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ABSTRACT

Soybean production in Kenya has remained low, yaitle to soil nutrient depletion and
degradation which have been considered seriouatthte agricultural productivity. Studies have
shown that productivity of soils in western Kengalimited by deficiency of nutrients such as
nitrogen, phosphorous and potassium a problem congmal by low organic matter and soil
acidity. Responses of soybean to nitrogen and ptoweps have been studied and documented
but little has been done on micronutrients, and ats establish the scale of macro and
micronutrient deficiencies and soybean yield respdio a combination of organic and inorganic
fertilizers. Despite the major opportunities thaytsean provide to human nutrition, household
income and soil N budgets in Africa, their conttibn has been curtailed by several factors
including low priority given to proper nutrient magement. This is because grain legumes,
soybean included, have been promoted as cropsréigaire no fertilizer application. The
objective of the study was to evaluate the effé@horganic fertilizer, cattle manure and lime on
the growth and yield of soybean in nutrient omisditals. Field experiments were conducted in
four sites (Eshirali, Masaba, Nyabeda and Eshigahg the 2012 cropping seasons in Western
Kenya to determine the effect of inorganic ferélig, cattle manure and lime on nodulation and
yield of soybeanGlycine max L.). The experiment was laid out in a randomizenhglete block
design with three replicates. The treatments ctewisf: 1) Control-without inoculant and
fertilizer; 2) Inoculation alone; 3) NPK; 4) PK; BP; 6) NK; 7) NPKSCaMgZnMo and 8)
NPKSCaMgZnMo+Manure+Lime (Seeds were inoculatech witizobia inoculant containing
USDA-110Rhizobium strain). Inorganic fertilizers were applied at saté 20 kg/ha N, 30 kg/ha
P, 60 kg/ha K, 23 kg/ha S, 20 kg/ha Ca, 5 kg/ha 3/kg/ha Zn, 3 kg/ha Mo, 10 tons/ha manure

and 5 tons/ha lime. Soybean variety SB-132 was ums#te trials during both the short and long

XV



rainy seasons. Above ground biomass, nodule nunmioelyle dry weight, nodule mean score,
plant height, pod number, final grain yield, stoyexld and 100-seed weight were determined.
Analysis of variance showed significant site, tneant and site x treatment interaction effects on
soybean above ground biomass, nodule mean scamhemuof nodules per plant, nodule dry
weight, plant height, number of pods per plant,-@fn weight, grain yield and total stover
yield in both cropping seasons indicating that ttresnt effects were site specific. Inoculation
alone significantly increased soybean nodule meares nodule number and nodule dry weight
relative to control in both seasons. Applicatior\N¥ had significantly lower values in most of
the studied parameters than NPK, NP and PK apitat Overall, significantly higher values
were noted in NPKSCaMgZnMo+Manure+Lime than in @ik other treatments in most
parameters. Eshisa site recorded significantly dngialues than all other sites in all parameters
except 100-grain weight and stover yield in theosecseason. The findings suggest that
combination of inorganic fertilizers, cattle manuaad lime would be a feasible option for
maximizing soybean yields in western Kenya henaiging an entry point for more research

on proper nutrient management to boost soybean uptith in  the region.
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CHAPTER 1

INTRODUCTION

1.1 Background information

Soybean Glycine max) is the world’s most important legume in termspobduction and trade
and has been a dominant oilseed since the 1960s8h(&md Hyser, 1987). It is a small grain
creamy in colour with a few black varieties. Soybé&asaid to have originated from the Orient,
probably in China (Synder and Kwon, 1987). In thef, the main products from soybean are
oil and meal. About 50 countries worldwide grow Isegn (Boerma and Specht, 2004). The
United States of America (USA) accounted for 4046 of the world’'s total soybean
production in 2003 (Boerma and Specht, 2004). B82the United States of America and Brazil
were the first and second biggest producers ofeaylin the world with an output of 73 million
metric tons (33%) and 42 million metric tons (28&3pectively. Egypt, the largest producer of
soybean in Africa, produces about 180,000 tons ahnyUSDA-ERS, 2009). Soybean
improves soil fertility by fixing nitrogen from thatmosphere (Kasashal., 2000; Sangingat

al., 2003). Some varieties fix 44 to 103 kg of N/hanwally (Sangingaet al., 2003).
Soybeans are sensitive to low pH. In acid soitsing is essential to raise the pH to 6.0 or 6.5 for

optimum yield production.

Soybean is used in the preparation of a varietiyesh, fermented and dried food products like
milk, tofu, soya sauce and bean sprouts. Soybeatsts processed to extract oil for various
industrial purposes and food. It is found in therkefas salad oil, cooking oil, margarine and

shortening. Soybean is a multipurpose crop grownhfoman food, livestock feed, industrial

1



purposes, and more recently, as a source of bimgridlyakaet al., 2005). Unlike most other
beans that contain about 20% protein, soybean icend®% protein (Greenberg and Hartung,
1998). Soybean products are cholesterol free, imgtalcium, phosphorous and fiber, and have
one of the lowest levels of saturated fat (BIDCOQ%). About 80% of soybean produced in
Kenya is consumed by the livestock industry witimlanm consumption accounting for about 20-
30%. The demand is expected to rise to about 18G@ts per year by the year 2014 (Jagwe and

Nyapendi, 2004; MOA, 2006).

Soils in Africa are typically highly variable inrtdity and how they respond to application of
inputs (Hossner and Juo, 1999; AGRA, 2007). Soifrient depletion, nutrient mining and
degradation have been considered serious threadgrtoultural productivity and have been
identified as major causes of decreased crop yialu$ per capita food production in sub-
Saharan Africa (Smalingt al., 2002; Henao and Baanante, 2006). Smallholdendes (with
land holding ranging from 0.1 to 0.2 ha) undertakgbean cultivation, which presents the
farmers with alternative cash income. In Kenya, HR008) estimates an average soybean yield
of 800 kg h&, which has been stagnant since 1990. In Visior02@overnment of Kenya,
2007), soybean has been identified as one of thescwhich will contribute to the economic
growth pillar. Currently, about 5000 — 7000 metoos of soybean is produced in Kenya against
an annual local demand exceeding 100, 000 metns (@asikeet al., 2009). Therefore the
deficit is met through imports whose varying estesarange from 50,000 to 100,000 tons
annually (Karuga and Gachanja, 2004). In 2008, lkespent a total of US dollars 2.754 million
to import soybean and its products (FAO, 2008)aamount that is a significant drain on her

scarce foreign exchange.



Productivity of soybeans in Kenya, and particulaMgstern province, is low (450-560 kg/ha)
(Chianuet al., 2009). This low productivity is a problem becal&nya needs more soybeans to
satisfy a growing demand for stock feed and to owpmutrition of its human population. It has
been demonstrated that it is possible to obtairbesay yields of 3000 —3600 kg hdrom
improved varieties and good management practicdsa(@ et al., 2008). Integrated Soll
Fertility Management (ISFM) is one of the acceppedadigms for devising and disseminating
technologies that can alleviate soil fertility deel in sub-Saharan Africa (Vanlauwet al.,
2002). Technically, ISFM advocates for the use ofaral and organic nutrient inputs to enhance
and sustain agricultural productivity.

Declining soil fertility is a fundamental impedinten agricultural growth and a major reason for
slow growth in food production by smallholder fammién sub-Saharan Africa (Sanchetizal.,
1997; De Grootest al., 2003). Poor soybean production in Western Kenga been partly
attributed to low soil fertility and acid soils. \new of this problem, there is need to identify
nutrients limiting soybean production in the highWariable soil fertility conditions and

determine the possible yield potential through adsing the deficiencies.

1.2 Problem statement

Productivity of soils in western Kenya is hampebgddeficiency of nutrients such as N, P and K
(Lijzenga, 1998; Mbakaya, 2007). Apart from widesg limitations of N and P across the
widely distributed highly weathered soils in suth&aan Africa, low organic matter content and
soil acidity also contribute to low crop yields (BKaya, 2007). High population growth rate in
SSA and Kenya in particular has put pressure od, ldrerefore, most smallholder farmers are

practicing continuous cropping to meet their foeduirements. This leads to significant decline



in soil pH and exchangeable Ca and Mg levels (Harsand Juo, 1999). Land use intensification
without adequate nutrient inputs has led to dewljrérop yields and increased nutrient removal
and deficiencies (Bationet al., 1998; de Riddeet al., 2004). As efforts are made to restore
fertility in SSA, it is clear that both cereals aheumes respond to fertilizer N and P
applications from a range of sources and rates @EUR94). In Africa, soil fertility is normally
tackled by the application of fertilizers contaigiN, P and K though in inadequate rates. There
is general response of cereals to NPK fertilizgaliaption at current recommendations; however
the response remains far below the potential legekecially under on-farm conditions due to

nutrient deficiencies and imbalances.

Responses of soybean to N and P have been stutliedogumented in soybean growing areas
of Kenya but little has been done to establishstae of macro (N, P and K) and micronutrient
(Zn, Mo) deficiencies. Little investment has beeada in research to establish the best nutrient
management strategies in soybean under variadlesulitions as a way of improving soybean
production and productivity. Therefore this studelss to assess the effect of proper nutrient
management in soybean production based on on-faal® &nd document nutrient induced yield

gaps as per the limiting nutrients.

1.3 Justification

About 80% of soybean in Kenya is consumed by thestock industry with human consumption
accounting for about 20-30%. The demand is expeitteise to about 150, 000 tons per year
over the next ten years (Jagwe and Nyapendi, 20@A, 2006; Karuga and Gachanja, 2004).

Considering this, there is need to increase soylpeaduction to supply the deficit which is



normally met through imports. High population growate has put pressure on land hence the
option of increasing the area of land under soyledmoost production is not feasible. Proper
plant nutrient management under intensive agricelprovides a better option to increase

soybean productivity under limited land resource.

The use of micronutrients in soybean productioonis of the ways to boost up productivity. For
instance, zinc plays an important role in formatadrchlorophyll and growth hormones and is
also associated with uptake of water. Molybdenuayglka key role in the process of dinitrogen
(N) fixation and enzyme activation. Micronutrients@lmaintain balanced crop physiology and
play a vital role in gaseous exchange (Naringhal., 2010). According to Kobraest al. (2011),
zinc and iron deficiency limit growth, symbiosispdulation, photosynthesis, dry matter
production and electron transport chain in soybd@imosphorous deficiency has also been
observed to limit nodulation by legumes and P Ifeeti application can overcome the deficiency
(Carsky et al., 2001). Manure also acts as an organic sourceiféérent macro and
micronutrients. Hence there is need to investigatether we can boost soybean yield either
with only macronutrients, micronutrients, manureaocombination of all. Lime application in
soybean fields has been found to increase pH aactake toxic concentrations of Al and Mn
(Raij et al., 1977). It can also cause an increase in N, BndS uptake (Quaggst al., 1993)
and the supply of Ca and Mg (Mascaren#ad., 1976). Therefore determining the response of
soybean to different nutrient applications will amd guiding the best nutrient management
strategy to boost soybean production. This stuékseo assess the nutrients limiting soybean
production in western Kenya based on on-farm traaid to determine soybean response to

nutrient application.



1.4 Objectives

1.4.1 Broad objective

To enhance soybean production by smallholder fanmerwestern Kenya through improved

nutrient management.

1.4.2 Specific objectives

I.  To determine the influence of inorganic fertilizecattle manure and lime application on
nodulation of soybean in selected sites of wedemya.
ii.  To determine the effect of inorganic fertilizergttte manure and lime on growth and

yield of soybean in selected sites of western Kenya

1.5 Hypothesis
i.  Application of inorganic fertilizers, cattle manuend lime will have no effect on

nodulation, growth and yield of soybean in seledtitek in western Kenya.



CHAPTER 2

LITERATURE REVIEW

2.1 Botany and ecology of soybean

Soybean Glycine max) is a leguminous annual plant that belongs tofdéinelly Fabaceae. It is
classified as an oilseed rather than a pulse bytloel and Agriculture Organization. The pods,
stems and leaves are covered with fine brown oy gaérs. The leaves are trifoliate having 3-4
leaflets per leaf, and the leaflets are 6-15 cng land 2-7 cm broad. Leaves fall before the seeds
are mature. The self-fertile flowers are bornehia axil of the leaf and are white, pink or purple
in color. The fruit is a hairy pod that grows irusiers of 3-5; each pod is 3-8 cm long and
usually contains 2-4 seeds (Infonet-biovision, J0Bbybean occurs in many sizes and many
hull and seed coat colors ranging from black, browue, yellow, green to mottled. It grows to a
height of 60-120 cm, it's well adapted to diversevionments and matures in 3-6 months
depending on variety, climate and location. Altgudfluences temperature that in turn affects
the initiation of flowering and maturity in soybeaft very high altitudes, flowering may not
occur and the crop remains vegetative. Therefayghesan is a crop that requires warm climates
and is suitable for low to medium altitudes (Ogesnal., 1988). It is grown in Kenya from O to
2200 m altitude and under rainfall regime of 3000 mm per annum. In terms of pH range,
Carter and Hartwig (1963) noted that nitrogen-fixipacteria do not function effectively under
low soil pH condition of 4.2 and below and recomueth a pH range of 6 to 6.5 for optimum
soybean growth. Soybean grows best when plantgulii@ stand. It improves soil fertility by

fixing nitrogen from the atmosphere (Kasatal., 2000; Sanginget al., 2003). Some varieties



fix 44 to 103 kg N ha annually (Sangingat al., 2003), depending on the soil environment, N

and P supply (Gae al., 2002; Shimamuret al., 2002).

