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“Because of what you have done, the ground willbéer curse. You will
have towork hard all your life to make iproduce enough food for you. It
will produce weeds and thorns, and you will haveaiownild plants’
Genesis 3: 17-18 (Today’s English Version)



ABSTRACT

Amaranthuss among the nutritious indigenous plant spedies$ are gathered from the
wild in the Eastern Cape to prepare a tradition@hinknown asimifino’ or ‘isigwampa’

to supplement the necessary proteins, vitamins an@railg which are poor in maize-
based mealsAmaranthusspecies are adapted to wild conditions unsuitédresxotic
vegetables and could be cultivated but informatiorits fertility requirements, as sole or
intercrop, is the key for its domestication anddurction as a leafy vegetable, particularly
where manure is used. Two dry-land and one glasghexperiments were conducted to
study the effects of sheep kraal manure applicat&be, intercropping with maize and
soil type on growth, fresh and dry matter yieldgtrient uptake and grain yield of a local
Amaranthusaccession that grows wild in the Eastern Capeefsth@aal manure rates
ranging from 0 to 10 t haand an NPK {2:3:4(30) + 0.5% Zn} fertilizer as asitive
control, applied at rates recommended for spinaee tested.

In the Gqumahashe experiment, whémmaranthuswas grown as a sole crop, low
manure rates<(2.5 t h&) resulted in plant heights and fresh matter yieldtiich were

comparable to those in the unfertilized controleveas higher rates (5 and 10 thand

recommended NPK fertilizer had higher levels bdtBGand 60 days after transplanting
(DAT) at p < 0.05. At 30 DAT, manure applicatiortas of> 2.5 t ha and the NPK

fertilizer treatment, produced greater shoot drytenayields (29.35, 30.75 and 37.68 g
plant?) than the unfertilized control (17.11 g plapat p < 0.05. Uptake of N and P in the
leaves increased with increase in manure applicatede with N uptake reaching a
maximum (308 mg plaf) at a manure rate of 2.5 t"havhich corresponded with the
maximum dry matter yield. There was no effect oihnora rate or fertilizer on residual

soil N and Ca, whereas P, K, Mg and Zn increased.

In a pot experiment with soils from Ntselamanzil &gumahashe Villages, manure rates
> 2.5 t ha resulted in plant heights and fresh matter yiblat tompared well with the
NPK fertilizer treatment in the Gqumahashe soil s only the 10 t Hamanure
treatment was comparable to the NPK fertilizerttremnt in the Ntselamanzi soil. Only



treatments with> 5 t ha" manure had stem girth (1.00 and 1.07 cm) that emegpwell

to NPK fertilizer (1.03 cm) in the Ntselamanzi sathereas in the Gqumahashe soil, all
manure levels compared well to NPK fertilizer (1.6&h). However, no significant
difference was observed in plant height and stath gind fresh matter due to soil type.
In both soils, the 1.3-10 t Hamanure treatments had dry leaf weight comparable t
plants fertilized with NPK fertilizer (3.72 g plahfor the Ntselamanzi soil and 3.65 g
plant' for the Gqumahashe soil) and were bigger thanutifertilized control (2.2 g
plant® for the Ntselamanzi soil and 1.38 g plafior the Gqumahashe soil) at p < 0.05.
Uptake of N, P and K increased as result of maapgication but nonetheless, it was
less when compared to plants fertilized with NPKilieer in both soils.

In a field intercropping experiment carried outNdaselamanzi, growth and yield of sole
and intercroppedmaranthugplants grown with manure improved when comparetthé¢o
unfertilized control and compared well to NPK fiz#r. At 30 days after transplanting
(DAT), both sole and intercropped plants grown witB.5 t ha" manure had fresh and
dry matter yield comparable to plants fertilizedthwiNPK fertilizer. At 60 DAT,
intercropped plants grown with all manure levelsl tégger fresh matter yield when
compared to unfertilized control (836.0 g plntvhereas for sole cropped plants only
those grown with> 2.5 t hd compared to NPK fertilizer (1467.7 g pldhiat p < 0.05.
Uptake of N, P, K, Ca and Mg increased with incesiasmanure application in both sole
and intercroppedmaranthus WhereasAmaranthusdid not suffer from the competition
in the intercrop, maize biomass and grain yieldenszverely reduced with the effects
being evident after 60 DAT. Based on results of gtudy, it is therefore suggested that,
if Amaranthugs to be intercropped with maize under dry landditions of the Central
Region of the Eastern Cape, sheep manure sholddsitbe applied at rate ®f2.5 t hd
andAmaranthusde harvested at 30 DAT.

