SRS of 2012
and LRS of 2013

Organic Inputs-SRS 2012

Organic Inputs -LRS 2013

TP CS CTRL MRP+FYM MRP FYM CTRL  MRP+FYM MRP FYM
FR crop rotation CP-SOR 1.2 1.29 1.34°¢ 1.52*¢ 1.74" 1.87 1.94P9 2.
crop rotation DOL-SOR  1.51d¢ 1.62 1.69 1.9k 1.35¢ 1.48" 1.51" 1.71"
inter cropping SOR/DOL 1.74 1.87M 1.98MK 200 1.9° 2.03 2.12 2.4"
inter cropping SOR/CP 1.82N 1.9k 2.03mn 2.3 1.47" 1.5& 1.64 1.86
mono cropping SR 1939 ogmn 214 243 1.16% 1.2 1.3 1.47"
OoP crop rotation CP-SOR  1.7¢" 1.9k 1.99" 2.26 2.06 2.2 2.3W 2.67
crop rotation DOL-SOR 2.52 2.7 2.81 2.19 0.8¢ 0.958 0.99 1.12¢
inter cropping SOR/DOL  1.94"K 2 og™ 2.16 2.45 228"  2.41 2.51 2.84
inter cropping SOR/ICP  0.97 1.04 1.08¢ 1.23 1.63 1.74 1.82"  2.08™
mono cropping SOR 1.7" 2.16 1.83 1.9° 2.67 2.38" 2.87" 2.98
TR crop rotation CP-SOR 147 1.52* 1.6 1.82N 1.29° 1.33° 1.4 1.59
crop rotation DOL-SOR 1.17 1.2° 1.27 1.44 1.0Z 1.06 1.11 1.26
inter cropping SOR/DOL 1.7 1.76" 1.85M 2.1imno 1.85 1.91° 2.01 2.28"
inter cropping SOR/CP  1.77" 1.83" .93k 219 1.48" 1.48" 1.56° 1.77™
mono cropping  SOR 1.8g" 1.95"K 2.08™ 2.337 1.13¢ 1.17% 1.23 1.4

Legend: SOR-sorghum, DOL-dolichos, CP-chickpea;tilldge practice, TR-tied ridges, FR-furrows andges, OP-oxen plough,
FYM-farm yard -manure, MRP-minjingu rock phosph&&RL-control, LRS-long rain season, SRS-short sgason, CS-cropping

system.. Means followed by the same letters isdhee season in a column are not significantly diffeat P< 0.05.

69



Table 13: Effects of tillage practices and organicropping systems on % soil Carbon sweet potato bagelots during SRS of
2012 and LRS of 2013

Organic Inputs-SRS 2012 Organic Inputs-LRS 2013
MRP+ MRP+
TP CS CTRL  FYM MRP FYM CTRL  FYM MRP FYM
FR  crop rotation CP-SP 1.3 1.39 1.45¢ 1.65¢ 1.91" 2.05 2.147 243"
crop rotation DOL-SP  1.64*® 1.78 1.83 2.0k 1.48° 1.59" 1.66" 1.88"
inter cropping SP/IDOL  1.89 2.02M 2.119MK 2.39 209° 224 2.33 2.64"
inter cropping SP/CP 1.972"  2.1pMK o Jmn 2.5 1.62" 1.74 1.81 2.08
mono cropping  SP 2,190k 2 ogmn 2.34 2.66 1.28%  1.37 1.43° 1.62"
OP  crop rotation CP-SP 1.93" 207"k 218" 2.449 2.26 2.4 253" 287
crop rotation DOL-SP  2.73 2.92' 3.05' 3.19 0.98 1.08’ 1.09 1.241
inter cropping SP/DOL  2.11"K 2 2™ 2.39 2.67 247 2.658" 2.76 3.1%
inter cropping SP/CP 1.76 1.89 1.97" 2.23™ 1.06’ 1.14 1.19¢ 1.35
mono cropping  SP 1.87" 2.37 2.0r 2.09" 2.89' 3.66 3.1" 3.2%
TR  crop rotation CP-SP 1.5¢ 1.65* 1.74 1.97" 1.41° 1.47° 1.54 1.75°
crop rotation DOL-SP  1.27 1.3 1.38 1.56' 1.17 1.16 1.23¢ 1.39
inter cropping SP/IDOL  1.8%4 1.9" 20N 2.27™° 2.03 2.1° 2.22 2.5
inter cropping SP/CP 1.92" 1.99" 2.0k 2.37 1.57" 1.63" 1.7% 1.98™
mono cropping  SP 2.04M 210Nk 5 o3mn 2.52% 1.249 1.29%  1.36 1.54

Legend: SP-sweet potato, DOL-dolichos, CP-chickpER;tillage practice, TR-tied ridges, FR-furromsdaridges, OP-oxen plough,
FYM-farm yard -manure, MRP-minjingu rock phosph&&RL-control, LRS-long rain season, SRS-short sg@ason, CS-cropping
system.. Means followed by the same letters isdhee season in a column are not significantly idiffeat P< 0.05.
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This is due presence of high carbon content in Fafidlied as opposed to the application of
MRP alone and increased residue from the legumes which further increased the carbon
content. Across the cropping systems increased §anar carbon was observed under
sorghum dolichos intercropping (2.45%) then rotataf sorghum chickpea (2.26%) and
rotation of sorghum dolichos(2.19%) under oxen glowith the application of FYMCover

crops are generally grown to provide soil coverirtyithe winter months, thus preventing
soil erosion by wind and rainwater strength, wiietluces organic matter content in the long
run. Komatsuzaki(2004 indicated that cover crop utilization is a tecjue that limits

nutrient leaching, scavenging the soil residual idl anaking it available for subsequent

cultivation.

There was also a significant difference acrosstlinee tillage practices with improved %
organic carbon under oxen plough followed by fusamd ridges then tied ridges but under
different cropping systems with the applicationF&fM. Increased organic carbon level
under application of FYM conform to the study bsyi et al. (2006) who also concluded
that FYM application increased soil organic carlmomtent by up to 67% over the control
treatment. The crop residues from the legumes whwttier act as manures thus increasing
the soil % total N and % organic carbon. This wasgreement with study by Knight and
Shirtliffe, (2005) who found out that legume gremanure have increased benefits such as
the ability to fix atmospheric N2 and mobilize Brir the soil, also observed this.