2.2 Nutritional importance of soybean

Soybean is a good source of protein, lipids, ahérominerals. Soybean protein products can be
good substitutes for animal products because urdik@e other beans, it offers a complete
protein profile since it contains all the essenaahino acids except methionine (Lokuruka,
2010). The approximate composition of soybean & 4fotein, 21% oil, 34% carbohydrates
and 5% ash (Greenberg and Hartung, 1998; Scott Adddch, 1983). In accounting for
utilization of soybean, 39 products have been ifledtranging from livestock feeds, salad oils
and baby foods to industrial adhesives, putty amdirmber of uses in pharmaceuticals (Smith
and Huyser, 1987). Soybean is a multipurpose cnopis used as human food, livestock feed,
industrial purposes, and more recently, as a safrbe-energy (Myakat al., 2005). Soybeans
are cholesterol-free, high in calcium, phosphoraul fiber, and have one of the lowest levels

of saturated fat (BIDCO, 2005).

2.3 Soybean production in Kenya

Kenya produces 6000-7000 metric tons of soybeartwis very low even within the African
context. Production data suggests that area athd lyse’e remained almost stagnant, with little
annual change (FAO, 2008). The key soybean producagions in Kenya are Western
(Bungoma and Busia counties), accounting for n€adBs of total smallholder planted area and
production in 2003, Nyanza (Rachuonyo, Homabayridis)} and Central (Kirinyaga and
Muranag'a counties) both of which account for 1241ZChianu et al., 2008). In Kenya

smallholder farmers (with land holding ranging frdhl to 0.2 ha) almost wholly undertake
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soybean cultivation. Information on involvementlafge-scale farms in soybean production is
rather scanty (Chianet al., 2008). Therefore, soybean has been identifieshassuch crop that
has the potential to make significant contributidoshealthcare, income and livelihoods of

smallholder farmers (Government of Kenya, 2002;0Rpehai and Osborne, 2003).

Nationally, FAO (2008) data estimates an averagédydpf 800 kg hd of soybean which has
been stagnant since 1990. However, there is relgiarability in yield. Between 1999 and
2003, soybean annual average yield ranged fromk§6* (Western province) to 1100 kg ha
(Eastern province). The average yields obtaineifhValley and Central provinces ranged in
between these figures. It has, however, been denabted that it is possible to obtain soybean
yields of 3000 —3600 kg Hefrom improved varieties and good management mes{Chiantet

al., 2006). According to the 2003 data, the highasinflevel soybean vyield (1600 kg Hain
Western province was obtained from Butere/Muntigsrict. Depending on the agro-ecological
conditions, the expected yields from the six ddfar soybean varieties (out of the 300 lines
evaluated) recommended from the work of GTZ SBReptq1993 - 1998) range from 0.6 to 1.9
tons per ha. Of these six varieties, a surveyeduwut in 1998 indicated that Nyala, Gazelle, and
Duicker were the most widespread, most probablytdiseed availability, rather than the choice

of farmers (Kaarat al., 1998).

The estimated national production, around 2000 imetms (FAO, 2008) has been mostly
stagnant across the years. This indicates theeexistof scope to further increase domestic
production of soybean to satisfy local demands ltherefore surprising that farmers in Kenya,

who are yet to meet domestic demand, are comptpioih lack of market for soybean.
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Meanwhile, demand by the human consumption maggmnent in Kenya is expected to rise to

about 150 000 metric tons per year by 2014 (Jagwle\yapendi, 2004).

2.4 Constraints in soybean production

Kenya faces a number of constraints in soybeanuyatexh which include biotic, abiotic and
socio-economic factors. The latter include cometitfor cheap imports that negatively
influence domestic production, low farm gate prioésoybean and unreliable markets (Kagira
al., 1998). Also most of the varieties currently lgeicultivated have limited or no ability to
naturally fix high amounts of nitrogen into soils\da often require artificialRhizobium
inoculation, a technology that is often not acddesio many smallholder farmers (Chiagtwal .,
2008). In addition, most farmers do not use ferils, consequently, soil fertility has continued
to decline resulting in low yields and competitieen of locally produced soybean with imports
(Chianuet al., 2008). Poor agronomic practices (e.g., inappatgicrop husbandry methods, low
use of fertilizers, poor pest management, inadeqeantrol of weeds, low combination of
organic and mineral fertilizers) among the smatlleolfarmers has reduced yields of soybean

where low soil fertility is already a problem.

2.5 Effect of nitrogen, phosphorous and potassiumnonodulation, growth and yield of

soybean

Phosphorous and potassium are two essential mimertaients required in relatively large
amounts to maintain plant growth. They play a magde in improving crop yield and quality
(Raghothama, 1999; Abet al., 2002). Plant height, grain yield, biomass yialtl P uptake
efficiency of soybean increases at high levels application (Sahoo and Panda, 2001; Mahje

al., 2011). Phosphorous and potassium deficient plafien have slow growth, poor drought
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resistance, weak stems and are more susceptildelgong and plant diseases (Jack and Sarah,

2001).

The application of P on soybean increases the atadud derived from the atmosphere by the
soybearBradyrhizobium symbiotic system (Chiee al., 1993; Sangingat al., 1996). Nitrogen
nutrition in soybean is ensured by dinitrogen fixatand mineral nitrogen assimilation, which is
important for high vegetative growth, high produiti and high seed protein content of soybean
(Ronis et al., 1985). Only 25 to 65% of N in soybean dry matteéginates from symbiotic
nitrogen fixation, the remainder comes from soi(H\arper, 1974). Varvel and Peterson (1992)
noted that soybean plants act as sinks for soikl effectively use N regardless of source.
Therefore N fertilization could benefit soybean.lHe and Watt (1991) also found out that N
fertilization of soybean increases seed proteiailoroncentration. Starter N application is aimed
at providing soybean with readily available soildNring seedling development, and has been

shown to increase soybean grain yield (TouchstodeRackerl, 1986).

2.6 Effect of zinc and molybdenum on nodulation, gowth and yield of soybean

Salwaet al. (2011) stated that micronutrients are definedudsstances that are crucial for crop
growth; however, they are used in lower amounts tmacronutrients. For instance, zinc plays
an important role in synthesizing proteins, RNA @1dA (Welch 2001; Kobraeet al., 2011).

Studies have also shown that zinc increases pkighty number of pods per plant, biological
yield, harvest index and grain yield in soybean difipariva, 1996). It is also essential in

chlorophyll production and pollen function (Ghasamdt al., 2010). Molybdenum on the other
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hand plays a key role in the process of atmosphetiogen fixation and enzyme activation

(Shirpurkaret al., 2006).

2.7 Effect of organic manure and lime on nodulationgrowth and yield of soybean

Organic matter affects crop growth and yield disetly supplying nutrients and indirectly by
modifying soil physical properties such as stapiif aggregates and porosity that can improve
the root environment and stimulate plant growthr{idsh et al., 1995). Incorporation of organic
matter has been shown to improve soil structure \water retention capacity (Bhagat and
Verma, 1991), increase infiltration rate (Achagyal., 1988) and decrease bulk density (Khaleel
et al., 1981). Studies have also shown that organicematiplication can benefit N-fixation in
legumes, especially in soils low in indigenous aiganatter (Olayinkaet al., 1998). Organic
manure acts as source of nutrients and organiemattrease number, biodiversity and activity
of the microbial population in soil. This has arfieet on physical, chemical and biological
parameters of the soil (Albiactt al., 2000). They are also a good substrate for thevitr of
microorganisms and maintain a favorable nutritido@lance increasing nutrient use efficiency
which is good for soybean growth (Nandgtial., 2013; Liuet al., 2008). Integrated use of
organic manures and inorganic fertilizers meetsronigtrient needs of soybean (Joshial.,

2000) enhancing its growth attributes and yieldufiduraj, 2000).

Studies have shown an increase in soybean noduteafion upon lime application due to
favorable conditions foBradyrhizobium spp. proliferation (France and Day, 1980; Okpata
al., 2004). Liming makes phosphorous available in sb# and promotes root development,

carbohydrate and nitrogen metabolism in plants ¢wdin, 1984). Application of lime in
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soybean has also been demonstrated to increaseepkease toxic concentrations of Al and Mn,
increase N, P, K and S uptake and also supply @aven(Mascarenhaat al., 1976; Raijet al.,

1977; Quaggiet al., 1993).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Experimental sites

The study was carried out in farmers’ fields in &et Siaya and Khwisero districts in western
Kenya. The experimental sites included: Nyabed&iaya County, Masaba, Eshirali and Eshisa
all of them located in Kakamega county with theispective coordinates noted in Table 1. The
areas are humid with average temperature of 2Z:2Fhey have evenly distributed rainfall with
annual averages ranging between 1200 and 1800 imenafEas have two cropping seasons; first
season (March to July) and second season (AuguBetember). The predominant soils are
ferralsols, which are strongly weathered, congistihred to dusky red appearance with oxic B
horizons. The soils have low soil fertility due ltav mineral content and low cation exchange
capacity (Jaetzoldt al., 2006). The trial was carried out during thegomains (March to July
2012) and short rains (September to December 281@,exclusively rain fed throughout the

seasons.
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Table 1: Agro-ecological conditions and soil physical chaeastics of the study sites in western Kenya.

Parameter Site
Eshirali Masaba Nyabeda Eshisa
Altitude (m.a.s.l) 1448 1335 1329 1410
Latitude 0§09 225 N 012 0.4 N 0d 08 22.3 N 0 07 57.4 N
Longitude 343509.1 E 3427 395 E 3424 52.7E 3430499 E
Cropping history Maize-bean inter Sugarcane Maize Maize-bean
crop, maize intercrop
Soil texture Clay Clay Clay Clay loam
Sand (%) 13.12 31.90 12.12 43.12
Silt (%) 23.95 21.39 19.61 22.28
Clay (%) 62.93 46.71 68.27 34.60
AEZ LM 1 LM 1 LM 1 LM 1

m.a.s.l: meters above sea level; AEZ: agro-ecoébgiones (Jaetzole al., 2006); LM: lower midland.

3.2Experimental design, treatments and crop husbandry

The design of the experiment was a randomized cetetlock design with three replications.
Soybean variety SB 132-Squire was used in the tak variety is preferred by farmers because
of its resistance to rust and high oil content. Treatments comprised: control-without inoculant
and fertilizers; inoculation alone with USDA-110ooulant; NPK; PK(-N); NP(-K); NK(-P);
NPKSCaMgZnMo and NPKSCaMgZnMo+manure+lime. All tiheatments except the control
were planted with inoculated soybean. All the treaits were applied during planting as per the

application rates required to achieve attainal@é&dyas shown in Table 2 (FURP, 1994).
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Table 2 Fertilizer application rates used in the study

Nutrient Rate Source

N 20 kg/ha Urea (46 % N)

P 30 kg/ha Triple super phosphate (46 %R)

K 60 kg/ha Muriate of potash (60 % 0)

S 23 kg/ha MEA Sympal fertilizer (4 % S) + Mg/ZnSQO

Ca 20 kg/ha MEA Sympal fertilizer (10 % CaO)

Mg 5kg/ha MEA Sympal fertilizer (1 % MgO) + MgSp

Zn 3 kg/ha MEA Sympal fertilizer + ZnSQ

Mo 3 kg/ha NaMoQ

Manure 10 t/ha Cattle manure (from Maseno University field
station)

Lime 5 t/ha Dolomitic lime

Land preparation in each of the four sites was doyeloughing to a depth of 15-20 cm
followed by harrowing to a moderate seedbed tigimg an ox-plough; commonly used method.
Plot size was 6 m by 6 m with a net plot of § which was used for final yield assessment.
Soybean was planted at a spacing of 45 cm by 5tdimeaonset of the rainy season giving a
population of 444,444 plants/ha. The seed rate wsesd40 kg/acre with one seed planted per
hill. Lime was broadcast in the plots of interesért ploughed into the soil before planting.
Manure was applied in the furrows and mixed witii before placing fertilizer and seed. All
fertilizers were applied by banding at the timeptEnting i.e. 2-5 cm from the planting lines to
avoid direct contact of seed with fertilizer. Thesere pre-weighed using a balance of 1g

accuracy for each plot before going to the field.
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Inoculation was done with Biofix (USDA-110) inocalafrom MEA, containingBradyrhizobium
japonicum at the rate of 10 g/kg of seed. Gum Arabica wasethivith warm water at the ratio of
2:5 to make a sticker solution. Then 10 ml of theker solution was added to a jug containing 1
kg of soybean seed, the mixture was thoroughly chitee ensure the sticker was uniformly
distributed. Inoculant (10 g) was eventually adtlezh the contents carefully mixed to minimize
death of theBradyrhizobium bacterium mechanically. The control experimenhwaitt inoculant
was planted first to avoid contamination. The srialere kept weed free by hand weeding using
hoes to reduce competition for space, moisturajenis and light. Weeding was done starting

with the control plot, to avoid contamination wBhadyr hizobium bacteria.

