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ABSTRACT

Orange Citrus sinensigis an important food and cash crop in coastaldod of Kenya. The
average orange production in Kenya is 12 tones/bmpg@ared to world production of 16
tones/ha due to low soil fertility, diseases arghlgosts of inputs. There is, therefore, a need
to develop a sustainable and low input productigstiesn for increased orange productivity
and improved fruit quality in coastal lowland of i§@. This study was tconducted at
KALRO-Matuga, Ganda and Vitengeni within the cobstgion of Kenya from May 2012 to
April 2015. The effects of legume cover crops onl sooisture, orange feeder root
distribution, soil pH, plant nutrients, orange dia@nd fruit quality was evaluated. There were
four treatments; mucundcuna prurieny cowpea Yigna unguiculaty dolichos Lablab
purpureu$ cover crops and a fallow as the control. The arpent was laidout in a
randomized complete block design (RCBD) where thatinents were replicated four times
within four blocks in an existing grafted Valenaange orchard. Soil and orange root
sampling was between 2m and 3m radius from thegerarees trunk at two depths topsoil
(0-20 cm) and sub-soil (20-40 cmiruit and leaf samples were taken from the oraregst
Data collected was subjected to analysis of vada(&NOVA) at (P < 0.05) using
procedures of R statistical analysis version 3.Bl@an separation was done using the least
significant difference (LSD) at (B 0.05) level of significance. Mucuna, dolichos and
cowpea increased soil moisture content in orangkand for all the site topsoil while in the
sub-soil is only mucuna and dolichos increased tmascontent in the soil. Mucuna and
dolichos increased orange root density in the tog aub-soils. Mucuna, cowpea and
dolichos increased soil nitrogen in the orange amdhtop and sub-soil. Mucuna, cowpea and
dolichos increased soil organic carbon in the ogaongchard top and sub-soil. Mucuna
increased phosphorous in the top and sub-soil ehge orchard. Dolichos increased
phosphorous in the topsoil of orange orchard.. Gagnd dolichos increased phosphorous

in the sub-soil of orange orchard. Mucuna, dolichnd cowpea increased the potassium in
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the topsoil of orange orchard while in the sub;spdtassium increase due to mucuna and
cowpea. Mucuna dolichos and cowpea increased otaagehlorophyll content. The orange
fruit number increased due to mucuna and dolicRyange fruit weight increased due to
mucuna and dolichos. Fruits size increased due touma and dolichos. Fruits juice
increased due to mucuna and dolichos. Orange Iimixt increased due to mucuna and
dolichos. In conclusion, mucuna, dolichos and ceav@re effective in improving soll
moisture, root distribution and nutrients in thd aad orange yield and fruit quality. The use
of mucuna however, had the highest increase amlsitongly recommended as a cover crop
in orange production. Further research is howegeommmended to evaluate the long term

(>3years) effect of the cover crops under differsgito-ecological zones.



CHAPTER ONE

GENERAL INTRODUCTION

1.1 Orange production in Kenya

Orange Citrus sinensisbelongs to the familirRutaceagspecies citrus genera. This crop is a
native of the tropical and sub-tropical region$Sotith East Asia where it was first cultivated
in China around 2500 BC. The area under cultivagtmbally is over 9.4 million hectares
with an estimated production of over 182.3 millimmnes, of which 60% is of the sweet
orange variety. The leading orange producing csitn the world are Brazil, China, USA,
and India (Xuet al, 2013). Orange was introduced in Kenya by Asiahe came during the
building of the Kenya — Uganda railway in 1893 -6290range productions in cooler areas
were very much affected by the citrus greeningatise The bacteria species affecting citrus
greening disease in Kenya lisberibacter africanumwhich is heat sensitive and cannot

survive in warm areas like the coastal region afiyée(Batool et al, 2007).

1.1.1 Constraintsin orange production

In Kenya, small-scale farmers constitute 86% taiednge producers while in coastal
lowlands they constitute 91% (HCDA, 2013). The pcttbn area and yield of orange have
declined overtime due to poor planting materiatsy Isoil fertility, pests and diseases
(Wasilwaet al, 2007; Horticultural Crops Directorate, 2015). Thajor constraints limiting

on-farm production of oranges included lack of adeg planting materials, low soil fertility,

diseases mainly the citrus greening disease ard ¢8D, 2015). Despite the low yields of
orange fruits per hectare and low production, thergreat potential for increased orange

production both for the domestic and export markdSDA, 2013).

Soll fertility to sustain optimal orange fruit prnaction has declined over time (Kanyanpgta

al., 2000) because of over-cultivation and subseqguémig of nutrients in the topsoil (Chen



et al, 2007). In addition, the orange production ha® aleclined because of aging orange
trees (Paudyal and Haqg, 2008). The soils of cod&talya are mainly sandy; deficient in
nitrogen and low in organic matter and hence poavater holding capacity (Jaetzatial,
2012). Some areas receive an average 400 mm délfger year that is erratic and poorly
distributed hence exposing the orchards to peraddsater stress (Indejet al, 2000). The
coastal region of Kenya experiences strong windinguhe month of June. When these
winds coincide with the flowering and early stadédroit development, high fruit abortion is
observed (Muti and Kibe, 2009).

The challenges mentioned in this chapter justiy tieed for an assessment of orange crop
production systems in a holistic way, consideringdpction issues, livelihoods and
environmental quality. The results will also be dis® develop agricultural extension

information which is area-specific.

1.1.2 Orange value chain

The level of value addition particularly in termkagro-processing is very low among the
small scale farmers, resulting to wastage duringesi of peak production (Babbat al,
2011).In a priority setting exercise of 2010, spearheadgdKenya Agriculture Research
Institute (Now Kenya Agricultural and Livestock easch Organization), Orange fruit were
ranked as the"™smost important tropical fruits in Kenya (Njugueaal, 2011; Wasilwaet
al., 2014). Oranges are mainly sold in the local marker fresh consumption. Grapefruits
and lemons are bought by canning factories for ntaknarmalade and some are sold for
fresh consumption. Limes are mainly exported algfosubstantial quantities are used
locally (HCD, 2011). Besides being eaten while Hresrange fruits are used for making
juices, squashes and marmalades as well as facért of oils and flavourings for use in
perfumery, confectionery and soft drink industri@dvarez, et al, 2012). Citric acid is

extracted from the pulp after juice extractioneirery 100 ml of orange juice contains 370 to



500 .U (Plazaet al, 2011). Vitamin A, 35-80 mg of vitamin C, 0.08 rmafjvitamin B, 20-28
mg of calcium and 1.2 mg of iron, 11.4 mg of Md; Of protein, 16.4 carbohydrate plus 91.4
water and 3.62 fibre (Marimt al, 2007). Citrus fruits processing and value additOrange
marmalade, orange syrup and orange juice and ¢adrdom the orange fruit (Edet al,

2008). Fruit de-greening and waxing improve frygp@arance, marketing and storage,

1.2 Role of legume cover crop

Cover crops provide soil cover that reduces saien, soil moisture loses and enriches the
nutrient concentration (Singet al, 2007). Organic matter from crops improves soiogity
and water holding capacity (Steenwerth and Bel2@8). The use of legume cover crops
legume cover crop regulates the soil pH level thhothe carbon and nitrogen cycle and this
may have effects on the soil cation exchange cBpfdCEC). Soil pH level is influenced by
legume residue depending on the nitrogen conceérirand excess cations/ organic anions

level (Xuet al, 2006).

The use of cover crops in orange orchards reduesdvgrowth hence less use of farm
equipment that compact the soil restricting rooowgh (Hommaet al, 2012). Soil

compaction due to inappropriate tillage practicesuge of heavy equipment reduces root
distribution and penetration in soil. Chen and \&/¢2010) stated that soil compaction due to
heavy machines reduces crop productivity. Beykthal (2010) results showed that soil
compaction affects the physical, microbial popuolatand biological processes in the soil.

William et al. (2013) reported that cover crop root channetsvalte soil compaction.

The use of legume cover crops in orange orchard®tia common practice in the coastal
lowlands of Kenya and if so, not documented. Thisdyg was conducted to develop a

sustainable and adaptable land use systems tlaivifihin the existing farmer’s farming



conditions to improve orange production. This sttitys evaluated the effect of cover crops
on soil moisture, orange root distribution, soittifigy, leaf chlorophyll, orange yield and

fruit quality.

1.3 Problem Statement

The orange productivity has continued to declinerahe years due to continuous nutrient
mining by the crops. The small-scale orange farnaeesresource poor and hardly apply
inorganic or organic fertilizers in their orcharf@ifaetzoldet al., 2012). There is limited

research reported on the effects of legume cowgr an perennial crop such as oranges.

1.4 Resear ch hypotheses

(i) Use of mucuna, cowpea and dolichos cover crogs no effect on soil moisture and
orange root distribution in the soil profile.

(i) Use of mucuna, cowpea and dolichos cover ctggsno effect on soil pH, available plant
nutrients and orange leaf chlorophyill.

(iif) Use of mucuna, cowpea and dolichos cover srbas no effect on orange yield and fruit

quality

1.5 Study Objective

To develop a sustainable and low input productigstesn by incorporating legume cover

crops for an increased orange production and ptoalydn coastal Kenya



1.5.1 Specific Objectives

(i) To determine the effects of mucuna, cowpea @olichos cover crops on soil moisture
and orange feeder root distribution in the soiffigo

(i) To determine the effects of mucuna, cowpea dolichos cover crops on soil pH, plant
nutrient content and orange leaf chlorophyll.

(iif) To determine the effects of mucuna, cowped dolichos cover crops on orange vyield

and fruit quality.

1.6 Justification of the study

Kenya has been importing citrus concentrate to lenpgnt the limited local production that
has contributed to low orange supply in the Kenyerket. Legumes have been reported to
play several important roles in the improvement soil properties and environment.
Hoorman (2009) showed that legume cover cropsitrogen from the air and with the help
of rhizobial bacteria they enrich the soil by addlretween 60-170 kg of N per hectare per
year. Mucuna has been reported to fix up to 1501k, in addition to producing 35 tons of
organic matter (OM) per year (Ojo, 2001; Kaiezial, 2006). Cowpea has been reported to
fix up to 100 kg of N per year (Martinst al, 2003) and 3.4 to 4.5 tonnes/ha of organic
matter (Jeranyamet al, 2000) in the soil.

When used as intercrop with maize, mucuna has ttenpal of improving soil fertility
(Ngomeet al, 2012) and suppressing weed in the field (Abdiadaal, 2015). The crop has
also been reported to have insecticidal and repefieoperties (Kaizzet al, 2006). Use of
legume cover crops in orange orchard would provateners with immediate benefit of

cheaper way of increasing soil fertility for incsea yield.



CHAPTER TWO

LITERATURE REVIEW

2.1 Orangecrop

The orange tree is evergreen and grows from atuadtiof 0-1,500 m above sea level.
Oranges perform well in temperatures ranging fr&¥8@C. Although orange trees grow in
a wide range of soils, the optimum conditions agepdfertile soils high in organic matter,
well draining with a soil pH of 6.5. The orangeetigas potential to grow to a height of 7 to 9
m with an average canopy diameter of 8 m when odtdéd or pruned. A budded orange
tree grows to an average height of 4 m with anageercanopy diameter of 6 m. Budded
orange trees have deep tap root averaging 2 taldpanding on soil density. In sandy soils,
the tap root may grow up to 6m deep with fibroustscoccupying 10-30 cm of the topsoil
profile (Morganet al, 2007). Orange trees are sensitive to low soilstnoe particularly
during its fruiting season, and produce high yietdsvell distributed average annual rainfall
of 1,000 mm (Ouma, 2008).

An orange fruit has a range of economic and natréi benefits and is known to be low in
calories, cholesterol and improves body immuniticéviteet al, 2009). This fruit is high in
vitamin C (ascorbic acid - 35-56 mg in100mls), thiae (60-145 pg), riboflavin (11-90 ug),
niacin (200-300(pg), vitamin B-6 (25-80uQ), folicié (120-330ug), pantothenic acid (130-
210 pg) and potassium (300 mg in 178 mls), irongmeaium, zinc and calcium (Nagyal,

1977).

There are four types of citrus species grown in yenamely orange (54%), tangerine
(26%), lemon (13%), lime (5%) and grapefruit (2%dere are four varieties of sweet orange
grown in Kenya including Valencia, Washington nawdamlin and Pineapple. Valencia is
the most popular variety of sweet orange in thes@dowlands of Kenya because of its
performance (Kilaleet al, 2009). The demand for oranges in Kenya has rexdanigh due

to low production and supply in the market (HCDA)13). The main orange growing



regions in Kenya include; Coast, Eastern, Cenitddt, Valley, Nyanza and Western Regions
(Kilalo et al, 2009; Njorogeet al, 2005; Horticultural Crop Development Authority
(HCDA, 2013). In 2014, Kenya produced 79,211 torwfesrange from 6,650 ha and earned
the country over Kenya shillings (KES) 1.62 billigyS$ 15.87 million). The country

produces an average of 12 tons/ha compared tol@ubeage of 17 tons/ha.

In 2014 orange yield was 55,448 tons valued at alki&$ 1.13 billion (US$ 11.12 million)
from a total of 3,900 hectares in coastal lowlanfikenya (HCD, 2015). The vyield of
orange in the coastal lowlands translates to 1@n2/ha. Kwale County accounts for 52%

while Kilifi County accounts for 17% of the totalamge production in Kenya (HCD, 2015).

2.2 Legume cover crops

Legume cover crops are plant species, widely aitkig as rotation crops or intercrops with
annual or perennial crops (Abdel Azt al 2008; Abayomiet al 2001). The crops are

known to aid in soil and water management throwgtuction of soil erosion and runoff and
reduced evaporation (Ramroudi and Sharafi, 2013)eyTalso contribute in nutrient

management through reduced losses and incorpo@tiolant nutrients into the soil (Kaspar
and Singer, 2011). Inclusion of legume cover crimpgtercropping systems, supplements
inorganic fertilizers and reduces the amount afogien fertilizer required thus offering an
affordable production package for small-scale fasné&Vasikeet al (2009) study on

soybean reported increased nodulation due to indige bradyrhizobium strain inherent in
soils which ultimately improved biological nitrogémation in the soil. The nitrogen added

into the soil by such leguminous crops can bezaiiliby subsequent crops.

The cover crops could also be used as food crofpand livestock feed. Legumes such as

dolichos maybe used as a cover crop, food croprowrgy forage as livestock fodder



(Olorunmaiye, 2010; Mugendit al, 2011). Maasst al (2010) work on dolichos observed

that it is an important legume crop for Africa ascaer crop and food crop.

Cover cover crops in their live time accumulateamig matter in the soil after decomposing
of dropped leaves and the plants in the soil. Abayet al (2001) evaluated selected
legumes on their biomass production ability, dryasss survival and soil fertility
improvement ability and found that the best werecuma (Mucana prurieny pigeon pea
(Cajanus cajaip crotalaria Crotalaria ochroleuca and dolichos (ablab purpureuys The
biomass which accumulated in the soil as a resulsing legume cover crops decomposes in
the rhizosphere improves the soil water holdingacdjes. The released decomposed organic
matter in the soil in form of biofertilizer suppsrthe plant growth and also improve fruit
yield. Imoroet al (2013) study reported an increase in plant misi@nd organic matter in
the soil when crotalaria and mucuna were grown.t#dys by Shamseldiret al (2010)
showed that rhizobacteria change soil biomass admehwecomposed, release substantial
nitrogen and other plant nutrients to the soil abghere leading to improved fruit yield and

weight.

Some of the cover crops apart from improving sodiperties have been observed to control
pests hence promoting eco-friendly farming (Begeitmal, 2009). The use of such cover

crops could lead to a significant reduction in pedés use. Plants release chemicals which
can attract or repels insect pests a strategyreeféo as Push and Pull. Pull strategies involve
the behavioural manipulation of luring pest towardattractive source from where the pests
are subsequently removed from potential point. phgh is where pests are repelled away
due to release of element/chemical by the legurhe. |l&@gume cover crops are suppressing
weed growth due to their ability to cover the grdu®lorunmaiye (2010) in his study

reported that the use of legume cover crop was feectee weed control method in



maize/cassava. In China and Eastern parts of Itltig]egume is grown as herbal crop for

the purpose of extracting medicinal chemicals (Largtlo et al., 2012).

2.2.1 Mucuna (Mucuna pruriens)

Mucuna Mucuna pruriens)belongs to the family Fabaceae/ Leguminoceae, faobly
Papilionaceae. The plant is a vigorous annual ¢hmllegume originally from southern
China and eastern India, where it was at one tindelwcultivated as a green vegetable crop
(Lamparielloet al, 2012) before spreading to Asia, America, Afriaad the Pacific Islands.
The plant thrives best under warm type of clim&e]1,500 m above sea level areas with
high rainfall (Rooseet al, 2011). It is both a creeping and a climbing shithlk vines with
support can grow to a length of 10 m. The vined&age alternate, hairy and ovate shaped
leaves 10-12 cm long, branch at each node and farthgk vegetative ground cover 60-90

cm in thickness (Plate 2.1) (Othmenal, 2012).

Plate 2. 1: Mucuna cover crop at reproductive stage

It has white flowers with a bluish-purple, buttgrihaped corolla. The pod is hairy, thick,
and leathery born in clusters of 4-6 per clustehgzod length averaging 6-10 cm which

contains four to six seeds (Othmetral, 2012) (Plate 2.2).
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Plate 2. 2 Mucuna pods

The mucuna seed colour varies from rich dark braeshinny black (Plate 2.3) depending

on cultivar.

Plate 2. 3 Mucuna seeds:;

It has lateral roots and deep tap root system whiolwvs 2-3m long depending on soil type
and structure (Van Noordwijkt al, 2015). It forms fibrous roots from the nodesvofe
where they come into contact the soil. Previouskwayr Ngomeet al (2012) indicated that

mucuna has the potential to improve soil fertilitypisture retention and suppress weeds in
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maize fields. The roots from this plant releaselafathic and toxic phenolic substances
known as levodopa, L-3, 4-dihydroxyphenylalanineD(©OPA) in the soil which control
weeds and nematodes in maize (Blanckaml, 2006; Goliszet al, 2011; Ceballo®t al,
2012). The uses of mucuna and cowpea have showdelay weed seed germination by
releasing phytotoxic substances in the soil (Adteal., 2007).

The mucuna seed contains chemical substances sughemolics, tannins, lectins and
cyanides, widely used in human medicine (Mcintgteal, 2001; Gurumoorthet al, 2008;
Ceballoset al, 2012). The seed contains high nutritional vatuede protein (31-35%),
making it a suitable raw material in livestock fdedmulation (Tuleuret al, 2009; Mugendi

et al, 2010). Mucuna has been reported to fix up @KdpN/ha, in addition to producing 35

tons of organic matter (OM) per year (Ojo, 2001izLeet al, 2006).

2.2.2 Cowpea (Vigna unguiculata)

Cowpea is an herbaceous annual legume grown maitihe savannah regions of the tropics
and subtropics in Africa, Asia, and South Amerie&fe 2.4). The crop belongs to the family
Leguminoceae/Fabaceae sub family Papilionaceas bitlieved to have originated in West
Africa then spread to the rest of the world @al, 2004). There are about ¥1gnaspecies
but only two species of Vigna are cultivated. Thegecies ar®igna unguiculataeandVigna
spontanegZannauet al.,2008). Cowpea is a fast growing plant and the dxgx grows to
an average height of 40 cm and the prostrate i{tgadlimbing type) with other support

species can grow up to 1.5m (Mangani and Kuchif@d@g).
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Plate 2.4: Cowpea plant at vegetative growth stage

The leaves are alternating trifoliate per giverigetand eaten as vegetable. The flowers are
borne in multiple racemes which are self pollinatied average pods pod length is 15 cm

(Plate 2.5).

Plate 2. 5: Cowpea plant at reproduction stage

The seed colour range from white, cream and brozpedding on variety (Plate 2.6).



Plate 2. 6 Cowpea seeds

Cowpea roots occupy the topsoil 10-40 cm but tpeotat can grow up to 1 m long in the soill
profile. It is adapted to a wide range of soils @ad conditions. It is also tolerant to high
temperatures though perform well in wet soil caods (Matsui and Singh, 2003). It releases
allelopathic chemical in the soil which suppressnynaveed species (Adlest al, 2007).
When the top vegetative part of the cowpea plamutsor mowed down, there is plant re-
growth and considerable mulch layer formed on thiessirface. Cowpea has been reported
to fix up to 100 kg of N per year (Martireg al, 2003) and 3.4 to 4.5 tonnes/ha of organic

matter (Jeranyamet al, 2000) in the soil.

2.2.3 Dolichos (Lablab purpureus)

Dolichos is a species in the Fabaceae family anatiae of Africa (Maaset al, 2005). The
legume does well in a wide range of climatic andiremmental conditions (Naeeet al,
2009). This species is cultivated in the tropicadsod or fodder crop (Plate 2.7). The plant
Is a vigorous climber and with support it can gnapvto 6m long. The tap root can penetrate
up to 1m deep depending on soil type. Dolichos igigorous creeping and climbing
herbaceous annual plant that is indeterminate.stdra is a vine with many trifoliate leaves

per stem making it appear thick in appearance agabd ground cover.
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Plate 2. 7 Dolichos plant at reproduction stage

The inflorescence has different colours rangingnfrehite, blue to a purple hue. Dolichos
produces pods of different colours depending oretsarThe average size of the pods is 7cm

long with 4-6 seeds per pod (Plate 2.8).