Changes in % organic carbon across the season (SR812 and LRS 2013)

Changes in % organic Carbon across the two seaasrobserved with increase during the
LRS (2.28%) and (2.27%) as compared to the SRIS%) and (2.51%) under tied ridges
in intercropping sorghum/ dolichos and intercrogpisweet potato/ dolichos with the
application of MRP+FYM in sorghum and sweet pofaltuts respectively (Table 12 and 13).
A higher % organic carbonvalue during long rainseeaseen in the present study was
attributed to higher biomass production, which @éases fresh inputs into the soil which upon
decomposition releases g@hus increasing organic carbon level. Earlier istsidhy (Davi et
al., 2006, 2009) also reported that high rate of @ased during the LRS could be due to a
congenial environment for the microorganisms dwegllin the soil decomposing organic
matter. The low % organic carbon in the SRS sedheanpresent study is attributed to low
moisture content of the soil, temperature and ikeahumidity, thereby inhibiting the

microbial activity and decomposition (Davi et @006 and Kosugi et al., 200@pinting et
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al. (2003, for example, found out that 4 years after trst &pplication of farm yard manure

that the residual effects resulted in 20 to 40%éigsoil microbial biomass C.

4.0 Conclusions

The soil organic inputs, MPR and FYM are viablesiatives to the expensive inorganic
fertilizers for improving the soil nutrient status Matuu, Yatta sub County. Combined TR,
intercropping of sorghum and sweet potato with alas with application of MRP +FYM
significantly increased soil potassium and phosph®mwhereas combined TR, intercropping
of dolichos with sorghum and sweet potatoes withliagtion of FYM led to an increase in
soil % organic carbon and total nitrogen. Moreotbe MRP, FYM are locally available,

thus making it an ideal source of nutrients for kimadders economically.
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4.4 Effects of tillage practices and organic croppig systems on the crop yield
Abstract

The study was conducted, in semi-arid Yatta submgouo evaluate the influence of tillage
practices, cropping systems and organic inputshernyield of sorghum and sweet potato.It
was carried out between October 2012 to Februaty Zbort rain season (SRS) and April
2013 to August 2013 long rain season (LRS). RandethiComplete Block Design with a
split-split plot arrangement replicated thrice wised. Main plots were tillage practices (TP);
Oxen plough (OP), tied ridges (TR) and furrows addes (FR). Split-plots were cropping
systems (CS); monocropping (MC), intercropping (lénd crop rotation (CR) while split-
split plots were organic inputs; Farm Yard mantgNl), Minjingu Rock Phosphate (MRP),
combined MRP and FYM (MRP+FYM) and control. Tesbps were sorghum and sweet
potatoes with Dolicho)olichos lablal) and chickpeaGicerarietinuni) either as intercrops
or in rotation. Plant sampling was done by harmgstihe grain and tuber and vyield
determined by weighing. There was a significart)(B5) increased in yield with application
of MRP+FYM of 16.27 t/ha and 1.38 t/ha for sweetapoes and sorghum mono crop
respectively under TR. There was a significartQ(B5) increased yield of chickpea and
dolichos under combined tied ridges, intercropmihgorghum with chickpea (1.44 thaand
dolichos (1.38 th& with application of MRP+FYM during SRS of 2012 Iroped yield of
sorghum and sweet potatoes attained with the cardbiiR, mono cropping with application
of MRP + FYM.

Key words: cropping systems; organic inputs; semi arid; télggactices, yield;
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4.4.1 Introduction

Sweet potatolpomoea batatas)Lis among the world's most important and undeplated
crop. It is commonly referred to a subsistencedfsecurity, or famine relief crop (Scott and
Maldinado, 1999). In addition sweet potato providgsd ground cover, and is usually
cultivated with little or no fertilizer (Luswedt al., 1999). In Africa, sorghum is largely a
subsistence food crop. It is crucially importantfémd security in Africa as it is uniquely
drought resistant among cereals and can withstaidt@mperatures, grow in areas of annual
rainfall 500-700mm per year. Noted also is thagkam is an important crop in East Africa
(Taylor, 2010).Sorghumsfrghum bicolor L. economically rated as the fifth most important
cereal after maize, wheat, barley, and rice. B drought resistant and performs well on a
range of poor soils with low rainfall often out-ldeng most cereals in hot and dry
environments. It is particularly adapted to agréegical zones of Kenya, which are arid and
semi-arid. These include the semi-arid areas ofeBa¥enya, the coastal, the waterlogged
areas (Kameri-Mbote, 2005). Sorghum and sweet pat& crops that were widely grown by
the resource poor farmers in the ASALs of Kenyasiagsistence and as a source of income
(Macharia, 2004). Sweet potato and sorghum arecaylpi hardy and adapted to the local
climate, thus making them very valuable (Beehivd4,19.

To the contrary farmers in the arid and semi aittls areas cultivate a variety of crops of
which the main ones are maize, beans, green grachs@vpeas under rain-fed agriculture
and horticultural crops such as oranges, mangeesras, tomato, onions, kale, pawpaw and
citrus ((KARI-NDFRC, 1995). The farmers in Yatta lSlCounty have abandoned the
traditional crops, which have the potential to citmite to food security, nutrition, health,
income generation, and environmental services (NENZR09). These crops are drought
resistant and can withstand high temperature uniile introduced crops. Planting of
drought-resistant crops reduces the risk of tasd Iduring drought as a result of overreliance
in one crop. Intercropping generate beneficialdgalal interaction between crops increasing
grain yield and stability, more efficient use ob#dable resources and reducing weed pressure
(Kadziuliene 2009). Well-managed crop rotationsré@ase soil organic matter to sufficient
levels help to moderate soil moisture, retain nuoestin dry conditions, and allow excess
moisture to drain away in wet seasons. Shiftingpdypes also helps vary water demand

within the soil profile. The deep-rooted crops dwling shallow crops can access moisture
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reserves as well as capture any nutrients that leaahed below the shallower root zones
before they reach groundwater (Adetral.,2011).

Many techniques have been tried to utilize rainewaft these are ridges and furrows and tied
ridges with mulching is one of the most effectiveasures (Let al.2000). The traditional
method that was used to plant sweet potatoes wasxi#n plough (Yuaet al.,2003) which
produced low yield. In order to ensure high yiading new cultivation systems such as ridge
planting and hole planting need to be tested (Bual., 1998).Drought adapted early
maturing crops combined with reduced tillage prdihave the potential to stabilize and
increase dry land crop yields in semi-arid regiohshe world (Moroke, 2011). In addition
Farmyard manure acts as an alternative sourcetditfeenhancement for inorganic fertilizer
as they release nutrients slowly and steadily émeg periods and improve the soil fertility
status by activating the soil microbial biomass {sget al., 1996, Belayet al., 200 It

contains all the nutrients needed for crop growthuding trace elements.

The current study investigated the effects ofd#lgractices, cropping systems and organic

inputs on crop yield in Yatta sub-county, Kenya.
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4.4.2 Materials and methods
Study site, treatments and experimental desigrfialtpractices were as described in
section 3.1, 4.2.2.1 and 4.2.2.3 respectively.