3.3 Data collection

Information about each site was collected. Thisuised GPS readings, land use history for the

previous two seasons (Table 1) and rainfall recasiisg portable rain gauges (Appendix 1).

Crop emergence in all treatments was assesse® atezks after sowing in all sites and plots.

The emerged plants were counted and related texipected number of plants as a percentage.

3.3.1 Diagnosis of nutrient deficiencies

One soil sample was collected from each plot bebtaiating and application of manure or lime
from a depth of 0-20 cm using an auger, mixed taonfone composite sample for each block at
each site. Hence a total of three soil samples weltected from each site. Laboratory analyses
were done on the samples for soil organic carbaial N, extractable ammonium N, extractable
nitrate N, extractable P, extractable K, soil pHaigv), electrical conductivity and particle size

distribution.
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3.3.1.1: Procedure for analysis of soil chemical enacteristics

Soil pH and Electroconductivity

Soil pH was measured on 2.5:1 water to soil suspens/hereby 50 ml of distilled water was
added to 20 g of soil. The mixture was stirred I6r minutes then allowed to settle for 30
minutes. It was then stirred for 2 minutes and gkheof the soil suspension measured using a
glass electrode pH meter calibrated with bufferspef 4.00 and 7.00 (Jackson, 1973). The
mixture was allowed to settle for 4 hrs then trangfd to a Buchner filter funnel lined with
highly retentive filter paper. The conductivity thfe filtrate was measured using a conductivity

meter.
Total Nitrogen

Total N was determined using a Block digester fed by distillation-titration method
(Okaleboet al., 2002). Three grams of dry soil sample was pw gigestion tube. A digestion
mixture containing; 3.2 g salicylic acid in 100 sullphuric acid-selenium mixture was added to
the digestion tube. The mixture was digested af Cl@or 1 hour, removed, cooled then three
successive 1 ml portions of hydrogen peroxide vestded. Temperatures were then raised to
33@ C turning the solution colourless. Contents wéiaed to cool and 25 ml distilled water
was added, mixed well until no more sediments cdiddolve. The mixture was allowed to cool
then made up to 50 ml with water. The mixture wémaged to settle and a clear solution taken
from the top for analysis. A 10 ml aliquot of thengple solution was transferred to the reaction
chamber of the still and 10 ml of 1% NaOH addece Wixture was steam-distilled immediately

into 5 ml of 1% boric acid containing four dropstbe mixed indicator until it turned green.
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Distillate was removed and titrated with N/140 H@le end point reached when indicator

changed from green through grey to a definite pirtlen total N was calculated as follows:

% N =(A-B) 0.2 x V x 100

1000 x W x AL

Where A=Volume of the titre HCI for the blank, Bslume of the titre HCI for the sample, V=
final volume of the digestion, W= weight of the gaentaken and AL= aliquot of the solution

taken for analysis.

Ammonium and Nitrate Nitrogen:

Mineral N was determined by steam distillation noeti(Bremmner and Keeney, 1965). Ten
grams of refrigerated soil sample was weighed anpdastic shaking bottle, and then 100 ml of 2
M KCI extracting sample was added. The contentsevatraken at 250 rpm for 1 hour then
filtered through No. 42 Whatman filter paper. Fadliliters of boric acid indicator solution was
added into a 50 ml conical flask. A 10 ml aliqudttbe soil extract was pipetted into the
distillation flask, and then 0.2 g of ignited MgQasvadded directly to the bulb of the distillation
flask. Distillation was done up to the 30 ml mark the receiver conical flask. Ammonium-N
content in the distillate was determined by tivatwith 0.002 N HSO, placed in a burette. The
color change at the end point was from green termanent faint pink. At the end point, 1 ml of
0.002 N BHSO, = 28 pg NH-N. After distilling NHs-N from the sample extract, 0.2 g of
Devardas’s alloy was added into the bulb of thélbingy flask using a dry powder funnel. Then,
NOs-N was distilled in fresh boric acid. The MN@as converted into NHand trapped in the
conical flask. Eventually, the ammonium was estedadby titration with 0.002 N 50, The

NH4-N in the soil sample was estimated as shown below:
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NH4-N (ppm) = (A-B) x 28 x V x MCF x 1000

W x AL

Where A=titre volume of 0.002 N J80, for the sample; B=titre volume for the blank;
V=volume of the extracting solution; MCF=moisturerrection factor; W=fresh weight of the

sample; AL=sample aliquot.

Available soil phosphorous:

This was determined by Olsen method (Oleeal., 1954). Two and a half grams of air dried (2
mm) soil was weighed into 250 ml shaking bottlee@b0 ml of the Olsen extracting solution
(0.5 M NaHCQ pH 8.5) was added to the bottle. The mixture vidken well for 30 minutes on

a mechanical shaker. The suspension was filtenedigh the No. 42 Whatman paper to get a
filtrate that was used for the colorimetric P meaments. The concentration of P in the sample

was calculated as follows:

P (ppm) = (A-B) x VV x F x 1000

1000 x W

Where A=the concentration of P in the sample; B=itrecentration of P in the blank; V=volume

of the extracting solution; F=dilution factor; W=ight of the sample.
Organic Carbon:

Organic carbon was determined by the sulphuric acalaqueous potassium dichromate mixture
(modified Walkley-Black method) [Nelson and Sommé&$75]. One gram of ground (60 mesh)

soil was weighed into a digester tube. Five mdifit of potassium dichromate solution and 7.5
ml conc. HSO, were added into the tube. The mixture was preelgeat 156 C for 30 minutes.

The digest was transferred to a 100 ml conicalkflaier cooling, and 0.3 ml of indicator
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solution was added and mixed thoroughly using anatg stirrer. The digest was then titrated
with ferrous ammonium sulphate solution, with endpeceaching when the colour changed from
greenish to brown. The titre was recorded and thisaorrect mean for the two blanks. Organic

carbon was calculated as follows:

Organic carbon (%) = (12/4000) x 0.2 %, V) % 100

w

Where \{ = volume in ml of 0.2 M ferrous ammonium sulphated to titrate reagent blank
solution, \4 = volume in ml of 0.2 M ferrous ammonium sulphased to titrate sample solution,
12/4000 = Milliequivalent weight of C in grams, G=2molarity of ferrous ammonium sulphate

solution and W = sample weight (g)

3.3.2 Nodulation and nodule assessment

Nodulation and nodule assessment under differedtrtrents was done at 50% pod stage.
Destructive sampling was done in a row outsidentiteplot in an area of 0.5 m by 0.45 m. Plants
from this area were counted, above ground biomaisard below ground roots and nodules dug
out to a depth of 30 cm with a ball of soil surrding them. Nodulation was scored at a scale of
1-5 whereby; 1 (<5 nodules on top 0-5 cm of roatemy), 2 (5-10 nodules on the top 0-5 cm of
root system), 3 (>10 nodules on the top 0-5 cnhefrbot system), 4 (>10 nodules on the top 0-5
cm and <5 nodules on the lower part of the rootesyy and 5 (>10 nodules on the top 0-5 cm
and on the lower part of the root system) as dgeeldoy N2Africa. The average score of all the
plants in the sampling area was recorded as nadeln score. Soil from the roots was then
carefully removed and the roots stored in a coal o the laboratory, the roots were washed,

nodules separated from the roots and both fresghigeof nodules and roots taken. Nodules in
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each treatment were also counted and divided byntheber of plants sampled to give the
number of nodules per plant. A 10 % sample of ttalthumber of nodules counted per
treatment was used for characterisation. The nedubre cut into half and observations made
for the presence of any colour. Characterizatioa lbased on the following colours: red (active),
pink (active), brown (active), white (inactive)egn (inactive), and black (inactive). Eventually,
the roots and nodules were oven dried & @5for 24 hours, and then their respective dry

weights determined.

3.3.3 Assessment of soybean yield and yield compatse

Data on yield and yield components included abaeeigd biomass, number of pods per plant,
total stover (haulms + husks) yield, 100-seed weggtdl grain yield. Above ground biomass was
assessed at 50% pod stage. Destructive samplingloveesearly in the morning from an area of
0.5 m by 0.45 m by cutting the plants at grounelegounting them and then their fresh weights
determined, then the samples stored in a cool Inothe laboratory, the samples were air dried
for about two days, oven dried at’85 for 24 hours or to constant weight and thenwdejghts

taken.

At maturity, all plants in the net plot (99mwere counted and harvested early in the morning.
Ten representative plants were sampled and theghtsemeasured using a 1 m ruler. Pods on
each of the ten plants were counted and then as@ragdetermine number of pods per plant. All
pods in the net plot in each treatment were hagdeand their total fresh weight determined.
Random sub-samples (200-300 g) of harvested padsdch treatment were taken and their
weights determined. In the laboratory the sub-samplere air-dried followed by oven drying at
65> C for 24 hours or to constant weight. Their dryigh¢s were determined and recorded.
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Haulms in the net plot were harvested by cuttirgnthabove the ground level, all intact leaves
were removed and weights recorded. Sub-sampleawms (200-300 g) from each treatment
were taken and field weight recorded. They weren theen dried at 65C for 24hrs or to
constant weight and dry weights recorded. Grainseevgeparated from the pods (sub-sample),
fresh weights determined then oven dried &t®%or 24 hours and dry weights recorded. Both
fresh and dry weights of husks were also determifiech the sub-sample. Eventually, a
representative sample of 100 oven dried soybeasissieem each treatment was sampled and
weighed to determine 100-seed weight. Harvest ivdex calculated from a ratio between grain
yield and total biological yield (Grain yield+Stavgield), then expressed as a percentage as

shown below.

Harvest index (%) = Grain yield (kg/hayx 100
Total bigloal yield (kg/ha)

3.4 Data analysis

All data collected were subjected to analysis afiarece (ANOVA) using Genstat statistical
package (Rothamsted Research, VSN Internationdl),203" edition). The treatment means
were compared using the least significant diffeeerftSD) test at 5% probability level.
Correlation analysis was done using SAS editiona®@ regressions done using Microsoft excel

2010.
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CHAPTER 4

RESULTS

4.1 Soil characterization

Sites differed significantly (P<0.01) in soil ptbtal carbon, total nitrogen, ammonium nitrogen,
nitrate nitrogen and available phosphorous (TableMasaba site had significantly (P<0.01)
lower pH than all the other sites. Eshirali, Nyad@d Eshisa had similar pH levels. Electrical
conductivity and extractable potassium levels wae significantly (P<0.05) different among

the sites. Nyabeda site had significantly (P<0.0@igher total carbon than all the other sites
except Eshirali. Relative to the other sites, Masalad significantly (P<0.001) the highest
ammonium nitrogen content. Significantly (P<0.004iyher nitrate nitrogen was noted in

Nyabeda than in the other sites. Available phospi®in Eshisa site was significantly (P<0.05)

higher than in all the other sites.