Keywords: Amaranthusaccession, dry matter, intercropping, maize grastdy nutrient
composition, residual soil nutrients, sheep kraahamre
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CHAPTER 1

GENERAL INTRODUCTION AND LITERATURE REVIEW

1.1 GENERAL INTRODUCTION

Modern agriculture has grown to be a major contabuo the economy of the world.
However, in many countries, it has not done endagiddressing key issues of hunger
and malnutrition (Aphanet al, 2003). Major causes of hunger and malnutritiorthie
world are not only growing population and declinecrop yields but also destruction of
natural plant resources and loss of food diver@dyesher, 1997). Health problems
associated with malnutrition are experienced moredeveloping countries and have
consequences on growth, development and health@uoioldren (Aphanet al, 2003).
This problem threatens millions of people in subx8an Africa, with 20% or more of

the communities suffering from food insecurity (Samvan Rensbuwgt al, 2004).

Foods of animal origin, which are known to be thegonsource of vitamins and proteins
are, in most cases, too expensive for poor houdsh@phaneet al, 2003; Wehmeyer
and Rose, 1983). Vegetables could alternatively alenajor role in alleviating problems
associated with malnutrition as they could suppigugh proteins, vitamins, calories and
other nutrients needed in a balanced diet (VanHiegver, 1995; Wehmeyer and Rose,
1983). However, harsh climatic and resources-poaditions encountered in rural areas,
where the problem of malnutrition occurs, make poiidn of exotic vegetables difficult
whereas a number of indigenous and traditionallywgr plant species could tolerate
these conditions (Van den Heever, 1995; Allenmial, 1996). Most indigenous plants

are adapted to the prevailing conditions and, wdmmnesticated, require few agricultural



inputs and perform well in areas unsuitable foradticed vegetables (Aphare al,

2003).

The most widely consumed of the more than 10Cehfit indigenous leafy vegetable
species occurring in South Africa adenaranthusspecies, melons and cowpeas (Jansen
van Rensburgt al, 2004; Laker, 2007). Communities such as in trenér Transkei,
South Africa, gather their leaves from the wildpp and mix with maize meal to prepare

a traditional meal known asnifino’ or ‘isigwampa (Wehmeyer and Rose, 1983).

When cooked asirhifino’, the indigenous leafy vegetables supplement tleessary
proteins, minerals and vitamins, of which maizeaisery poor source (Wehmeyer and
Rose, 1983)Amaranthudeaves contain 17.5 — 38.3 % protein of which B5%sine; an
essential amino acid that is lacking in most distsed on cereals and tubdkauffman
and Weber, 1990; Mnkeni, 2005)ysine plays a vital role in the treatment and
prevention of a disease known asteoporosisthat makes bones prone to fracture
(Anonymous, 2006).When compared to spinacAmaranthuscontains 3 times more
vitamin C, calcium, iron and niacin. It contains thi®es more vitamin A, 20 times more

calcium and 7 times more iron when compared tadet{Mnkeni 2005; Makus, 1984).

Amaranthusis a C4 plant that has often been referred toraagit tolerant (Liu and
Stutzel, 2002). The crop is often grown on acid,rgimal soils under subsistence
conditions (Foy and Campbell, 1984). Whitehead Snthh (1993) cited by Liu and

Stutzel (2002) reported that in sandy-loam sod, ¢top can perform very well over a 6 —



18 % soil moisture range indicating an ability terform in low soil moisture
environments. According to Palada and Chang (2008granthuggrows best in loam or
silty-loam soil with good water holding capacitythalugh it can also grow on a wide
range of soil types and soil moisture levels and toderate a soil pH between 4.5 and
8.0. Amaranthuss also known to be a low management crop thatgcaw in poor soils
but studies have shown that its yields could berawgd by application of fertilizers
(Palada and Chang, 2003). Myers (1998) and Schep{#£l00) reported that like any

other cropAmaranthugesponds well to good soil fertility and organiatter.

Laker (1976), reported that most soils in formemké&ands of South Africa have very
low fertility status. In the Central Region of tBastern Cape, soils contain low to very
low amounts of plant nutrient elements except S, Efn Cu and B (Mandiringaret al,
2005; Mkile, 2001). The production potential of ¢kesoils is often limited by such
factors as low infiltration rate, soil compactioagidity, phosphorus, nitrogen and
sometimes potassium deficiencies and low orgamgoracontents (van Averbelet al,
2000; Mnkeni and Mkile, 2006). In the former Ciskpoor soil fertility could be
associated with practices of monoculture and caotis cropping which results in
removal of nutrients with nothing being returnedtb@ soil whether in the form of

chemical fertilizer or manure (Mandiringaetd., 2005; Mkile, 2001).