4.4.2.4 Plant sampling

Plant sampling for the grain and tuber was dorthecrop maturity within the middle rows
and two rows left on the sides during the harvegssitage for sorghum and for sweet potato
by harvesting within a one metre square area seleasing 1 rh quadrant was harvested.
The grain yield for sorghum, chickpea and dolichese determined by weighing the grains
in Kg/m? whereas for the sweet potato yield was determinyedteighing the tuber in Kg/fm
This was then converted into thasing the formula:

Grain/tuber yield (thd) =  10000nf*kgha® /1000kg
Area in M

4.4.2.5 Statistical analysis
Data was subjected to general analysis of variastey Genstat statistical software (Paghe
al., 2005b). Means were separated using least signifiddéference and Duncan Multiple

Range Test (where interactions occurred) at a pibtydevel of 5%.
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4.4 .3 Results and discussion

4.4.3.1 Effects of tillage practice, cropping systes and organic inputs on the crop yield
Dolichos (Lablab purpureus) and chickpea (Cicer artinum L.) yield

There was a significant {©.05) increased yield of chickpea and dolichoscfambined tied
ridges, intercropping of sorghum with chickpea @1tha" and dolichos (1.38 tHfa with
application of MRP+FYM during SRS of 2012. The diaif the legumes also increased
under the intercropping or rotation with sweet po&s compared to with sorghum under tied
ridges with the application of MRP+FYM. Accordinglytercropping chickpea and dolichos
with sweet potato (1.54 tHrand (1.48 thd) while with sorghum (1.38 tH and (1.44 thd)
respectively during the SRS of 2012(Table 14).
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Table 14: Effects of tillage practice, cropping sytems and organic inputs on of dolichos and chickpegeld during SRS of 2012 and LRS of 2013

SRS 2012 LRS 2013
CROPS CROP MRP+ MRP+
TP CS CTRL MRP  FYM FYM CTRL MRP FYM FYM
SOR  FR Intercropping SOR/CP CP 1.23  1.28° 1.29% 1319 134 1389 1.39°9 147
PLOTS Intercropping  SOR/DOL DOL  1.21%% 123" 128" 139" 132 13% 135  1.399
Crop Rotation CP-SOR CP 1.13°"  1.16°" 117 129" - - - -
Crop Rotation DOL-SOR DOL  1.09°  1.14°" 1189 123" . - - -
OP Intercropping SOR/CP  CP 1.08¢ 1.08¢ 1.09% 1.5 116 118 1.20° 1.25
Intercropping  SOR/DOL DOL  1.199 1.26° 128 1.29° 129 136" 1389 1.399
Crop Rotation CP-SOR CP 1.272" 132" 13 147 - - -
Crop Rotation DOL-SOR DOL  1.04°¢ 1.17°" 116" 1.27°0 - - -
TR Intercropping SOR/CP CP 134" 137" 13d 144 143" 146 149 1.49
Intercropping SOR/DOL DOL  1.19%¢ 133" 136" 138" 129 143" 146 1.49
Crop Rotation CP-SOR  CP 1179 129" 134" 13d¢ - - - -
Crop Rotation DOL-SOR DOL 1.0  1.1%  1.13%" 1 1g°% - - -
SP FR Intercropping SP/CP  CP 1.33  1.38° 1.39% 1419 144 1489 1.49°9 157"
PLOTS Intercropping SP/DOL  DOL  1.31%% 133" 139" 148" 142 143 145"  1.4g%
Crop Rotation CP-SP  CP 1.23°" 136" 127" 133" - - - -
Crop Rotation DOL-SP  DOL  1.15° 124" 12g°0 133" . - - -
OP Intercropping SP/CP  CP 1.16°¢ 1.1d®  1.1d° 1.258° 1268 128 1.30° 1.35
Intercropping SP/DOL  DOL 129  1.36° 13§ 1.39° 139 146" 1489 1.499
Crop Rotation CP-SP  CP 1.37" 142" 143" 153 - - -
Crop Rotation DOL-SP  DOL  1.14% 137°" 1.26°" 1.370 - - -
TR Intercropping SP/CP  CP 1.44M 14PN 149 154 153" 156 158 1.59
Intercropping SP/DOL DOL  1.29  1.43%" 146" 148" 139 143" 156 158
Crop Rotation CP-SP  CP 1.27¢ 139" 144" 149 - - - -
Crop Rotation DOL-SP DOL  1.1F¢ 1.7*¢ 1.23°"  1.2d - - -

Legend: SOR-sorghum, SP-sweet potato, DOL-dolicBBschickpea, TP-tillage practice, TR-tied ridgé®-furrows and ridges, OP-oxen plough, FYM-farnmdya
manure, MRP-minjingu rock phosphate, CTRL-conttBIS-long rain season, SRS-short rain season, G319 system. Dash (-)

wereharvested during LRS 2013. Means followed &gdme letters in the same season are not significdifferent at P< 0.05.
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The retained soil cover under intercropping of swesato reduces evaporative loss, thereby retgithia

soil moisture for longer crop use.Increased dokchod chickpea yield under combined TR, intercnogpi
sorghum chickpea was attributed to increased meistontent and improved soil nutrient status duthéo
application of MRP+FYM, intercropping and tied refyas compared to oxen plough and furrows and
ridges. Tied ridges conserve soil moisture that thaa availed for crop consumptive use. Crop rabtsorb
this available moisture for growth and developmegiving the crop under this treatment better pentamce

in terms of grain yield. Kumar et al. (2000) obszhthat availability of higher amounts of moistdiging

various stages of crop growth resulted in bettep growth and thus improved yield.

Dolichos and chickpea grain yields were signifitargreater in the LRS of 2013 (1.48 thaacross
treatments compared to SRS of 2012 (1.38)tietercropping sorghum with dolichos (table 14heThigher
grain yields in the LRS of 2013 were as a resultmgdroved soil nutrient status and soil moisturateat in
soil due to residual effect of the of the orgamiguts MRP+FYM and FYM and its subsequent uptakéby
crops. Rainfall was less in SRS of 2012 compareldR8 of 2013, resulting in the crop depending mainl
on the stored soil moisture. Chickpea seed yiels regported by Lopeeat al. (2004) to strongly depend on

rainfall during flowering and seed filling stages,

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

There was a significant £0.05) high yield for combined tied ridges, monoppimg and MRP+FYM led to
improved yield (1.38 thhand 16.27 thd sorghum and sweet potato respectively as comparésrows