4.2 Effect of inorganic fertilizers, cattle manureand lime on nodulation of soybean

Site, treatment and site x treatment interactiod bgnificant (P<0.01) effects on soybean
nodule mean score in both seasons (Table 4). boaeh Eshisa site had a significantly (P<0.01)
higher nodule mean score than all the other sitesall treatments except NPK and

NPKSCaMgZnMoManureLime. No difference in nodule maaore was noted among Eshirali,

Masaba and Nyabeda sites in the control plots.réshiad significantly (P<0.01) higher nodule

mean score than Masaba and Nyabeda in all treadnexeept control. Masaba and Nyabeda
were not significantly different in nodule mean iz all the treatments.
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Table 3: Soil chemical characteristics of the experimentaks

Soil properties

Total C Total N NH,4 NO; K Available
Sites pHHO EC (%) (%) (Ppm) (Ppm) (Cmol/kg) P (ppm)
Eshirali 5.51b 0.20a 2.18b 0.21b 6.32b 18.29b #.37 7.00a
Masaba 5.16a 0.20a 1.18a 0.13a 28.51c 4.67a 1.38a .67a5
Nyabeda 5.72b 0.20a 2.35b 0.22b 1.83a 22.83c 1.11a 5.00a
Eshisa 5.59b 0.20a 1.03a 0.15a 4.15ab 16.82b 0.47a 11.00b
Mean 5.49 0.20 1.69 0.18 10.20 15.65 0.83 7.17
LSDy.05) 0.27 NS 0.23 0.05 3.40 4.50 1.53 3.78
CV (%) 2.50 0 6.80 13.10 16.70 14.40 91.90 26.4
F pr. 0.01 NS <0.001 0.008 <0.001 <0.001 0.378 0.03

LSD: Least significant difference; CV: Coefficieat variation; NS: Non-significant. Similar lettens

each column shows non-significant difference to L& at 5% level.

In Eshirali and Masaba, NPKSCaMgZnMoManureLime hagnificantly (P<0.01) higher

nodule mean score than all the other treatmentsrais in Eshisa, NPKSCaMgZnMo registered
significantly the highest nodule mean score. Inattoh alone significantly (P<0.01) increased
nodule mean score relative to control only in Eahaind Eshisa. Treatments had no significant
effect on nodule score in Nyabeda. Overall, soybgeswn in Eshisa had a significantly

(P<0.01) higher nodule mean score than in all ttierosites. In season 2, inoculation alone
significantly increased nodule mean score relativecontrol only in Nyabeda and Eshisa.

Overall nodule mean score was significantly (P<plidgher in NPKSCaMgZnMoManureLime
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than all other treatments except NP and NPK. Masdbdad a significantly lower nodule mean

score than all other sites except Nyabeda.

Site, treatment and site x treatment interactignicantly (P<0.001) affected soybean number
of nodules per plant in both seasons (Table 53ebson 1, NPKSCaMgZnMoManureLime had
significantly (P<0.001) higher number of nodules pkant than all other treatments in Eshirali
and Masaba. Inoculation alone significantly (P<@)Ohcreased number of nodules per plant
relative to control only Eshirali. No differencea nodule number between control and
inoculation alone were noted in Masaba, NyabedaEsiisa. Nodule number in NPK, PK, NP
and NK treatments were not significantly (P<0.08iflerent at Masaba and Nyabeda. Overall,
soybean grown in Eshisa had significantly (P<0.G0d@her number of nodules per plant than all
sites except Eshirali. In season 2, NPKSCaMgZnMaMehime significantly (P<0.001)
increased number of nodules per plant relative tteerotreatments in Eshirali, Masaba and
Eshisa. In Nyabeda, NP had significantly (P<0.0t@igher number of nodules per plant than all
other treatments. Inoculation alone significan®%(.001) increased number of soybean nodules
per plant relative to control in all sites. NK tneent recorded significantly lower nodule number
than NPK, PK and NP in all sites. Masaba site hgdifscantly lower number of nodules per
plant than all other sites. Overall, soybean grawth NPKSCaMgZnMoManureLime had a

significantly (P<0.001) higher number of nodules jplant than all the other treatments.
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Table 4: Nodule mean score of soybean grown on-farm in BEhMasaba, Nyabeda and Eshisa during
the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 1.10 1.00 1.23 2.22 1.39
Inoculation alone 1.85 1.06 1.10 3.06 1.77
NPK 2.79 1.19 1.52 2.25 1.94
PK 1.94 1.04 1.27 3.14 1.85
NP 1.77 1.00 1.48 2.60 1.71
NK 1.49 1.22 1.21 3.13 1.76
NPKSCaMgZnMo 2.30 1.22 1.11 4.40 2.26
NPKSCaMgZnMoManureLime 3.57 3.09 1.35 3.23 2.81
Mean 2.10 1.35 1.29 3.00 1.94
Season 2
Control 1.70 1.00 1.00 1.70 1.35
Inoculation alone 2.20 1.43 1.90 2.50 2.01
NPK 2.87 2.50 2.43 2.53 2.58
PK 2.87 1.90 1.90 2.67 2.33
NP 2.43 1.20 3.03 3.30 2.49
NK 2.10 1.30 1.70 2.00 1.78
NPKSCaMgZnMo 3.13 1.60 1.97 3.00 2.43
NPKSCaMgZnMoManureLime 3.40 2.87 2.63 3.67 3.14
Mean 2.59 1.73 2.07 2.67 2.26
Season 1 Season 2
LSD(o.0s) Site 0.20 0.25
LSD .05 Treatment 0.29 0.35
LSD .05 Site*Treatment 0.58 0.70
CV% 18.3 19.1

LSD: Least significant difference; CV: Coefficianitvariation; Scale: 1-5
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Table 5: Mean number of nodules per plant of soybean growfaom in Eshirali, Masaba, Nyabeda and
Eshisa during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 5.41 0.20 0.00 10.93 4.14
Inoculation alone 21.02 1.59 0.00 13.08 8.92
NPK 13.11 1.46 1.67 28.38 11.15
PK 14.73 0.82 0.33 21.17 9.26
NP 8.31 2.65 0.33 19.00 7.57
NK 7.06 4.07 1.00 22.53 8.66
NPKSCaMgZnMo 20.69 1.57 1.00 25.38 12.16
NPKSCaMgZnMoManureLime 55.00 19.33 1.00 23.61 24.74
Mean 18.17 3.96 0.67 20.51 10.83
Season 2
Control 12.00 0.00 0.00 9.00 5.25
Inoculation alone 19.33 4.00 19.33 17.33 13.75
NPK 25.33 11.67 17.00 18.67 18.17
PK 23.67 11.33 18.00 30.33 20.83
NP 24.00 0.67 28.00 23.33 19.00
NK 15.67 4.67 8.33 16.00 11.17
NPKSCaMgZnMo 28.67 0.67 19.67 29.00 19.50
NPKSCaMgZnMoManureLime 35.00 27.67 22.00 45.33 32.5
Mean 22.96 7.58 15.92 23.62 17.52
Season 1 Season 2
LSD(o.0s) Site 1.98 1.27
LSD .05 Treatment 2.79 1.79
LSD .05 Site*Treatment 5.59 3.59
CV% 31.6 125

LSD: Least significant difference; CV: Coefficiaritvariation.
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Site, treatment and site x treatment interactiod significant (P<0.001) effects on soybean
nodule dry weight in both seasons (Table 6). Irsgeal, Eshisa had significantly (P<0.001)
higher mean nodule dry weight than all the othéessin all treatments except control and
inoculation alone. In Masaba and Eshisa, NPKSCaNWxvanureLime had significantly
higher nodule dry weight than all other treatmerbts treated with NPKSCaMgZnMo in
Eshisa had significantly (P<0.001) higher nodulg timan all the other treatments except
NPKSCaMgZnMoManureLime. In the same site, NPK, Ril &P had significantly higher
nodule dry weight than control and inoculated ploibere were no significant (P<0.001)
differences in soybean nodule dry weight amonghalltreatments in Nyabeda. Inoculation alone
did not significantly (P<0.001) increase soybeadute dry weight relative to control in all sites.
Overall, soybean grown in Eshisa had significari%0.001) higher nodule dry weight than
soybean grown in all the other sites. In seasom@ulation alone significantly (P<0.001)
increased nodule dry weight relative to controNiyabeda and Eshisa. NK treatment recorded
significantly (P<0.001) lower nodule dry weight thalPK, PK and NP in all sites. In Masaba
and Eshisa, NPKSCaMgZnMoManureLime significantlcreased nodule dry weight over
NPKSCaMgZnMo. Significantly (P<0.001) higher nodudley weight was noted in Eshisa than

all the other sites except Eshirali.
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Table 6: Mean nodule dry weight (g) of soybean grown on-farr&shirali, Masaba, Nyabeda and Eshisa
during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 0.34 0.05 0.00 0.26 0.16
Inoculation alone 0.71 0.18 0.00 0.56 0.36
NPK 0.70 0.10 0.02 1.22 0.51
PK 0.63 0.08 0.00 1.31 0.51
NP 0.37 0.15 0.08 1.15 0.44
NK 0.27 0.40 0.00 0.95 0.41
NPKSCaMgZnMo 0.61 0.25 0.02 1.84 0.68
NPKSCaMgZnMoManureLime 0.92 1.89 0.10 2.48 1.35
Mean 0.57 0.40 0.03 1.22 0.55
Season 2
Control 0.60 0.00 0.00 0.77 0.34
Inoculation alone 0.85 0.31 0.58 1.40 0.78
NPK 1.21 1.44 0.82 1.82 1.32
PK 1.37 1.04 0.88 1.82 1.28
NP 1.13 0.08 1.07 1.57 0.96
NK 0.52 0.21 0.23 0.75 0.43
NPKSCaMgZnMo 1.42 0.14 0.72 1.14 0.86
NPKSCaMgZnMoManureLime 1.48 1.79 0.97 1.82 1.51
Mean 1.07 0.63 0.66 1.39 0.94
Season 1 Season 2
LSD(o.0s) Site 0.15 0.20
LSD .05 Treatment 0.22 0.28
LSD .05 Site*Treatment 0.43 0.56
CV% 47.9 36.6

LSD: Least significant difference; CV: Coefficiaritvariation.

30



4.3 Effect of inorganic fertilizers, cattle manureand lime on growth, yield and vyield

components of soybean

Soybean above-ground biomass was significantly (40 affected by site, treatment and site x
treatment interaction in both seasons (Table 73ebson 1, NPKSCaMgZnMoManureLime had
significantly (P<0.001) higher above-ground biom#san all the other treatments in Eshirali,
Masaba and Eshisa (Table 7). Inoculation did nghiBcantly (P<0.001) increase soybean
above-ground biomass relative to control in allesitexcept Eshisa. NPK treatment had
significantly higher above-ground biomass than dlie other treatments except
NPKSCaMgZnMo and NPKSCaMgZnMoManureLime in Eshirahd Eshisa. Overall, the
highest value of above-ground biomass was noteisinsa which was significantly different
from Masaba. In season 2, NPKSCaMgZnMoManureLime s$ignificantly (P<0.001) higher
above-ground biomass than all other treatmentsyabBda and Eshisa. Similar observations
were noted in Eshirali and Masaba except that NPMEgZnMoManureLime did not
significantly differ from NPK and NPKSCaMgZnMo inshirali and NPKSCaMgZnMo in
Masaba. Inoculation alone significantly (P<0.00a4freased soybean above-ground biomass
relative to control in all the sites. Also, apptioa of NP significantly (P<0.001) increased
soybean above-ground biomass relative to contnoiculation alone, PK and NK in all sites
except Eshirali where it had significantly loweroab-ground dry matter than PK. Under most
treatments, above-ground biomass in Nyabeda antsd&sfas significantly (P<0.001) higher
than that of Masaba and Eshirali. Masaba site fpuifisantly the lowest above-ground biomass

in all the treatments compared to other sites.

31



Table 7: Mean above ground biomass (kg/ha) of soybean gmwfarm in Eshirali, Masaba, Nyabeda
and Eshisa during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 1654 1061 1318 1204 1309
Inoculation alone 1731 1019 1344 1838 1483
NPK 2214 1056 2065 2898 2058
PK 1658 1077 2020 2439 1798
NP 1864 827 2182 1914 1697
NK 1193 477 1687 2066 1356
NPKSCaMgZnMo 1984 1246 2944 2563 2184
NPKSCaMgZnMoManureLime 3553 1573 3167 3494 2947
Mean 1981 1042 2091 2302 1854
Season 2
Control 1110 618 1638 1307 1168
Inoculation alone 1584 1007 2269 2086 1737
NPK 2682 1518 2869 3129 2549
PK 2047 1509 2475 2502 2133
NP 1695 1849 3227 3342 2528
NK 1407 1157 1749 1958 1568
NPKSCaMgZnMo 2582 2438 3124 2415 2640
NPKSCaMgZnMoManureLime 2798 2562 3664 3964 3247
Mean 1988 1582 2627 2588 2196
Season 1 Season 2
LSD(o.0s) Site 145.4 106.8
LSD .05 Treatment 205.6 151.1
LSD .05 Site*Treatment 411.2 302.2
CV% 13.6 8.4

LSD: Least significant difference; CV: Coefficiawitvariation
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Site, treatment and site x treatment interactiahdignificant (P<0.001) effects on soybean plant
height in both seasons (Table 8). In season 1, NR#&ZnMoManureLime recorded a
significantly (P<0.001) higher plant height tham ather treatments in Eshirali, Masaba and
Nyabeda. In Eshisa, NPKSCaMgZnMo had a signifigahtbher plant height than all other
treatments except NPKSCaMgZnMoManureLime and NKhidzs site recorded significantly
(P<0.001) higher plant height than the other sites all the treatments except
NPKSCaMgzZnMoManureLime. NPK significantly (P<0.00ihcreased soybean plant height
relative to all treatments except NP, NPKSCaMgZnadha NPKSCaMgZnMoManureLime in
Eshirali and Masaba. Inoculation alone significarffP<0.001) increased soybean plant height
relative to control only in Eshirali and Eshisa.eDall, soybean grown in Eshisa had significantly
higher plant height than in Eshirali, Masaba andaldgda. In season 2, inoculation alone
significantly increased soybean plant height reéatio control only in Eshisa. On average,
NPKSCaMgZnMoManureLime had significantly (P<0.00figher plant height than all other
treatments except NP, PK, NPK and NPKSCaMgZnMoer@V, soybean grown in Eshisa

recorded a significantly higher plant height thlirother sites except Eshirali.