Most small-scale farmers in the Eastern Cape grarzengZea mayd..) as a dominant
crop and use kraal manure to address problemsatihohg soil fertility (van Averbeke

and de Lange, 1995; Mafu, 2006; Mnkeni and Mki@)&). Silwana (2000) reported that



farmers in the Transkei region intercrop maize vaitbps such as beans and pumpkins.
This practice could be usedAmaranthuscould be adopted in that region. Intercropping
may broaden the household availability of nutrieagstwo or more crops are planted in
the same piece of land (Mukhadgal, 1999). It could also result in more efficieneusf
land as it has been demonstrated that more landgsired in mono-cropping than

intercropping to produce the same yield per ur@agMukhaleet al,, 1999).

Willey (1979) reported that higher yields are uguabtained from intercropping because
the component crops are in some way able to utdimevth resources such as light,
nutrients and water rather differently, so that wigeown together they complement each
other and make better overall use of resources tha@n grown alone. Moreover,
intercropping provides more household nutrientsyretr area when compared to mono-
cropping (Mukhalaet al, 1999). Amaranthusis among the crops which, when
intercropped with maize, could improve the nutristatus of the households because of
its nutritional value, adaptability to hot, drymolate and its potential for acceptance by
processors, seed men and growers (Makus, 1984arduStitzel, 2004, Spreetht. al,
2004). No information could be found on intercrogpof Amaranthuswith maize in the
Eastern Cape using kraal manure as a source aoémigtibut Early (1990) and Apaza-
Gutierrez (2002) citing Guillen—Portal (1992b) repd that farmers in Andean region
and Bolivia have successfully intercropp@anaranthuswith maize Zea maysL.).
Studies were carried out to establish the fertil@guirements, using sheep kraal manure,
of a vegetabldmaranthusaccession, as sole and intercropped with maizeerCentral

region of the Eastern Cape, South Africa.



1.2 HYPOTHESES

(a) Sheep kraal manure application has no effegrowth, fresh and dry matter yields
and nutrient uptake dfmaranthusn the Central Eastern Cape

(b) Neither soil type nor sheep manure applicatetes has effect on growth, fresh and
dry matter yields and nutrient uptakeAvharanthus

(c) Growth, fresh and dry matter yields and nutriaptake of Amaranthusare not

affected by sheep manure application when intepadpvith maize

1.3 OBJECTIVES

The objectives of the study were to:
(a) determine the effects of sheep kraal manure apjicaates on growth, fresh and
dry matter yields and nutrient uptakeArharanthusn Central Eastern Cape;
(b) evaluate the effects of sheep kraal manure appicaates and soil type on
growth, fresh and dry matter yields and nutriertalsp of Amaranthus
(c) determine the effects of sheep kraal manure apjgicaates and intercropping
with maize on growth, fresh and dry matter yieldsd anutrient uptake of

Amaranthus.



1.4 LITERATURE REVIEW

1.4.1 BOTANY OF AMARANTHUS

Although it is obscureAmaranthuscentre of origin is believed to be Central Amaeric
but it has spread to other countries such as Ingpal, China, Europe, Asia and Africa
(Putmanet al, 1989; Myers, 1998, Mposi, 199%fmaranthuss a dicotyledonous plant
that carries on photosynthesis by specializgcc&bon-fixation pathway, in which the
first photosynthesis product is a four carbon-coumab (National Research Council,
1984; Stallknecht and Schulz-Schaeffer, 1993; Myé&@98; Ribeiro and Combrink,
2006). The process of,Carbon fixation is used by few fast growing crapsh as
maize, sorghum and sugarcane where they use arciabBpeefficient type of
photosynthesis to convert the raw materials of, soihlight and water into plant tissues.
Plants that use thejs@arbon fixation pathway tend to require less wé#tan the more
common G carbon-fixation pathway plants (National Resea@buncil, 1984). The
combination of Amaranthusfeatures, such as well developed root system, a&im
conductance, maintenance of leaf area anoh€abolism results in increased efficiency
to use CQunder a wide range of temperatures, moisturessgegironments and enables
plant to adapt under wide geographic and envirotaheonditions. This is the reason
why Amaranthusperforms well under adverse temperature and meistanditions as
compared to many C3 plants such as wheat and sayl{8ahippers, 2000; Stallknecht

and Schulz-Schaeffer, 1993; Spreetlal 2004).