and ridges (1.31 thaand 15.67 thd) and oxen plough (1.29 thand 16.17 thd) during SRS 2012 this was
attributed to increased moisture content under tigdges as compared to oxen plough and furrows and
ridges (Table 15 and 16)
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Table 15: Effects of tillage practice, cropping sytems and organic inputs on sorghum yield during SR2012 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  0.92° 097 0.94° 098 097 0972° 094° 0.97°
Intercropping SOR/DOL SOR  0.95%°° 0.98* 0.99°¢ 1.0 093 0.94° 095° 1.0
Mono cropping SOR SOR 1.28  1.28° 1.299 1319 g1 g23" 128" 1.38"
Crop Rotation CP-SOR SOR - - - - 1.13°"  1.16°" 117" 1.23"
Crop Rotation DOL-SOR SOR - - - - 1.0504 114" 1.1g° 123N
OP Intercropping SOR/CP SOR  0.8F  0.95° 0.96° 12 1.06%9 1.08° 1.09° 1.15¢
Intercropping SOR/DOL SOR  0.87  1.07°% 117 1270 093 1.17° 1270 1 3¢
Mono cropping SOR SOR 119 1.26° 1289 129 12#" 132" 1.3FM 145
Crop Rotation CP-SOR SOR - - - - 0.94° 1.07" 1.08°¢ 1.1%
Crop Rotation DOL-SOR SOR - - - - 1.04°4 117" 1.16° 1.270
TR Intercropping SOR/CP SOR  0.86 087 088 094° 09148 0.94% 095 0.9
Intercropping SOR/DOL SOR  1.0FP 1034 1044 1.06°% 09gc 1%°  10P° 1.07°
Mono cropping SOR SOR  1.1¢ 1.33" 136" 1.3¢" 117" 129" 1.34M 139
Crop Rotation CP-SOR SOR - - - - 1.0°%¢  1.1%  1.13°"  1.1d°%
Crop Rotation DOL-SOR SOR - - - - 1.34M 13#M 139 1.44¢

Legend: SOR-sorghum, SP-sweet potato, DOL-dolidbBs¢hickpea, TP-tillage practice, TR-tied ridgeé&-furrows and ridges, OP-oxen plough, FYM-farmdya

manure, MRP-minjingu rock phosphate, CTRL-conttBIS-long rain season, SRS-short rain season, Q$rg system. Dash (-) indicates in Rotation leggimere

harvested during SRS of 2012. Means followed bgahee letters in the same season are not signtficdifferent at P< 0.05.
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Table 16: Effects of tillage practice, cropping sytems and organic inputs on crop yield during SRS 22 and LRS 2013.

SRS 2012 LRS 2013
CROPS MRP+ MRP+
TP CS CTRL MRP FYM FYM CTRL MRP FYM FYM
FR intercropping  SP/CP 8.45  12.17° 13.42%  134P% 1367 1504°9 1552"  1562"
Intercropping ~ SP/DOL 9.28  12.33%° 13.3%%  13.38% 11.67  12.84° 13.28" 13.24"
Monocropping  SP 15200 15 5dcdel 15 gpodel 15 7Pl 161" 1653 16.69"  16.7FK
Crop rotation ~ CP-SP - - - - 11.87  13.04°° 13.44°9 13.43°«
Crop rotation ~ DOL-SP - ; ; - 11.97 13.18° 13544 1354
OP intercropping  SP/CP 12.56°  13.89% 1433 1432 136F°¢ 15049 1553" 1562"
Intercropping ~ SP/DOL 10.72 11.85b  12.23° 12.33° 11.6% 12.84°° 13.258° 13.24&°
Monocropping  SP 14.7%% 1503 1517l 1527 161" 1653  16.69"  16.7%
Crop rotation ~ CP-SP - - - - 11.8  12.68*  13.07" 13.17*
Crop rotation ~ DOL-SP - - - - 11.75a 12.92*° 13.328° 13.3P°™
TR intercropping  SP/CP 11.17 12.34°  12.74°  13.14“ 12.92° 13379 13.8°0  14.23°
Intercropping ~ SP/DOL 12.9¢ 1353 1367 13.77bcd 13.98° 14.66°  14.81" 1481
Monocropping  SP 157" 16,03 1617 1627 1727  17.6F 177 17.8%m
Crop rotation ~ CP-SP - - - - 11.98  13.17*¢ 135f 13.6P°™
Crop rotation ~ DOL-SP - - - - 12.08a 13.26°° 13.68°¢ 13.78°«

Legend: SP-sweet potato, DOL-dolichos, CP-chickp&&-tillage practice, TR-tied ridges, FR-furrowsdaridges, OP-oxen plough, FYM-farm yard -manuré&Rvi
minjingu rock phosphate, CTRL-contro, LRS-long re@ason, SRS-short rain season, CS-cropping sy3asi (-) indicatesn rotation legumes were harvested duri
the SRS 2012 whereas sweet potatoes and sorghuenharrested during the LRS 2013, Means followethbysame letters in the same season are not signtfy
different at P<0.05
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The increase in the yield following the applicatmrorganic inputs FYM and FYM+MRP could
be attributed to improved soil nutrients availdapiknd soil moisture for the crop uptake leading
to the increase in the yield as a result of thepliaation. The use of organic inputs increases the
yield in all the crops this is because organpuis have an impact on the soil physical and
chemical characteristic. Organic inputs improvesoil water holding capacity and enhance the
release of other soil nutrient to the crops leadmm@n increase yield. The improved yield was
due to increased nutrient uptake under the usergdnéc inputs has also been reported by
(Muhammad and Khattak 2009; Akardel, 2010). It was also found out by Belatyal (2001)
that thenutrients released from the applicatioRYoM and MRP+FYM upon decomposition and
activate soil microbial activities. It is also egitt that improved yield by addition of organic
manures from the study by Boatengal (2006); Hirzeét al (2007) might be attributed to
improved nutrient availability of the soil Marschin@011). This results in addition confirm to
the findings of Shiraet al, (2002) and Igbaet al, (2005) who concluded that manure
application either alone or in combination withferent tillage practices and cropping systems
improved crop growth and in turn the crop yield.

There was an increase in the yield of sweet patatbsorghum in dolichos rotation (14.81tha
and 1.44thd) whereas the lowest was noted in the intercrops@gha" and 1.07 thd) during
LRS 2013. This could be due to higher competitietween two plants for light, Nutrients and
soil moisture leading to a noticeable low yield enthe intercrop whereas higher yield under
rotation was due the breaking of diseases and pgste as a result of change in crop type
(Table 15 and 16). This could also be due to ldckompetition of nutrients, water and light
with the legume cover crop (Wandet al., 2003). In other studies, many justifications have
been presented for yield increase in crop rotafathkeet al., 005) due to pests and diseases
control when crops are rotated, increasing soioigigal activity Larkin, (2008), and rising water
use efficiency Christen and Sieling, (1995) areithgortant reasons for increasing grain yield in
crop rotation. Application of crop rotation alongthvincreasing soil organic matter increases
biodiversity and soil biological community KamkardaDamghani, (2009).