Plate 2. 8 Dolichos Pods

The colour of the seeds varies from white, creamowh, dark brown and black depending on

cultivar (Plate 2.9).
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Plate 2. 9 Dolichos seeds

In Kenya, some communities, especially thosengivin central region consume dolichos,
popularly known as “Njahi”. Dolichos seed has haghde protein 25% and can also be used
in animal feed formulation (Njuniet al, 2004). The dolichos plant is vegetative in natutr

increases of organic matter and of carbon in tliglsarhu et al, 2011).

2.3 Effects of cowpea, mucuna and dolichos cover cropson soil moisture and root
distribution

Water is present in the soil in form of moistureiebhis a solvent for plant nutrients and
essential for its growth and a cooling effect dgrite transpiration (Seneviratret al,
2010). Farmers in the tropics use legume as a areprto enhance rain water conservation,
and soil moisture redistribution within the growisgasons (Knowler and Bradshaw, 2007).
The biomass from the legumes on the soil surfade as mulching material, lowering
moisture loss from the soil and also reduces sonperature fluctuations (Abeet al,
2012). The potential for soil water storage andréd@harging of aquifers can be improved

through use of legume cover crop (Thierfelder arall\2009).

Roots of a given plant play crucial role in waterdanutrient uptake and plant physical

anchorage in the soil (Kamimuea al, 2014). Understanding the root growth patterrs &d
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determination of appropriate management practicel ss precision irrigation in order to
avoid leaching of nutrients beyond the root zonge drange fibrous roots are concentrated
in the topsoil (0-30 cm profile) where they tapl seater and plant nutrients in wider area as
compared to the tap root (Priet al, 2012). Orange fibrous root growth is integraitetd
bunches of roots, the highest concentrations irtdpsoil. Morgaret al (2007) in his study
showed that citrus trees develop dense fibroussrabthe topsoil but more in soil profiles
with high moisture content. The root penetratiod drstribution in the soil profile vary with
soil type and the degree of soil compaction. Thertot penetrates compacted soils better
than fibrous roots and this influences their dmttion in the soil profile (Chen and Weils,
2010). A study by Sahat al (2008) on maize-mucuna intercrop showed that root
distribution decreased with soil depth. The biom&ssn cover crop influences soil
aggregates and macro pore and hence improvingspreading in the soil (Arredondo and
Johnson, 2009; Karuket al, 2014). Different legumes have different capasitin growth

characteristics, ground cover and root distributiothe soil profile (Mulingeet al.,2017).

2.4 Effects of mucuna, cowpea and dolichos cover cropson soil pH, plant nutrients and
leaf chlorophyll,

Soil fertility and plant nutrition are two closelglated subjects that emphasize the forms and
availability of nutrients in soils, their uptake bgots, movement and utilization within
plants. Soil fertility refers to the ability of avgn soil to supply essential nutrients required

by plants (Vanlauwet al, 2010).

Human activities and poor farming systems contahiotthe deterioration of soil resulting to
decline in crop production potential (Yatesal, 2011). Most of the small-scale farmers are
resource poor cannot afford inorganic fertilizevere with government fertilizer subsidies
(Jaetzoldet al., 2012). Mucuna, cowpea and dolichos can be amalige method of soil
nutrient regeneration compared to the traditioadbw systems (Nielsen and Vigil, 2010).
The soil organic matter from legumes can enhanderwatention hence reducing soil bulk

density which contributes to reduce soil penetratiy roots (Blanco-Canquet al, 2011;
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Wardet al, 2012). Continuous use of legumes accumulated plamass and plant nutrients

in the soil and hence, reduced use of chemicadiéifers (Hommaeaet al, 2012).

Crop productivity should have options of soil fergi management technologies since no
single method is complete (Vanlauwe¢ al, 2010). Moreover, use of nitrogen fertilizers
increases soil acidification leading to aluminiumxitity thus reducing utilization of
accumulated organic matter (Vieisd al., 2009). Legume cover crops reduce challenges
arising from the chemical fertilizers and make platrients more available to crops
(Hoorman et al, 2009). Green manures can significantly enhaiee @ccumulation of

nutrients and their availability to plant growthgikuet al.,2014).

In the coastal lowlands of Kenya, few farmers kéigpstock thus farmyard manure is
limited (Sahaet al, 2008; Ngomeet al 2012). The permanent soil cover improves soll
aggregate stability and organic matter accumula{®chipanski and Drinkwater, 2012).
Cover crops contribute to adsorption of nutrientghie soil profile making them available for
enhanced plant growth (Sainju and Singh, 2008). fta nitrogen and organic carbon
recovery from legumes in the soil depends on tipe t9f legume (Fornara and Tilman,

2008).

Mucuna and dolichos produces significant nitrogad ghosphorus in the soil during the
decomposition of their vegetative parts if growreo® longer period (Mubiru and Coyne,
2009). Odhiambo, (2011) in his study observed itiatuna, cowpea and dolichos when used
as intercrop increased maize yield by 19% as coadlptar plots without legume in Limpopo.
A study by Njarui and Mureithi (2010) on legumeldal of mucuna in Eastern Kenya
observed that there was increased nitrogen angppbosus and maize yield when compared
to natural fallows. In a study conducted in NigeNanlauweet al (2010) reported that the
use of mucuna increased the availability of phospdhdan the soil. Nitrogen-fixing legume

crops increases nitrogen and this changes the Gathimogen ratio and also reduces soil pH,
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this effect in the soil can slow the availabilitysmme plant nutrients. The drop in soil pH is
due to nitrification of mineralised residue nitrogeausing soil pH decrease (Xual, 2007,
Wanget al, 2013). The use of Nitrogen fertilisation increasoil acidification and this leads
to Al toxicity in the soil, this causes a reductiorthe utilization of the accumulated organic
matter in soils by the plant (Vieigt al.,2009). The overall effect on soil pH after addition
of plant residues would therefore depend on thergxif each of these processes under given

conditions.

Leaf chlorophyll content provides valuable inforroatabout physiological status of plants.
Nitrogen is an essential component and a key migdenu proteins, nucleic acids and
chlorophyll in a leaf of a plant. Soil nitrogen angoother nutrients is a key determinant of
chlorophyll content of plants (Liat al.,2008). Kalajiet al (2014) study on the effect of the
amount of chlorophyll on photosynthesis based ersthl nutrients. He further observed that
photosynthesis slowed with plant nutrient deficieacThe use of the selected legumes will

increase plant nutrients in the soil making themilable to the orange tree.

2.5 Effect of dolichos, mucuna and cowpea cover crops on orangeyield and fruit quality

Many growers consistently rank plant growth, yiatdl quality as the most important factors
in fruit production (Yildizet al, 2013). The decline in fruit quality has adveysaffected the
marketing chain of harvested orange fruits and bHas impacted negatively on farmers’
income (Miyataet al, 2009; Evan®t al, 2012). The crop yield and quality improve with
nutrient improvement in the soil. The amount of evaand nutrient uptake by orange tree,
contributes to the fruit development, fruit weigfain and fruit rind thickness (Treeky al,
2007). Soil moisture is an important factor in dryit production. When a legume cover
crop is used, soil moisture is maintained closédil capacity with minimum fluctuation,
fruit yield and improved fruit quality are realize&aruku (2014) observed the use of

crotolaria, mucuna and vetch improved the soil toogsin maize crop.
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The use of legume cover crops in management ofaslis plant nutrients such as N, P, K
and organic matter to the soil (Kaspar and Sing@t,1). Potassium improves sugar content
in fruits and also is important in fruit shelf li{feesteret al, 2010). The juice brix content is
an indication of the orange fruit acid-sugar ratioich is simply referred as taste in terms of
sweetness (Litet al, 2012). Fruit juice tends to decline under wattess during fruit
development but total sugar in the juice is highan when soils are moist (Garcia-Tejeto
al., 2010; Ladanyia and Ladaniya, 2010). Gattasal.(2007) found that the increase in soil
nutritional supply as a result of using a legum&ecocrop, improves fruit quality and
Flavonoid Composition of citrus juiceEhe rind firmness, thickness, tensile strengthemist
the fruit from punctures and water loss. The inseean moisture in the soil as a result of
using cover crops influences the fruit rind sizee@byet al, 2007; Suareet al, 2010). The
development of uniform orange fruit colour duringening improves the value of the fruit
but it is slowed down when night temperatures dreva 23C and above 3C day

temperatures (Singh and Reddy, 2006).
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CHAPTER THREE

EFFECTS OF COVER CROPSON SOIL MOISTURE AND ORANGE ROOT
DISTRIBUTION IN ORANGE ORCHARD

Abstract

Inadequate quality-water is a major hindrance tp @roduction in arid and semi-arid areas
of Kenya. Soil moisture influences crop root systgmowth, shape, structure, physiological
function, nutrient uptake as well as root-shootorgplant growth and resulting yields. In
coastal region of Kenya, orange yield and fruitliyaary with space and time due to poor
soil management and unreliable rainfall with poatribution patterns. A field study was
conducted at KALRO-Matuga, Ganda and Vitengenitiooa within the coastal region of
Kenya from May 2012 to April 2015. This study eatked effects of three leguminous cover
crops on soil moisture retention and orange feeatgrdistribution at two soil depths. There
were four treatments; mucundlcuna prurieny cowpea Yigna unguiculaty dolichos
(Lablab purpureulscover crops and a fallow as the control. The eérpent was laidout in a
randomized complete block design (RCBD) where thatinents were replicated four times
within four blocks in an existing grafted Valenmeange orchard. Data collected included
particle soil size distribution (PSD), soil moistwzontent and orange root dry matter density.
The data was subjected to the analysis of varidAbEOVA) using R statistical analysis
version 3.3.2. Mean separation was done usingethst kignificant difference (LSD) at 5%
level of significance. The results of this studywhthat the effect of legume cover crops
varied with treatment, site and year. The use aofuna, dolichos and cowpea legume cover
crops increased soil moisture retention and oraregeroot distribution. The mucuna cover
crop treated plots recorded the highest soil mastontent in top and sub-soils. Similarly,
mucuna treated plots were recorded to have theekigirange feeder root distribution in the
topsoil and sub-soil. Mucuna treated plots recom@edcrease in SMC by 41.1%, 40.1% and
38.6% at the topsoil and by 26.9%, 24% and 23.8%ensub-soils for Vitengeni, KALRO-

Matuga and Ganda respectively. Dolichos treatedsplecorded an increase in SMC by
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36.5%, 35.5% and 33% in the topsoil and by 21.3%3% and 19.6% in the sub-soils for
Vitengeni, KALRO-Matuga and Ganda respectively. Qew treated plots recorded an
increase in SMC by 24.9%, 21.3% and 19.9% in tipsdi for Vitengeni, KALRO-Matuga
and Ganda respectively. Mucuna treated plots recbam increase in orange root density by
15.8%, 22% and 31.5% in topsoil and by 23.7%, 2448d 45% in the sub-soils for
Vitengeni, KALRO-Matuga and Ganda respectively. iBlubs treated plots recorded an
increase in orange root density by 13.2%, 17% ah@9%2 in the topsoil and by 21.1%,
21.5% and 27.5% in the sub-soils for Vitengeni, KXD-Matuga and Ganda respectively.
The increase in orange root density in the sulssimt Ganda, Vitengeni and KALRO-
Matuga due to cowpea was not significant. Fromdbeome of this study, mucuna and
dolichos legume cover crop are recommended foraasmver crops in orange tree orchards
as they are useful in improving soil moisture rétan and orange tree root distribution.
Further studies are, therefore, recommended taiateakhe long term (> 3years) effects of

the cover crops on soil moisture and orange treedistribution.
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Introduction

The root system plays an important role in physica¢ support (Dupugt al, 2005), and
water and plant nutrient uptake (Silkeral, 2003). Root distribution and growth within the
soil profile is influenced by age of tree, soil ¢ypnd soil moisture content (Alves, 2012;
Karukuet al, 2014). Root distribution and growth within tral grofile is influenced by age
of tree, soil type and soil moisture content (Alv&9)12; Karukuet al, 2014). The
distribution of feeder roots within the soil prefiincreases the rate of water and nutrient
uptake (Dalal and Thakur, 2011). Planting densitg &me of inter-cropping mucuna and
maize crop influences root length density (S&haal, 2008). The orange root systems
contains dense feeder roots within the topsoil @0 cm) which expands radically with
time as the tree grows and decreases with soihddfdrganet al, 2007). Studies conducted
in Florida on citrus root distribution have shovinatt has a potential to have extensive roots

under less dense soils (Obreza and Schumann, ReéWaldet al, 2011).

Soil moisture status affects crop root growth, ghabructure, physiological function, water
uptake characteristics as well as root-shoot r@immaset al, 2013). The moisture within
the soil profile increases nutrient availability tee roots (Arredondo and Johnson, 2009)
leading to establishment of a healthy root systerd good positioning of lateral roots
(Bellini et al, 2014). The amount of moisture in the soil infloes plants root growth
(Karuku et al, 2014). However, according to Monti and ZattaO@20) the amount of water

and solute uptake by a plant is dependent on thtedistribution within the soil profile.

The surface biomass from legume cover crop impreveer infiltration rates resulting to a
deep percolation thus reducing soil erosion runkoféloppy cultivated lands (Kahimbet
al.,, 2008; Daighet al, 2014). Legumes have been reported to influenocéase soil

temperature and evaporation within the plant ramiez leading to improved nutrient and
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water management (Kahimled al, 2008; Karukuget al, 2014). The biomass accumulated
from legumes form mulch on the soil surface whiotréases soil water recharging and water
storage capacity in the soil. Root growth and dhstion are influenced by the increase in
soil moisture which is a result of using legume eroerop. Organic matter from legume
cover crop also reduces soil compaction, increasgermwinfiltration and water-holding
capacity of the soil (Karhet al, 2011). The coastal region of Kenya experiencestie
rains, hence supplemental irrigation is necesddgjority of the smallholder farmers who
rely on rains for crop production are resource pdeading to poor orange tree yields
(Jaetzolcet al, 2012). Although a lot of work on the effectslejume cover crop on annual
crops has been documented, limited research hasrbperted on their effects on perennial
crop such as oranges. There is need for alternatiteand water management technologies
to improve water and nutrient uptake by orangestaaeing low rainfall periods. This study,
therefore, sought to evaluate the effect of leguwmeer crop on soil moisture content and

root distribution of orange variety Valencia in sta lowland of Kenya.
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MATERIALSAND METHODS

3.2.1 Description of Study Sites

The experiment was established at Kenya Agricultamd Livestock Research Organization-
Matuga (KALRO-Matuga), Ganda location in Kwale Cguand Vitengeni location in Kilifi

County, in the coastal region of Kenya from May 2®4 April 2015 (Figure 3.1).

Tana River
Lamu
Vitengeni
Kilifi
Taita Taveta N
Matuga Mombasa S
Kwale
Ganda

Figure 3. 1: Geographical location of coastal Keslyawing the experimental sites
KALRO-Matuga, Ganda and Vitengeni

The fieldwork was superimposed on existing on-fasrange orchards in two locations

(Ganda and Vitengeni) and on-station at KALRO-Matugesearch sites were selected

depending on most common grown orange variety f\Gdg in the region, orchard size,

recommended tree spacing (6m by 6m) and the trterii Orange trees selected for the

study were within tree age of 15-20 years. It ipantiant to have trees of closer age because

root growth increases with tree age (Morgdral., 2007; Borjaet al, 2008). The study sites
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are located between latitudesahd 4 South and longitudes 3&nd 42 East, with an annual
rainfall of 900 mm and temperature of°29during the day and 26 during the night.
KALRO-Matuga and Ganda sites fall within the Cobhstawland zone three (CL3) while
Vitengeni site is within the Coastal Lowland zoraurf (CL4) of Kenya. The Coastal
Lowland zones indicate the production potentialeinms of the amount of rainfall received.
The Coastal Lowland three CL3 receives relativeghér rainfall as compared to CL4. The
rainfall data received in the three sites durirggdtudy period was collected from the nearest

weather stations but was not for analysis purpAppéndix 1).

3.2.2 Experimental design, layout and crop husbandry

The treatments included dolichdsaplab purpureus)mucuna Kucuna prurieny cowpea
(Vigna unguiculaty and a control plot (fallow of natural vegetabdioiihe experiment was
laid down in a randomized complete block design BRY four blocks where a line of
orange tree formed a block. The treatments wereloraty applied in each block and
replicated four times in the four blocks makingtal of 16 experimental units per site (Plate

3.1).

Plate 3. 1 : A view of orange tree line/block

Each site had four blocks and one orange tree septed an experimental unit/plot in the

layout. A tree was left (orange tree guard whicheareot part of the experiment) on each side
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of where treatments were applied such orange tieasaa guard tree i.e. within and between
the blocks of the treated plots (Figure 3.2). Tikibecause the legume cover crop especially
mucuna and dolichos can grow beyond the 3m raditkeoorange tree/plot and this can

create a treatment overlaps hence there was negdda trees.

X X X
Blockl | X X

X X X
Block 2 X X

X X X X
Block3 | x | O X

X X X X X X

X | x X X X X

Figure 3. 2: A site experimental layout

- Mucuna treated plots - Dolichos treated plots

(O | Control treated plots - Cowpea treated plots

X untreated plot/guard tree

The legume cover crop were planted two seeds gerat@ spacing of 60 x 30 cm under the
orange canopy within a radius of 3m from the orainge trunk (Plate 3.2).

There was no addition of fertilizer, manure or ciehpest control on the experimental unit

during the study period in all the study sites.c8imucuna and dolichos are climbers, any
twining on the orange tree by the climbers was ¢hbulown in every two weeks. The cover

crop was left to grow to their fullest potentialtlwithin a 3 m radius before slashing and

spread them evenly within the plot before plantimg next cover crop.



Plate 3. 2 : Site experimental unit planting aréhiw the 3m radius

3.2.3 Sail Particle Distribution

Soil sampling using a soil auger was done befoptyap the treatments in all the blocks to
determine the soil texture. Two soil samples frapsbil (0-20 cm) and then two soll

samples from sub-soil (20-40 cm) soil depths. Tdraing points were randomly picked by
walking in a zigzag maner within a block. In eveitg, there were four blocks making a total
of 16 samples per site from the four blocks. Altofa48 soil samples from the three sites
well labelled based on site; soil depth and bloarevanalyzed at National Agricultural

Research Laboratory in Nairobi. Soil particle sthstribution was determined using the
hydrometer method as described by Okalebal (2002). The outcome of the analysis on

soil particle distribution per site was groupeddzhen the standard textural classes of soil
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3.2.4 Soil moistur e content

The soil sampling zone was between 2m and 3m rddns the orange trees trunk (Plate
3.3), at topsoil (0-20 cm) and sub-soil (20-40 i) depths where 80% of the feeder roots
are found (Morgaret al, 2007). During rain seasons, soil sampling waseden days after

the rains when most of free water has drained tera@ne soil moisture retention.

Plate 3. 3 : Soil sampling zone between 2 and husdrom the trunk

The first soil sampling using a 6 cm width soil augvas done when the legume cover crop
had started covering the soil 4 weeks after plgnten once every month for aperiod of 36
months. In order to reduce error due to possikelld frariation other than that of treatment, in
each orange tree, three soil sampling points wenelamly picked by walking in a zigzag

maner. The three replicate samples obtained frath trae/treatment were mixed to form a
representative soil sample (composite sample) peingree, treatment and soil depth. Soil
sampling was done from the four blocks with therfdreatments (Dolichos, Mucuna,

Cowpea and control), (with three replicates) ambiPdepths. In each given sampling, a total
of 32 composite soil samples from the four treatthevere obtained from each site. These

soil samples were immediately transported to theratory for analysis. The soil moisture
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content for each sample was determined using getvitrmethod as described by Reynolds
(1970).

A 50g working sample taken from each composite saihple per given treatment was
weighed using an electronic weighing balance (MdtMl 200, Mettler Instrument Limited,
Switzerland) before placing it in a pre-weighedviimopaper bag. Total weight of soil and
paper bag was determined before oven drying atQ®&r 48hrs. Thereafter oven dried soil
samples were weighed. The percentage soil moistoméent on dry-weight basigq() in
each sample was calculated using the following tdam

Hqw = weight of moist soil — weight of oven dried sod 100
Weight of ovemned soil

Volumetric water content was then calculated usiregfollowing formula:

(9\/ =pbX edw
Pw

Whered, is volume of moisture contentyis soil bulk density angwis the density of

water, usually taken as 1g &m

3.2.5 Orangeroot distribution

The soil sampling process to dertermine orangeaensity was similar to the one explained
above however these were new samples taken usegated soil auger from each orange
tree. The root density from the soil core is andation of root distribution in the soil profile.