The family Amaranthacea&as more than 800 species of which about 60 arsidened
weedy and about 50 are consumed as pot-herbs fgrvegetables worldwide (Olufaji,
1989; Janick, 1997). Schippers (2000) noted thaipacies found in Africa are grown for
their leaves. Some varieties were introduced frameAca for grain production but this
is not very popular in Africa. Three principal specconsidered for grain production are
A. hypochondriaachuf..), A. cruentugL.), andA. caudatuqL.) (Jansen van Rensburg
et al, 2004; National Research Council, 1984). Thermeaglistinct separation between
vegetable and grain type species since even thiede## young grain type plants can be
eaten as leafy vegetables. The most popular lgefgias aréd. hypochondriacuéL.), A.
tricolor (L.), A. hybridus(L.), and A. blitum (L.) (Jansen van Rensbugy al, 2004;
National Research Council, 1984) and the most #rtjy cultivated species in AsiaAs
tricolor (L.) but is hardly ever seen in Africa (Schippe200). Amaranthusspecies
have been separated into four principal groupgivetéd (improved species or cultivars),
wild and weedy (growing in the veld), racial (based geographic morphological
patterns) and landrace or accession (populatiams $pecific locations) (Stallknecht and
Schulz-Schaeffer, 1993). Even in South Africa vasidmaranthusspecies are widely
distributed, except in the more arid south westegas (Van Zykt al, 2002 and Jansen

van Rensburegt al, 2002 cited by Jansen van Rensburg, 2004)

1.4.2 FOOD USES AND NUTRITIONAL VALUE ORMARANTHUS
Amaranthuss mostly grown and used as a leafy vegetablefilt®where tender leaves
and stems are boiled as greens and added to sodgseavs (Ore-Oluwa, 1981; National

Research Council, 1984; Olufaji, 1989; Schippe@®@. Amaranthusgrain contains 13



to 18 % protein with well balanced nutritional gtyalncluding a high level of lysine, an
essential amino acid that is often lacking in moigtts based on cereals and tubers.
Lysine can be used in treatment and preventioostéoporosisa condition that makes
bones prone to fracture (Anonymous, 2008maranthusgrain can be used in breakfast
cereals (cleaned, unprocessed whole grain can de mt porridge by simply boiling it
briefly in water) or be milled to produce sweeghli-coloured flour suitable for making
biscuits, bread, cakes and other confectioneriestigNal Research Council, 1984;
Olufaji, 1990). Amaranthusgrains contain some functional gluten making asjilgy

for it to be blended with wheat flour to make yelastvened goods rise (National
Research Council, 1984). Unprocesgedaranthuggrain can also be used as poultry feed

(National Research Council, 1984).

The leaves taste much like spinach species butidrgionally superior as they contain
3 times more vitamin C, 3 times more calcium antinBs more niacin than spinach
(Makus and Davis, 1984; Mnkeni, 2005). When comghacelettuce Amaranthudeaves

contain 18 times more vitamin A, 13 times moremita C, 20 times more calcium and 7
times more iron (Mnkeni, 2005Amaranthudeaves contain 17 to 38 % protein on dry
weight basis and have potential as a protein soppie They have high levels of
carotene and micronutrients such as sodium, coppanganese, chlorine (Schippers,

2000; Janick, 1997; Kauffman and Weber, 1990; MhK&05, Ore-Oluwat al, 1981).



1.4.3 AGRONOMY OF AMARANTHUS

1.4.3.1 Climatic requirements

Although Amaranthusis known to be a relatively drought resistant c¢rmsufficient
water reduces yield (Palada and Chang, 2003). Wleenied directlyAmaranthusseeds
require well moistened soil to germinate. Even wiransplanted as seedlings, water is
required for establishment (National Research Cibub@84; Palada and Chang, 2003).
After seedlings have established weélimaranthususually performs well even under
limited water conditions. This is because most g3eare able to maintain high Relative
Water Content (RWC) through factors such as stdnoateductance, maintenance of leaf
area and biochemical factors such as enzyme fumcpbotosynthesis and respiration
(Spreethet al, 2004). When grown for grain production purpos&sjaranthuscan
tolerate dry-land conditions of regions receivirgylittle rainfall as 200 mm per annum

whereas vegetabkemaranthugrefer higher rainfall (National Research Countd34).