Combined TR, mono cropping sorghum and MRP+FYM &dugher yield during the long rain
season (1.38tHaand 16.27 thd) as compared to short rain season (1.39 émal 17.29 thd) as
noted in (Table 15 and 16). This was attributedrtWonged rainfall during the long rain season,

which translated to a higher yield. This also iraplthat under such prolonged rainfall the crops
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utilize the nutrients. The higher yields in the LR&13 were partly as a result of the elevated
available N,P, K and organic carbon content in doi to residual effect of the amendments
FYM, MRP+FYM and MRP (Bureslet al.1997 and its subsequent uptake by sorghum and

sweet potatoes.

In Northern Ethiopia, Brham al (2006) found sorghunSrghum bicolour. Moench) yield to
be increased by 62% with tied-ridging compared wldh planting. Adoption of tied-ridging for
small-scale sorghum production in Africa was fotmahcrease farm income by 12% (Sandsrs
al., 1996).

Conclusion

Combined Tied-ridging, rotation of sweet potato andyhum with dolichos with application of
FYM+MRP led to an increase in crop yield. Additioh farm yard manure + minjingu rock
phosphate significantly improved the soil properteend crop growth. Improvement in crop
growth was principally due to increase in N, P,ri¢larganic carbon availability in soil. Hence
integrated use of farm yard manure + minjingu rpbksphate with tied ridges and crop rotation

would be a better and practical approach to sustalriertility and productivity.
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5.0 Conclusion and recommendation

5.1 General Conclusions

Farmers in Yatta Sub County have perceived clinnhtenge, which has led to changes in crop
production and influenced soil moisture contensihfarmers applied a number of soil moisture
conservation techniques to improve on soil moisttwatnt. The main indicators of climate
change among the farmers in Yatta Sub County asmgatemperatures, erratic rainfall, low
rainfall and increase drought conditions.The chaggilimate as perceived by the farmers vis-a-
vis the emerging crop production trends calls fettdr methods of soil moisture conservation
and production of adapted crops.Addition of farnmrdyananure + minjingu rock phosphate
significantly improved the soil properties and crg@wth. Improvement in crop growth was
principally due to increase in N, P, K and orgacécbon availability in soil. Hence integrated
use of farm yard manure + minjingu rock phosphaité tied ridges and crop rotation would be
a better and practical approach to sustain sdilifgrand productivity. The soil organic inputs,
MPR and FYM are viable alternatives to the expemsnorganic fertilizers for improving the
soil nutrient status in Matuu, Yatta sub County.rdter, the MRP, FYM are locally available,

thus making it an ideal source of nutrients for kineéders economically.

5.2 General Recommendations

Production of climate resilient crops should benpoted in order to minimize the loss of yields
due to climate change.Further research to be dongetier ways of soil moisture conservation
and availed to the farmers for improved crop produmcin ASALS.A combination of tied ridges
with intercrop of Dolichos with sorghum and sweetgto with the application of MRP+FYM
are feasible methods for moisture conservation @ ag for improved soil nutrient status for
increased crop yield in the semi arid areas ofay&uib County.Generally, the adoption of tied-
ridging intercropping with the application of comhbtion of farm yard manure and minjingu
rock phosphate are worthwhile techniques appliedsémni-arid areas as compared to the other

tillage practices, cropping syatems and organiatspvaluated in this study.
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Appendix 1: Questionnaire

Crop production trends, moisture conservation methds and climate change perception

SECTION A: Background Information
1. Name .o Age .......... Sex;Male[ | Fale[ ]

2. Location ......oeiiiiiiii Village ....oooveiiii
3. How many household members?

(Specify parents, children, relatives)..........ccvovve e e,

4. What is the highest education level completed yhibusehold members?

HOUSEHOLD MEMBER FATHER MOTHER | CHILDRE | OTHERS

EDUCATION LEVEL -.CODE

Lower primary 1

Upper primary school 2

Secondary school

Certificate

Diploma 5

University 6

Others specify

5. What is the size of your farm (inha)?...........coooiiiii e,
6. What proportion of your farm in (ha) is used for:

(i) Crop production .................. (ii) Livestock production ...................
(i) Homestead .................o.e. .. (iv) Others (Specify) ....covvvveiiiiiinnn.
7. a) What do you do for a living, source of income
Farming [ ]
Business [ ]

Formal Employment [ ]Othépecify)
b) Of the various sources of income what percentageyou attribute to farming?
0-10% [ ], 11-20%] ],
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21-40% [ ], 41-50% [ ], ovad %
SECTION B: Crop Production

8. What are the major factors affecting agricultunaiduction and in your locality?

Low soil fertility [ ] Low soil moisture [ ]
Unreliable rainfall [ ] Wrong crop type [ ]
Drought [ ] pests and diseases [ |

Others (SPecCify) ....ovviiiiii e,

9. How are you coping with these problems/challenges

Problem Coping mechanism Remarks

10.How do you enhance crop productivity on your farm?
Fertilizers [ ] Manures [ ]
Crop VarietieS  (SPECITY) ... ittt et et e e e e e e e e e
Tillage PractiCes (SPECITY) ... iu ettt e e e e e e e e e e e e e
Others (SPECITY) ...vvviie e e e,

11.What problems/challenges do you experience (haueeyperienced) in crop production?

Crop pests and diseases [ ] Unpredictable/inzateqainfall [ ]
Lack of rain [ ] Labour scarcity [ ]
Low soil fertility [ ] Lack of inputs [ ]

Low quality seeds/seedlings [ | Others (SpPecCify).....cccovvviviiiiiiiiiiien,
12.How are you addressing the problems in (11 abowel) lrFow would you like to be
assisted?

Problem How addressed Assistance required  Remarks

13. a) Has there been a change in crop productidmeitaist 15-20 years? Yes () No ()
b) If the answer to the above is yes how as thagdaeen like? Some crops:
Abandoned/neglected/orphaned [ ] Bctidn intensified [ ]
Acreage under crop production reduced [ ]
Others specify []

c) For the identified changes above explained ur ypinion why they happened?

Change Reasons for change
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d) For the abandoned /neglected/orphatregps what were the agronomic practices

applied in their production?

Agronomic practice

How it was done

Land Preparation

Planting

Weeding

Flowering

Harvesting

Storage

Others (specify)

e) i) Are there any new crops that has betndnced in the area for the last 5 years

Yes| ]

N [

ii) If yes which one and why?

crop

Reason for introduction

14.What is the trend in production of the followingps?(Increasing, decreasing or constant)

CROP TREND

1960-1970 | 1970-1980 1980-1990 1990-2000 2000-t® da
Pigeon pea
Chickpea

Green grams

Maize

Sweet potato

Cassava

Pumpkin

Sorghum

Finger millet

Others specify

15.a) Give reasons for the observed trend in cropuartoon?
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b) Are there possibilities of having tbrops of the 1960-80s being re-introduced and if
so, which ones and why?

crop Reason for re- introduction

16. What are/were the significance of the crops immeof [Ecological, nutritional, social

and economic] between the following years (givenepias):

ect Ecological Nutritional Social Economic

Crop ~—

SECTION C: Moisture Conservation

17.What are the methods of land preparation in yocallty? Give examples

a) Are the methods mentioned (above 17) been dendlis used over the years?