This sampling zone was 2m and 3m radii (Plate 8d8) orange trees trunk where 80% of
the orange feeder roots are found (Morgaral, 2007). Soil cores with orange roots were
sampled from the top and sub-soil using a cyliradreoil auger with serrated cutting edge
which is different from the above soil auger. Thérnal diameter of the cylindrical soll

auger was 7 cm core diameter and height 15 cmeg(Bld). The composite sample from each

experimental unit and soil depth containing botletrand soil were placed in labelled
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sampling bags then taken to the laboratory fordétrmination of orange root dry matter

density.

Plate 3. 4: Part of root sampling soil auger welrated cutting edge.

To loosen the roots from the soil in each sampémdhstirring was done and the mixture
carefully passed through a double sieve with 4mertape (Plate 3.5) in order to ensure all
roots from the soil were captured. The roots frtwe sieves were placed in smooth metallic
bowl with clean water in order to clean them furthRoot colour was used to distinguish
orange roots which are brownish from other rootse Water from the cleaned roots was
removed through decantation and the cleaned rdatseg on blotting paper to remove

excess water.

SR

Plate 3. 5: A 4mm aperture sieve for root-soil safpan
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Orange feeder root distribution was determined gudime dry root density method as
previously described by Van Noordwiagt al (1985). The extracted roots per sample were
weighed to determine fresh weight using an eleatrareighing balance. To ensure adequate
oven drying the root sample, enclosed in a kakep&pg, was oven-dried at £05or 48hrs
and then reweighed.

Dry root densities (DB (in kg n1®) for each sample were determined by dividing tlesgiv

of the extracted and dried root mass My the volume of the soil. The volume V Im
was calculated from the soil core radius of 0.03&m length of 0.15 m

DRg= DMq
\

3.2.6 Data analysis

Data on soil moisture content and orange root tengas first tested for normality and
homogeneity ofvariances using Shapiro wilk test. The data washéursubjected to the

analysis of variance (ANOVA) using the procedureR statistical analysis software version
3.3.2 (R- Core team, 2015). Mean separation wag dsing the least significant difference
(LSD) at 5% level of significance. A regression swil moisture content for the two soil

depths was performed to establish the relationséipveen soil depth and soil moisture.
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RESULTS

3.3.1 Particle Size Distribution of Soilsfrom KALRO-Matuga, Vitengeni and Ganda

The three site soils based on textural classe®igf \ditengeni soil was sandy clay loam

(SCL) while KALRO-Matuga loamy sand (LS) and Gasdady soil (S) (Appendix 3.0).

3.3.2 Effect of legume cover crop and site on topsoil soil moisture content in orange

orchards.

The results of analysis of variance showed thatetlveas significant interaction between
treatment and site (F= 3.332; P< 0.030) on thd lefvsoil moisture in the topsoil (Appendix
3.1a).

The site Vitengeni was found to have the higheselle®f soil moisture retention when
compared with the other sites. The site Ganda wasd to have the lowest level of soil
moisture retention when compared with the othessiwith each site, soil moisture was
highest in legume mucuna but lowest in cowpea @ali2a). Mucuna treated plots recorded
an increase in soil moisture by 41.1%, 40.1% an@%8&or Vitengeni, KALRO-Matuga and
Ganda respectively at the topsoil. Dolichos trealiets recorded an increase in soil moisture
by 36.5%, 35.5% and 33% for Vitengeni, KALRO-Matugiad Ganda respectively in the
topsoil. Cowpea treated plots recorded an increaSMC by 24.9%, 21.3% and 19.9% for

Vitengeni, KALRO-Matuga and Ganda respectivelyha topsoil.
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Table 3.1aEffect of legume cover crop and site on percentraoisture content of topsoil
(0-20cm) in orange orchards at Vitengeni, KALRO-Mgd and Ganda

Site

Vitengeni KALRO-Matuga Ganda
Treatment (Topsaoil) (Topsaoil) (Topsaoil)
Dolichos 5.98b 5.61b 5.48b
Mucuna 6.18a 5.80a 5.71a
Cowpea 5.47c 5.02c 4.94b
Control 4.38d 4.14d 4.12c
LSD (p<0.05) 0.19 0.16 0.18
CV % 11.86 10.46 13.49
Pr>F 0.0025 0.0158 0.0425

Means within the column followed by same letter moesignificantly different at R 0.05.

3.3.3 Effect of legume cover crop and site on sub-soil (20-40 cm) soil moisture content in

orange orchards.

There was a significant interaction between treatnaed site (F= 2.479; P< 0.024) on the
level of soil moisture in the sub-soil (AppendidB).

The site Vitengeni was found to have the higheselle®f soil moisture retention when
compared with the other sites. The site Ganda wasd to have the lowest level of soil
moisture retention when compared with the othessiWith each site, soil moisture was
highest in legume mucuna but lowest in cowpea @ 8kb). Mucuna treated plots recorded
an increase in soil moisture by 26.9%, 24% and®3& Vitengeni, KALRO-Matuga and
Ganda respectively in the sub-soils. Dolichos &@aplots recorded an increase in soll
moisture by 21.3%, 17.3% and 19.6% for VitengeniALRO-Matuga and Ganda
respectively in the sub-soils. The increase in sadisture on cowpea treated plots for
Vitengeni, KALRO-Matuga and Ganda respectively e sub-soils was not significantly

different.
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Table 3.1b: Effect of legume cover crop and sitgercent soil moisture content of sub-soil
(20-40cm) in orange orchards at Vitengeni, KALROtMgm and Ganda

Site

Vitengeni KALRO-Matuga Ganda
Treatment (sub-soil) (sub-soil) (sub-soil)
Dolichos 5.63b 5.48b 5.18b
Mucuna 5.89a 5.79a 5.36a
Cowpea 4.81c 4.75cC 4.62¢c
Control 4.64c 4.67c 4.53c
LSD (p<0.05) 0.21 0.19 0.16
CV % 13.02 11.89 15.62
Pr>F 0.0357 0.0215 0.0412

Means within the column followed by same letter e significantly different at R 0.05.

3.3.4 Effect of cover crops and site on topsoil (0-20 cm) orange root distribution in

orange orchards

The results of the analysis of variance showedttiere was significant interaction between
treatment and site (F= 2.651; P< 0.034) on thel lef/®range root density in the topsoall
(Appendix 3.2a).

The site Ganda was found to have the highest lgivefange root density when compared
with the other sites. The site Vitengeni was fowachave the lowest level of orange root
density when compared with the other sites. Oramoge density was highest in legume
mucuna but lowest in cowpea in all the sites (T@&x&). Mucuna treated plots recorded an
increase in orange root density by 15.8%, 22.0%3n8% for Vitengeni, KALRO-Matuga
and Ganda respectively in topsoil. Dolichos tregtieds recorded an increase in orange root
density by 13.2%, 17.0% and 20.2% for Vitengeni,LURDO-Matuga and Ganda respectively
in topsoil. Cowpea treated plots recorded an irsgaa orange root density in topsoil by

9.7% for Ganda.
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Table 3. 2a: Effect of legume cover crops andait¢opsoil (0-20 cm) orange root density
(kg m®) in orange orchards at Vitengeni, KALRO-Matuga &ahda

Site

Vitengeni KALRO-Matuga Ganda
Treatment (Topsaoil) (Topsoil) (Topsaoil)
Dolichos 0.129a 0.138a 0.149b
Mucuna 0.132a 0.144a 0.163a
Cowpea 0.122b 0.126b 0.136¢
Control 0.114b 0.118b 0.124d
LSD (p<0.05) 0.013 0.010 0.011
CV % 16.942 13.984 18.431
Pr>F 0.0185 0.0271 0.0325

Means within the column followed by same letter e significantly different at R 0.05.

3.3.5 Effect of cover crops and site on subsoil (20-40 cm) orange root distribution in

orange orchards

The results of analysis of variance showed thatetlveas significant interaction between
treatment and site (F= 4.121; P< 0.041) on thel lef/®range root density in the subsoll
(Appendix 3.2b).

The site Ganda was found to have the highest lgiverange root density when compared
with the other sites. The site Vitengeni, was foumdave the lowest level of orange root
density when compared with the other sites. Wiithesite, orange root density was highest
in legume mucuna but lowest in cowpea (Table 3.8b)cuna treated plots recorded an
increase in orange root density by 23.7%, 24.1%456% for Vitengeni, KALRO-Matuga
and Ganda respectively in the sub-soils. Dolicheatéd plots recorded an increase in orange
root density by 21.1%, 21.5% and 27.5% for VitengdfALRO-Matuga and Ganda
respectively in the sub-soils. Cowpea treated giat$ no significant increase of orange root

density in the sub-soils for Vitengeni, KALRO-Matugnd Ganda.
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Table 3.2b: Effect of legume cover crops and sitswb-soil (20-40cm) orange root density
(kg m-3) in orange orchards at Vitengeni, KALRO-Mga& and Ganda

Site

Vitengeni KALRO-Matuga Ganda
Treatment (Sub-saoil) (Sub-soil) (Sub-saoil)
Dolichos 0.092a 0.096a 0.102b
Mucuna 0.094a 0.098a 0.116a
Cowpea 0.079b 0.081b 0.089c
Control 0.076b 0.079b 0.080c
LSD (p<0.05) 0.011 0.014 0.012
CV % 16.602 14.718 18.273
Pr>F 0.0461 0.0382 0.0194

Means within the column followed by same letter e significantly different at R 0.05.

3.3.6 Effect of cover crops and year on topsoil (0-20 cm) orange root distribution in
orange orchards

The results of the analysis of variance showedttiere was significant interaction between
treatment and year (F= 3.907; P < 0.045) on thel lefrorange root density in the topsoil
(Appendix 3.2a).

The year 2014 was found to have the highest leverange root density when compared
with the other years. The year 2012 was found @ ltlae lowest level of orange root density
when compared with the other years. Orange roaitjewas highest in legume mucuna but
lowest in cowpea in all the years (Table 3.5a). vhactreated plots recorded an increase in
orange root density by 33.7%, 36.4% and 37.5% éar Y012, 2013 and 2014 respectively
in the topsoil. Dolichos treated plots recordedramease in orange root density by 21.2%,
31.8% and 33.3% for year 2012, 2013 and 2014 ré&spbcin the topsoil. Cowpea treated
plots recorded an increase in orange root dengity. %, 17.8% and 25.7% for year 2012,

2013 and 2014 respectively in the topsoil.
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Table 3.3a: Effect of legume cover crops and yeaopsoil (0-20cm) orange root density
(kg m-3) in orange orchards with time

Year
2012 2013 2014

Treatment (Topsail) (Topsoill) (Topsaoil)
Dolichos 0.126ab 0.170a 0.192a
Mucuna 0.139%a 0.176a 0.198a
Cowpea 0.107b 0.152ab 0.181a
Control 0.104b 0.129b 0.144b
LSD (p<0.05) 0.029 0.026 0.021
CV % 12.712 10.851 11.068
Pr >F 0.0418 0.0326 0.0209

Means within the column followed by same letter e significantly different at R 0.05.

3.3.7 Effect of cover crops and year on sub-soil (20-40 cm) orange root distribution in

orange orchards

The results of analysis of variance showed thatetlveas significant interaction between
treatment and year (F= 3.477; P < 0.043) on thellefsorange root density in the subsoil
(Appendix 3.2b).

The year 2014 was found to have the highest levefange root density when compared
with the other years. The year 2012, was found aeehthe lowest level of orange root
density when compared with the other years. Oraongé density was highest in legume
dolichos but lowest in cowpea in all the three ge@rable 3.5b). Mucuna treated plots
recorded an increase in orange root density by?4829.5% and 36.6% for 2012, 2013 and
2014 respectively in the sub-soils. Dolichos trdgitots recorded an increase in orange root
density by 16.9%, 26.9% and 30.7% for year 2012,328nd 2014 respectively in the sub-
soils. Cowpea treated plots recorded an increaseainge root density by 4.2%, 20.5% and

26.7% for year 2012, 2013 and 2014 respectivetiiénsub-soils.



38

Table 3. 3b: Effect of legume cover crops and yeasub-soil (20-40cm) orange root density
(kg m-3) in orange orchards with time

Year
2012 2013 2014

Treatment (Sub-soil) (Sub-saoil) (Sub-soil)
Dolichos 0.083a 0.099a 0.132a
Mucuna 0.084a 0.101a 0.138a
Cowpea 0.074a 0.094ab 0.128a
Control 0.071a 0.078b 0.101b
LSD (p<0.05) 0.016 0.018 0.012
CV % 21.423 17.852 19.327
Pr >F 0.5484 0.0361 0.0218

Means within the column followed by same letter e significantly different at R 0.05.

DISCUSSIONS
3.4.1 Discussion on the effects of cover cropson soil moisturein orange orchards

Vitengeni site with sandy clay loam soil recordde thighest soil moisture retention
compared to KALRO-Matuga with loamy sand in botpsoil and sub-soil. Ganda site with
sandy soil texture recorded the lowest soil moestatention in both topsoil and sub-soil.
The significant increase in soil moisture contebhsarved in this study because of using
legume cover crops is due to their ability to irse water infiltration. Thierfelder and wall,
(2009) observed that cover crops reduced waterofumnd evaporation from the soil
surfaces and allow more water infiltration. Therd tae an increase in soil moisture in the
soil due to the increased water infiltration. Hoanm(2009) observed that storage of soaill
moisture improved with the use of cover crops. Tike of cover crops also reduced water
evaporation from the soil surface. Swedlaal (2015) demonstrated that soil water retention
in farming systems using cover crops is higheraspared to bare soil surfadgover crop
reduced surface water loss from the soil througieimsed ground coverage and the amount
of biomass they release into the soil during th&stime (Wardet al., 2012). In this study
soil moisture in the soil varied with the type adver crop. Mucuna legume cover crop

recorded the highest soil moisture content in bopisoil and sub-soil while cowpea recorded
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the lowest soil moisture content. These could $so@ated to a given legume ability to
cover the ground and the amount of biomass thenlegadds to the soil over a given period.
Ramroudiet al, (2013) observed an increase soil water holdaggacity and the recharging
of soil water from rainfall because of using leguower crop with time. Legumes have
shown to increase infiltration of water into thdl 3o conservation agriculture Thierfelder
and wall, (2009) however, in the study there wasomparison done on different legumes.
In this study, mucuna gave the highest soil mogstatension while cowpea gave the lowest
compared to the control. Acording to Abayoetial (2001) found that mucuna provides

larger coverage when compared to other legumeepewluding dolichos.

3.4.2 Discussion on the effects of cover crops on orange root distribution in orange

orchards

The result indicates that different legume covepsrhave different capacities in influencing
the increase of orange root density in the soieréhwas an increase in feeder root density
over the three year study period (2012-2014) irh iopsoil and sub-soil because of using
different legume cover crop. Mucuna recorded tlghdést increase in root density compared
to dolichos and cowpea. The amount of roots and thistribution in the soil increase
organic matter after their life time enhancing s@sistance to erosion (Williamet al,
2013). The high root density in the sub-soil as parad to topsoil could be as a result of
increased soil moisture in the sub-soil. The inseem root density in the soil profile was
attributed to abundance in mulching effect as altexd the cover cropping. The upper soll
profile allows free air movement and root growthmgared to lower depths, where oxygen
and root growth is restricted due to soil comparc{©Outoukarteet al, 2010). The continuous
use of cover cropping system was observed con&ibutincrease root distribution in the
subsoil due to the reduction of soil bulk denditpmmaet al. (2012) observed increased soil
porosity and hence enhanced root penetration aodtlgrbecause of using legumes in

compacted soils. The legumesRoot distribution amavtp capability often depends on the
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type of roots and their ability to penetrate thig pmfile (Bellini et al, 2014). However the
observed root growth as a result of mucuna alsmedrwith site where Ganda with sandy

soils recorded the highest roots growth.
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Conclusions and Recommendations

The results of this study show that the effecteguime cover crops varied with site. The use
of mucuna, dolichos and cowpea legume cover cnopeased soil moisture retention and
orange tree root distribution. The mucuna covep dreated plots recorded the highest soil
moisture content in top and sub-soils. Similarlyamna treated plots were recorded to have
the highest orange feeder root distribution in tbpsoil and sub-soil. Among mucuna,
dolichos and cowpea cover crops, cowpea recordedotiest moisture content and root
distribution in both top and subsoil. There are &udies that have tested effect of individual
legumes on water retention and infilatration. Il Wwe necessary specific test in future studies
to determine the role of Mucuna and other legumeswater retention, water use and
infiltration. Legume cover cropping system is abkga farming system that can aid in
improving soil moisture in orange orchards and eobkaorange root distribution in the soill
profile. It can be concluded that mucuna, cowpead @olichos cover crops improved soll
moisture in orange production. Mucuna and doliatmger crops improved root distribution
in orange production. Cowpea improvement on oramge distribution varied with soil

texture and soil depth.

From the outcome of this study, mucuna and dolidagame cover crop are recommended
for use as cover crops in orange tree orchardearcoastal lowlands as they are useful in
improving soil moisture retention and orange treet ristribution. The adoption of these
findings and recommendation to the farmers and #waio-economic impact also need to be
established. Since orange trees are a perennig, dwother studies are, therefore,
recommended to evaluate the long term (> 3yeafstsfof the cover crops on soil moisture

and orange tree root distribution under differegrbaecological zones.
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CHAPTER FOUR

EFFECTSOF LEGUME COVER CROPSON SOIL PH, PLANT NUTRIENTSAND
LEAF CHLOROPHYLL IN ORANGE ORCHARD

Abstract

The soil nutrients and their availability to theapl influences crop growth and production.
The use of legume cover crop as a way of plantenitmanagement system on orange has
not been documented. A field study was establisaedKALRO-Matuga, Ganda and
Vitengeni located within the coastal lowlands ofnia in May 2012 to April 2015. The
study evaluated the effects of three leguminousicevops on soil pH, plant nutrients and
leaf chlorophyll in orange orchard. There were foeatments; mucunaiucuna prurieny
cowpea Yigna unguiculaty dolichos Lablab purpureuscover crops and a fallow as the
control. The experiment was laidout in a randomizechplete block design (RCBD) where
the treatments were replicated four times withiarfblocks in an existing grafted Valencia
orange orchard. The three legumes were planted tine®range tree within a radius of 3m.
Soil was sampled for topsoil (0-20 cm) and sub-&0+40 cm). The data collected included
soil pH, organic carbon (g Ky, nitrogen (g k), total phosphorus (mg Ky, total potassium
(mg kg%) and leaf chlorophyll. Data was first tested formality and homogeneity and
further subjected to the analysis of variance (ANOVA) usihg procedures of R statistical
analysis software version 3.3.2 (R- Core team, 20Ibe effect of mucuna, cowpea and
dolichos legume cover crop on plant nutrients angbil and orange leaf chlorophyll varied
with site, years, and increased with time. Mucueated orange trees recorded the highest
increase in nitrogen in the topsoil and sub-sals\fitengeni, KALRO-Matuga and Ganda
respectively. Cowpea recorded the second highesgase in nitrogen in the topsoil and sub-
soils for Vitengeni, KALRO-Matuga and Ganda resp@ty. Dolichos recorded the lowest
in nitrogen increase in the topsoil and sub-sals\fitengeni, KALRO-Matuga and Ganda
respectively. Mucuna treated orange trees recotitkedhigest increase in organic carbon in

the topsoil and sub-soils for KALRO-Matuga, Vitengand Ganda respectively. Dolichos



43

recorded second highest increase in organic carbtire topsoil and sub-soils for Vitengeni,
KALRO-Matuga and Ganda respectively. Cowpea treatadge trees recorded the lowest in
organic carbon increase in the topsoil and sulsdoif KALRO-Matuga, Vitengeni and
Ganda respectively. Mucuna treated orange treesrded the highest increase in soll
phosphorous in the topsoil and sub-soils for KALR@tuga, Vitengeni and Ganda
respectively. Cowpea recorded the second highestase in soil phosphorous in the topsoil
and sub-soils for KALRO-Matuga, Vitengeni and Ganespectively. Dolichos recorded the
lowest increase in soil phosphorous in the topsmitl in the sub-soils for Vitengeni,
KALRO-Matuga and Ganda respectively compared to dbetrol. Mucuna, cowpea and
dolichos increase soil potassium by 28.7%, 25.3% Eh6% in the topsoil and by 23.1%,
20.2% and 10.5% in the sub-soil respectevly. Mucwamal dolichos increased leaf
chlorophyll content by 8.8%, 16.4% and 21.2% inry2@12, 2013 and 2014 respectively.
Dolichos increased leaf chlorophyll content by #2.2nd 16.4% in year 2013 and 2014
respectively. Cowpea increased leaf chlorophyliteonby 11.2% in in year 2014. From the
results of this study, it is observed that mucuc@ypea and dolichos cover crops are
effective in improving the N, OC, P and K contemtghe soil and orange leaf chlorophyill.
Among the three cover crops, mucuna gave the highesease and is recommended as a

cover crop for orange production in the coastaldmas
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Introduction

Land degradation, due to poor farming methods, nsagor problem in sub-Saharan Africa
and this leads to a decrease in agricultural priddtyc (Blanco and Lal, 2009Fairhurst,
2012). There is need for an integrated soil féytiinanagement (ISFM) as a means of
reversing the nutrient deficiencies in citrus ordsain Kenya (Srivastava and Singh, 2009;
Vanlauweet al, 2015). Integration of leguminous cover crops iexisting cropping systems
iIs a potential solution to this problem. When theseps are planted as either cover or
intercrop, they influence soil chemical and biotadi properties leading to improved soil
fertility and crop productivity (Odhiambo, 2011; keekeet al. 2012). The maintenance and
improvement of soil properties is achieved thropgbvision of ground cover, reduction in
soil erosion, regulation of soil temperature, emaanent of soil organic matter and microbial

activity (Wasikeet al, 2009).