The mean annual rainfall for the Ciskei region lté Eastern Cape ranges between 400
and 500 mm. Most of this rainfall is received dgrithe summer season between the
months of October and April. Rain-fed crop prodwmetin the region is considered risky
because the rainfall is erratic and unreliable (#,)s1989). According to Palada and
Chang (2003) and National Research Council (1984naranthusgrows well when
temperatures are between 21 andC3and is photoperiod sensitive and most species
flower when day-length is shorter than 12 hourda@aand Chang, 2003). No reports

could be accessed on plantingArharanthuswhen hours were shorter than 12 hours.



The ideal time to planAmaranthusin the Central Eastern Cape would be in summer
when the mean temperature for three summer mobtdsefmber, January, February) is

22.5 °C and the days are long enough.

1.4.3.2 Pests and Diseases

Pests and diseases have been reported to be asseridlem imAmaranthugproduction.

In Nigeria, manyAmaranthudines suffered wet rot of leaves and young statka eesult
of Choenophora cucurbitariuniMposi, 1999). Insect pests such as lygus Hduguys
lineolariug), Lixus weevil (ixus masterj, Fall Armyworm Gpodoptera frugiperda
beet leafhopperQirculifer temellu$, which transmit curly top virus disease, leakdd],
cabbage looperTfichoplusia n), corn ear wormHeliothis zed, cutworms, aphids, flea-
beetles and mites, can cause severe loss@snaranthusproduction if no corrective
measures are taken (Mposi, 1999; Palada and Cl2&4g, Stalknecht and Schultz-
Schaeffer, 1993). No literature could be accessedomvalent pests species in the
Eastern Cape, but where pests are prevalent, iselguésticides such as Biobit and
Cypermethrin that target specific insects are renentded. Pesticides that kill or inhibit

development of beneficial organisms are to be ad{#Palada and Chang, 2003).

1.4.3.3 Soil requirements

Amaranthugs often grown on acid, marginal soils under sstiesice conditions (Foy and
Campbell, 1984). It has been reported to grow weBoils with pH range between 4.5
and 8.0 (National Research Council, 1984; Stallkh&Schulz-Schaeffer, 1993; Palada

and Chang, 2003). Field studies have shown Amaranthusgrows well on soils
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varying widely in levels of soil nutrients (NatidnResearch Council, 1984), though
better yields are generally obtained when the gapown in loamy or silty-loamy soils
with good water holding capacity (Palada and Cha0§3). Leaf water potential (LWP)
and relative water content (RWC) Amaranthudeaves may decrease due to an increase

in soil water deficit (Liu and Stutzel, 2002).

In Central Eastern Cape, where annual rainfall earfgppm 400 to 600 mm per annum, a
gradual or abrupt increase in clay content fronfasar horizon to sub-soil had been
observed. Soil acidity commonly occurs along thastavhere annual rainfall exceeds
600 mm per annum. The major factors that limit poé of Eastern Cape soils are low
infiltration rates, soil compaction, shallow rogirdepth, phosphorus deficiency, soil
alkalinity in the west and soil acidity in the edbtkile, 2001). Therefore, a thorough
knowledge of the soil is needed for productionAsharanthusin the Eastern Cape.

Animal manures could play an important role in impng the soil conditions,

particularly plant nutrients like phosphorus.

1.4.3.4 Fertilization oAmaranthus

Although Amaranthuss known to be a low management crop that can gngvoor soils,
studies have shown that yield is improved by fiegil (Palada and Chang, 2003). Myers
(1998) and Schippers (2000) reported thaiaranthugesponds well to good soil fertility
and organic matter. Although Mhlontkt al (2007) reported that sheep kraal manure
rates as low as 2.5 t/ha produced significant es®e in the fresh and dry matter yields of

mono-croppedAmaranthus information on fertility requirements of both graand
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vegetableAmaranthusis scanty (Elbehret al, 1993). Elbehriet al. (1993) noted that
application of N-P-K fertilizer (at recommendedesjtand irrigation duringmaranthus
production could increase grain yield from 700 ki o 3000 kg ha. Increased yields
due to fertilizer application were observed by $get al. (2004) at the University of
Zululand, South Africa who applied 250 kg'hef 2:3:2 compound fertilizer. According
to Stalknecht and Schultz-Schaeffer (1993) a gérserggested fertilization guide for
Amaranthuss 112 to 135 kg haof total available N, with a soil test of 15 to ppm P
and 80 to 120 ppm K. Studies conducted by Schip(®#060) indicated that the crop
needs high potassium levels and best results wetaéned with 400 kg hhof compound
fertilizer 10-10-20 (N-P-K). Plants grown with doy manure had better yields when

compared to those grown with kraal manure (Spreeéh, 2004)