Site, treatment and site x treatment interactigmiBcantly (P<0.001) affected number of
soybean pods per plant in both seasons (Table 8gdson 1, control, inoculation alone, NP, NK
and NPKSCaMgZnMoManureLime treatments had sigmfiga(P<0.001) higher number of
pods per plant in Eshisa than in all other sitgsplgation of NPKSCaMgZnMoManureLime
significantly (P<0.001) increased the number of9pdr plant across all sites. Inoculation alone

significantly (P<0.001) increased the number of ppér plant relative to the control only in
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Eshirali and Eshisa. Significant increase in thember of pods per plant was noted in
NPKSCaMgZnMo relative to NPK, PK, NP and NK in MbBaaNyabeda and Eshisa. Overall,
Eshisa site had a significantly higher number ofloger plant than Eshirali, Masaba and
Nyabeda (Table 9). In season 2, control, inocufatioalone, NK and
NPKSCaMgZnMoManureLime had significantly (P<0.0@dgher number of pods per plant in
Eshisa than in all other sites. Application of NRESBIgZnMoManureLime had the highest
number of pods per plant in Eshirali, Masaba anuddasa value that was significantly (P<0.001)
different from control, inoculation alone, NP and& M all these sites. Significantly (P<0.001)
lower number of pods per plant were noted in NkntimaNPK, PK and NP in Eshirali, Nyabeda
and Eshisa. Inoculation alone significantly inceshshe number of pods per plant relative to
control only in Eshisa. Application of NPKSCaMgZnManureLime significantly (P<0.001)
increased the number of pods per plant over NPKS§Zai¥lo only in Eshisa. Overall, Eshisa
site had a significantly (P<0.001) higher numbepodls per plant than all the other sites (Table

9).
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Table 8: Mean plant height (cm) of soybean grown on-farr&éhirali, Masaba, Nyabeda and Eshisa
during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 50.35 25.40 53.60 67.07 49.10
Inoculation alone 53.97 28.10 53.90 71.00 51.74
NPK 61.27 36.80 62.50 69.00 57.39
PK 56.53 28.20 64.50 70.27 54.87
NP 59.00 34.57 63.60 68.33 56.37
NK 56.30 26.07 61.70 71.50 53.89
NPKSCaMgZnMo 60.25 38.67 67.77 74.67 60.34
NPKSCaMgZnMoManureLime 71.90 47.50 71.90 71.80 55.8
Mean 58.71 33.16 62.43 70.45 56.19
Season 2
Control 49.80 44.17 49.40 56.23 49.90
Inoculation alone 52.73 44.00 51.00 64.67 53.10
NPK 71.00 56.07 60.10 69.97 64.28
PK 70.70 52.40 59.80 70.40 63.33
NP 66.77 55.43 59.17 67.20 62.14
NK 51.37 52.93 48.73 59.73 53.19
NPKSCaMgZnMo 71.50 62.43 58.77 68.43 65.28
NPKSCaMgZnMoManureLime 77.70 60.63 59.73 78.17 69.0
Mean 63.95 53.51 55.84 66.85 60.04
Season 1 Season 2
LSD(o.0s) Site 1.19 2.25
LSD .05 Treatment 1.68 3.19
LSD .05 Site*Treatment 3.35 6.38
CV% 3.7 6.5

LSD: Least significant difference; CV: Coefficiawitvariation
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Table 9: Mean number of pods per plant of soybean growraomin Eshirali, Masaba, Nyabeda and
Eshisa during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 14.33 5.20 25.00 40.33 21.22
Inoculation alone 22.33 6.30 25.00 44.67 24.58
NPK 33.00 11.45 51.33 53.33 37.28
PK 25.33 11.87 42.00 46.33 31.38
NP 23.33 10.97 45.33 56.00 33.91
NK 23.33 8.00 42.67 48.33 30.58
NPKSCaMgZnMo 27.67 11.75 55.33 58.67 38.35
NPKSCaMgZnMoManureLime 60.00 19.40 55.67 66.33 50.3
Mean 28.67 10.62 42.79 51.75 33.46
Season 2
Control 9.93 8.27 13.30 18.87 12.59
Inoculation alone 12.5 9.57 16.87 27.73 16.67
NPK 26.67 16.47 19.50 29.67 23.08
PK 25.23 13.10 19.00 27.27 21.15
NP 19.03 13.77 22.67 24.23 19.93
NK 13.37 13.67 21.00 25.40 18.36
NPKSCaMgZnMo 27.17 18.67 26.60 28.37 25.20
NPKSCaMgZnMoManureLime 27.30 20.77 23.37 31.13 25.6
Mean 20.15 14.28 20.29 26.58 20.33
Season 1 Season 2
LSD(o.0s) Site 1.74 1.36
LSD .05 Treatment 2.46 1.93
LSD .05 Site*Treatment 491 3.86
CV% 9.0 11.6

LSD: Least significant difference; CV: Coefficiawitvariation
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Site and treatment significantly (P<0.001) affecsaybean 100-seed weight in both seasons.
Significant (P<0.001) site x treatment interactiffiects were noted in season 1, whereas in
season 2, there was no significant site x treatmméetaction effects on soybean 100-seed weight
(Table 10). In season 1, Masaba site had signific&R<0.001) higher soybean 100-seed weight
than Eshirali, Nyabeda and Eshisa in all treatmeNBKSCaMgZnMoManureLime had the
highest values of 100-seed weight in Eshirali, \dasand Nyabeda whereas in Eshisa the
highest value was noted in NPKSCaMgZnMo. Inocutatialone significantly (P<0.001)
increased soybean 100-seed weight relative to @ootly in Masaba. In season 2, on average,
NPKSCaMgZnMoManureLime had significantly (P<0.0Qdigher soybean 100-seed weight
than all other treatments except NPKSCaMgZnMo. uietoon alone significantly (P<0.001)
increased soybean 100-seed weight relative todheral in Masaba and Nyabeda. NPK and PK
treatments had significantly (P<0.001) higher 188es weight than control and inoculation
alone. Soybean grown in Eshisa had a significa(fy0.05) higher 100-seed weight than

soybean grown in Eshirali and Masba.

Site, treatment and site x treatment interactigmiScantly (P<0.001) affected soybean grain
yield in both seasons (Table 11). In season 1,dashad significantly (P<0.001) higher grain
yields than the other sites in all the treatmentsept NPKSCaMgZnMoManureLime compared
to all the other sites. In Eshirali, Masaba and ¢y sites, NPKSCaMgZnMoManureLime had
a significantly higher grain yield than all otheedatments. In Eshisa, NPKSCaMgZnMo had

significantly higher grain yield than all the othlezatments.
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Table 10: Mean 100-seed weight (g) of soybean grown on-farshirali, Masaba, Nyabeda and Eshisa

during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 10.01 16.18 9.13 10.11 11.36
Inoculation alone 9.90 17.50 9.61 10.24 11.81
NPK 10.12 17.33 9.21 10.08 11.69
PK 10.51 17.00 9.39 9.61 11.63
NP 9.53 18.33 9.87 10.11 11.96
NK 9.92 16.18 9.46 10.27 11.45
NPKSCaMgZnMo 10.58 18.00 8.76 10.82 12.04
NPKSCaMgZnMoManureLime 10.77 19.50 10.49 10.78 32.8
Mean 10.17 17.50 9.49 10.25 11.85
Season 2
Control 17.33 17.53 16.13 18.13 17.28
Inoculation alone 17.70 18.87 18.77 18.30 18.41
NPK 19.97 19.07 19.07 19.83 19.48
PK 18.83 20.47 19.67 20.20 19.79
NP 17.03 18.50 19.40 20.23 18.79
NK 18.03 17.80 18.23 18.40 18.12
NPKSCaMgZnMo 19.87 19.23 20.73 20.93 20.19
NPKSCaMgZnMoManureLime 20.87 20.20 21.93 20.83 @0.9
Mean 18.70 18.96 19.24 19.61 19.13
Season 1 Season 2
LSD(o.0s) Site 0.38 0.63
LSD .05 Treatment 0.54 0.90
LSD .05 Site*Treatment 1.09 NS
CV% 5.6 57

LSD: Least significant difference; NS: Non sign#it; CV: Coefficient of variation
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Table 11: Mean grain yield (kg/ha) of soybean grown on-famkshirali, Masaba, Nyabeda and Eshisa

during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 1222 43 1360 2431 1264
Inoculation alone 1235 64 2024 2526 1462
NPK 1754 162 2033 2477 1606
PK 1433 225 2142 2536 1584
NP 1712 420 2467 2768 1842
NK 1251 44 1254 3054 1401
NPKSCaMgZnMo 2102 386 2331 3785 2151
NPKSCaMgZnMoManureLime 3178 1398 3149 3295 2755
Mean 1736 343 2095 2859 1758
Season 2
Control 1152 850 1337 1615 1238
Inoculation alone 1518 1110 2082 2267 1744
NPK 3386 1856 2438 3252 2733
PK 2858 1608 2461 2636 2391
NP 2314 1385 3041 3072 2453
NK 1844 1398 2351 2587 2045
NPKSCaMgZnMo 3585 1800 2821 3164 2842
NPKSCaMgZnMoManureLime 4995 3041 3991 3711 3934
Mean 2706 1631 2565 2788 2423
Season 1 Season 2
LSD(o.0s) Site 76.6 159.7
LSD .05 Treatment 108.3 225.9
LSD .05 Site*Treatment 216.5 451.8
CV% 7.5 114

LSD: Least significant difference; CV: Coefficiawitvariation
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Inoculation alone significantly (P<0.001) increasgdhin yield relative to control only in
Nyabeda. Application of NP had significantly (P<@l) higher soybean grain yield than the
control, inoculation alone, PK and NK treatments Egshirali, Masaba and Nyabeda. NK
treatment had significantly (P<0.001) lower graialgy than NP and PK in all the sites except
Eshisa. Across the treatments, grain yield wasifsigntly (P<0.001) different among the sites
with the highest quantity noted in Eshisa followbg Eshirali, Nyabeda and Masaba in
decreasing order. In season 2, NPKSCaMgZnMoManuareLtreatment had a significantly
higher grain yield than all other treatments acralissites. Inoculation alone significantly
(P<0.001) increased soybean grain yield relativéhéocontrol in Nyabeda and Eshisa sites but
not in Eshirali and Masaba. Masaba had signifigafi®0.001) the lowest grain yield across all
the treatments. In Eshirali, NK had a significanbyver grain yield than NPK, PK and NP.

Eshirali also had the highest grain yield in tmedd plots.

Soybean stover yield was significantly (P<0.00I¢&kd by site, treatment and site x treatment
interaction (Table 12). In season 1, Eshisa sitedignificantly higher stover yield than all the
other sites in control, inoculation alone, NP an# Hlots. Masaba site had significantly
(P<0.001) lower stover yield than all the otheesiacross all the treatments. Nyabeda’s stover
yield outperformed Eshirali's and Masaba’s in dlk ttreatments. In Masaba and Nyabeda,
NPKSCaMgZnMoManureLime had a significantly higheover yield than all treatments. In
Eshirali, NPKSCaMgZnMoManureLime had a significgntligher stover yield than all other
treatments except NPK. The NK treatment had sicguifily lower stover yield than most of the

other treatments in all the sites except Eshisaculation alone significantly increased stover
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yield relative to control only in Eshisa. Mean stoyield in Eshisa was significantly (P<0.001)
higher than all other sites except Nyabeda. In@ed& NPKSCaMgZnMoManureLime had
significantly (P<0.001) higher stover yield thahather treatments in all the sites except Eshisa.
In Eshisa, NPKSCaMgZnMoManureLime had a signifibahigher stover yield than all other
treatments except NPK. Inoculation alone did ngnisicantly increase soybean stover vyield
relative to control in all sites. In Eshirali and/&beda NP significantly (P<0.001) increased

stover yield relative to control, inoculation alpiNPK, PK and NK.