Yes () No ()

Method Yes No Reason

b) If no to the above a) why has there been a ahang

18.What are the advantages/disadvantages of the gamethods of land preparation?

Method Advantages Disadvantages

19.How do you conserve moisture on your farm? Givengdas of the methods used?

Method Examples

Physical/mechanical
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Cultural

Biological

Irrigation

20.Are there any other better innovative soil moistaomservation methods that can be

tried? Why these methods

Method

Reasons

Tied ridges

Ridges and furrow

Plastic mulch tillage

Sub-soiling and ripping

SECTION D: Climate Change

21.a) Have you ever heard of climate change?

Yes|[ ]

No [ ]

b) If Yes in (1 above), what aspects of climate chammee you heard of?
Droughts [ ] éds [ | Erratic Rainfall [ ]

Rising Temperatures [ |

Low rainfall [ ] Strong wind [ ]
Others (specify) .....covvveeiiiiiiiniinnns

Cold Spells ]

22.a) Have you ever experienced/noticed any changelsnate in your locality?

Yes|[ ] No [ ]

b) If Yes in 3 (a) above, what changes have yoleegpced and since when? Give the

year or the range of years

Change

When

Erratic rainfall [ ]

Low rainfall [ ]

Flooding due to heavy rains [ ]

Prolonged droughts [ ]

Increasing temperatures [ |

Others (specify) .....c.cceevvevvennen.

107



23.To what extent have the changes identified in 3 gbyve impacted on agricultural

activities?
At your farm/local level At the national/regiorialel
Reduced crop yield [ ] Insufficient food [ ]
Change in planting time [ ] High food prices [ ]
Crop failure [ ] Human wildlife conflicts [ ]

Increased pest and disease infestation [| Gompetition over resources [ ]
Flooding of crop fields [ ] Others (Specify) .....ccovvviiiiiiiiiinnnnn.
Reduced soil moisture [ ]

Others (specify) .....ccoceveiiiiiiiniennen.

24.How are you responding to these changes in 23 &ove

25.Which of the practices listed below are used inrylmeality in response to climate
change?

Strategy Approximate % of farmers using

Agro forestry [ ]

Drought tolerant crops [ |

Rain water harvesting [ ]

Irrigation [ ]

Soil and water conservation [ |

Application of fertilizers and organic inputs [

[—

Planting appropriate crop varieties [ ]

Use of different cropping systems [ |
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Others (specify)
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Appendix 2: ANOVA Tables

Potassium sorghum plots short rain season 2012

Source of variation d.f.  s.s. m.s. wv.r. Fpr.

C1 stratum 2 1.0757135 0.5378568  23.59
C1.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 77.6177015 38.8088508 1702.28001
Residual 4 0.0911928 0.0227982  37.98
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 1.1974288 0.2993572 498.6001<.

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 7.6568219 0.9571027 1594.32 <.001

Residual 24 0.0144077 0.0006003 0.97
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUSatum
ORGANIC_INPUTS 3 4.3534748 1.4511583 2334.77 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 0.1875806 0.0312634 50.30 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.4487662 0.0373972 60.17 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 0.7650335 0.0318764 51.29 <.001
Residual 90 0.0559388 0.0006215
Total 179 93.4640602

Potassium sorghum plots long rain season 2013

Source of variation d.f. (m.v.) S.S. m.s. v.r. Fopr
C1 stratum 2 1.0074811 0.5037405 14.77
C1.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 91.6480134 45.8240067 1343.31001
Residual 4 0.1364632 0.0341158 51.45

110



C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum

CROPPING_SYSTEMS 4 3.9804812 0.9951203 1500.8D01
TILAGE_PRACTICE.CROPPING_SYSTEMS

8 4.7599996 0.5949999 897.36 <.001
Residual 24 0.0159133 0.0006631 5.01
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPU$®atum
ORGANIC_INPUTS 3 10.5409430 3.5136477 26563.5500%
TILAGE_PRACTICE.ORGANIC_INPUTS

6 3.6761513 0.6126919 4632.02 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.3518472 0.0293206 221.67 <.001

TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS
20 (4) 0.8686110 0.0434306 328.34 <.001

Residual 81 (9) 0.0107141 0.0001323

Total 166 (13) 94.3243304

Organic carbon sorghum plots short rain season 2012

Source of variation d.f. S.S. m.s. v.r.  Fopr.
C1 stratum 2 1.243E+00 6.216E-01 106.37
C1.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 1.280E+01 6.402E+00 1095.58 004
Residual 4 2.338E-02 5.844E-03 3.53
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 1.059E+01 2.648E+00 1597.4HD0k

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 1.179E+01 1.474E+00 889.46 <.001

Residual 24 3.978E-02 1.657E-03 17.58
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS$®atum
ORGANIC_INPUTS 3 4.349E+00 1.450E+00 15376.94 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 1.646E-01 2.743E-02 291.00 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 2.400E-01 2.000E-02 212.19 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 7.042E-01 2.934E-02 311.24 <.001
Residual 90 8.484E-03 9.427E-05
Total 179 4.196E+01
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Organic carbon sorghum plots long rain season 2013

Source of variation d.f. (m.v.) S.S. m.s. v.r. Fopr
C1 stratum 2 1.1309395 0.5654697 136.45
C1.TILAGE_PRACTICE stratum
TILAGE_PRACTICE 2 10.3412152 5.1706076 1247.68001
Residual 4 0.0165767 0.0041442 2.25
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 9.8999848 2.4749962 1343.8401
TILAGE_PRACTICE.CROPPING_SYSTEMS

8 15.1481406 1.8935176 1027.74 <.001
Residual 24 0.0442180 0.0018424 17.94
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPU$®atum
ORGANIC_INPUTS 3 3.9014353 1.3004784 12662.5900x%.
TILAGE_PRACTICE.ORGANIC_INPUTS

6 0.3035026 0.0505838 492.53 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.2661390 0.0221782 215.95 <.001

TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

20 (4) 0.6145756 0.0307288 299.20 <.001
Residual 80 (10) 0.0082162 0.0001027
Total 165 (14) 38.9917780

Phosphorous sorghum plots short rain season 2012

Source of variation d.f. S.S. m.s. v.r.  Fpr.
C1 stratum 2 3.298E+02 1.649E+02 3713.21
C1.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 1.010E+02 5.050E+01 1137.00004
Residual 4 1.776E-01 4.441E-02 0.04
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C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 5.597E+03 1.399E+03 1238.700k
TILAGE_PRACTICE.CROPPING_SYSTEMS