1.4.3.5 Animal manure as a potential source ofientis forAmaranthus

Manure is usually a mixture of animal faeces, uame plant materials (Lekast al,
1998; Leggett al, 1996; Yoganathaet al, 1998). It contains all the nutrients required
for plant growth although not in the desired prajmis hence it is important to apply
enough manure to meet crop requirements (van Akertand Yoganathan, 1997).
According to Mkile (2001), nutrient contents of tbat sheep and goat manures differ.
Goat manure had the highest N, P and K contenbvieltl by sheep and cattle.
Agronomic use of manure also improves the physitoalditions of soils, such as soill
structure and soil chemical composition (Pagliad afignozzi 1998). According to
Schippers (2000), like most crops, growth and yaldmaranthusmprove enormously

when enough manure is applied.
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Farmers in the Eastern Cape practice mixed farmihgh involves rearing of cattle,
goats and sheep on communal owned rangelands whiggthcrop production focuses
mainly on growing of crops such as maize, beanspantpkins on individual holdings of
between 1 and 3 ha and vegetable production ofagghbspinach, onions, peas and
carrots in gardens of about 0.1 to 0.3 ha nexhé&ir thomesteads (Mandiringaea al.
2005, Yoganathaat al, 1998). During the night, cattle, sheep and gaegsusually kept
in kraals mainly for security reasons (Bembridgeal, 1992). With time, the animals’
excreta often mixed with fodder, accumulate in tay@hich are locally referred to as
kraal manure (Yoganathaat al, 1998). It is estimated that about 1.6 milliongmf dry
manure are produced in Eastern Cape each year (Vlakd Mkile 2006). Van Averbeke
and de Lange (1995); Mnkeni and Mkile (2006) anduM@006) reported that farmers in
the Eastern Cape use kraal manure in their maigeebaropping systems to address

problems of declining soil fertility.

1.4.3.6 Seedbed preparation and planting

A firm moist seedbed with soil temperatures aboS¥1and a soil pH between 4.5 and
8.0 are required to establish a good plant stanatigNal Research Council, 1984;

Stalknecht and Schultz-Schaeffer, 1993; PaladaGirahg, 2003). A very fine seedbed
similar to that for small seeded vegetables or negm is recommended because
Amarathusseed is very small (Stalknecht and Schultz-Sckgeff993). The seedbed

should be of good tilth, well drained, and fairgvél to help prevent rain from washing

away the tiny seeds and seedlings (National Res€2mancil, 1984)Amaranthusan be

planted by direct seeding or transplanting (Palané Chang 2003). Direct seeding is
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practiced only when plenty of seed is available kfdur is limited (National Research
Council, 1984; Palada and Chang, 2003). The recordeteseeding rate is from 1.2 to
3.5 kg seed/ha planted on average depth of 1.3 munfa vegetableAmaranthus a
density of up to about 220 000 plants’tia acceptable (National Research Council,
1984; Mposi, 1999, Apaza-Gutierrezal, 2002). No literature could be accessed which
compared the fertility requirements Afnaranthususing direct seeding and the use of
seedlings.

Where there is limited amount of seed and plentyabbur, transplanting is preferred
(Palada and Chang, 2003). Singh and Whitehead J1888ined a maximum fresh shoot
yield of 15 t h& when an inter-row and intra-row spacing of 90 83dcm respectively

were used.

1.4.3.7 Harvesting dAmaranthus

VegetableAmaranthusis ready for harvesting in 20 — 45 days after phgnor sowing
depending on cultivar (Palada and Chang, 2003)eé@ificharvesting can be done for
short maturing and quick growing cultivars (20 — @@ys after planting or sowing)
whereas multiple harvests at 2 - 3 weeks interasdspreferable to cultivars that mature
late (more than 30 days after planting or sowilgléda and Chang, 2003). Harvesting is
usually carried out by cutting the plants at abthe second leaf from the ground, at a
height of about 7.5 cm, after the plant leaves hatt@ned marketable size. Harvesting
may also be done by uprooting the whole plant d&edpiants are bunched together for

sale after the roots have been washed (Mposi, 199%astern Cape, the young leaves
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and growth points are hand harvested and cookedideras vegetable (Jansen van

Rensburget al, 2007).