Availability of soil nutrients for plant uptake igsually dictated by soil moisture and
physiochemical properties such as pH, cation exgharapacity (CEC), anion exchange
capacity (AEC), amount of soil organic matter ardd cations (Cavagnaro, 2016). Cover
crops have also been reported to increase theiguahtvailable phosphorus and nitrogen
in soils (Takedat al, 2009; Dubest al, 2014). Nitrogen accumulation in the soil magwc
through biological nitrogen fixation or recyclingdding to the increased availability to plants
(Mulvaneyet al, 2009; Wasikeet al, 2009). The influence of legume cover crop or soi
nitrogen and organic matter accumulation varies wihe and type of legume used (Waetg

al., 2010; Odhiambo, 2011).

Although there are several species of tropical negg, few have been studied for their
potential as cover crops (Wat al, 2011). Legumes widely studied as cover crophide

wing bean Psophocarpus palustiismucuna, cowpea, dolichos, clovdirifolium spp and
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vetch Vicia spp (Yeganehpooet al, 2015). Mucuna has been reported to increaseemaiz
yield in a maize-mucuna intercropping systems (Sl 2008; Mugweet al. 2009; Ngome

et al, 2012). Soil fertility enhancement when doliclooser crop is used as a cover crop was
reported by Tittonelet al (2012). A positive effect of cowpea, vetch anolvel cover crops
on soil fertility management has been reported bByukhaet al. (2011) and Yeganehpoet

al. (2015). Although studies on the effects of leguocoeer crop on solil fertility, water
management, and annual crop yield have been caou¢dn Kenya (Saha&t al 2008;
Mugwe et al 2009; Ngomeet al 2012; Karuku, 2014), few have been conducted o
perennial crops. This study evaluated the effettdotichos, mucuna and cowpea legume
cover crop on soil nutrients and orange leaf cldbytl content. It will be interesting to know

if increase in plant nutrient more so nitrogenhe soil could have any influence on orange

leaf chlorophyill.



46

MATERIALSAND METHODS

4.1.1 Study site, experimental layout and agronomic practices

The study was conducted at Ganda, Vitengeni andy&ehgricultural and Livestock
Research Organization (KALRO) Matuga locations witthe coastal lowland region of
Kenya from May 2012 to April 2015. The fieldwork svauperimposed on existing on-farm
orange orchards in two locations (Ganda and Vitengmnd on-station at KALRO-Matuga.
Treatments included mucuna, cowpea, dolichos corggs and a control (without legume
cover crop). The experimental design was a randesnzomplete block design (RCBD),
with each treatment replicated four times. The foeatments applied on existing orange
trees where an orange tree formed a plot. The skperimental layout and agronomic

practices as previously described in section 2Bchapter three of this thesis.

4.1.2 Soil sampling, preparation and analysis

The soil samples were taken within 2m and 3m rfagiin the orange trees trunk at topsoil (0-
20 cm) and sub-soil (20-40 cm) soil depths usingcen size soil auger. Majority of the
feeder roots of a tree are found at the far entth@imain roots (Morgaat al, 2007). Initial
soil samples were taken from the both top and silldepths before applying the treatments
to determine the soil nutrient level. In order &mluce errors due to possible variations, in
each orange tree three soil sampling points werdomaly picked by walking in a zigzag
within the 2m and 3m radii. Each sample was aiedirground and passed through a 2 mm
sieve to obtain a uniform patrticle size. Soil pHswaeasured in 1:2.5 soils to liquid ratio in
0.01 M CaCl and analyzed according to the procedure descrigedkaleboet al (2002).
Available P, K and Ca were analyzed and determawrding to procedures described by
Mehlich (1984). Organic carbon (g Ky total Nitrogen (g kg) and particle size distribution
were determined according to procedure describe@Kateboet al (2002). Available trace

element Iron (Fe) was determined using Atomic Apson Spectrophotometer (AAS).
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4.1.3 Orange leaf chlorophyll content

Orange leaf chlorophyll content was determined $iggia chlorophyll meter as described by
(Rodriguez and Miller, 2000). At each samplying) t\'ange mature leaves exposed to the
light from the cannopy were randomly selected fieanh tree and inserted one at a time in a
chlorophyll meter (Model: SPAD-502PIlus, HangzhowArlogy co.ltd, China). The use of
hand held chlorophyll meter is a non-distructivetime because the orange leaves are not
removed fom the tree. The average reading of thde@ves is automated by the machine
recorded to form a sample (Plate 4.1). Orangedekirophyll content was measured during

day time when there is light twice a month in 36thermaking a total of 72 samples.

Plate 4. 1: Leaf Chlorophyll content measuremeintgua chlorophyll meter

4.1.4 Data analysis

Data obtained data on nitrogen, organic carbonspimarous, potassium, soil pH and leaf
chlorophyll tested for outliers and checked formality and homogeneity of variancesing
Shapiro wilk test. The data was furthgrbjected to the analysis of variance (ANOVA) using
the procedures of R statistical analysis softwamesion 3.3.2 (R- Core team, 2015). Mean

separation was done using the least significaf¢mifice (LSD) at 5% level of significance.
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RESULTS

4.2.1 Initial Chemical and Physical Properties of Soil at Vitengeni, KALRO-Matuga

and Ganda

Initial chemical and physical properties of thelsdiom three study sites are presented in
(Table 4.1). Soil pH ranged between 6.14 from tog sub-soils at the commencement of the
experiment. The soil pH range from slight acidicveay slight acidic based on the general
guidelines given by Okaleb@t al (2002). Soils from Ganda had low amounts of
exchangeable P (< 15mgKg in all the sites, total nitrogen (N) and totatanic carbon
(OC) was very low (< 0@ kg and (<0.9 kg?'), respectively. Based on the rating set by
Landon (1991), the P, N and OC in the plough layethe soils in Ganda were low and
inadequate for supporting optimum crop yields. @kierage Ca and Fe in the soil from all
the sites and soil depths ranged from Ca, 1.2-2)&kgt and Fe5.16-9.58 based on Mehlich
(1984) rating Ca< 2.0 mg Kgand Fe< 10.0 mg kijs considered low. According to Mehlich
(1984) classification, zinc, copper and manganesgel$ were adequate in the soils from all
the three sites.

Table 4. 1: Initial levels of plant nutrient andlgaH in top and sub-soil from Vitengeni,
KALRO-Matuga and Ganda

Vitengeni KALRO-Matuga Ganda
Soil Property TS SS TS SS TS SS
Soil pH (HO) 6.56 6.44 6.43 6.42 6.41 6.40
Nitrogen (g kd}) 0.60 0.50 0.40 0.50 0.40 0.40
Carbon (g kg) 6.60 5.00 3.20 5.10 320  3.00
Phosphorous (mg Ky 19.00 17.00 12.00 16.00 12.00 11.00
Potassium (mg k8 0.36 0.13 0.08 0.12 0.08 0.09
Calcium (mg kd) 2.00 1.20 1.60 1.80 1.60 1.40
Iron (mg kg?) 9.58 8.94 5.99 5.16 599 575
Magnesium (mg kg) 1.28 0.56 0.51 0.52 0.51 0.44
Sodium (mg kd) 0.12 0.12 0.08 0.12 0.08  0.07

TS= Topsoil (0-20 cm); SS= Sub-soil (20-40 cm)
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4.2.2 Effects of legume cover crop and site on topsoil nitrogen level in orange orchards
at Vitengeni, KALRO-Matuga and Ganda

The results showed significant interaction betwigeatment and site (F= 2.99; P< 0.04) on
nitrogen in the topsoil (Appendix 4.1a).

Effect of mucuna, dolichos and cowpea legume caveps on the level of nitrogen in the
topsoil varied with site (Table 4.2a). The site @anwas found to have the highest
percentage increase in soil nitrogen when compaitdthe other sites. The site Vitengeni
was found to have the lowest level of nitrogen wkkempared with the other sites. With
each site, nitrogen was highest in legume mucunddmest in dolichos. Mucuna treated
plots recorded an increase in nitrogen by 27.7%2%9and 33.3% in the topsoil for
Vitengeni, KALRO-Matuga and Ganda respectively. @ew treated plots recorded an
increase in nitrogen by 16.6%, 18.1% and 25.5%h# tbpsoil for Vitengeni, KALRO-
Matuga and Ganda respectively. Dolichos treatets plecorded an increase in nitrogen by
10.6%, 12.5% and 13.7% in the topsoil for VitengeKALRO-Matuga and Ganda
respectively.

Table 4. 2a: Effects of legume cover crop andaitéopsoil (0-20 cm) nitrogen (g Ryin
orange orchards at Vitengeni, KALRO-Matuga and Gand

Site

Vitengeni KALRO-Matuga Ganda
Treatment (Topsoil) (Topsaoil) (Topsaoil)
Dolichos 0.73b 0.81b 0.58b
Mucuna 0.84a 0.93a 0.68a
Cowpea 0.77ab 0.85b 0.64ab
Control 0.66¢ 0.72c 0.51c
LSD (p<0.05) 0.062 0.072 0.065
CV% 12.45 17.53 15.90
Pr>F 0.016 0.022 0.016

Means within the column followed by same letter e significantly different at R 0.05.
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4.2.3 Effects of legume cover crop and site on sub-soil nitrogen level in orange orchards
at Vitengeni, KALRO-Matuga and Ganda

There was a significant interaction between treatraed site (F= 7.62; P< 0.05) on nitrogen
in the sub-soil (Appendix 4.1b).

Effect of mucuna, dolichos and cowpea legume caveps on the level of nitrogen in the
sub-soil varied with site (Table 4.2b). The site IKRO-Matuga was found to have the
highest level of soil nitrogen when compared with bther sites. The site Ganda was found
to have the lowest level of soil nitrogen when caned with the other sites. With each site,
nitrogen was highest in legume mucuna but lowesdafichos. Mucuna treated plots
recorded an increase in nitrogen by 17.2%, 21.3&024n5% in the sub-soils for Vitengeni,
KALRO-Matuga and Ganda respectively. Dolichos &daplots recorded an increase in
nitrogen by 16.9%, 9.8% and 10.2% in the sub-dwoitsVitengeni, KALRO-Matuga and
Ganda respectively. Cowpea treated plots recordadaaease in nitrogen by 12.1%, 14.8%
and 16.3% in the sub-soils for Vitengeni, KALRO-Mga and Ganda respectively.

Table 4.2b: Effects of legume cover crop and sitswb-soil (20-40 cm) nitrogen
(g kg?) in orange orchards at Vitengeni, KALRO-Matuga @ahda

Site

Vitengeni KALRO-Matuga Ganda
Treatment (Sub-saoil) (Sub-saoil) (Sub-soil)
Dolichos 0.62b 0.67b 0.54b
Mucuna 0.68a 0.74a 0.61a
Cowpea 0.65a 0.70ab 0.57b
Control 0.58c 0.61c 0.56¢
LSD (p<0.05) 0.031 0.041 0.038
CV% 21.31 20.58 21.80
Pr>F 0.037 0.046 0.021

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.2.4 Effects of legume cover crop and year on topsoil nitrogen level in orange orchards
at Vitengeni, KALRO-Matuga and Ganda

There was a significant interaction between treatnaad year (F= 4.33; P < 0.006) on
nitrogen in the topsoil (Appendix 4.1a).

Effect of mucuna, dolichos and cowpea legume caveps on the level of nitrogen in the

topsoil varied with year (Table 4.3a). The year£0das found to have the highest level of
soil nitrogen in the topsoil when compared withry2@12 and 2013. The year 2012, was
found to have the lowest level of nitrogen when parad with the other years. Nitrogen was
highest in legume mucuna but lowest in dolichosthe topsoil. Mucuna treated plots

recorded an increase in nitrogen by 11.5%, 18.3&w2dm% in the topsoil for the year 2012,
2013 and 2014 respectively. Cowpea treated platrded an increase in nitrogen by 3.3%,
13.3% and 19.4% in the topsoil for the year 201232 and 2014 respectively. Dolichos
treated plots recorded an increase in nitrogen.6%15.0% and 9.7% in the topsoil for the
year 2012, 2013 and 2014 respectively.

Table 4.3a: Effects of legume cover crop and yeaiopsoil (0-20 cm) nitrogen (g Kyin
orange orchards at Vitengeni, KALRO-Matuga and Gand

Year

2012 2013 2014
Treatment (Topsaoil) (Topsaoil) (Topsaoil)
Dolichos 0.62b 0.63b 0.68c
Mucuna 0.68a 0.71a 0.79a
Cowpea 0.63b 0.68a 0.74b
Control 0.61b 0.60b 0.62d
LSD(<0.05) 0.046 0.049 0.047
CV% 11.45 14.06 13.00
Pr>F 0.561 0.019 0.008

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.25 Effects of legume cover crop and year on sub-soil nitrogen level in orange

orchardsat Vitengeni, KALRO-Matuga and Ganda

There was a significant interaction between covep and year (F= 3.38; P< 0.004) on

nitrogen in the sub-soil (Appendix 4.1b).

Effect of mucuna, dolichos and cowpea legume caveps on the level of nitrogen in the

sub-soil varied with year (Table 4.3b). The yeat£@Was found to have the highest level of
soil nitrogen in the sub-soil when compared wita tther years. The year 2012, was found
to have the lowest level of nitrogen when compandith the other years. Nitrogen was

highest in legume mucuna but lowest in dolichostha sub-soil. Mucuna treated plots

recorded an increase in nitrogen by 10.0%, 19.0%0 2518% in the sub-soil for the year

2012, 2013 and 2014 respectively. Cowpea treatatd pbcorded an increase in nitrogen by
6.0%, 13.7% and 23.5% in the sub-soil for the y2@t2, 2013 and 2014 respectively.

Dolichos treated plots recorded an increase imgén by 4.0%, 7.8% and 15.7% in the sub-
soil for the year 2012, 2013 and 2014 respectively.

Table 4.3b: Effects of legume cover crop and y@esub-soil (20-40cm) nitrogen (g Kpin
orange orchardat Vitengeni, KALRO-Matuga and Ganda

Year
2012 2013 2014
Treatment (Sub-saoil) (Sub-saoil) (Sub-saoil)
Dolichos 0.52a 0.55b 0.59b
Mucuna 0.55a 0.61a 0.67a
Cowpea 0.53a 0.58ab 0.63b
Control 0.50a 0.51c 0.51c
LSD<0.0s) 0.054 0.038 0.059
CV% 16.31 17.49 15.22
Pr >F 0.051 0.040 0.001

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.2.6 Effects of legume cover crop and site on topsoil organic carbon level in orange

orchards.

There was significant interaction of treatment aitd (F= 2.57; P< 0.002) on organic carbon
in the topsoil (Appendix 4.2a).

Effect of mucuna, dolichos and cowpea legume cokaps on the level of organic carbon in
the topsoil varied with site (Table 4.4a). The ${&LRO-Matuga was found to have the

highest level of soil organic carbon when compangith Vitengeni and Ganda. The site
Ganda was found to have the lowest level of orgaarbon when compared with KALRO-

Matuga and Vitengeni. With each site, organic carla@s highest in legume mucuna but
lowest in cowpea. Mucuna treated plots recordedharease in organic carbon by 32.2%,
29.3% and 25.8% in the topsoil for KALRO-Matuga,terfigeni and Ganda respectively.
Dolichos treated plots recorded an increase inmcgaarbon by 22.7%, 18.5% and 19.6% in
the topsoil for KALRO-Matuga, Vitengeni and Gandsspectively. Cowpea treated plots
recorded an increase in organic carbon by 16.0%3%3and 8.3% in the topsoil for

KALRO-Matuga, Vitengeni and Ganda respectively.

Table 4.4a: Effects of legume cover crop and sitéopsoil (0-20 cm) organic carbon (g kg
1y in orange orchards at Vitengeni, KALRO-Matuga &ahda

Site
Vitengeni KALRO-Matuga Ganda
Treatment (Topsoil) (Topsaoil) (Topsaoil)
Dolichos 6.40b 6.82b 6.35a
Mucuna 6.98a 7.35a 6.68a
Cowpea 6.12b 6.45b 5.75b
Control 5.40d 5.56¢ 5.31c
LSD (p<0.05) 0.416 0.424 0.392
CV% 16.45 11.65 18.29
Pr >F 0.022 0.019 0.016

Means within the column followed by same letter e significantly different at R 0.05.
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4.2.7 Effects of legume cover crop and site on sub-soil organic carbon level in orange

orchards.

There was a significant interaction of treatmerd aite (F= 2.87; P< 0.04) on soil organic
carbon in the sub-soil (Appendix 4.2b).

Effect of mucuna, dolichos and cowpea legume cokaps on the level of organic carbon in
the sub-soil varied with site (Table 4.4b). The $tALRO-Matuga was found to have the
highest increase in soil organic carbon when cogtparith Ganda and Vitengeni. The site
Vitengeni was found to have the lowest level of saganic carbon increase when compared
with KALRO-Matuga and Ganda. With each site, sogamic carbon was highest in legume
mucuna but lowest in cowpea. Mucuna treated pkxtsrded an increase in organic carbon
in the soil by 29.9%, 26.7%and 21.3% in the sub-Bwi KALRO-Matuga, Ganda and
Vitengeni respectively. Dolichos treated plots releal an increase in organic carbon in the
soil by 19.9%, 19.7% and 13.8% in the sub-soilk&l.RO-Matuga, Ganda and Vitengeni
respectively. Cowpea treated plots recorded areas& in organic carbon in the soil by
14.8%, 11.1% and 6.5% in the sub-soil for KALRO-Mgd, Ganda and Vitengeni
respectively.

Table 4.4b: Effects of legume cover crop and sitswb-soil (20-40 cm) organic carbon (g
kgl) in orange orchards at Vitengeni, KALRO-Matuga &ahda

Site
Vitengeni KALRO-Matuga Ganda
Treatment (Sub-saoil) (Sub-saoil) (Sub-soil)
Dolichos 5.62ab 6.14b 4.62a
Mucuna 5.99a 6.65a 4.89a
Cowpea 5.26bc 5.88bc 4.29b
Control 4.94c 5.12c 3.86¢
LSD (p<0.05) 0.396 0.497 0.398
CV% 18.30 14.91 21.23
Pr>F 0.002 0.028 0.004

Means within the column followed by same letter e significantly different at R 0.05.
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4.2.8 Effects of legume cover crop and year on topsoil organic carbon level in orange

orchards.

There was a significant interaction of treatmendl gear (F= 4.70; P< 0.004) on organic
carbon in the topsoil (Appendix 4.2a).

Effect of mucuna, dolichos and cowpea legume caveps on the level of soil organic
carbon in the topsoil varied with year (Table 4.58)e year 2014 was found to have the
highest soil organic carbon in the topsoil. Thery@@l2 was found to have the lowest level
of soil organic carbon in the topsoil. Soil organarbon was highest in legume mucuna but
lowest in cowpea in the topsoil. Mucuna treatedsplecorded an increase in soil organic
carbon by 8.7%, 16.6% and 21.8% in the topsoil tfeg year 2012, 2013 and 2014
respectively. Dolichos treated plots recorded areiase in soil organic carbon by 6.4%,
12.2% and 18.8% in the topsoil for the year 201213 and 2014 respectively. Cowpea
treated plots recorded an increase in soil orgaarbon by 4.6%, 6.8% and 13.5% in the
topsoil for the year 2012, 2013 and 2014 respédgtive

Table 4.5a: Effects of legume cover crop and yeaopsoil (0-20 cm) organic carbon (g kg
1y in orange orchards at Vitengeni, KALRO-Matuga &ahda

Year

2012 2013 2014
Treatment (Topsaoil) (Topsaoil) (Topsaoil)
Dolichos 5.51ab 5.88b 6.26b
Mucuna 5.63a 6.11a 6.42a
Cowpea 5.42b 5.59c 5.98c
Control 5.18b 5.24d 5.27d
LSD (p<0.05) 0.134 0.141 0.136
CV% 21.18 17.46 16.58
Pr>F 0.049 0.007 0.001

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.2.9 Effects of legume cover crop and year on sub-soil organic carbon level in orange

orchards.

There was a significant interaction of treatmerd gear (F= 4.67; P< 0.02) on soil organic
carbon in the sub-soil (Appendix 4.2b).

Effect of mucuna, dolichos and cowpea legume cokaps on the level of organic carbon in

the sub-soil varied with year (Table 4.5b). Thery&@l4 was found to have the highest level
of soil organic carbon in the sub-soil when comgangth year 2012 and 2013. The year
2012, was found to have the lowest level of orgamaidbon when compared with the other
years. Organic carbon was highest in legume mubuhdowest in cowpea in the sub-soil.