Site, treatment and site x treatment interactignicantly (P<0.001) affected soybean harvest
index in both seasons (Table 13). In season 1ulaton alone significantly increased harvest
index relative to the control in Masaba and Nyab&aaverage, significantly (P<0.001) higher
harvest index was noted in NPKSCaMgZnMoManureLimmmgared to other treatments. There
were no significant (P<0.001) differences in hatvieslex among NPK, PK, NP and NK

treatments. Overall, Eshisa site recorded a saamfly (P<0.001) higher harvest index than all
the other sites. In season 2, inoculation aloneifstgntly (P<0.001) increased soybean harvest
index relative to the control in all sites. Sigo#ntly (P<0.001) lower harvest index was noted in
NP treatment than in NPK, PK and NK treatments shifali and Masaba. Application of

NPKSCaMgZnMoManureLime significantly (P<0.001) ieased soybean harvest index over
NPKSCaMgZnMo only in Masaba. Masaba site recordguaifscantly (P<0.001) lower harvest

index than all the sites except Eshirali.

41



Table 12: Mean stover yield (kg/ha) of soybean grown on-farr&shirali, Masaba, Nyabeda and Eshisa

during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 1540 211 1737 1656 1286
Inoculation alone 1542 83 1911 2169 1426
NPK 1674 166 2010 1899 1437
PK 1375 226 2413 2155 1542
NP 1476 491 2085 2500 1638
NK 855 57 1990 2580 1371
NPKSCaMgZnMo 1543 385 2672 2873 1868
NPKSCaMgZnMoManureLime 1851 1160 3130 2661 2201
Mean 1482 347 2244 2312 1638
Season 2
Control 2340 1588 1993 2041 1990
Inoculation alone 2272 1410 2333 2366 2095
NPK 3301 1557 2605 3617 2770
PK 2918 1893 2532 3117 2615
NP 3770 2247 3049 2960 3006
NK 1987 1715 1796 2702 2050
NPKSCaMgZnMo 4415 2533 2570 3132 3162
NPKSCaMgZnMoManureLime 5247 3053 3655 3969 3981
Mean 3281 2000 2567 2988 2709
Season 1 Season 2
LSD(o.0s) Site 100.4 133.5
LSD .05 Treatment 142.0 188.8
LSD .05 Site*Treatment 284.0 377.6
CV% 10.9 8.5

LSD: Least significant difference; CV: Coefficiaritvariation.
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Table 13: Mean harvest index (%) of soybean grown on-farfashirali, Masaba, Nyabeda and Eshisa
during the 2012-2013 cropping seasons.

Season 1
Treatment Eshirali Masaba Nyabeda Eshisa Mean
Control 44.26 19.24 43.91 59.47 41.72
Inoculation alone 44.48 43.44 51.36 53.80 48.27
NPK 51.16 49.60 50.13 56.60 51.87
PK 51.12 49.91 46.99 54.04 50.52
NP 53.74 46.85 54.21 52.55 51.84
NK 59.32 43.50 39.29 54.19 49.07
NPKSCaMgZnMo 57.49 50.04 47.00 56.86 52.85
NPKSCaMgZnMoManureLime 63.17 54.77 50.14 55.32 55.8
Mean 53.09 44.67 47.88 55.36 50.25
Season 2
Control 32.92 34.91 40.44 44.22 38.12
Inoculation alone 40.01 44.05 47.07 48.92 45.01
NPK 50.64 53.25 48.29 47.18 49.84
PK 49.29 4591 49.27 45.81 47.57
NP 38.30 37.82 49.93 50.91 44.24
NK 48.16 44.68 56.74 48.95 49.63
NPKSCaMgZnMo 44.82 41.53 52.29 50.25 47.22
NPKSCaMgZnMoManureLime 48.75 49.64 52.16 48.32 29.7
Mean 4411 43.97 49.52 48.07 46.42
Season 1 Season 2
LSD(o.0s) Site 1.78 1.60
LSD .05 Treatment 2.51 2.26
LSD .05 Site*Treatment 5.03 4,53
CV% 6.1 6.0

LSD: Least significant difference; CV: Coefficiaritvariation.
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4.4 Relationship among evaluated soybean parameters

There were significant positive correlations in ieslh between grain yield and above-ground
biomass (r=0.907, P<0.01), nodule number (r=0.888).01), nodule mean score (r=0.834,
P<0.01), plant height (r=0.902, P<0.01), pod nun(pe0.884, P<0.01), stover yield (r=0.742,
P<0.01), 100-seed weight (r=0.631, P<0.01) anddsarindex (r=0.683, P<0.01) (Table 14).
Above-ground biomass positively correlated with wlednumber (r=0.858, P<0.01), nodule
mean score (r=0.832, P<0.01), plant height (r=0.868.01), pod number (r=0.896, P<0.01),
stover yield (r=0.734, P<0.01), 100-seed weigh0#43, P<0.01) and harvest index (r=0.574,
P<0.05). Number of pods per plant positively catedl with nodule number (r=0.868, P<0.01),
plant height (r=0.842, P<0.01), stover yield (rG6 P<0.01), 100-seed weight (r=0.584,
P<0.01) and harvest index (r=0.671, P<0.01). Harusdex also positively correlated with

nodule number (r=0.507, P<0.05), nodule mean s¢or8.561, P<0.05) and plant height

(r=0.642, P<0.01).
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Table 14:Pearson correlation coefficients among evaluatednpeters in soybean grown on-

farm in Eshirali.

GY AGB NNP NDW NMS PH NPP  SY SDW  HI
GY 1.00
AGB  0.907" 1.00
NNP  0.886 0.858" 1.00
NDW 0571 0.644 0.651 1.00
NMS 0.834 0.832° 0.767 0.721° 1.00
PH 0.902 0.868 0.845 0579 0.814 1.00
NPP 0884 0.896° 0.868 0.631° 0.842° 0.943 1.00
sy 0.742 0.734 0.734 0557 0673 0656 0.616 1.00
sbw 0631 0643 0.617 0424 0534 0560 0.584 0433 1.00
HI 0.683° 0.574 0507 0.273° 0561 0.642° 0.671 -0.17° 0.459 1.00

ns: not significant; * significant and ** highly gificant at 5% probability level; GY: grain
yield (kg/ha); AGB: above-ground biomass (kg/haNllN number of pods per plant; NDW:
nodule dry weight (g); NMS: nodule mean score; Blant height (cm); NPP: number of pods

per plant; SY: stover yield (kg/ha); SDW: 100-seegl weight (g) and HI: harvest index (%).

In Masaba (Table 15), significant positive cornelas were noted between grain yield and
above-ground biomass (r=0.626, P<0.01), nodule nseane (r=0.841, P<0.01), plant height
(r=0.761, P<0.01), pod number (r=0.850, P<0.0Dvest yield (r=0.877, P<0.01) and 100-seed
weight (r=0.522, P<0.05). Above-ground biomass ificantly correlated with nodule mean

score (r=0.493, P<0.05), plant height (r=0.674,.BS)) pod number (r=0.644, P<0.05), stover
yield (r=0.660, P<0.05) and 100-seed weight (r=8,3%<0.05). Significant positive correlations

were noted between number of pods per plant andleaodimber (r=0.591, P<0.05), plant height

(r=0.837, P<0.01) stover yield (r=0.758, P<0.01d aarvest index (r=0.617, P<0.01).
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Table 15:Pearson correlation coefficients among evaluatednpeters in soybean grown on-

farm in Masaba.

GY AGB NNP NDW NMS PH NPP  SY SDW  HI
GY 1.00

AGB  0.626 1.00

NNP 0740 0.373° 1.00

NDW 0.768 0.408 0.934° 1.00

NMS  0.8417 0.493 0.900° 0.932° 1.00

PH 0.76I 0.674 0502 0501 0.626 1.00

NPP 0850 0.644 0591 0.704° 0.7417° 0.837 1.00

sy 0.877 0660 0.582 0.537 0.621 0.769° 0.758" 1.00

SDW 0552 0568 0.544 0535 0556 0.547 0491 0507 1.00

HI 0.582 0.217° 0.442 0532 0.582 0446 0.617° 0.223° 0.368° 1.00

ns: not significant; * significant and ** highly gificant at 5% probability level; GY: grain

yield (kg/ha); AGB: above-ground biomass (kg/haNllN number of pods per plant; NDW:
nodule dry weight (g); NMS: nodule mean score; Blant height (cm); NPP: number of pods

per plant; SY: stover yield (kg/ha); SDW: 100-seegl weight (g) and HI: harvest index (%).

In Nyabeda (Table 16), significant positive cortielas were noted between grain yield and
above-ground biomass (r=0.798, P<0.01), plant h€igi®.608, P<0.01), pod number (r=0.647,
P<0.01), stover yield (r=0.784, P<0.01), 100-seedght (r=0.635, P<0.05) and harvest index
(r=0.618, P<0.01). Above-ground biomass positivadyrelated with nodule number (r=0.649,
P<0.05), plant height (r=0.741, P<0.01), pod numfe.735, P<0.01) and stover yield
(r=0.869, P<0.01). Number of pods per plant posiyivcorrelated with nodule number (r=0.664,

P<0.01), plant height (r=0.664, P<0.01) and stoxeld (r=0.544, P<0.05). There was also a

significant positive correlation between plant lineignd stover yield (r=0.678, P<0.01).
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Table 16:Pearson correlation coefficients among evaluatednpeters in soybean grown on-
farm in Nyabeda.

GY AGB NNP NDW  NMS PH NPP SY SDW  HI

GY 1.00
AGB  0.798 1.00

NNP  0.455 0.649 1.00

NDW 0.665 0.646 0579 1.00

NMS  0.412 0419 0504 0563 1.00

PH 0.608 0.741 0570 0.604 0.391° 1.00

NPP  0.647 0.735 0.664 0.444 0.436 0664 1.00

sy 0.784 0.869 0.494 0.566 0.366° 0.678 0.544 1.00

SDW 0.635 0516 0.329° 0.644 0.394° 0421 0.426 0.482 1.00

HI 0.618" 0.200° -0.23° 0.346° 0.20%° 0.132° 0.397° -0.158° 0.373° 1.00

ns: not significant; * significant and ** highly guificant at 5% probability level; GY: grain

yield (kg/ha); AGB: above-ground biomass (kg/haNllN number of pods per plant; NDW:
nodule dry weight (g); NMS: nodule mean score; Bldnt height (cm); NPP: number of pods
per plant; SY: stover yield (kg/ha); SDW: 100-seegl weight (g) and HI: harvest index (%).

In Eshisa (Table 17), significant positive correlas were noted between grain yield and above-
ground biomass (r=0.649, P<0.05), nodule numbef.p80, P<0.05), nodule mean score
(r=0.671, P<0.01), plant height (r=0.733, P<0.(@@j¢d number (r=0.698, P<0.01) stover vyield
(r=0.878, P<0.01) and 100-seed weight (r=0.684,.®K0 Above-ground biomass positively
correlated with nodule number (r=0.761, P<0.01) pamber (r=0.795, P<0.01) and stover
yield (r=0.651, P<0.05). Number of pods per pldsb ositively correlated with nodule number
(r=0.590, P<0.05), plant height (r=0.524, P<0.@%pyver yield (r=0.691, P<0.01) and 100-seed

weight (r=0.625, P<0.05)
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Table 17:Pearson correlation coefficients among evaluatednpeters in soybean grown on-

farm in Eshisa.

GY AGB NNP NDW NMS PH NPP  SY SDW  HI
GY 1.00
AGB  0.649 1.00
NNP 0590 0.761° 1.00
NDW 0544 0.697° 0561 1.00
NMS 0.674 0.486 0.472 0575 1.00
PH 0.733 0.587 0581 0.446 0.600 1.00
NPP 0698 0.795 0590 0.589 0.380° 0.524 1.00
sy 0.878 0651 0.600 0.512 0617 0.716 0.691° 1.00
SDW 0.684 0413 0420 0450 0.454 0627 0.628 0.637 1.00
HI 0472 -0.21° -017° -0.18° -0.18° -0.23° -0.23° -0.26° 0.269° 1.00

ns: not significant; * significant and ** highly gificant at 5% probability level; GY: grain
yield (kg/ha); AGB: above-ground biomass (kg/ha{\llN number of pods per plant; NDW:
nodule dry weight (g); NMS: nodule mean score; Bldnt height (cm); NPP: number of pods

per plant; SY: stover yield (kg/ha); SDW: 100-sekegl weight (g) and HI: harvest index (%).