Amaranthusleaves are highly perishable after harvesting.réfioee it is traditional in

West Africa to soak the plants in water before gponting to the market to keep them
fresh. The leaves are arranged in bunches thaisarally spread on a raffia tray in the
market or street and to avoid loss of water from laves through evaporation, more

water is sprinkled on a regular basis (Mposi, 1999)

In grain Amaranthusproduction, harvesting is considered the mosicetistage because
if not performed well, shattering during the cuftiprocess can lead to serious losses
(Putnamet al, 1989). Most of the seeds could be lost due teless harvest techniques

(National Research Council, 1984).

To avoid problem of non-uniform maturity, graAmaranthusin Latin America and
South Asia is harvested by hand, sun-dried, theesimel winnowed by hand (National
Research Council, 1984). Although, yields of betwdeand 15 t ha green weight are
commonly obtained for vegetabfemaranthus(National Research Council, 1984 citing
Campbell and Abbott, 1982; Singh and Whitehead3),.9¢elds of up to 40 t Rahave
also been reported (National Research Council, 1 98daranthugyrain yields of 450 to
700 kg h& dry-land and 900 to 3 000 kg ha-1 under irrigative considered reasonable

(Stalknecht and Schultz-Schaeffer, 1993, Elbbeal 1993).
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1.4.4 INTERCROPPING AS A FARMING SYSTEM IN THE EAERN CAPE

A farming system is an agricultural enterprise,ivétgt or business consisting of a

combination of inputs (e.g. crop varieties, laratnt practice, etc) whether in numbers,

amounts, sequences and timing used to satisfyfspebijectives of the farmer under a

specified environmental setting (Okigbo, 1978 civgdSilwana, 2000).

In Africa, farming systems are classified into teaiegories, namely:

(@) Traditional and transitional farming system whicbnsists of nomadic
herding, shifting cultivation and intensive subsiste agriculture; and
(b) Modern farming systems consists of mixed farmlivggstock farming, large

scale farms and plantations, irrigation projectsoiming crop production,
mono-cropping and specialized horticulture (Okigb@78).

Although modern farming system is commonly praditg most small-holder farmers

in the Eastern Cape, mono-cropping is practicedabgninority while the majority

practices multiple cropping (Silwana, 2000). Onetloé¢ major reasons for multiple

cropping is lack of good agricultural land for crppoduction (Mukhalaet al, 1999).

According to Silwana (2000), two types of multiglopping systems commonly found

in the Eastern Cape are sequential cropping sysiath intercropping. Sequential

cropping system is growing of two or more cropséguence on the same field per year

but the succeeding crop is planted after the pragettop has been harvested thereby the

farmer only manages one crop at a time (Silwan@0R0Intercropping is defined as

growing of two or more crops on the same land atdame time or the simultaneous

growing of two or more crops in the same field (beu2003).
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More land is required in mono-cropping than intepging to produce the same vyield per
unit area (Mukhalat al, 1999). Willey (1979) and Silwana (2005) reportedt higher
yields are usually obtained from intercropping heseathe components crops are in some
way able to utilize growth resources such as lightrients and water rather differently,
so that when grown together they complement eduotr @nd make better overall use of
resources than when grown alone. Moreover, intpping provides more household

nutrients per unit area when compared to mono-éngp@iukhalaet al, 1999).

The land equivalent ratio (LER), defined as thaltd&and area required under mono-
cropping to give the yields that are obtained unde&rcropping mixture, is normally
used for analysis of possible advantages of imeping (Mazaheret al, 2006). An
LER value of 1.0 indicates no difference in yieldtween intercrop and sole crop
whereas a value > 1.0 indicates a yield advantag@atercrop because larger area of land
is required to produce the same yield of sole cobpeach component than with

comparable intercrop (Mazahetial, 2006; Azam-Ali and Squire, 2002).
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CHAPTER 2

EFFECTS OF SHEEP KRAAL MANURE APPLICATION RATES ON
GROWTH, YIELD AND LEAF NUTRIENT COMPOSITION OF A LO CAL
AMARANTHUS ACCESSION IN THE CENTRAL REGION OF THE EASTERN

CAPE - (Published as a journal article in Water SA— Appendix 4)

2.1 INTRODUCTION

Hunger and malnutrition mostly experienced in depilg countries, affect growth and
development of children (Aphare al, 2003). Foods of animal origin, which are major
sources of vitamins and proteins, are often toeege for poor households (Aphagte
al., 2003; Wehmeyer and Rose, 1983), whereas vegst#iat supply abundant amounts
of protein, vitamins, calories and minerals, neede@ diet, could alleviate problems
associated with malnutrition (Wehmeyer and Ros&3L9However, harsh climatic and
resource-poor conditions in most rural areas, wpesblems of malnutrition occur, make

production of exotic vegetables difficult.