Mucuna treated plots recorded an increase in sgdroc carbon by 2.3%, 13.0% and 18.6%
in the sub-soil for the year 2012, 2013 and 203peetively. Dolichos treated plots recorded
an increase in soil organic carbon by 1.4%, 8.3%1814% in the sub-soil for the year 2012,
2013 and 2014 respectively. Cowpea treated plotsded an increase in soil organic carbon
by 1.0%, 3.1% and 7.3% in the sub-soil for the &2, 2013 and 2014 respectively.

Table 4.5b: Effects of legume cover crop and yeasub-soil (20-40 cm) organic carbon (g
kgl) in orange orchards at Vitengeni, KALRO-Matuga &ahda

Year

2012 2013 2014
Treatment (Sub-soil) (Sub-soil) (Sub-soil)
Dolichos 4.28a 4.58b 4.82b
Mucuna 4.31a 4.78a 5.04a
Cowpea 4.26a 4.36¢c 4.56¢C
Control 4.22a 4.23c 4.25d
LSD (p<0.05) 0.124 0.156 0.172
CV% 24.76 22.87 18.47
Pr >F 0.094 0.021 0.001

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.2.10 Effects of legume cover crop and site on topsoil phosphorus level in orange

orchards

The results of analysis of variance showed a saamt interaction between treatment and
site (F= 3.06; P< 0.005) on soil phosphorous intdipesoil (Appendix 4.3a).

Effect of mucuna, dolichos and cowpea legume coveps on the level of phosphorous in
the topsoil varied with site (Table 4.6a). The ${&LRO-Matuga was found to have the
highest level of soil phosphorous when compareth Witengeni and Ganda sites. The site
Ganda was found to have the lowest level of sadlsphorous when compared with the other
sites. With each site, soil phosphorous was higindsigume mucuna but lowest in dolichos.
Legume mucuna treated plots recorded an increasaliphosphorous by 20.3%, 18.8% and
18.2% in the topsoil for KALRO-Matuga, Vitengenich@anda respectively. Cowpea treated
plots recorded an increase in soil phosphorousn®, 17.2% and 14.7% in the topsoil for
KALRO-Matuga, Vitengeni and Ganda respectively. iBfwds treated plots recorded an
increase in soil phosphorous by 12.0%, 10.0% a6%4n the topsoil for KALRO-Matuga,
Vitengeni and Ganda respectively.

Table 4.6a: Effects of legume cover crop and sitéopsoil (0-20 cm) phosphorus (mg g
in orange orchards at Vitengeni, KALRO-Matuga arah@a

Site

Vitengeni KALRO-Matuga Ganda
Treatment (Topsaoil) (Topsoil) (Topsaoil)
Dolichos 19.64b 21.43a 13.56b
Mucuna 21.83a 23.02a 15.33a
Cowpea 21.01a 22.48a 14.88ab
Control 17.92b 19.14b 12.97b
LSD ep<os) 1.83 2.12 1.96
CV% 18.16 14.82 19.34
Pr>F 0.043 0.027 0.048

Means within the column followed by same letter e significantly different at R 0.05.
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4.2.11 Effects of legume cover crop and site on sub-soil phosphorusin orange orchards
There was a significant interaction between treatnamd site (F= 4.54; P< 0.005) on soil
phosphorus in the sub-soil (Appendix 4.3b).

Effect of mucuna, dolichos and cowpea legume coveps on the level of phosphorous in
the sub-solil varied with site (Table 4.6b). The $tALRO-Matuga was found to have the
highest level of soil phosphorus when compared witlengeni and Ganda sites. The site
Ganda was found to have the lowest level of sadlsphorus when compared with the other
sites. With each site, soil phosphorus was higimelktgume mucuna but lowest in dolichos.
Mucuna treated plots recorded an increase in sophorus by 14.8%, 10.2% and 11.5% in
the sub-soil for KALRO-Matuga, Vitengeni and Gan@apectively. Cowpea treated plots
recorded an increase in soil phosphorus by 11.8%66and 4.6% in the sub-soil for
KALRO-Matuga, Vitengeni and Ganda respectively. iBlubs treated plots recorded an
increase in soil phosphorus by 8.3%, 2.2% and 1ir®%e sub-soil for KALRO-Matuga,
Vitengeni and Ganda respectively. Legume mucunafewasd to have significant increase in
soil phosphorus in the sub-soil of Ganda site.

Table 4.6b: Effects of legume cover crop and sitesub-soil (20-40 cm) phosphorus (mg kg
1 in orange orchards at Vitengeni, KALRO-Matuga &ahda

Site

Vitengeni KALRO-Matuga Ganda
Treatment (Sub-soil) (Sub-soil) (Sub-soil)
Dolichos 16.09bc 17.59a 13.12b
Mucuna 17.34a 18.65a 14.36a
Cowpea 16.72ab 18.16a 13.47b
Control 15.74c 16 .24b 12.88b
LSD ep<os) 1.22 1.58 1.41
CV% 23.16 16.93 21.41
Pr>F 0.045 0.037 0.586

Means within the column followed by same letter e significantly different at R 0.05.
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4.2.12 Effects of legume cover crop and year on topsoil phosphorus level in orange

orchards

There was a significant interaction between treatnaed year (F= 3.51; P< 0.003) on soil

phosphorous in the topsoil (Appendix 4.3a).

Effect of mucuna, dolichos and cowpea legume coveps on the level of phosphorous in

the topsoil varied with year (Table 4.7a). The ani@oil phosphorous increased with years
where year 2014 was found to have the highestptmbkphorous in the topsoil. The year
2012 was found to have the lowest level of soilggimrous in the topsoil. Soil phosphorous
was highest in legume mucuna but lowest in dolicimothe topsoil. Mucuna treated plots

recorded an increase in soil phosphorous by 9.228% and 22.3% in the topsoil for the

year 2012, 2013 and 2014 respectively. Cowpeaetieplots recorded an increase in soil
phosphorous by 7.4%, 12.9% and 14.8% in the togeoithe year 2012, 2013 and 2014

respectively. Dolichos treated plots recorded aneiase in soil phosphorous by 5.2%, 5.3%
and 7.4% in the topsoil for the year 2012, 2013 20t respectively.

Table 4.7a: Effects of legume cover crop and yeaiopsoil (0-20 cm) extractable
phosphorous (mg kY in orange orchards at Vitengeni, KALRO-Matuga &ahda

Year
2012 2013 2014

Treatment (Topsaoil) (Topsaoil) (Topsail)
Dolichos 18.14ab 18.18b 18.38c
Mucuna 18.92a 19.81a 20.92a
Cowpea 18.53ab 19.48a 19.64b
Control 17.25b 17.26b 17.11d
LSD(p<o0.05) 1.35 1.28 1.24
CV% 18.58 19.74 16.95
Pr >F 0.689 0.036 0.016

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.2.13 Effects of legume cover crop and year on sub-soil phosphorus level in orange
orchards
There was a significant interaction between treatmand year (F= 2.84; P< 0.01) on
phosphorous in the sub-soil (Appendix 4.3b).
Effect of mucuna, dolichos and cowdegume cover crops on the level of soil phosphorous
in the sub-soil varied with year (Table 4.7b). Mear 2014 was found to have the highest
level of soil phosphorous in the sub-soil when caregd with year 2012 and 2013. The year
2012, was found to have the lowest level of sodggihorous when compared with the other
years. Soil phosphorous was highest in legume naubuh lowest in legume dolichos in the
sub-soil. Mucuna treated plots recorded an incr@aseil phosphorous by 5.1%, 11.1% and
13.0% in the sub-soil for the year 2012, 2013 a@#i42respectively. Dolichos treated plots
recorded an increase in soil phosphorous by 2.3% &nd 6.6% in the sub-soil for the year
2012, 2013 and 2014 respectively. Cowpea treatets plecorded an increase in soil
phosphorous by 3.5%, 6.9% and 8.2% in the subfsoithe year 2012, 2013 and 2014
respectively.

Table 4.7b: Effects of legume cover crop and yeasub-soil (20-40 cm) extractable
phosphorous (mg KY in orange orchards at Vitengeni, KALRO-Matuga &ahda

Year

2012 2013 2014
Treatment (Sub-soil) (Sub-sail) (Sub-soil)
Dolichos 13.78a 14.47a 14.64a
Mucuna 14.18a 15.26a 15.51a
Cowpea 13.96a 14.66a 14.85a
Control 13.49a 13.72b 13.73b
LSD¢e< 0.05) 1.54 1.48 1.63
CV% 21.64 20.68 18.79
Pr>F 0.867 0.041 0.031

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.2.14 Effects of legume cover crop on topsoil potassium level in orange orchards

Effect of mucuna, dolichos and cowpea legume coxap significantly (F= 3.46; P< 0.041)
increased potassium (K) content in the topsoil @mpx 4.4a).

Legume mucuna was found to have the highest lef/glotassium in the topsoil when
compared dolichos and cowpea (Table 4.8a). Dolietexs found to have the lowest level of
soil potassium when compared with the other legunMascuna, cowpea and dolichos
increase soil K by 28.7%, 25.3% and 12.6% respbctievthe topsoil compared to the

control.
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Table 4.8a: Effects of legume cover crop on top@BR0 cm) potassium (mg Kyin orange
orchards at Vitengeni, KALRO-Matuga and Ganda

Potassium (mg kb

Treatment Topsoil (0-20 cm)
Dolichos 0.196ab
Mucuna 0.224a
Cowpea 0.218a
Control 0.174b

LSD (p<0.05) 0.041

CV% 36.53

Pr>F 0.0414

Means within the column followed by same letter e significantly different at R 0.05.

4.2.15 Effects of legume cover crop on sub-soil potassium level in orange orchards

Effect of mucuna and cowpea legume cover crop fogmtly (F= 2.23; P< 0.05) increased

potassium content in the sub-soil (Appendix 4.4b).

Legume mucuna was found to have the highest lef/glotassium in the topsoil when

compared dolichos and cowpea (Table 4.8b). Doli¢hested plots were found to have the
lowest level of soil potassium in the sub-soil whesmpared with the other legumes.
Mucuna, cowpea and dolichos increase soil potassiutine sub-soil by 23.1%, 20.2% and

10.5% respectively compared to the control.
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Table 4.8b: Effects of legume cover crop on sub@it40 cm) potassium (mg Rpin
orange orchards at Vitengeni, KALRO-Matuga and Gand
Potassium (mg kb

Treatment Sub-soil (20-40 cm)
Dolichos 0.148b
Mucuna 0.165a
Cowpea 0.161a
Control 0.134b

LSD (p<0.05) 0.025

CV% 21.02

Pr>F 0.0497

Means within the column followed by same letter e significantly different at R 0.05.

4.2.16 Effects of legume cover crop on topsoil soil pH level in orange orchards

The results of analysis of the variance showedctsfdue to site difference (F= 3.68; P<
0.05) at topsoil on soil pH (Appendix 4.5a).

The site Vitengeni was found to have the highegell®f soil pH when compared with
KALRO-Matuga and Ganda sites. The site Ganda wasddo have the lowest level of soil
pH when compared with the other sites.There wassigaoificant difference in soil pH
between KALRO-Matuga, Ganda and the control (T4%8.

Table 4.9: Effects of site on topsoil (0-20 cm) gbi level in orange orchards at Vitengeni,
KALRO-Matuga and Ganda

Soil pH
Site Topsoil (0-20 cm)
Vitengeni 6.56a
Matuga 6.43b
Ganda 6.41b
LSD (p<0.05) 0.036
CV % 2.938
Pr >F 0.0464

Means within the column followed by same letter moesignificantly different at R 0.05.
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4.2.17 Effects of legume cover crop and site on orange leaf chlorophyll content in
orange orchards

The analysis of variance showed that there wagrfisiant interaction between treatment
and site (F= 3.40; P< 0.04) on orange leaf chloybgAppendix 4.6).

Effect of mucuna, dolichos and cowpea legume caveps on the level of orange leaf
chlorophyll varied with site (Table 4.10a). TheesKALRO-Matuga was found to have the
highest level of orange leaf chlorophyll when coneglawith Vitengeni and Ganda. The site
Ganda was found to have the lowest level of ordagechlorophyll when compared with
KALRO-Matuga and Vitengeni. With each site, orarigaf chlorophyll was highest in
legume mucuna but lowest in cowpea. Mucuna treplet$ recorded an increase in orange
leaf chlorophyll by 29.1%, 24.5% and 21.8% for KADRMatuga, Vitengeni and Ganda
respectively. Dolichos treated plots recorded agreiase in orange leaf chlorophyll by
17.8%, 12.5% and 10.2% for KALRO-Matuga, Vitengand Ganda respectively. Cowpea
treated plots recorded an increase in orange kdafaphyll by 13.0%, 6.7% and 5.8% for

KALRO-Matuga, Vitengeni and Ganda respectively.
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Table 4.10a: Effects of legume cover crop anda@iterange leaf chlorophyll content at
Vitengeni, KALRO-Matuga and Ganda

Site

Treatment Vitengeni KALRO-Matuga Ganda
Dolichos 72.71b 77.85b 69.13a
Mucuna 80.46a 85.32a 73.41a
Cowpea 68.97bc 74.70b 66.37a
Control 64.65c 66.09c 62.76b
LSD (p<0.05) 6.24 5.63 3.48
CV% 5.61 4.82 5.89
Pr>F 0.002 0.001 0.001

Means within the column followed by same letter moesignificantly different at R 0.05.

4.2.18 Effects of legume cover crop and year on orange leaf chlorophyll

There was a significant interaction between treatmend year (F= 2.23; P< 0.003) on
orange leaf chlorophyll (Appendix 4.6).

Effect of mucuna, cowpea and dolichos on orangedel@rophyll content significantly @
0.05) increased with year (Table 4.10b).

The year 2014 was found to have the highest levetange leaf chlorophyll content when
compared with other years. The year 2012 was feordhve the lowest level of orange leaf
chlorophyll content when compared with the othearge Orange leaf chlorophyll was
highest in legume mucuna but lowest in cowpea.

Mucuna increased leaf chlorophyll content by 8.8%4% and 21.2% in year 2012, 2013
and 2014 respectively. Dolichos increased leafrdployll content by 12.2% and 16.4% in
year 2013 and 2014 respectively. Cowpea increasafdchlorophyll content by 11.2% in

year 2014.
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Table 4.10b: Effects of legume cover crop and ypeaorange leaf chlorophyll content at
Vitengeni, KALRO-Matuga and Ganda

Year

Treatment 2012 2013 2014
Dolichos 69.0b 73.8a 78.6a
Mucuna 72.8a 76.9a 81.2a
Cowpea 68.4b 69.2b 74.5b
Control 66.9b 65.8b 67.0c
LSDp<o0.05) 2.81 3.68 3.43
CV% 2.9 8.2 9.6
Pr>F 0.009 0.001 0.001

Means within the column followed by same letter moesignificantly different at R 0.05.

DISCUSSIONS

4.3.1 Discussion on effects of legume cover crops on soil nitrogen level

The sites varied in terms of soil type, the inigall nutrients and amount of rainfall, and this
could have contributed to the site and treatmetaraction effects. Ganda site soil type is
sandy; KALRO-Matuga soils are loamy sand, whileexigeni soils are sandy clay loam
(Apendix 3.0). Each site received different raihféAppendix 1) which could have
influenced observed results interaction effectssié and mucuna recorded the highest
increase in nitrogen at Ganda site in both top @rmtsoil. Ganda site recorded the highest
nitrogen increase in the topsoil and yet the ihitirogen level was lower than Vitengeni but
equal to KALRO-Matuga (Table 4.1). The differennesoil type from the three sites is likely
to have influenced the accumulation of plant natsein the soil and this affects their
availability to plants. Dejene (2014) observed tteg type of soil influences the level of
plant nutrients in the soil. Abergt al (2012) observed that the type of soil and legume
influence the nitrogen fixation in the soil. Rondeinal (2007) observed that high soil pH
reduce N fixation by the legumes. Legumes fix mj&go in their root nodules using rhizobial
bacteria and the more the roots the more the nedhdace the more the nitrogen fixed and

released to the soil profile. Hoorman (2009) shotted legume cover crop can fix nitrogen
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using rhizobial bacteria up to 60-170 kg of N pecthre per year. This study shows that the
different legume cover crops have different capeiin fixing of nitrogen in the soil. Abera
et al (2012) observed that the amount of nitrogen fixedhe soil varied with type of
legume. Mucuna legume cover crop recorded the bigbal nitrogen in both topsoil and
sub-soil. Dolichos recorded the lowest increaseaih nitrogen across the sites. The use of
legume cover crops, over the years increased #odgen. There was an increase in soil
nitrogen over the study period (2012—2014) in bibsoil and sub-soil because of using
different legume cover crop. The continuous uselemfume cover crop could have
contributed to the increase in soil nitrogen overet The third year (2014) recorded the
highest soil nitrogen while the first year (2012forded the least in both topsoil and sun-

soil.

4.3.2 Discussion on effects of legume cover crops on soil organic carbon level

The three sites soil type varied where Ganda eitesssandy, KALRO-Matuga soil is loamy
sand, while Vitengeni soil is sandy clay loam (EaBlL1l of section 3.3.1 of this thesis).
Average rainfall varied with year and site whictulkbhave influenced their decomposition
rate and hence the observed site variation orgarlwon accumulation in the soil (Appendix
1). The rate of organic matter decomposition andtiln is influenced by the amount of
moisture in the soil which in turn is also influenicby the the type of soil (Cheat al. 2006).
The ability of mucuna to accumulate organic carliorthe soil compared to the other
legumes is probably due its massive vegetative troviiegumes residue material
decomposing in the soil increase the C/N ratio #isl affects the proportion taken up by
plants (Carvalhet al, 2014).

The significance increase over the years in legélsrganic carbon by mucuna, cowpea and
dolichos could be as a result of plant residue sleaomposition. Dead roots also contribute
to increase in organic carbon within the sub-stile difference in time and soil depth on

mean soil organic carbon could be attributed tovsitecomposition of plant debris in the



68

topsoil. The topsoil had the highest increase ha@a as compared to the sub-soil. Hoorman
(2009) stated that the increase in organic matiehe soil, the decomposition activities by
the microbial in the soil increases. The rate @inplresidue decomposition varies from one
legume to the other. Cheet al (2006) reported that woody legumes decomposiiod

biomass mineralization is slowed due to structdirgt@m and dry matter portioning.

The year 2014 recorded the highest organic carborease while the first year (2012)
recorded the lowest in topsoil. The continuous o$degume cover crop could have

contributed to the increase in organic carbon psod.

4.3.3 Discussion on effects of legume cover crops on soil phosphorouslevel

The three sites have varied soil type where Gaitdaseil is decribed as sandy, KALRO-
Matuga soil is loamy sand, while Vitengeni soilsandy clay loam (Table 3.1 of section
3.3.1 of this thesis). Alamgir and Marschner, (204t8dy on broad beawicia faba) chick
pea Cicer arietinum)and white lupin l(upin albus)legumes observed an increase in soil
phosphorous. Bedadzt al. (2014) argued that when organic matter is inc@igal in the
soil, there is an increase in soil phosphorous eotmation in soil surface layers. Mucuna
recorded the highest increase in soil phosphomusoth topsoil and sub-soil. The results
agree with Marschneet al, (2011) who indicated that the increase of phosmis by
mucuna attributed to the ability of this crop tocess available forms of phosphorous.
Vanlauweet al (2000) reported that the use of mucuna amdalaria Crotalaria Juncea)
legume cover crop increased phosphorus in soil.

The slow increase in soil P in the soil attributedthe slow rate of decomposition of
vegetative materials from cover crops. The yearatian is due to phosphorous being a
structural constituent in hard tissues in plangslieg to slow decomposition rate and slow

release phosphorous in the soil (Alamgir al., 2012). Alamgiret al (2012) study on
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structural constituent of phosphorous in plantscaigd that phosphorous is found in hard

tissues such as stems and roots leading to lownggesition rate and slow release to the soil.

4.3.4 Discussion on effects of legume cover crops on potassium level

The increase of potassium in the soil is the abilift mucuna to release more residual
potassium to the upper soil layers from decompogéeyggtative material (Imoret al. 2013).
This cover crop builds up organic matter and impsosoil properties and microbial activity
increase mineralization and release of potassiteitiiingeret al, 2004). Sahat al. (2008)
argued that when mucuna is intercropped with madilze, potassium level of this crop
increases leading to increased maize yields. pbossible to argue that mucuna and cowpea
legume cover crop under orange orchards have d&simechanism in increasing potassium

in both top and sub-soils and hence improve fruilidy.