The grain yield, number of nodules per plant andut® dry weight of soybean were positively

correlated with soil available P and soil pH (Fgur). A strong positive correlation was noted

between soil available P with the grain yield£R.597), number of nodules per plant<B.712)

and nodule dry weight @& 0.509) of soybean.
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plant* and nodule dry weight; soil pH vs. soybean graeldyi number of nodules plahand
nodule dry weight.
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CHAPTER 5

DISCUSSION

5.1 Effect of inorganic fertilizers, cattle manureand lime on nodulation of soybean.

Inoculation alone significantly increased noduleamescore relative to control in Eshirali and
Eshisa in both seasons. This may probably be du@tolevels of available P (7 and 11 ppm in
Eshirali and Eshisa respectively) in these sitesaso favorable pH range (> 5.5 for both sites)
for proliferation of nodule formin@radyrhizobium bacteria. Low pH undermines the survival of
rhizobia leading to formation of ineffective nodsiland low rhizobial population (Sprent and
Sprent, 1990). This observation agree with FramzkeRay (1980) who reported that liming an
acid soil to a pH of 5.0 increased nodulation aiigen fixation ofPhaseolus vulgaris (L.) in

the acid soils of Brazil. Kumaga and Eto-Bonde (0@om pot experiments also demonstrated
that nodulation and nitrogen fixation of promisca@oybean could be increased by inoculation
with effective Bradyrhizobium strains. Due to high level of available phosphordtshisa site
recorded a significantly higher nodule mean sctr@ntall the other sites. Application of
phosphorous is improves root development, providimgge infection sites for rhizobia, hence
encouraging nodulation (Giller, 2001). Combinata@frfertilizer, manure and lime significantly
increased nodule mean score than all the othetntezdis. This can be attributed to the higher

number of nodules per plant noted with NPKSCaMgZMdaureLime application.

Inoculation alone significantly increased nodulentier per plant relative to control in Eshirali

in season 1 and in all sites in season 2. Thisdgd consistent with Kumaga and Ofori (2004)
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who noted a significant increase in nodule numimel module dry weight with inoculation in
soybean. A significantly higher number of noduleser pplant was noted in
NPKSCaMgZnMoManurelLime treatment than in all thieeottreatments in Eshirali, Masaba and
Eshisa. This confirms the findings of a study bynidal et al. (2009) who noted lower nodule
number and nodule dry weight in plots where the cial not receive any inorganic fertilizer or
organic manure relative to plots that received Nf2ld NPK + manure treatments. Probably, the
reason is that balanced application of organic iandganic fertilizers favorably increased root
density hence provided the infection sitesBoadyr hizobium japonicum (Nandiniet al., 2013).
Significantly lower number of nodules per plant waded in Masaba site than in the other sites
in both seasons. This may have been due to a is@nify lower pH value (5.16) that

discouraged proliferation of effectiBradyr hizobium bacteria (France and Day, 1980)

Nodule dry weight in Eshisa was significantly hightkan in Masaba and Nyabeda in both
seasons. This can be well explained by the higéal lefravailable phosphorous in this site (11
ppm). This agrees with Kumaga and Ofori (2004) wbted an increase in nodule dry weight
with phosphorous application. On average, NPKSCaM@gaManureLime application

significantly increased soybean nodule dry weightboth seasons. This could be due to
increased levels of available phosphorous. Zdtas. (2009) found that combination of organic
and chemical fertilizers increased soil available Hoculation alone did not significantly

increase nodule dry weight over control in all sitle season 1 but did increase significantly in

Nyabeda and Eshisa in season 2.
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5.2 Effect of inorganic fertilizers, cattle manureand lime on yield and yield components of

soybean.

Application of NPKSCaMgZnMoManureLime recorded sigantly higher above ground
biomass than all the other treatments in Nyabedhisg and Eshirali. Similar results were noted
in potato where maximum amounts of shoot dry mattere recorded with integrated use of
fertilizer and cattle manure (Amat al., 2013). Results which were also in line with Alanal.
(2007) which demonstrated that maximum amount eoshiry matter could be obtained by
combined application of compost and chemical fediks. Inoculation alone significantly
increased soybean above ground biomass over comtitgl in season 1. The results are in
conformity with the findings by Tamiret al. (2012) who noted a significant increase in sogbea
dry biomass yield in inoculated soybean comparedirimoculated control. Their findings
showed that irrespective of soybean variety, inatoih of Bradyrhizobium strain resulted in the
highest dry matter production. Masaba site recoalsijnificantly lower above ground biomass
than all the other sites in both seasons. Thisdcde attributed to significantly lower total
nitrogen in the site (0.13 %), acidic conditiongl afeficiency of other essential micronutrients
that could have limited the response to fertiligéengeni et al., 2006; Giller, 2001). In the
second season, application of NP significantlyeased soybean above ground biomass relative
to PK and NK. The results are in agreement wittse¢haf Xianget al. (2012), Aiseet al. (2011)
and Paulineet al. (2010) who reported higher leaf area hence stigotatter in soybean under
conditions of proper phosphorous application. lis 8tudy, addition of starter nitrogen in NP

application significantly increased soybean abaweigd biomass over PK and NK.
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Soybean plant height varied significantly among theatments and in the different sites.
Inoculation alone did not significantly increase/ts@an plant height relative to control in most
sites in both seasons. This contradicts Abetubl. (2012) findings in which they reported
significant increase in soybean plant height inculated soybean relative to non-inoculated
control. NPKSCaMgZnMoManureLime recorded a siguifity higher soybean plant height
than all the other treatments. Similarly, Mandahl. (2009) reported significantly higher plant
height in NPK+farmyard manure treated soybean glwa those in NPK and control. Overall,
Eshisa site recorded significantly higher plantgheithan all the other sites probably due to a

higher inherent soil fertility and a clay loam si@kture.

Application of NPKSCaMgZnMoManureLime had signifitey higher number of pods per plant
than all the other treatments in both seasons.rébelts are in agreement with Mandalal.
(2009) who reported significantly higher numbermpofls per plant in soybean plots treated with
NPK+farmyard manure than in the control plots. Efwal. (2008) also reported that combined
application of organic and inorganic fertilizers astotal basal dressing is beneficial to the
balanced release of nutrients; hence this coul@ lpawbably contributed to the increase in pod
number. Inoculation alone did not significantly nease number of pods per plant relative to
control in Masaba, Nyabeda and Eshirali. This cqurlmbably be due to the competitive ability
of native rhizobia in the sites and also emphadizeseed for fertilizer use in soybean to boost
pod number. However, earlier contradictory obseowat by Tahiret al. (2009) indicated
significant increase in number of pods per planinoculated soybean over control. Eshisa site

recorded significantly higher number of pods peamplthan all the other sites. This is due to a
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high level available phosphorous (11 ppm) in the sthich is well explained by a positive
correlation between grain yield and available pbibsphorous (Figurel). This is in line with the
findings by Zingore and Giller (2012) who notedtesg positive correlation between yields of
soybean and soil available P. High available soilh@ been demonstrated to increase

productivity and biological nitrogen fixation ofgames (Giller, 2001).

A significantly higher 100-seed weight was notedNihRKSCaMgZnMoManureLime than all the
other treatments. This could be attributed to nmaotdent and manure application as per
previous studies by Kobraetal. (2011) and Ghasemiaet al. (2010) who noted a significant
increase in 100-seed weight with zinc applicatimsaoybean. Zinc plays a key role in improving
biological nitrogen fixation of soybean which aids boosting seed protein and oil content
(Giller, 2001; Lokuruka, 2010). In other studies?K-Farmyard manure application on soybean
recorded significantly higher 100-seed weight tiNIRK and control (Mandaét al., 2009).
Therefore, the combined application of macronutsemicronutrients and manure could have
boosted seed weight due to the supply of multiplgients especially from manure which could
have been beneficial to the crop (Zingore et &08). Inoculation alone significantly increased
100-seed weight relative to control only in Masabaeason 1 and Masaba and Nyabeda in
season 2. This is in line with findings by Taméwal. (2012) who reported a significant increase
in soybean 1000-seed weight upon inoculation \Bitadyr hizobium strain. Masaba and Eshisa

sites had higher 100-seed weight than all the dites in season 1 and season 2 respectively.
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Grain yield was significantly higher in NPKSCaMgZoManureLime than all the other
treatments across all sites. This could be atedbub zinc application which according to
Kobraeeet al. (2011) enhances soybean yield by influencingniimaber of seeds per plant and
100-seed weight. Similarly, Heidariaa al. (2011) noted a significant effect of micronuttien
application on number of pods per plant and gratdyof soybean. Further, Xiargg al. (2012)
reported higher 100-seed weight and grain yieldhwitoper phosphorous and potassium
application. Alphaet al. (2007) found that proper phosphorous applicairaproved shoot
phosphorous uptake thereby increasing shoot dryemdt00-seed weight, pods per plant and
final grain yield of soybean. Integrated use ofamig and inorganic fertilizers can enhance
soybean productivity as reported by Mandahl. (2009) who noted a significant increase in
soybean grain yield with application of NPK+Farntyananure. Inoculation alone significantly
increased soybean grain yield relative to contrdllyabeda only in season 1 and in Nyabeda and
Eshisa in season 2. This is in agreement with Tethal. (2009) who reported a significant
increase in soybean seed vyield by 41% over contitii Bradyrhizobium inoculation alone.
Symbiosis between soybean d@@dyrhizobium japonicum could be the possible explanation to
the stated findings. Increased nodulation resualtsore nitrogen fixation that leads to increased
yield components (Okerekat al., 2004). In season 1, NK recorded a significatdlyer grain
yield compared to NPK, PK and NP in Eshirali, Masaind Nyabeda. This emphasizes the role
of phosphorous in determining soybean yield comptmeChiezeyet al. (2009) suggested that
the application of P stimulated leaf expansion,ceemore light interception for photosynthetic
activity, high assimilate accumulation and seeddyipod yield and 100-seed weight. Overall,

Masaba site recorded a significantly lower graieldithan all the other sites in both seasons.
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This can be attributed to the low pH value (5.1&)clh according to Carver and Ownby, (1995)

soils with pH <5.5 have high exchangeable aluminand outright toxicity to most crops.

Treatment with NPKSCaMgZnMoManureLime significanihgreased soybean stover yield than
all the other treatments in Eshirali, Masaba andbéga. This is probably due to the treatment’s
significant effect on above ground biomass and remdf pods per plant which are major
components of stover yield. In both seasons, iratimni alone did not significantly increase
stover yield relative to control in all sites. Agathis is probably due to the insignificant effect
of inoculation alone to soybean above ground bienaasl number of pods per plant which are
essential components of stover yield (Alpdaal., 2007). Treatment with NK recorded a
significantly lower stover yield than NPK, PK andPNh most of the sites. This result once more
explains the role of phosphorous, as elaboratetiabyr, et al. (2009) whereby application of P
alone increased number of pods per plant and dtyemgeld of soybean which are ultimate
components of stover yield. A significantly lowegower yield was noted in Masaba site than all

the other sites in both seasons. This can be atiddlto low pH (<5.5) that affected crop growth.

Inoculation alone significantly increased harvesteix relative to the control. This contradicts
findings of a study by Tamiret al. (2012) who reported that the main effects on saptharvest

index were from variety but not from rhizobial $tr@ or their interactions. Application of
NPKSCaMgZnMoManureLime significantly increased lemtv index compared to other

treatments. This can be attributed to its effecpod number, 100-seed weight and grain yield.
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This current finding contradicts the work of Mandal al. (2009) who found no varying

significant difference in soybean harvest indexveein NPK and NPK+Farmyad manure. There
was a significantly lower harvest index in Masaltte shan all the other sites. This can be
attributed to the lower records of pod number, $88d weight and grain yield compared to the

other sites.
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CHAPTER 6

CONCLUSION AND RECOMMENDATION

6.1: CONCLUSION

This study found out that the combination of botlgamic and inorganic fertilizers can
significantly boost soybean nitrogen fixation pdiaihby increasing nodulation. However,
inoculation alone without fertilizer application@onot markedly improve soybean productivity.
Inclusion of phosphorous in the fertilizer combioas is essential to maximize soybean
productivity in the region. The nutrient omissiagialt arrangement identified nutrients limiting
soybean production in the region. For instanceagstim deficiencies in Eshirali in both seasons
were observed. Phosphorous was noted to be the lmushg nutrient since its omission

significantly affected soybean yield and yield caments.