8 9.815E+03 1.227E+03 1086.12 <.001

Residual 24 2.711E+01 1.130E+00  38.87
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS®atum
ORGANIC_INPUTS 3 1.360E+03 4.535E+02 15602.25 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 8.410E+00 1.402E+00  48.23 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 4.525E+01 3.771E+00 129.75 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 7.301E+01 3.042E+00 104.67 <.001

Residual 90 2.616E+00 2.906E-02
Total 179 1.736E+04
Phosphorous sorghum plots long rain season 2013
Source of variation d.f. (m.v.) S.S. m.s. v.r.  FEopr
C1 stratum 2 327.743 163.871 23.17
C1.TILAGE_PRACTICE stratum
TILAGE_PRACTICE 2 668.026 334.013 47.22 0.002
Residual 4 28.292 7.073 6.87
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 3296.900 824.225 800.39 k.00
TILAGE_PRACTICE.CROPPING_SYSTEMS

8 8546.734  1068.342 1037.45 <.001
Residual 24 24.715 1.030 0.29
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPU$Batum
ORGANIC_INPUTS 3 547.079 182.360 50.84 <.001
TILAGE_PRACTICE.ORGANIC_INPUTS

5 (1) 5.108 1.022  0.28 0.920

CROPPING_SYSTEMS.ORGANIC_INPUTS
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12 26.415 2.201 0.61 0.825
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

20 (4) 48.830 2.441  0.68 0.834
Residual 80 (10)  286.944 3.587
Total 164 (15) 12046.573

Soil moisture content sorghum plots short rain seas 2012

Source of variation d.f. S.S. m.s. v.r.  Fpr.
C1 stratum 2 3997006  1.998503 14.07
C1.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 499.585360 249.792680 1758.64001
Residual 4 0568345 0.142086 17.55
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 122.785710 30.696427 37918001

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 29.556133  3.694517 456.37 <.001

Residual 24 0.194291  0.008095 1.73
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPU$®atum
ORGANIC_INPUTS 3 60.946864 20.315621 4350.12 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 14.805382 2.467564 528.37 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 2.032589 0.169382 36.27 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24  1.311956 0.054665 11.71 <.001

Residual 90 0.420312 0.004670

Total 179 736.203948

Soil moisture content sorghum plots long rain seasc2013

Source of variation d.f. S.S. m.s. v.r.  Fopr.
C1 stratum 2 4.7570 2.3785 7.92

C1.TILAGE_PRACTICE stratum
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TILAGE_PRACTICE 2 455.7048  227.8524 758.58 <.001
Residual 4 1.2015 0.3004 2.03

C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4  132.4182 33.1046 224.15 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS

8 37.8300 4.7287 32.02 <.001

Residual 24 3.5446 0.1477 1.05
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS®atum
ORGANIC_INPUTS 3 59.7775 19.9258 141.47 <.001

TILAGE_PRACTICE.ORGANIC_INPUTS

6 16.4252 2.7375 19.44 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 3.4853 0.2904 2.06 0.027
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 3.5458 0.1477 1.05 0.417
Residual 90 12.6764 0.1408
Total 179  731.3662

Total Nitrogen sorghum plots short rain season 2012

Source of variation d.f. S.S. m.s. v.r.  Fopr.
C1 stratum 2 0.00610428 0.00305214  53.63
C1.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 0.04484151 0.02242075 393.93004
Residual 4 0.00022766 0.00005692 0.42
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 0.05125470 0.01281367 94.4D0X

TILAGE_PRACTICE.CROPPING_SYSTEMS

8 0.05955839 0.00744480 54.88 <.001
Residual 24 0.00325547 0.00013564 4.10
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUSBatum
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ORGANIC_INPUTS 3 0.05518427 0.01839476 556.1300%.
TILAGE_PRACTICE.ORGANIC_INPUTS

6 0.00247977 0.00041329 1250 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.00027807 0.00002317 0.70 0.747
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 0.00179235 0.00007468 2.26  0.003
Residual 90 0.00297686 0.00003308
Total 179 0.22795333

Total Nitrogen sorghum plots long rain season 2013

Source of variation d.f.  (m.v.) s.s. m.s. wv.r. TrFp

C1 stratum 2 0.00443919 0.00221960  40.39
C1.TILAGE_PRACTICE stratum
TILAGE_PRACTICE 2 0.03936069 0.01968034 358.16001
Residual 4 0.00021979 0.00005495 0.25
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 0.04405175 0.01101294 51401
TILAGE_PRACTICE.CROPPING_SYSTEMS

8 0.05875114 0.00734389 34.03 <.001
Residual 24 0.00517897 0.00021579 2.60
C1.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPU$®atum
ORGANIC_INPUTS 3 0.05138435 0.01712812 206.6000%
TILAGE_PRACTICE.ORGANIC_INPUTS

6 0.00258843 0.00043141 5.20 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.00093920 0.00007827 0.94 0.508
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 0.00284535 0.00011856 1.43 0.116
Residual 89 (1) 0.00737851 0.00008290
Total 178 (1) 0.21696016
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Potassium sweet potato plots short rain season 2012

Source of variation d.f. S.S. m.s. v.r.  Fpr.
REP stratum 2 0.7636922 0.3818461 91.74
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 15.2339955 7.6169977 1830.0400&
Residual 4 0.0166488 0.0041622 2.21
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 18.8428322 4.7107080 24986301

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 12.2737822 1.5342228 813.77 <.001

Residual 24 0.0452476 0.0018853 4.32
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUSigatum
ORGANIC_INPUTS 3 3.1610115 1.0536705 2417.11 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 0.0625315 0.0104219 23.91 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.3876905 0.0323075 74.11 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 0.4188243 0.0174510 40.03 <.001

Residual 90 0.0392329 0.0004359

Total 179 51.2454893

Potassium sweet potato plots long rain season 2013

Source of variation d.f. S.S. m.s. v.r.  Fopr.
REP stratum 2 1.0011709 0.5005854  38.13
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 29.8520745 14.9260373 1137.60001
Residual 4 0.0525101 0.0131275 6.49

REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
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CROPPING_SYSTEMS 4 3.9967383 0.9991846 494.3901X.
TILAGE_PRACTICE.CROPPING_SYSTEMS
8 23.5808072 2.9476009 1458.33 <.001

Residual 24 0.0485092 0.0020212 18.07
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUSigatum
ORGANIC_INPUTS 3 4.5243923 1.5081308 13480.92 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 0.1485309 0.0247551 221.28 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.3358522 0.0279877 250.18 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 0.7151486 0.0297979 266.36 <.001
Residual 90 0.0100684 0.0001119
Total 179 64.2658025

Organic carbon sweet potato plots short rain seasc2013

Source of variation d.f. S.S. m.s. v.r.  Fopr.
REP stratum 2 8.573E-01 4.287E-01 322.47
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 2.785E+00 1.392E+00 1047.50 004
Residual 4 5.317E-03 1.329E-03 0.53
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 2.325E+01 5.812E+00 2303.2600k