4.3.5 Discussion on effects of legume cover cropson soil pH level

Soil pH influences the uptake of soil nutrientsggnt and makes them unavailable to the
plants. There was a significant difference on sd# pH and this could have influenced the
uptake of plant nutrients by the orange tree amt@énfluenced the orange yield and fruit
qualities in chapter five of this thesis. The effiegumes on soil properties as a slow process
which required at least five years to having aisiggnt effect on soil pH (Zengt al, 2011
Yuanand Xu. 2011). This could explain why the use otoma, cowpea and dolichos had no
significant effect on soil pH in this study peridthere was no significant difference because
of using legume cover crops

(Table 4.1 and 4.9) the Soil pH influence the mmriabsorption by the plant roots and this

affects the uptake by plants (Zeng et al., 2011)
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4.3.6 Discussion on effects of legume cover crops on orange leaf chlorophyll

The result from the interaction showed that ther@®wf chlorophyll content variation was
not only due to the cover crops but site and yéso eontributed. The sites varied in soill
types and the initial levels of plant nutrients dnid contributed to site variations (Table 3.1
section 3.3.1; Table 4.1 of this thesis). The amairrainfall varied with sites hence this
influenced the uptake of plant nutrients (Appentl)x The effect of mucuna, cowpea and
dolichos legume cover crop on orange leaf chlortplayied with year. Nutrients dissolve in
soil water then taken up by plants, and this infees the biosynthesis of chlorophyll as well
as systematic metabolism in plants. Biljana andkhar(2009) reported that nitrogen being
a structural component of chlorophyll in leavesedained by the amount of this element in
soil. Mucuna legume cover crop significantly in@ed orange leaf chlorophyll content from
year 2012 to year 2014. Dolichos legume cover aigpificantly increased orange leaf
chlorophyll content from year 2013 to year 2014w@ea legume cover crop significantly
increased in orange leaf chlorophyll content onybar 2014. The highest level of orange
leaf chlorophyll was during the year 2014 and tbedst in in year 2012. This increase
orange leaf chlorophyll content with time was doethe accumulated and decomposed
organic matter and increased nutrients in the $ddnt remains take time to decompose
hence the observed delayed increase because gfthsitegume cover crops.

The amount of soil nitrogen is a key determinanteaff chlorophyll content (Liu, 2008).
When a legume cover crop incorporated in soil,og#n mineralized within weeks and
months (Ngomeet al 2011). Suloket al. (2014) observed that leaves of plants with higher
nitrogen are usually dark green and tend to hagk bhlorophyll content. Concentration of
chlorophyll in leaves reported to influence ratephbtosynthesis (Ndukwet al, 2011). The
use of mucuna, cowpea and dolichos legume coverinfluenced orange tree nutrition and
subsequent orange leaf chlorophyll content. Re$uis this study support those of Tabaldi
et al. (2012) who observed increase of leaf chloropiwién cover crops used in production

of Madagascar dragon tre®ggfjania marginata)
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Conclusion and Recommendations

Results of this study demonstrated that mucunanegaover crops increases soil organic
carbon, nitrogen, potassium, phosphorus conterthénsoil and orange leaf chlorophyll
content. The effect of mucuna, cowpea and dolicbasplant nutrients, orange leaf
chlorophyll varied spatially, and temporary. Mucumas found to have the highest increase
in nitrogen, organic carbon, phosphorous and ptiass both top and sub-soils and orange
leaf chlorophyll content. The overall ranking oétbover crops on the bases of soil nutrients
was as follows: Nitrogen = mucuna > cowpea >dok;h@rganic carbon = mucuna >
dolichos > cowpea, Phophorous = mucuna > cowpealiehds, Potassium = mucuna >
cowpea > dolichos, Orange leaf chlorophyll = mucrrolichos > cowpea.

From the results, | have concluded that all theeHegumes (mucuna, dolichos and cowpea)
contribute to improvement of nutrients in top amb-soils subsequently increasing orange
leaf chlorophyll. Mucuna legume cover crop howegarve the best results in improving
plant nutrients and orange leaf chlorophyll. It dsnconfirmed that mucuna, dolichos and
cowpea contributed to an increase of N, OC, P arid te soil; mucuna = 464kg fha\,
3,184kg ha OC, 10.2kg hd P and 0.12kg haK respectively in the soil. Dolichos = 232kg
ha! N, 2,336kg ha OC, 3.8kg ha P and 0.05kg K respectively in the soil. Cowpezil2kg
ha' N, 1,608kg h& OC, 6.8kg ha P and 0.1kg haK respectively in the soil. Mucuna is
herby recommend to be used by farmers as a cowpriororange orchards in the coastal
lowland of Kenya for it can supply plant nutriemisorange orchards. Farmers thus have the
option of growing oranges under natural fallow athwmucuna as a cover crop. Further
research is however, recommended to evaluate tigetéym effects (> 3years) of the cover
crops in citrus orchard faming systems in differ@gtro-ecological zones, soil types and

seasons.
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CHAPTER FIVE:

EFFECTS OF LEGUME COVER CROPS ON ORANGE (Citussinensis) YIELD AND
FRUIT QUALITY

Abstract
Fruit crop production and quality are influenceddmy physical, biochemical characteristics
and production practices. Recent reports showdtaatge yield and fruit quality is declining
in Kenya'’s coastal lowlands. Smallholder citrusvgeos require an efficientand sustainable
production system which enhances orange yield amdl duality. A study conducted to
evaluate the effect of three legume cover cropsumaicowpea and dolichos on orange fruit
yield and quality. The study was conducted at GarmdhKALRO-Matuga in Kwale County
and Vitengeni, in Kilifi County, from May 2012 top&il 2015. There were four treatments;
mucuna Mucuna prurieny cowpea Yigna unguiculaty dolichos [ablab purpureuscover
crops and a fallow as the control. The experimeas Vaidout in a randomized complete
block design (RCBD) where the treatments were cafgd four times within four blocks in
an existing grafted Valencia orange orchard. Fyietd was determined by counting the
number of fruits, average weight and diameter aft.frFruit quality was determined by
measuring juice content, the peel thickness antddugar/acid ratio (Brix). The data on fruit
number, fruit weight, fruit diameter, fruit juicea fruit brix subjected to analysis (ANOVA)
as described in section 3.2.6 of chapter 3 ofttiesis. The mean separation was done using
the least significant difference (LSD) at 5% lewEkignificance.
The results from the study showed that there weesaction between treatments and sites
hence the effects of the legume cover crops vaméu site. Orange fruit number increased
by 15.8%, 7.4% and 6.4% for Vitengeni, KALRO-Matugad Ganda respectively due to
mucuna and 15.4% for Vitengeni due to dolichos. dhacincreased orange fruit weight by
12.4%, 10.5% and 7.6% for Ganda, KALRO-Matuga antkngeni respectively. Orange
fruit weight increased by 8.8%, 7.8% and 7.2% fan@a, KALRO-Matuga and Vitengeni

respectively due to dolichos and 6.0% for Gandatdueowpea. The orange fruit diameter



73

increased by 8.1%, 5.5% and 5.1% for Ganda, KALR&tMa and Vitengeni respectively
due to mucuna. Dolichos and cowpea increased offangeliameter for Ganda by 4.9% and
4.2%respectivelyMucuna increased orange fruit juice by 7.2%, 5.5% 4.8% for Ganda,
KALRO-Matuga and Vitengeni respectively and 4.6% &14% for Ganda and KALRO-
Matuga due to dolichos. Orange fruit brix increabgd.8%, 5.1% and 4.2% for Vitengeni,
KALRO-Matuga and Ganda respectively due to muc@uavpea increased orange fruit brix
by 4.6%, 3.8% and 3.2% for Vitengeni, KALRO-Matugad Ganda respectively. Orange
fruit brix increased by 3.3% and 3.1% for Vitengand KALRO-Matuga respectively due to
dolichos. The use of mucuna, dolichos and cowpeadi have significant effect on orange
fruit rind thickness. It was concluded that mucwamal dolichos are cover crops could be
incorporated in orange farming systems becauséedf impact on orange yields and fruit
guality. Further research to evaluate the long térByears) effect of the cover crops under

different agro-ecological zones is recommended.
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Introduction

Citrus (Citrus spp.) fruits are the"Vmost important fruit in both production and constiom

in Kenya (Kilaloet al, 2009; HCD, 2015). They are important sourcesnobme to the
resource-poor farmers, employment in rural areasharman nourishment. The main citrus
species grown in Kenya are sweet orandg&sys sinensis lemons Citrus limor), limes
(Citrus latifolia), tangerinesitrus tangerind and grapefruitCitrus paradis) (HCD, 2015).
Orange crop occupies 13% of the total area undérgdroduction in coastal Kenya (HCDA,
2013). Orange fruit production has been decliningrahe decades with little effort being
put in place to reverse the trend. Orange yield8-d® tons per hectare have been reported
while the potential is 20 tons/ha under well manlagechards (Ouma, 2008). Srivastava and
Singh, (2016) reported that one of the major cafskuit production decline is low soil
fertility which is associated with inadequate fezér use. Additionally, poor agronomic
practices have contributed to low orange produc{©omaet al, 2010; Socio-economic
Atlas Kenya, 2014). The erratic rainfall which isgply distributed affect orange production

especially dry spells during the fruiting periods.

The use of legume cover crops is an economicakgilide and ecologically sustainable
practice that plays an important role in the recpw solil fertility (Nzokouet al, 2011).
Abdel-Aziz et al (2008) found that the potassium content in Vakenarange leaves
increased as a result of using legume cover cra@psording to Dian-Minget al (2011),
cover crops enhance the retention of organic saiban and nitrogen as well as soil
aggregation and biological balance in orchard mamet practices. The legume cover crop
plays a major role in the provision or maintenaotsoil phosphorus, potassium and calcium
that are essential in fruit development, seed ftionaand fruit quality (Bedadet al, 2014).
Legume cover crops produce vegetative material hvdiecomposition in the soil, release
nutrients which support plant growth and enhancadt fyield (Aseri et al, 2008).

Shamseldinet al (2010) reported that rhizobacteria decompose lsiminass, releasing
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substantial nitrogen and other plant nutrients ttaat improve fruit yield. Gattuset al.
(2007) showed that the increase in nutritional sufspm the soil as a result of using legume
cover crop, improves the fruit quality and flavash@omposition of citrus juicet.egume
cover crops reported to be more beneficial thasgcaver crops because they improve soil
nitrogen through biological nitrogen fixation (BNKFisher and Davies, 2010). The
leguminous cover crop residues also provide residos N for the succeeding seasons

(Teasdaleet al, 2007).

Although there are several tropical legume spearb; a few studied for their potential as
cover crops (Sahet al, 2002). For example, Ngone¢ al (2011) and Carvalhet al (2014)

found that mucuna improved soil nitrogen and carstock in the soil while Mwanggt al,

(2015) reported a significant reduction in weed wafon and improved maize yields.
Swellaet al (2015) demonstrated that soil water retentiofianming systems using cover
crops is higher as compared to bare soil surfacéortinately, there is limited information
on the effects of cover crops on fruit crop growtd productivity in Kenya. This study
conducted to evaluate the effect of cover crop®mmge tree yield and fruit quality in the

coastal lowlands of Kenya.
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MATERIALSAND METHODS

5.2.1 Experimental sites, design and crop husbandry

The study was conducted at Ganda and Kenya Agui@lltand Livestock Research
Organization (KALRO)-Matuga in Kwale County and &figeni in Kilifi County, within the
coastal lowlands of Kenya from May 2012 to Aprill®30 The fieldwork superimposed on
existing on-farm orange orchards in two locatioBsirfda and Vitengeni) and on-station at
KALRO-Matuga. The experimental design was a randenhi complete block design
(RCBD) four blocks with each treatment replicatedrftimes. The site details, layout and

agronomic practices carried out as outlined inise@®.3.1 of chapter three of this thesis.

5.2.2 Datacollection

Data collected included (i) weather data: rainfi@dimperature and relative humidity from the
nearest weather stations, (ii) orange fruit yiéldit number and fruit weight(g) based on the
orange fruiting seasons and (iii) fruit qualityige content (ml), fruit diameter (mm), brix

(%) and fruit rind thickness(mm) based on the oedingiting seasons.

Weather data collected from Ramisi, KALRO-Matugd &fitengeni meteorological weather
stations from January 2012 to April 2015. The dedecof weather stations was based on
closeness to each of the experimental site. Dafaudtmumber was determined by counting
the total number of fruits harvested per tree peergfruiting season. There are two orange
fruiting seasons per physical year fruit data abd in a total of six fruiting seasons. Fruit
weight (g) was determined by selecting 10 fully mnatoranges from different branches of
each plot and weighed using electronic balance @IB1 200, Mettler Instrument Limited,
Switzerland). The average weight per fruit was uhetieed by dividing total weight of fruits
selected with ten. Fruits for fruit weight deteratiion were sampled six times in every

fruiting season making a total of 36 samples p@egrmental unit. Fruit diameter (mm) was
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determined by randomly selecting 10 mature oramggsffrom different branches of each
experimental unit per site per season. The fraé gequatorial diameter) measured using
venire calipers as described by (Morgaral, 2005). Fruits for fruit size determination were
sampled six times in every fruiting season makingtal of 36 samples per plot in three
years. Fruit juice (ml) was determined by randomséecting 5 fully mature fruits from
different branches in each experimental unit. Ttheej extracted from the fruit by cutting at
the equatorial into two halves and squeezing jugiag a juice extractor. The juice was then
passed through a 2mm sieve size and measured aismgasuring cylinder. Fruits for juice
determination were sampled in every fruiting seastwaking a total of 36 samples per
experimental unit. Orange juice brix (%) was detesd by selecting randomly five (5) fully
mature fruits from different branches in each pldlge fruits were cut at the equatorial and
two drops of fruit juice placed on a refractomesamsor (Plate 5.1). Fruits for brix
determination were sampled six times in every ifigiseason making a total of 36 samples
per plot.The brix was measured and determined wsicegibrated brix refractometer (Model,
RHB 0-90 with three scales, Grand index solutioneBprise Ltd, Hong Kong, China) as

described by Kimball (2012).

Sensor lenses

Plate 5. 1: Open Refractometer exposing the sdesses
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The refractometer was held and viewed in a brigtt Ibackground to read the direct fruit

brix reading of orange juice (Plate 5.2).

Plate 5. 2: Refractometer taking brix reading

The fruit rind thickness (mm) was determined byd@nly selecting five mature oranges
from trees under the different treatments. Fruitd thickness determinations were sampled
six times in every fruiting season making a totaB6 samples per tree. Rind thickness was
measured using procedures described by Bain (19%@).fruit was cut transversely in two
halves (Plate 5.3). The pulp was removed to explesdruit rind then the rind thickness

measured using a vanier calipers.

4

Fruit rind

Plate 5. 3: Cut orange fruit exposing the intepaat and rind
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5.2.3 Data analysis

The data obtained on fruit number, fruit weightjifrdiameter, orange juice and fruit brix
were first checked for outliers, normality and hamaoeity of variance prior to statistical
analysis. Data on fruits were found to meet theuraggion for ANOVA and were not
transformed before analysis with ANOVA at (P<0.@sing procedures of R statistical
analysis software version 3.3.2 (R Core team, 20¥&pn separation was done using least

significant difference (LSD) at 5% level of sigdince.
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RESULTS

5.3.1 Weather data and the study sites

The weather data from meteorological stations sedmethe study site, Ramisi, KALRO-
Matuga and Vitengeni during orange fruiting cyday 2012 to April 2015 period (Table

5.1). The amount of moisture in the soil and itail@bility to a crop is an important factor in
fruit production and yield. The ambient temperatfeiences fruit development and colour
change at maturity. The first orange fruiting cyate from April to September, which

coincides with May—August long rains. The seconuitiing cycle is October to March

coinciding with short rains October—December.

The average rainfall for Vitengeni during the siditing cycles was 328.5 mm, with mean
monthly maximum and minimum temperature of 29.2A@ 24.8°C, respectively. KALRO-

Matuga had an average rainfall of 363.4mm duriregsiix fruiting cycles was 363.4mm with
a mean monthly maximum and minimum temperature 8fC2and 24.3°C. The average
rainfall for Ganda during the six fruiting cyclesasv 470.6mm, with a mean monthly
maximum and minimum temperature of 27.67°C and®23.5

The three-year period mean relative humidity fom@a KALRO-Matuga and Vitengeni

sites was 85.2%, 84.6% and 80.7%, respectively. détail monthly rainfall distribution

during the study period is as in (Appendix 1).



81

Table 5.1: Mean rainfall and temperature for GakdeLRO-Matuga and Vitengeni in six
orange fruiting seasons

Ganda KALRO-Matuga Vitengeni

R/fall Temp(°C) R/fall Temp(°C) R/fall Temp(°C)

Year F/Season (mm) max min (mm) max min (mm) max min
2012:S/1 May-Sep 367 27 23 352.8 27 23 273 29 24

2012:5/2 Oct-Mar 236 28 24 105.8 29 25 3684 30 25
2013:5/3 May-Sep  479.3 27 23 475.5 28 24 360.6 29 25
2013:5/4 Oct-Mar 297 29 25 77.5 29 26 169.4 30 26

2014:S/5 May-Sep 733.6 27 22 754.1 27 23 4079 28 24
2014:S/6  Oct-Mar 352 28 24 344.1 28 25 3917 29 25
Mean 4108 277 235 351.6 28 24.3 3285 292 2438

S= Seasons (May-September fruiting); S= Seasongol@cMarch fruiting); R/fall=
Rainfall; Temp=Temperature; F=Fruiting

5.3.2 Effects of legume cover crop and site on the number of orange fruit

The analysis of the variance showed that there aasignificant interaction between

treatment and site (F= 3.74; P<0.01) on orange fiwnber (Appendix 5.1).

Effect of mucuna and dolichos legume cover cropstlm increased fruit number at

Vitengeni compared to the other sites (Table 5T8g site Vitengeni was found to have the
highest level of orange fruit number when compawvégtt KALRO-Matuga and Ganda. The

site Ganda was found to have the lowest level ahge fruit number when compared with
KALRO-Matuga and Vitengeni. With each site, orarfiget number was highest in legume
mucuna but lowest in cowpea. Mucuna treated pleterded an increase in orange fruit
number by 15.8%, 7.4% and 6.4% for Vitengeni, KALRMatuga and Ganda respectively.
Dolichos treated plots recorded an increase ingedruit number by 15.4% for Vitengeni.

Contrary to mucuna and dolichos, cowpea treateds ptecorded a comparable but

insignificant increase in orange fruit number fatevigeni, KALRO-Matuga and Ganda.
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Table 5.2: Effects of legume cover crop and sit¢h@emnumber of orange fruigt Vitengeni,
KALRO-Matuga and Ganda

Site
Treatment Vitengeni KALRO-Matuga Ganda
Dolichos 503a 418b 321b
Mucuna 505a 434a 332a
Cowpea 462b 407b 315b
Control 436b 404b 312b
LSD (p<0.05) 19.9 16.5 8.3
CV% 19.9 23.65 17.52
Pr>F 0.024 0.057 0.094

Means within the column followed by same letter e significantly different at R 0.05.

5.3.3 Effects of legume cover crop and site on orange fruit weight

The analysis of variance showed that there wagrafigiant interaction between treatment
and site (F= 3.32; P<0.05) on orange fruit weidtggendix 5.2).

Effect of mucuna, dolichos and cowpea legume caveps on the level of orange fruit
weight varied with site (Table 5.2). The site Gamde found to have the highest orange fruit
weight when compared with Vitengeni and KALRO-Maud he site Vitengeni was found
to have the lowest orange fruit weight when comgasth KALRO-Matuga and Ganda.
With each site, orange fruit weight was highesteigume mucuna but lowest in cowpea.
Mucuna treated plots recorded a significant ina@easorange fruit weight by 12.4%, 10.5%
and 7.6% for Ganda, KALRO-Matuga and Vitengeni eespely. Dolichos treated plots
recorded a significant increase in orange fruitghieiby 8.8%, 7.8% and 7.2% for Ganda,
KALRO-Matuga and Vitengeni respectively. Cowpeaateel plots recorded an increase in
orange fruit weight by 6.0%, 2.9% and 2.5% for GgndALRO-Matuga and Vitengeni
respectively. As opposed to mucuna and dolichosypea treated plots increased a
comparable orange fruit weight for KALRO-Matuga anttengeni which was not

significantly different.
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Table 5.3: Effects of legume cover crop and sit@@mge fruit weight (g) at Vitengeni,
KALRO-Matuga and Ganda

Site

Treatment Vitengeni KALRO-Matuga Ganda
Dolichos 251.7a 261.8a 275.7b
Mucuna 252.6a 268.3a 284.4a
Cowpea 240.6b 249.6b 268.8c
Control 234.7b 242.9b 253.5d
LSD (p<0.05) 7.36 9.13 8.01
CV% 9.08 7.34 7.85
Pr>F 0.039 0.042 0.001

Means within the column followed by same letter e significantly different at R 0.05.

5.3.4 Effects of legume cover crop and season on orange fruit weight

The analysis of variance showed that there wagrafigiant interaction between treatment
and season (F= 2.77; P<0.03) on orange fruit weigbpendix 5.2).