Combination of organic and inorganic fertilizersultb be a feasible option for maximizing
soybean yield in western Kenya. Consistent incr@ageeld was observed in the treatment with
NPKSCaMgZnMoManureLime, hence supply of both mard micronutrients in an integrated
approach might alleviate the problem. Also, feréli use in soybean production increased
soybean yields tremendously in the region hencendes should be encouraged to apply
fertilizers in soybean. Response of soybean tdikent application is site specific; hence blanket
fertilizer recommendations might not be the begtoopfor maximizing soybean production in

future.
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6.2: RECOMMENDATIONS
1. Extensive trials in different areas with soybeaodpiction potential should be conducted
to determine which one among cattle manure, limd aricronutrients+secondary
nutrients played a major role in boosting soybeaaldy when combined with

macronutrients NPK.

2. A similar study should be conducted on other comigngrown soybean varieties in the

region in order to determine their yield resportstettilizer.

3. Long term studies should be conducted to come ufh site-specific fertilizer

recommendations as way of maximizing soybean pitddiycin the region.

4. Since factors that caused some nutrients to betiignicould not be determined,
comprehensive studies should be done to estabfishphysical and chemical soil

characteristics that occasioned this.

5. Cost benefit analysis should be done to determounamical rates and returns to

investment in fertilizer use by site.
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APPENDICES

Appendix 1: Monthly rainfall (mm) at the trial sites during Z® cropping seasons.

Eshirali Masaba Nyabeda Eshisa

Long rains

April 211 234 225 225
May 168 195 142 229
June 204 238 242 248
July 84 63 102 151
August 145 198 113 111
Total 812 928 824 964
Short rains

September 219 172 265 194
October 205 213 222 255
November 159 142 198 180
December 194 206 212 227
Total 77 733 897 856

Appendix 2: Analysis of variance (ANOVA) table for soil pH &Shirali, Masaba, Nyabeda and
Eshisa sites.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.07922 0.03961 2.15

Site 3 0.50329 0.16776 9.10 0.012
Residual 6 0.11058 0.01843

Total 11 0.69309
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Appendix 3: Analysis of variance (ANOVA) table for soil EC BEhirali, Masaba, Nyabeda and
Eshisa sites.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 1.4444E-34 7.2222E-35

Site 3 0.0000E+00 0.0000E+00

Residual 6 0.0000E+00 0.0000E+00

Total 11 1.4444E-34

Appendix 4: Analysis of variance (ANOVA) table for soil tot&@l (%) of Eshirali, Masaba,
Nyabeda and Eshisa sites.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.06792 0.03396 2.61

Site 3 4.11390 1.37130 105.55 <.001
Residual 6 0.07795 0.01299

Total 11 4.25977

Appendix 5: Analysis of variance (ANOVA) table for soil tot&l (%) of Eshirali, Masaba,
Nyabeda and Eshisa sites.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.0013167 0.0006583 1.18

Site 3 0.0176250 0.0058750 10.52 0.008
Residual 6 0.0033500 0.0005583

Total 11 0.0222917
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Appendix 6: Analysis of variance (ANOVA) table for soil NHppm) of Eshirali, Masaba,
Nyabeda and Eshisa sites.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 6.299 3.150 1.09

Site 3 1370.699 456.900 157.86 <.001
Residual 6 17.366 2.894

Total 11 1394.364

Appendix 7: Analysis of variance (ANOVA) table for soil NQppm) of Eshirali, Masaba,
Nyabeda and Eshisa sites.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 3.670 1.835 0.36

Site 3 541.158 180.386 35.63 <.001
Residual 6 30.377 5.063

Total 11 575.205

Appendix 8: Analysis of variance (ANOVA) table for soil exttable K (Cmol/kg) of Eshirali,
Masaba, Nyabeda and Eshisa sites.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.9261 0.4631 0.79

Site 3 2.1498 0.7166 1.23 0.378
Residual 6 3.5008 0.5835

Total 11 6.5767

75



Appendix 9: Analysis of variance (ANOVA) table for soil avdile P (ppm) of Eshirali,
Masaba, Nyabeda and Eshisa sites.

Source of d.f. S.S. m.s VLI F. pr.
variation

REP stratum 2 1.167 0.583 0.16

Site 3 65.000 21.667 6.05 0.030
Residual 6 21.500 3.583

Total 11 87.667

Appendix 10a: Analysis of variance (ANOVA) table for nodule mesgcore of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisadpping season 1.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.0578 0.0289 0.23

Site 3 46.2958 15.4319 123.30 <.001
Treatment 7 15.4152 2.2022 17.59 <.001
Site. Treatment 21 18.5852 0.8850 7.07 <.001
Residual 62 7.7599 0.1252

Total 95 88.1138
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Appendix 10b: Analysis of variance (ANOVA) table for nodule mesoore of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season. 2

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.4158 0.2079 1.12

Site 3 14.3520 4.7840 25.68 <.001
Treatment 7 25.1366 3.5909 19.27 <.001
Site. Treatment 21 7.8472 0.3737 2.01 0.018
Residual 62 11.5508 0.1863

Total 95 59.3024

Appendix 11a: Analysis of variance (ANOVA) table for number ajdules per plant of soybean
grown on-farm in Eshirali, Masaba, Nyabeda and &shi cropping season 1.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 13.11 6.56 0.56

Site 3 7151.57 2383.86 203.49 <.001
Treatment 7 3137.48 448.21 38.26 <.001
Site. Treatment 21 3831.30 182.44 15.57 <.001
Residual 62 726.33 11.71

Total 95 14859.79
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Appendix 11b: Analysis of variance (ANOVA) table for number obdules per plant of
soybean grown on-farm in Eshirali, Masaba, NyalsdhEshisa in cropping season 2.

Source of d.f.
variation

REP stratum 2
Site 3
Treatment 7
Site. Treatment 21
Residual 62

Total 95

S.S.

7.146
4035.708
5364.458
1767.125
299.521

11473.958

m.s

3.573

1345.236

766.351

84.149

4.831

V.I. F. pr.
0.74
278.46 <.001
158.63 <.001
17.42 <.001

Appendix 12a: Analysis of variance (ANOVA) table for mean noddly weight (g) of soybean
grown on-farm in Eshirali, Masaba, Nyabeda and s cropping season 1.

Source of d.f.
variation

REP stratum 2
Site 3
Treatment 7
Site. Treatment 21
Residual 62

Total 95

S.S.

0.00433
17.93030
10.47957

8.80437
4.32081

41.53937

m.s

0.00216

5.97677

1.49708

0.41926

0.06969

V.I. F. pr.
0.03

85.76 <.001
21.48 <.001
6.02 <.001
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Appendix 12b: Analysis of variance (ANOVA) table for mean noddig weight (g) of soybean
grown on-farm in Eshirali, Masaba, Nyabeda and §shi cropping season 2.

Source of d.f.
variation

REP stratum 2
Site 3
Treatment 7
Site. Treatment 21
Residual 62

Total 95

S.S. m.s V.I. F. pr.
0.1398 0.0699 0.60

9.5169 3.1723 27.05 <.001
14.8840 2.1263 18.13 <.001
5.4184 0.2580 2.20 0.009
7.2717 0.1173

37.2307

Appendix 13a: Analysis of variance (ANOVA) table for above groubtbmass (kg/ha) of
soybean grown on-farm in Eshirali, Masaba, NyalsdhEshisa in cropping season 1.

Source of d.f.
variation

REP stratum 2
Site 3
Treatment 7
Site. Treatment 21
Residual 62

Total 95

S.S. m.s V.I. F. pr.
204216 102108 1.61
22375346 7458449 117.53 <.001
24674558 3524937 55.55 <.001
7835639 373126 5.88 <.001
3934367 63458
59024128
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Appendix 13b Analysis of variance (ANOVA) table for above grmlibiomass (kg/ha) of
soybean grown on-farm in Eshirali, Masaba, NyalsdhEshisa in cropping season 2.

Source of d.f. S.S. m.s VLI F. pr.
variation

REP stratum 2 17460 8730 0.25

Site 3 18224497 6074832 177.21 <.001
Treatment 7 38453092 5493299 160.25 <.001
Site. Treatment 21 5930772 282418 8.24 <.001
Residual 62 2125374 34280

Total 95 64751195

Appendix 14a: Analysis of variance (ANOVA) table for plant hetglem) of soybean grown on-
farm in Eshirali, Masaba, Nyabeda and Eshisa ipging season 1.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 15.416 7.708 1.83

Site 3 18698.038 6232.679 1475.74 <.001
Treatment 7 2259.369 322.767 76.42 <.001
Site. Treatment 21 788.514 37.548 8.89 <.001
Residual 62 261.853 4.223

Total 95 22023.190
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Appendix 14b: Analysis of variance (ANOVA) table for plant heigfdm) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season. 2

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 24.04 12.02 0.79

Site 3 2926.93 975.64 63.87 <.001
Treatment 7 4079.04 582.72 38.15 <.001
Site. Treatment 21 897.09 42.72 2.80 <.001
Residual 62 947.09 15.28

Total 95 8874.18

Appendix 15a: Analysis of variance (ANOVA) table for number odgs per plant of soybean
grown on-farm in Eshirali, Masaba, Nyabeda and &shi cropping season 1

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 39.703 19.852 2.19

Site 3 23193.551 7731.184 854.43 <.001
Treatment 7 6785.305 969.329 107.13 <.001
Site. Treatment 21 2183.382 103.971 11.49 <.001
Residual 62 561.000 9.048

Total 95 32762.941
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Appendix 15b: Analysis of variance (ANOVA) table for number odgs per plant of soybean
grown on-farm in Eshirali, Masaba, Nyabeda and §shi cropping season 2

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.594 0.297 0.05

Site 3 1816.812 605.604 108.58 <.001
Treatment 7 1649.896 235.699 42.26 <.001
Site. Treatment 21 525.964 25.046 4.49 <.001
Residual 62 345.799 5.577

Total 95 4339.065

Appendix 16a: Analysis of variance (ANOVA) table for 100-seed gl#i (g) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 1.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.1147 0.0573 0.13

Site 3 1028.8946 342.9649 771.37 <.001
Treatment 7 19.1660 2.7380 6.16 <.001
Site. Treatment 21 19.7739 0.9416 2.12 0.012
Residual 62 27.5664 0.4446

Total 95 1095.5155
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Appendix 16b: Analysis of variance (ANOVA) table for 100-seedigie (g) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 2.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 0.810 0.405 0.34

Site 3 10.849 3.616 3.00 0.037
Treatment 7 121.258 17.323 14.39 <.001
Site. Treatment 21 32.546 1.550 1.29 0.219
Residual 62 74.630 1.204

Total 95 240.094

Appendix 17a: Analysis of variance (ANOVA) table for grain yie(dlg/ha) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 1.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 9955 4978 0.28

Site 3 79897197 26632399 1513.22 <.001
Treatment 7 20018038 2859720 162.49 <.001
Site. Treatment 21 6033144 287293 16.32 <.001
Residual 62 1091186 17600

Total 95 107049521
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Appendix 17b: Analysis of variance (ANOVA) table for grain yie(#g/ha) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 2.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 96709 48355 0.63

Site 3 20663802 6887934 89.88 <.001
Treatment 7 54785884 7826555 102.12 <.001
Site. Treatment 21 9492366 452017 5.90 <.001
Residual 62 4751508 76637

Total 95 89790269

Appendix 18a: Analysis of variance (ANOVA) table for stover yde{kg/ha) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 1.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 40651 20326 0.67

Site 3 60084456 20028152 661.41 <.001
Treatment 7 7745734 1106533 36.54 <.001
Site. Treatment 21 4825935 229806 7.59 <.001
Residual 62 1877417 30281

Total 95 74574193
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Appendix 18b: Analysis of variance (ANOVA) table for stover yde(kg/ha) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 2.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 26673 13336 0.25

Site 3 22289247 7428749 138.79 <.001
Treatment 7 39026281 5575183 104.15 <.001
Site. Treatment 21 10539043 501859 9.37 <.001
Residual 62 3318985 53532

Total 95 75200230

Appendix 19a: Analysis of variance (ANOVA) table for harvest id@6) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 1.

Source of d.f. S.S. m.s V.I. F. pr.
variation

REP stratum 2 24.714 12.357 1.30

Site 3 1702.201 567.400 59.77 <.001
Treatment 7 1456.127 208.018 21.91 <.001
Site. Treatment 21 2576.487 122.690 12.92 <.001
Residual 62 588.577 9.493

Total 95 6348.105
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Appendix 19b: Analysis of variance (ANOVA) table for harvest éd(%) of soybean grown
on-farm in Eshirali, Masaba, Nyabeda and Eshisaopping season 2.

Source of d.f.
variation

REP stratum 2
Site 3
Treatment 7
Site. Treatment 21
Residual 62

Total 95

S.S. m.s V.r.
18.688 9.344 121
568.096 189.365 24.61
1324.793 189.256 24.60
848.039 40.383 5.25
477.057 7.694

3236.672

F. pr.

<.001
<.001

<.001
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