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 1.082E+01 1.352E+00 535.84 <.001

Residual 24 6.057E-02 2.524E-03  37.87
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS#&tum
ORGANIC_INPUTS 3 3.115E+00 1.038E+00 15582.54 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 9.607E-02 1.601E-02 240.28 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 3.631E-01 3.026E-02 454.08 <.001
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TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS
24 2.803E-01 1.168E-02 175.27 <.001

Residual 90 5.998E-03 6.664E-05

Total 179 4.164E+01

Organic carbon sweet potato plots long rain seasd013

Source of variation d.f. S.S. m.s. v.r.  Fopr.
REP stratum 2 9.575E-01 4.787E-01 203.21
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 5.357E+00 2.679E+00 1137.00004
Residual 4 9.423E-03 2.356E-03 1.05
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 1.122E+01 2.805E+00 1253.4%0K

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 1.931E+01 2.414E+00 1078.78 <.001

Residual 24 5.371E-02 2.238E-03  23.26
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS#&tum
ORGANIC_INPUTS 3 4.032E+00 1.344E+00 13970.90 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 8.536E-02 1.423E-02 147.89 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 2.847E-01 2.373E-02 246.64 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 5.200E-01 2.167E-02 225.23 <.001

Residual 90 8.658E-03 9.620E-05

Total 179 4.184E+01

Phosphorous sweet potato plots short rain season2

Source of variation d.f. S.S. m.s. v.r.  Fpr.
REP stratum 2 4.055E+02 2.027E+02 124.29
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 3.709E+03 1.855E+03 1137.00004
Residual 4 6.525E+00 1.631E+00 1.45
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REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 5.486E+03 1.371E+03 1217.6(M0K
TILAGE_PRACTICE.CROPPING_SYSTEMS

8 9.882E+03 1.235E+03 1096.70 <.001

Residual 24 2.703E+01 1.126E+00  31.49
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUSi&tum
ORGANIC_INPUTS 3 1.538E+03 5.127E+02 14333.20 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 7.580E+01 1.263E+01 353.15 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 9.646E+01 8.038E+00 224.71 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 1.198E+02 4.993E+00 139.59 <.001

Residual 90 3.219E+00 3.577E-02

Total 179 2.135E+04

Phosphorous sweet potato plots long rain season A1

Source of variation d.f. S.S. m.s. v.r.  Fopr.
REP stratum 2 438.521 219.261 22.85
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 2127.325 1063.663 110.83 <.001
Residual 4 38.388 9.597 6.09
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4  8748.176  2187.044 1388.54 01k.0

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 9068.162 1133.520 719.66 <.001

Residual 24 37.802 1.575 0.38
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS#&tum
ORGANIC_INPUTS 3 984.868 328.289 78.68 <.001

TILAGE_PRACTICE.ORGANIC_INPUTS
6 107.618 17.936 430 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS
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12 63.641 5.303 1.27 0.250
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 71.151 2.965 0.71 0.829
Residual 90 375.517 4.172
Total 179 22061.171
Soil moisture content sweet potato plots short raiseason 2012
Source of variation d.f. S.S. m.s. v.r.  Fpr.
REP stratum 2 3.523E+00 1.761E+00  12.39
REP.TILAGE_PRACTICE stratum
TILAGE_PRACTICE 2 4.840E+02 2.420E+02 1702.73 004
Residual 4 5.686E-01 1.421E-01 18.43
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 4.533E+01 1.133E+01 1469.380Kk

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 1.123E+02 1.403E+01 1819.41 <.001

Residual 24 1.851E-01 7.713E-03 7.97
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUSi&tum
ORGANIC_INPUTS 3 5.987E+01 1.996E+01 20611.62 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 1.060E+01 1.767E+00 1825.05 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 1.197E+00 9.973E-02 103.01 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 2.519E+00 1.049E-01 108.40 <.001
Residual 90 8.714E-02 9.682E-04
Total 179 7.202E+02

Soil moisture content sweet potato plots long raiseason 2013

Source of variation d.f. S.S. m.s. v.r.  Fopr.
REP stratum 2 4424787  2.212394 12.39
REP.TILAGE_PRACTICE stratum
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TILAGE_PRACTICE 2 608.029245 304.014623 1702.A3001

Residual 4 0.714182 0.178545 18.43
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 56.944935 14.236234 1469.3®01

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 141.022345 17.627793 1819.41 <.001

Residual 24  0.232529 0.009689 7.97
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS#&tum
ORGANIC_INPUTS 3 75.200690 25.066897 20611.62 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 13.317257 2.219543 1825.05 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 1503338 0.125278 103.01 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24  3.163858 0.131827 108.40 <.001

Residual 90 0.109454 0.001216

Total 179 904.662621

Total Nitrogen sweet potato plots short rain seasof012

Source of variation d.f. S.S. m.s. v.r.  Fpr.
REP stratum 2 0.00610428 0.00305214  53.63
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 0.04484151 0.02242075 393.93004
Residual 4 0.00022766 0.00005692 0.42
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 0.05125470 0.01281367 94.400X

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 0.05955839 0.00744480 54.88 <.001

Residual 24 0.00325547 0.00013564 4.10
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUSitgatum
ORGANIC_INPUTS 3 0.05518427 0.01839476 556.1300%.

TILAGE_PRACTICE.ORGANIC_INPUTS
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6 0.00247977 0.00041329 12.50 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 0.00027807 0.00002317 0.70 0.747
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 0.00179235 0.00007468 2.26 0.003

Residual 90 0.00297686 0.00003308

Total 179 0.22795333

Total Nitrogen sweet potato plots long rain seaso?013

Source of variation d.f. S.S. m.s. v.r.  Fopr.
REP stratum 2 6.357E-03 3.179E-03 224.71
REP.TILAGE_PRACTICE stratum

TILAGE_PRACTICE 2 3.217E-02 1.608E-02 1137.00 004
Residual 4 5.658E-05 1.415E-05 2.33
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS stratum
CROPPING_SYSTEMS 4 1.556E-02 3.890E-03 641.0900Xk.

TILAGE_PRACTICE.CROPPING_SYSTEMS
8 6.723E-02 8.404E-03 1384.96 <.001

Residual 24 1.456E-04 6.068E-06 9.12
REP.TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUS#&tum
ORGANIC_INPUTS 3 2.949E-02 9.829E-03 14779.23 0%.0

TILAGE_PRACTICE.ORGANIC_INPUTS

6 3.016E-04 5.027E-05 75.59 <.001
CROPPING_SYSTEMS.ORGANIC_INPUTS

12 1.679E-03 1.399E-04 210.39 <.001
TILAGE_PRACTICE.CROPPING_SYSTEMS.ORGANIC_INPUTS

24 2.560E-03 1.067E-04 160.39 <.001
Residual 90 ©5.985E-05 6.650E-07
Total 179 1.556E-01
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