Effect of mucuna, dolichos and cowpea legume caveps on the level of orange fruit
weight varied with seasons (Table 5.4). The seapowas found to have the highest orange
fruit weight when compared with other season. Seaste was found to have the lowest
orange fruit weight when compared with the othexsses. Season four recorded low fruit
weight compared to season three. Orange fruit weigis highest in legume mucuna but
lowest in cowpea. Mucuna increased orange fruighteby 5.5%, 7.5%, 7.8%, 7.3%, 9.8%
and 11.7% in seasons 1, 2, 3, 4, 5 and 6 respBctelichos increased orange fruit weight
by 3.8%, 5.3%, 7.1%, 6.5%, 8.1% and 9.0% in seadory 3, 4, 5 and 6 respectively.
Cowpea increased orange fruit weight by 2.9%, 4 5%, 5.3%, 9.5% and 8.2% in seasons

1, 2, 3, 4, 5 and 6 respectively.
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Table 5.4: Effects of cover crop and season onga it weight (g) at Vitengeni, KALRO-
Matuga and Ganda

2012 2013 2014
Treatment S/1 S/ 2 S/ 3 S/ 4 S/ 5 S/ 6
Dolichos 251.6a 254.0b 259.9a 256.7a 264.6a 265.5a

Mucuna 255.7a 259.4a 261.6a 258.6a 268.8a 272.1a
Cowpea 249.3a 252.5b 257.0b 253.8b 263.2a 263.6a

Control 242.3a 241.2b 242.7b 241.0b 244.8b 243.6b

LSD (p<o0.05) 14.83 17.51 16.46 14.26 16.78 18.67
CV % 10.35 11.40 9.81 9.84 11.48 12.32
Pr>F 0.279 0.046 0.041 0.012 0.008 0.018

Means within the column followed by same letter moé significantly different at B 0.05.
S/=Season

5.3.5 Effects of legume cover crop and site on orange fruit diameter

The analysis of the variance showed that there aasignificant interaction between
treatment and site (F= 4.25; P<0.04) on orange diameter (Appendix 5)3

Effect of mucuna, dolichos and cowpea legume couaps on orange fruit diameter varied
with site (Table 5.5). The site Ganda was foundhawe the highest orange fruit diameter
when compared with Vitengeni and KALRO-Matuga. Hite Vitengeni was found to have
the lowest orange fruit diameter when compared Wi&LRO-Matuga and Ganda. With
each site, orange fruit diameter was highest inrfegmucuna but lowest in cowpea. Mucuna
treated plots recorded a significant increase amge fruit diameter by 8.1%, 5.5% and 5.1%
for Ganda, KALRO-Matuga and Vitengeni respectivélplichos and cowpea treated plots
recorded a significant increase in orange fruithnditer by 4.9% and 4.2 respectively for
Ganda. As opposed to mucuna, dolichos and cowpatett plots increased a comparable but

insignificant orange fruit diameter for KALRO-Mata@nd Vitengeni.
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Table 5.5: Effects of legume cover crop and sit@@mge fruit diameter (mm) at Vitengeni,
KALRO-Matuga and Ganda

Site

Treatment Vitengeni KALRO-Matuga Ganda
Dolichos 67.3b 69.2b 72.6b
Mucuna 69.5a 71.3a 74.8a
Cowpea 67.0b 68.9b 72.1b
Control 66.1b 67.4b 69.2c
LSD (p<0.05) 2.03 2.12 2.06
CV% 5.41 4.86 5.62
Pr >F 0.041 0.044 0.026

Means within the column followed by same letter e significantly different at R 0.05.

5.3.6 Effects of legume cover crop and site on orange fruit juice

The analysis of variance showed a significant atgon between treatment and site (F=
3.81; P<0.002) on orange fruit juice (Appendix 5.4)

Effect of mucuna, dolichos and cowpea legume cokaps on the level of orange fruit juice

varied with site (Table 5.6). The site Ganda wamsbto have the highest orange fruit juice
when compared with Vitengeni and KALRO-Matuga. Hite Vitengeni was found to have

the lowest orange fruit juice when compared withUR®O-Matuga and Ganda. With each

site, orange fruit juice was highest in legume mmacibut lowest in cowpea. Mucuna

significant increased orange fruit juice by 7.2%5% and 4.8% for Ganda, KALRO-Matuga

and Vitengeni respectively. Orange fruit juice digant increased by 4.6% and 3.4% for

Ganda and KALRO-Matuga respectively due to dolichos
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Table 5.6: Effects of legume cover crop and sit@@mge fruit juice (ml) at Vitengeni,
KALRO-Matuga and Ganda

Site

Treatment Vitengeni KALRO-Matuga Ganda
Dolichos 87.6b 94.5b 96.4b
Mucuna 90.2a 96.4a 98.8a
Cowpea 86.7b 92.8c 93.7¢c
Control 86.1b 91.4c 92.2c
LSD (p<0.05) 1.89 1.74 1.91
CV% 12.89 13.17 10.61
Pr>F 0.004 0.012 0.001

Means within the column followed by same letter moé significantly different at R 0.05.
NS = Not Significant at £0.05.

5.3.7 Effects of legume cover crop and season on orange fruit juice

The analysis of variance showed a significant adgon between treatment and season (F=
3.18; P<0.03) on orange fruit juice (Appendix 5.4).

Effect of mucuna, dolichos and cowpea legume cokaps on the level of orange fruit juice
varied with seasons (Table 5.7). The season sixfawasd to have the highest orange fruit
juice when compared with other seasons. Seasomwasadound to have the lowest orange
fruit juice when compared with the other seasormran@e fruit juice was highest in legume
mucuna but lowest in cowpea. Mucuna increased erdngt juice by 3.6%, 4.9%, 5.9%,
6.1%, 7.5% and 8.6% in seasons 1, 2, 3, 4, 5 ardpfectively. Dolichos increased orange
fruit juice by 1.5%, 3.1%, 4.6%, 4.7%, 6.0% and%.& seasons 1, 2, 3, 4, 5 and 6
respectively. Cowpea increased orange fruit juigell2%, 2.5%, 3.6%, 3.7%, 4.1% and
4.9% in seasons 1, 2, 3, 4, 5 and 6 respectively.

The interaction effect of mucuna with season sigaiftly increased the orange fruit juice in
the F'to 8" fruiting season. Interaction effect of dolichogwéeason significantly increased
orange fruit juice in the" to 6" fruiting season. The interaction effect of cowpeth

season increased orange fruit juice in tHe®6" fruiting season.
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Table 5.7: Effects of legume cover crop and seasoorange fruit juice (ml) at Vitengeni,
KALRO-Matuga and Ganda

Year

2012 2013 2014
Treatment S1 S2 S3 S4 S5 S6
Dolichos 90.0b 90.8ab 93.7a 91.3a 94.8a 95.8b
Mucuna 91.9a 92.4a 94.9a 92.5a 96.1a 97.4a
Cowpea 89.8b 90.3b 92.8a 90.4a 93.1b 94.1c
Control 88.7b 88.1b 89.6b 87.2b 89.4c 89.7d
LSD (p<005) 1.68 2.11 2.24 2.18 1.51 1.36
CV% 6.41 7.62 8.64 10.92 8.98 7.29
Pr>F 0.049 0.057 0.037 0.031 0.028 0.023

Means within the column followed by same letter moéesignificantly different at R 0.05. S
=Season

5.3.8 Effects of legume cover crop and site on orange fruit brix

The results of analysis of variance showed a samf interaction between treatment and
site (F= 3.37; P<0.007) on fruit brix (Appendix .5

Effect of mucuna, dolichos and cowpea legume covaps on the level of orange fruit brix
varied with site (Table 5.8). The site Vitengenisvaund to have the highest fruit brix when
compared with KALRO-Matuga and Ganda. The site Gawds found to have the lowest
orange fruit brix when compared with KALRO-MatugadaVitengeni. With each site,
orange fruit brix was highest in legume mucunalbwest in dolichos. Mucuna treated plots
significantly increased orange fruit brix by 5.8%1% and 4.2% for Vitengeni, KALRO-
Matuga and Ganda respectively. Cowpea treated plgtsficantly increased orange fruit
brix by 4.6%, 3.8% and 3.2% for Vitengeni, KALRO-Mga and Ganda respectively.
Dolichos treated plots recorded a significant inseein orange fruit brix by 3.3% and 3.1%

for Vitengeni and KALRO-Matuga respectively.
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Table 5.8: Effects of legume cover crop and sit@@mge fruit brix (%)at Vitengeni,
KALRO-Matuga and Ganda

Site

Treatment Vitengeni KALRO-Matuga Ganda
Dolichos 46.69c 46.55c 45.64c
Mucuna 47.84a 47.43a 46.57a
Cowpea 47.18b 46.87b 46.12b
Control 45.21d 45.15d 44.68c
LSD (p<0.05) 0.29 0.30 0.21
CV% 4.97 4.42 542
Pr>F 0.0072 0.002 0.016

Means within the column followed by same letter e significantly different at R 0.05.

5.3.9 Effects of legume cover crop and season on orange fruit brix

The results of analysis of variance showed a saamt interaction between treatment and
season (F=2.27; P< 0.003) on fruit brix (AppensliX).

Effect of mucuna, dolichos and cowpea legume cov@ps on the level of orange fruit brix
varied with seasons (Table 5.9). The season sixfawasd to have the highest orange fruit
brix when compared with other seasons. Season asefound to have the lowest orange
fruit brix when compared with the other seasonsan@e fruit brix was highest in legume
mucuna but lowest in dolichos. The orange brixi(fsweetness) level increase as a result of
using legume cover crops. Mucuna significantly éased orange fruit brix by 0.9%, 1.5%,
2.0%, 3.0%, 3.7% and 4.1% frorf §eason to'Bseason respectively. Cowpea significantly
increased orange fruit brix by 1.4%, 1.7%, 2.19%4%2.and 2.9% from ¥ season to 6
season respectively. Dolichos significantly incezhsrange fruit brix by 0.9%, 1.2%, 1.9%

and 2.2% from 'S season to'6season respectively.
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Table 5.9: Effects of legume cover crop and seasoorange fruit brix (%) at Vitengeni,

KALRO-Matuga and Ganda

Year
2012 2013 2014
Treatment S1 S2 S3 S4 S5 S6
Dolichos 46.00b 46.05b 46.43c 46.55c 46.86¢ 46.96
Mucuna 46.39a 46.70a 46.92a 47.34a 47.68a 47.82a
Cowpea 46.01b 46.67a 46.78b 46.95b 47.08b 47.26b
Control 45.99b 46.01b 46.00d 45.98d 45.97d 45.95d
LSD p<0.0s5)  0.029 0.044 0.062 0.034 0.052 0.064
CV% 0.961 0.856 1.462 1.063 1.479 1.569
Pr>F 0.032 0.001 0.034 0.001 0.001 0.001
Means within the column followed by same letter mo¢ significantly different at B 0.05.
S =Season
DISCUSSIONS

5.4.1 Discussion on the effect of cover cropson orange fruit number

The sites varied in terms of agro-ecological zomesount of rainfall received (Table 5.1)
and distribution and also varied with soil type temifferent soil moisture retention. The
improved moisture in the soil due to cover cropsildchave influenced the increase in

number of orange fruits could support.

The significant increase of fruit numbers on cowep could be attributed to the ability of
dolichos and mucuna legume cover crop to improvilensier holding capacities leading to
improved fruit set (Morgaret al., 2010). Abdel-Azizet al (2008) reported an increase in
fruit set orange tree vegetative growth and frigld/ with reduced fruit drop as a result of
increased soil moisture due to cover cropping. Abayet al, (2001) reported that mucuna

and dolichos covered the ground shortly after geaton and are efficient in biomass

production and mulching of soil.
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5.4.2 Discussion on effects of legume cover cropson orange fruit weight

The sites varied in terms of soil type and rainfetieived and this could have contributed to
the site effects. Each site has different soil tgpel received different amount of rainfall
which could have influenced the site variation,ng& tree water uptake and orange fruit
water accumulation. The biomass when on the saflase acts as mulching material,
lowering soil temperature fluctuations and moistlo®s through evaporation (Abeea al,
2012). The increase in fruit weight because of tegwover crop could have been attributed
to improved soil nutritional status, soil water diag capacities fruit nutritional tree support.
Swellaet al (2015) demonstrated that soil water retentiofianming systems using cover

crops is higher as compared to bare soil surface.

The sixth season recorded the highest increaseamge fruit weight while the first season
recorded the least orange fruit weight gain. Seaséarcorded the low fruit weight as
compared to season 3, the said season 4 recewedtloainfall across the sites as compared
to other seasons. It can be argued that the wgaghtover the season is a clear indication of
nutritional and moisture increase in the soil doedver cropping. Fruit trees require plant
nutrients and water to support the fruit developham expansion. The legume cover crop
increased soil moisture retention based on tydegafme and this may have also influenced
fruit weight gain. Treebwt al. (2007) argued that the amount of water in sataded orange
tree growth and fruit development. According to IKah and Sanden (2011), weather
conditions influence citrus tree vegetative growllowering, fruit formation and fruit
quality. Additionally, Ripollet al (2014), reported that water influences nutrigoiiake by
fruits trees thus influencing fruit quality and aqii#y. The increased fruit weight recorded
during the 2014 (8 and &' season) may have been attributed to accumulatioplamt
nutrients in the soil over time because of legumec crop. According to Mubiru and Coyne

(2009), Wuet al (2011), Ngomeet al, (2011) and Carvalhet al (2014) legume cover crop
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contributed to the increase of plant nutrientshe soil through biological and chemical

processes.

5.4.3 Discussion on effects of legume cover cropson orange fruit diameter

The use of legume cover crop may have increaseghmrgnatter in the soil and improve
water infiltration and recharging of soil waterrinaainfall. The reduced surface evaporation
due to cover crops improves water storage in tile Stierfelder and Wall, (2009) reported
that the use of cover crop as a water conservdgohnique which reduces the runoff.
According to Ceballost al (2012), mucuna establishes a good ground covahwtelps in
biomass accumulation, soil moisture retention, ilegdto improved orange fruit
development. Karuket al (2014) study observed a decline in fruit size giett as a result

of soil water deficit during fruit development.

The effect of mucuna, dolichos and cowpea covepsron orange fruit diameter was
significantly influenced by season and site. Edtd Isas different soil type and the amount
of rainfall received different from season to semsbhe site and season differences could
have influenced the growth and development of tlamge fruit (Table 5.1). Treebst al
(2007) argued that the amount of water in soil alexdd orange tree growth and fruit

development.

5.4.4 Discussion on effects of legume cover cropson orange fruit juice

Ganda site whose soil is sandy received highesfathiand was found to have the highest
orange fruit juice when compared with KALRO-Matugad Vitengeni. The site Vitengeni

whose soil is sandy loam received the lowest rHimfiad was found to have the lowest
orange fruit juice. The site differed in terms ofl @and rainfall received, this contributed to
the interaction effects of treatment and site. difierent type of legume cover crops differed
in their effects ti orange fruit juice. Mucuna tre@ plots had the highest orange fruit juice

across the sites while cowpea had the lowest orfiagguice.
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5.4.5 Discussion on effects of legume cover cropson orange fruit brix

The amount of rainfall received by each site wéeint and this could have influenced the
level of brix accumulation by the orange fruit. @arreceived the highest amount of rainfall
of 410.8mm during the fruiting period and has tbedst orange fruit brix. Vitengeni
received lowest amount of rainfall 328.5mm durihg fruiting periods but recorded the
highest orange fruit brix (Table 5.1). It can bigwed that the more the soil moisture, the
more the juice but the less the fruit brix. Baaryd Castle, (2004) showed that there is fruit
sucrose hydrolysis on well watered tre®arry et al, (2003) argued that the sugar
accumulation in citrus fruit was influenced by plavater relations. The results on increase
in fruit brix correspond with the observed increasepotassium by legume cover crops
mucuna and cowpea. Gattusbal (2007) found that the nutritional supply from tbeil

especially potassium, improves the sugar compostfaitrus fruits.

The fifth and sixth seasons of year three (201dynaked the highest increase in orange fruit
brix while the first and second seasons of year @@42) recorded the least amount of
orange fruit brix. The increase in fruit brix owulie three years may have been attributed to
the use of cover crops. It can be argued that e Brix gain over the seasons is a clear
indication of increase in plant nutrients in thel.sBruit trees require plant nutrients and
water to support the fruit development and brixe Divserved results agree with Gartial
(2010) who reported that low irrigated citrus imdhce the fruit soluble solids composition in
the juice. Although season 4 recorded low rainfalbll the sites, the fruit brix increased
despite low moisture level. The results agree V@titusoet al (2007) who reported that
water stressed tree reduces citrus fruit juiceiterteases the total sugar (brix) in the juice.
Ladaniya and Ladaniya (2010) indicated that thelsdelsolid in fruit juice is a factor of the

available water in the fruits.
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The fifth and sixth seasons recorded the highesease in orange fruit juice while the first
and second seasons recorded the least amountngfeofiauit juice. The increased fruit juice
recorded over time may have been attributed toraaation of legume cover crop residues
in the soil. It can be argued that the juice gauerothe season is a clear indication of
moisture increase in the soil. Swe#iaal (2015) demonstrated that soil water retention in
farming systems using cover crops is higher as eveapto surfaces without cover crops.
Fruit trees require plant nutrients and water tppsut the fruit development and juice
content. The legume cover crop increased soil m@stetention based on type of legume
and this may have also influenced the amount of juice. Hoorman (2009) observed that
storage of soil moisture improved with the use @fer crops. There are more rains during
long rains compared to short rains (Table 5.1).0ddng to Garcieet al (2010); Ladanyia
and Landaniya (2010) and Gattusbal (2007), low moisture in the soil leading to water

stress reduces citrus fruit juice.
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Conclusions and Recommendations

The results of this study showed that the use guirtee cover crops significantly increased
orange tree yield and improved fruit quality conggato the control. Mucuna and dolichos
cover crop contributed to the increase in fruit emacross the sites. The use of mucuna
contributed to high increase in orange fruit weigbitoss the sites and seasons. Dolichos and
mucuna increased the orange fruit diameter actussites. Cowpea, mucuna and dolichos
increased the juice in orange fruits across thes @ihd seasons. The fruit brix increased as a
result of using mucuna, cowpea and dolichos aciiosssites and seasons. Mucuna cover
crop recorded the highest increase in orange fumber, fruit weight, fruit diameter and
fruit brix while cowpea had the least increase carag to the control. Cowpea recorded the
highest increase in fruit juice while dolichos reted the least increase compared to the
control. The control plots recorded the lowestlirttee parameters under evaluation. It can,
therefore, be concluded that mucuna and dolichosercarops contribute to increased
production and improved fruit quality. From the @uhe of this study, mucuna and dolichos
legume cover crops are recommended for use in erarg orchards. The adoption of these
findings by farmers can aid in improving soil fétyi management and orange productivity
in the coastal lowlands of Kenya. Further studreshmwever, suggested to evaluate the long
term (> 3years) effect of the different cover cropsorange tree yield and fruit quality under

different agro-ecological zones.
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CHAPTER SIX

GENERAL CONCLUSIONSAND RECOMMENDATIONS

6.1 General conclusion

Orange is among the important fruit crop grown rydsy small-scale farmers in the coastal
lowlands of Kenya. The fruit yield and quality ofange is continuously declining due to
challenges of low soil nutrient content (Chaptesdgtion 1.1). Majority of the farmers grow
their orange trees as a pure stand. Legume cowgsctan protect and improve soil
productivity through the addition of organic magxamposition and nitrogen fixation from
roots hence a cheap source of organic matter, K, Phe results of this study show that use
of legume cover crops improved soil moisture steragd retention levels, enhanced orange
feeder root distribution in orange trees. Mucunaecccrop formed thick foliage ground
cover and produced more organic matter on thessoface as compared to dolichos and
cowpea (Appendix 2.1 and 2.4). The soil moisturd ewot distribution varied with soil
depth, soil type and the type of cover crop. Salsture and root density decreased with soll
depth and vice versa. There was more water retentithin the topsoil (0-20 cm) compared

to sub-soil (20-40 cm) as a result of using covepping system.

The selection of the tropical legumes was basedadeptability, growth characteristics
including the economical uses like vegetable, seetifodder when harvested. Dolichos and
cowpea are mainly grown as food crop but they ¢smlze used as animal fodder. Mucuna is
mainly grown as a fodder crop the seed has seebalenges when it comes to human
consumption because of its chemical content.
Data on the following parameters were gatheredhan process of identifying the most
appropriate legume cover crop in orange crop prooiic

(a) Soil moisture

(b) Root distribution density
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(c) Soil pH

(d) Soail plant nutrient content

(e) Orange leaf chlorophyll content
() Fruit yield

(g) Fruit quality

Mucuna had the highest soil moisture and root dgesihancement as observed from results.
Increase in soil moisture and feeder root distrdyutould have been due to accumulation of
soil organic matter, enhanced soil porosity, watBltration and improved soil microclimate.

It was observed that root distribution density @aged within soil zones with high moisture.

It can therefore be concluded from the results thatuna and dolichos are viable cover

crops that can aid in improving orange soil mostand enhance orange root distribution.

The influence of the legume cover crops on soibprbes varied whereby fruit juice brix
increased when mucuna was used as a cover cragplefume also showed high increase in
potassium in the soil (Chapter 4, section 4.3.6jagsium has many roles in plant and fruit
development. This nutrient translocates water thwocell of a developing fruit and also is
responsible for the total soluble solutes. Chloktipkevel in leaves is one of the key
parameters and indicator of crop productivity pasnThe orange leaf chlorophyll content
varied with different cover crops, a clear indicatd their different potential in increasing
orange fruit productivity (Chapter 4, in sectio3.®). Soil pH level can influence uptake of
some plant nutrients from the soil and reduce theailability to plants. The results show
that there was no significant effect on soil pHaasesult of using legume cover crops
(Chapter 4, section 4.3.8).

Fruit yield and quality could be associated witghhsoil moisture retention and soil nutrient

level as result of using cover crops (Chapter 34nd
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The coastal region of Kenya has a diverse cropgysiems hence need for proper soil
management through the use of legumes by smak-daainers. The use of these tropical
legumes cover crops can generally be applied tascas well as other crops grown in the
region as improved fallows (shortened rest periods)
Results of this study indicate that use of legumeec crop may provide a cost —effective and
an alternative strategy for soil fertility improvent, soil moisture conservation and weed
management in small-holder orange farms. The saldy demonstrates the potential of
cover crops in orange production. The use of legaowver crop in the preservation of soll
fertility for crop production has been proved todenore sustainable farming system when
compared to the use of inorganic fertilizers (Olstral, 2010). It can be concluded that
mucuna is the best cover crop among that can aithjpmoving orange production in the
coastal lowlands of Kenya. The overall rankingla# three legume species evaluated in this
study in terms of:
(a) Soil moisture retention improvement and increaseramge root distribution; mucuna
> dolichos > cowpea
(b) Soil plant nutrients improvement and orange leafordphyll content increase;
mucuna > cowpea > dolichos

(c) Orange yield increase and fruit quality improvememticuna > dolichos > cowpea

6.2 General recommendations

Based on the above conclusions, it can thereforee@@mmended that legume cover crops
should be used to improve soil and water consemwataddition of plant nutrients and
improve orange productivity in the coastal lowland&enya.

The results of this study on the use of legume cox@p should be used to develop orange
fruit production management plans for the lowlaneigion of Kenya. Legume cover crops

will allow farmers to reduce input costs, reduceriemmental risk and increase orange
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production. Farmers could be advised to use legooner crop in tree farming systems to
save on labour costs incurred in the orchard fieldntenance. Production packages should
be developed and easy access of seed to the faastatsished. Institutions dealing with
agricultural research and extension services shéadiitate farmers incover crop seed
bulking production. With persistence and creativiepver cropping can provide many
benefits at minimum input cost. The adaptabilitytlwt technology among the small-scale
farmers and the long term impact of cover crop@ystem in orange production also should

be established.

6.3 Suggested areasfor further research

The following study areas can be suggested fromstudy;

« There is need to undertake research to ascertaieftbcts of long term (more than the
three years) use of cover cropping system in orangguction.

It is important to test more types of legumes twl fout the most appropriate interms of
different agro-ecological zones and socio-econdagtors.

« There is need to test nutrient content within oeariguit or leaf of orange trees to

ascertain the actual nutrient taken up by the crop.
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APPENDICES

Appendix 1.1: Rainfall datafor the study sites

‘ Form No. 6A (Rev 7/70) KENYA METEOROLOGICAL DEPARTENT |

Appendix 1.2: Ganda rainfall observation at for year January 2012- April, 2015

Ramisi Rainfall (mm)  2km From the site

JAN FEB MAR APR MAY JUN JuL AUG SEPT ocr Nov DEC TOTAL MEAN
2012 0 0 7.3 66.1 128 78.2 68 45.4 256 51 734 1105 4.165| 54.6
Days 0 0 1 3 10 6 4 3 3 4 6 12 52
2013 1 0 112.4 223 203 97.5 32.2 53.4 93)2 64.1 181 5[1.41062.2 114
Days 1 0 6 8 10 4 2 3 5 3 6 3 51

2014 0 11.4 49 134.3] 374.1 173 114 36,2 3413 76.1 102 3.116 1264.5 129

Days | O 2 5 6 13 7 6 3 2 3 6 6 59
2015 0 24 27 134 993.6
Days | O 4 6 11

Appendix 1.3: KALRO-Matuga rainfall observationfat the year January 2012- April 2015

KALRO-Matuga Rainfall (mm) 200m From
the site

JAN FEB MAR APR MAY JUN JuL AUG SEPT ocr NOV DEC TOTAL MEAN
2012 0 0 315( 375 170 9 17 70 87. 61.8 15 29 528|6 1 44.
Days 0 0 4 2 11 2 2 2 7 5 3 1 39
2013 0 18.8 7.7 107 225 35.8 0 0 214 587 Q q 738{1 5 61.
Days 0 2 6 5 5 2 0 0 4 3 0 0 27
2014 0 0 945| 60.8| 270 203 118.% 38. 123.8 186.5 69.5 8.1 8| 1253.9 110
Days 0 0 6 4 9 5 6 3 6 5 2 2 48
2015 0 8.5 40 113 840.2
Days 0 1 5 7
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Appendix 1.4: Vitengeni rainfall observation at tbe year January 2012- April 2015
Vitengeni Rainfall (mm) 1km From the site

JAN FEB MAR APR MAY JUN JUL AUG SEPT oCT NOV DEC TOTAL |MEAN
2012 0 0 0 22.8 97.7| 39.5 21.6 91 23.2 160 164 546%4.1 | 55.3
Days 0 0 0 1 5 4 4 4 2 5 8 4 37
2013| 0 | 0 | 16 | 6.4‘ 224‘ 55.4 22‘ 23.}7 35.Jz 34.2 215.4 1(1552.4 46.0
Days 0 0 3 2 10 8 4 3 4 4 4 7 49
2014| 0 | 0 | 48.9| 62‘ 234‘ 58.1 46.% 35‘1 34.l2 ﬂao ]l43 9 hglo.s 75.9
Days 0 8 7 10 7 3 4 3 6 8 8 64
2015 0| 0 [ 26| 78] | | | | | | | |7000] |
Days O 0 2 4

Source: Kenya Meteorological Department Field Stations

Appendix 2.1: Orangetree planted with cover crop at different growth stages

Appendix 2.2 Mucuna at full ground cover

Appendix 2.4: Mucuna cover at a distance



Appendix 3. 0: Soil textural properties for Vitengeni, KALRO-Maa and Ganda

Vitengeni KALRO-Matuga Ganda
Proportion (%) Proportion (%) Proportion (%)
Sand 65 84 91
Clay 26 14 6
Silt 9 2 3
Texture SCL LS S

PSD= Patrticle Size Distribution; SCL=sandy claymipa S=loamy sand; S= sandy soll
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Soil Moisture and Root Distribution Analysisof Variancefor Vitengeni, KALRO-

Matuga and Ganda

Appendix 3.1a: Effect of legume cover crops on smisture at 0-20cm soil depth

Source of variation df SS MS F value Pr(>F)
Block 3 11 0.35 0.198 0.8971
Treatment 3 75.3 25.10 13.073 0.0014 ***
Site 2 210 10.48 5.469 0.0514
Year 2 402 120.08 62.542 0.0532
Treatment x site 6 3.6 0.59 3.332 0.0302 *
Treatment x year 6 6.6 1.11 6.620 0.0651
Site x year 4 30.3 7.575 4.231 0.8454
Treatment x site x year 12 14.3 1.19 0.665 0.7855
Residuals 393 7024 1.79

Appendix 3.1b: Effect of legume cover crops on swisture at 20-40cm soil depth

Source of variation df SS MS F value Pr(>F)
Block 3 27 0.90 0.509 0.6764
Treatment 3 140.1 46.69 24.691  0.0026 **
Site 2 16.6 8.30 4.393 0.0698
Year 2 1639 81.95 43.265 0.0767
Treatment x site 6 51 0.85 2.479 0.0241 ~
Treatment x year 6 9.6 161 3.910 0.4887
Site x year 4 33.1 8.27 4,702 0.5872
Treatment x site x year 12 214. 1.18 0.670 0.7811

Residuals

393 6935 1.76
Significance different. codes: 0 “***' 0.001 **0.01 * 0.05‘." 0.1’ 1
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Appendix 3.2a: Effect of legume cover crops on gearoot density at 0-20cm soil depth

Source of variation df SS MS F value Pr(>F)
Block 3 0.0309 0.0103 2.759 0.0426 *
Treatment 3 a8 0.0306 8.869 0.0028 **
Site 2 0.0056 0.0028 0.762 0.0635
Year 2 0.0712 0.0356  9.519 0.0405 *
Treatment x site 6 0.03420.0057 2.651 0.0337 *
Ttreatment x year 6 0.0809 0.0135 3.907 0.0449 ~*
Site x year 4 3na 0.0076 2.200 0.0695 .
Treatment X site x year 12 0.0631 0.0053 1.524 0.1158
Residuals 249 0.8589 0.0035

Significance different. codes: 0 *** 0.001 **0.01 *" 0.05‘" 0.1’ 1

Appendix 3.2b: Effect of legume cover crops on gearoot density at 20-40cm soil depth
Source of variation df SS MS F value Pr(>F)
Block 0.0576 0.0192 4.583 0.0538.

3
Treatment 3 0.0261 0.0087 3.076 0.0461 *
Site 2 0.0311 0.0156 3.702 0.0608
Year 2 0.0488 0.0244 5.809 0.0365 *

6

6

4

0.0282 0.0047 4.121 0.0405 *
.08¥3 0.0146  3.477 0.0426 *
0.0132 0.0033 0.789 0.5332

Treatment x site

Treatment x year

Site x year
Treatment x site x year 12 0A14.0095 2.270 0.0954
Residuals 249 1.0423 0.0042

Significance codes: 0 *** 0.001 ** 0.01 *"005‘"0.1°"1
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Appendix 4.1: Soil Nutrient, Soil pH and orangefldaalysis of Variance tables for

Treatment x site x year

Residuals

104 .0102

0.0001

chlorophyll

Appendix 4.1a: Effects of legume cover crops igémin 0-20 cm soil depth
Source of Variation SS MS F value Pr(>F)
Block 3 0.0005 0.0001 1.773 0.1568
Treatment 30.0015 0.0005 5.518 0.0028 **
Site 2 0.0010 0.0005 5.611 826
Year 2 0.0039 0.0019 21.778 0.0845
Treatment x site 6 0012 0.0002 2.985 0.0444 *
Treatment x year 6 290 0.0004 4.325 0.0056 **
Site x year 4 0.0005 0.0001 1.353 0.2554

12 0.0008.0001 0.671 0.7756

Significance codes:

0 ***0.001 *0.01 *"0.05°°0.1°"1

Appendix 4.1b: Effect of legume cover crops onagan in 20-40 cm soil depth

Source of Variation df  SS MS Fvalue  Pr(>F)
Block 3 0.0006 0.0002 1.478 0224
Treatment 3 0.0006 0.0002 3.602 0.0441 *
Site 2 0.0013 0.0063 4.846 582.
Year 2 0.0042 0.0021 16.231 0.0213
Treatment x site 6 0.0005 0.0001 7.623 0.0477 *
Treatment x year 6 0026 0.0004 3.380 0.0044 **
Site x year 4 0.0011 0.0003 2.034 0.0949
Treatment x site x year 12 0.00040.0003 0.261 0.9937
104 0.0135 0.00013

Residuals

Significance codes:

0 ***0.001 *0.01 *"0.05°0.1°"1
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Appendix 4.2a: Effect of legume cover crops orgamaibon in 0-20 cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 3 0.0586 0.0195 1.541 0.20851
Treatment 3 0.0682 0.0227 1.790 0.00024 ***
Site 2 0.3151 0.1575 12.406 0.04074 *
Year 2 0.1260 0.0630 4.290 0.01495 *
Treatment x site 6 19h1 0.0325 2.565 0.00234 **
Treatment x year 6 @05 0.0088 4.696 0.00345 **
Site x year 4 0.0639 0.0160 1.260 0.29060
Treatment x site x year 12 0.0450.0037 0.295 0.9889
Residuals 104 .31B6 0.0127

Significance codes: 0 **(0.001 *0.01 * 0.05°°0.1°"1

Appendix 4.2b: Effect of legume cover crops on airg&arbon in 20-40cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 30.146 0.049 5.113 0.02243 *
Treatment 3 33 0.111 11.649 0.00571 **
Site 20.142 0.071 7.474 0.04652
Year 20.056 0.028 2.947 0.52344
Treatment x site 6 0.0490.008 2.865 0.03681 *
Treatment x year 6 0.2660.044 4.666 0.02341 *
Site x year 4 049 0.012 1.274 0.28510
Treatment X site x year 12 0.0480.004 0.419 0.95311
Residuals 104 08%900.0095

Significance codes: 0 “**** 0.001 ** 0.01 * 0.6 ‘0.1’ 1



127

Appendix 4.3a: Effect of legume cover crops on pbibsphorous in 0-20 cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 3 68.8 22.9 1.452 0.0569
Treatment 3 137.9 45.9 2.909 0.0186 *
Site 2 102.4 51.2 3.241 0.0365
Year 2 719.0 359.5 22.753 0.0215*
Treatment x site 6 5. 325 3.059 0.0053 **
Treatment x year 6 333.4 55.6 3.510 0.0033 **
Site x year 4 80.0 20.0 1.264 0.2890
Treatment x site x year 12 1125 94 0.592 0.8439
Residuals 104 1.846 158

Significance codes:

0 ***0.001 *0.01*"0.05°'°0.1°"1

Appendix 4.3b: Effect of legume cover crops on phibsphorous in 20-40 cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 3 829 27.62 3.251 a7
Treatment 3 725 24.17 2.843 0.0437
Site 2 153.2 76.62 9.012 039 **
Year 2 268.7 134.35 15.805 0.0882
Treatment x site 6 13 38.55 4.537 0.0045 **
Treatment x year 6 Y44, 24.12 2.838 0.0134 *
Site x year 4 17.0 4.25 0.500 0.735

12 53.9 4.49 0.529 0.8919

Treatment x site x year

Residuals

104 839

8.50

Significance codes:

0 ***0.001 **0.01 *"0.05°'°0.1°"1
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Appendix 4.4a: Effect of legume cover crops on potlassium in 0-20 cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 3 0.0175 0.0058 1.495 0.2203
Treatment 3 04Dp8 0.0135 3.462 0.0414 *
Site 2 0.0303 0.0152 3.885 0672
Year 2 0.0407 0.0204 5.231 0.8635
Treatment x site 6 @86 0.0102 2.624 0.0508 .
Treatment x year 6 0.0428.0071 1.808 0.0555.
Site x year 4 0866 0.0142 3.637 0.0582
Treatment x site X y 12 0.0564.0047 1.207 0.2879
Residuals 104 6@0 0.0039

Significance codes: 0 **(0.001 *0.01 * 0.05°0.1°"1

Appendix 4.4b: Effect of legume cover crops on poilassium in 20-40 cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 3 0.0052 0.0017 0.474 0.7014
Treatment 3 0.0244 0.0081 2.234 0.0487 *
Site 2 0.0366 0.1831 5.027 0216
Year 2 0.0320 0.0161 4.396 0.6516
Treatment x site 6 38 0.0096 2.633 0.0504 .
Treatment x year 6 a®4 0.0069 1.891 0.0963 .
Site x year 4 0.0424 0.0106 2.912 0.0604 .
Treatment x site x year 12 0.03770.0031 0.863 0.58646
Residuals 104 375 0.0036

Significance codes: 0 *** (0.001 **0.01 * 0.05°°0.1" 1
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Appendix 4.5a: Effect of legume cover crops or gHilevel in 0-20 cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 3 0439 0.146 3.658 0.9463
Treatment 3 0.769 0.256 6.424 0.0592 .
Site 2 0.136 0.068 3.677 04046
Year 2 0.055 0.028 0.690 0.5039
Treatment x site 6 641 0.103 2.591 0.0622 .
Treatment x year 6 130 0.002 0.056 0.9993
Site x year 4 0.001 0.000  0.007 0.9998
Treatment x site x year 12 0.0070.001 0.014 1.0000
Residuals 104 14 0.040

Significance codes: 0 ***" (0.001 **0.01 * 0.05°"0.1°"1

Appendix 4.5b: Effect of legume cover crops orl pbi level in 20-40 cm soil depth

Source of Variation df SS MS F value Pr(>F)
Block 3 1.145 0.382 6.434 0.0705
Treatment 3 0.863 0.288 4.850 0.0634 .
Site 2 2.884 1.442  24.441 0356
Year 2 0.032 0.016 0.268 0.7652
Treatment x site 6 3A 0.062 1.045 0.5358
Treatment x year 6 301 0.002 0.037 0.9997
Site x year 4 0.002 0.001 0.009 0.9998
Treatment X site x year 12 0.013 0.001 0.019 1.0000
Residuals 104 .169 0.059

Significance codes: 0 ***" 0.001 **0.01 * 0.05°"0.1°"1



Appendix 4.6: Effect of legume cover crops on oglaaf chlorophyll
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Source of Variation df SS MS F value Pr(>F)
Block 3 5 1.7 0.215 88592
Treatment 3 2269 756.3 95.738 0.00165 **
Season 5 744 148.8 18.835 0.00264
Site 2 123 61.5 7.785 3201 *
Treatment x site 6 161 26.8 3.394 0.04323 *
Treatment X season 15 107071.3 2.230 0.00268 **
Season x site 10 120 12.0 1.519 0.18592
Treatment x season x site 30 31110.4 1.313 0.13837
Residuals 211 1665 7.9

Significance codes: 0 ***(0.001 *0.01 * 0.05°°0.1°"1

Appendix 5.1: Analysisof Variancetablesfor orangetreeyield and fruit quality

Appendix 5.1: Effect of legume cover crops on orafrgit number

Source of Variation df Ss ms F value Pr(>F)
Block 3 2340 7798 1.378 0.2514
Treatment 3 1452 4838 8.548 0.0352 *
Season 5 6388 1278 2.257 0.0502
Site 2 2654 1327 23.443 0.0277
Treatment x site 6 5912 9853 3.741 0.0138 *
Treatment xseason 15 10016674 1.179 0.0905
Season x site 10 1872 1872 0.331 0.9726
Treatment x season X site 30 6588196 0.388 0.9991
Residuals 211 1194 5660

Significance codes:

0 ***0.001 *0.01*"0.05'°0.1°"1
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Appendix 5.2: Effect of legume cover crops on ogafrgit weight

Source of Variation df SS MS F value Pr(>F)
Block 3 1012 3372 6.548 0.05121.
Treatment 31273 4242 8.238 0.04510 *
Season 51046 2091 4.059 0.00154 **
Site 2 2978 1489 2.891 0.00231
Treatment x site 6 02@ 1709 3.319 0.04564 *
Treatment X season 15 5950 397 2.770 0.03091 *
Season x site 103658 366 0.710 0.71451
Treatment x season X site 30 5397 180 0.349 0.99946
Residuals 2111087 515
Significance codes: 0 **(0.001 *0.01 *0.05°°0.1°"1
Appendix 5.3: Effect of legume cover crops on ogfigit diameter
Source of Variation df SS MS F value Pr(>F)
Block 3 038 0128 0.538 0.65650
Treatment 3 3.23 1.077 4.543 0.04103 *
Season 51246 2.492 6.515 0.14088
Site 21436 7.180 10.295 0.04216 *
Treatment x site 6 .04 1.007 4.246 0.03546 *
Ttreatment X season 15 3.39.226 0.953 0.50694
Season x site 10 522 2.254 9,511 0.06456
Treatment x season X site 30 5.440.181 0.764 0.80798

Residuals

211 .00

0.237

Significance codes:

0 ***0.001 *0.01 *"0.05°°0.1°"1
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Appendix 5.4: Effect of legume cover crops on ogfigit juice

Source of Variation df SS MS F value Pr(>F)
Block 3 272 91 0.736 as531
Treatment 3 7136 2378 19.339 0.066682
Season 5 1011 202 3.644 0.02943
Site 2 5814 2907 23.634 0.a356
Treatment x site 6 2811 469 3.808 0.001263 **
Treatment X season 15 2175 145 3.179 0.029287 *
Season x site 10 2436 244 1.980 0.056811 .
Treatment x season X site 30 4276 143 1.159 0.270568
Residuals 211 2596 123
Significance codes: 0 *** 0.001 **0.01 *~ 0.05‘"0.1'"1
Appendix 5.5: Effect of legume cover crops on omhgx
Source of Variation df SS MS F value Pr(>F)
Block 3 2.07 0.689 4.849 0.05277
Treatment 3 16.06 5.353 37.271 0.00257 **
Season 5 510 1.020 7.183 0.03576
site 2 6.17 3.085 21.725 0386
Treatment x site 6 117 0.195 3.369 0.00721 **
Treatment X season 15 14.4 0.294 2.270 0.00323 **
Season x site 10 3.57 0.357 2.509 0.22840
Treatment x season x site 30 5.760.192 1.352 0.11519

Residuals

211 30.00

0.142

Significance codes:

0 ***0.001 *0.01 *"0.05°0.1°"1
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Appendix 5.6: Effect of legume cover crops on omfrgit Rind

Source of Variation df SS MS F value Pr(>F)
Block 3 0.0009 0.0004 1.756 0.15661
Treatment 30.0336 0.0112 64.539 0.25722
Season 50.0186 0.0037 3.448 0.04186 *
Site 2 0.0161 0.0081 6.445 0.95629
Treatment x site 6 (BB 0.0006 3.345 0.63661
Treatment X season 15 0.0047.0003 1.785 0.06831 .
Season:site 100.0110 0.0011 6.358 0.58853

Treatment x season x site 30 0.0085%0003 1.628 0.07630 .
Residuals 211 .03®6 0.0002

Significance codes: 0 *** (0.001 *0.01 *0.05°°0.1°"1