More than 100 different indigenous species, inclgdAmaranthus sp Corchorus
genera,Cleome gynandragrow well in such areas (Jansen Van Rensketirgl., 2004;
Aphaneet al, 2003). They are popular to communities sucmdsrmer Transkei, South
Africa, where their leaves are gathered from thilwehopped and mixed with maize
meal to prepare a traditional meal known iasifino’ or ‘isigwampa (Wehmeyer and
Rose, 1983)Amaranthuscould be cultivated in areas of southern Africaerenhthere is

inadequate or unreliable rainfall (Jansen Van Regsét al, 2004) but information on
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its fertility requirements is limited (Elbehri, Poan and Schmitt, 1993). According to
Schippers (2000), the crop gives good yield wheh kevels of nitrogen are applied and
responds well to organic matter. Chemical fertiizare expensive for the resource poor
farmers who often utilize those vegetables (JaMsnRensburgt al, 2004), and hence
there is need to investigate cheaper sources déentd such as animal manures. Farmers
in the Eastern Cape use kraal manure in their mzaged cropping systems to address
problems of declining soil fertility (van Averbekend de Lange, 1995; Mnkeni and
Mkile, 2006). While guidelines exist on the usekadal manure for crops such as maize
(van Averbeke & Yoganathan, 1997), no informationild be found on the use of kraal
manure orAmaranthusn the Eastern Cape. This chapter reports ontsftdcsheep kraal
manure application rates on growth, fresh and dagten yields, nutrient uptake and grain

yield of a localAmaranthusaccession in the central region of the EasterreCap

2.2 MATERIALS AND METHODS

The experiment was conducted between November a682May 2003 in Gqumahashe
village (32 45' S; 26 52' E), five km north of Alice town. The soil waangly loam
classified as the Glenecho family of the Mayo fq®wil Classification Working Group,
1991). It contained 14.2 % clay, 0.73 % organidoar 2.0 mg P K§ 207 mg K kg,

2802 mg Ca kg, 355 mg Mg kg and 2.4 mg zZni with pH of 4.7 (KCI).
The land was ploughed and disked using tractorsdrpleugh and disk harrow. Sheep
kraal manure collected from the village and coradii.8% N, 3.7% Ca, 1.4% Mg,

0.37% P, 16000 ppm Fe and 872 ppm Zn was broadtabie designated plots and
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incorporated into the soil using a rotovator tweek® beforeAmaranthusseedlings were
transplanted. It was applied at different rates®(8, 0.6, 1.2, 2.5, 5.0 and 10 tons'ha
into the soil with inorganic NPK fertilizer {2:3:80) + 0.5% Zn} applied at a rate of 150
kg ha' (recommended for spinach) as a positive contraks, 1984). The experiment

was arranged in a randomized complete block d€R@BD) with four replications.

Amaranthusseedlings, grown in seedling trays for one mowtre transplanted on 17
December 2002, in 6 m rows (six rows per plot) véthinter-row spacing of 1 m and
intra-row spacing of 30 cm. The seedlings were tinegated for the first week to aid
establishment and solely depended on rain afteswvaRhinfall data was recorded
throughout the growing season. Other managemermtigea, like weeding, were the
same across the treatments with no pesticideseaplata collection and sampling for
growth, fresh and dry matter yields, were doner&f@eand 60 days transplanting (DAT).
Two plants were randomly selected from the two @iddws in each plot and uprooted.
Stem girth (measured in the middle, between thst feaf and the soil surface), plant
height, number of leaves and fresh weight (stentsleaves) were determined, before
dry matter (leaves and stems) was determined dfymg in an oven at 8C to constant
weight. All oven dried leaf samples were groundedied and analyzed for total N, P, K,
Ca, Mg, Fe and Zn as described by Okalebal (2002). These nutrients were extracted
by wet digestion using the concentrated sulphucid,aselenium, lithium sulphate and
hydrogen peroxide mixture (Anderson and Ingram,6)9%he concentration of P in the
digest was then determined by the molybdenum bhlerimetric method while total

bases were determined in an aliquot of the digestohple by atomic absorption
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spectrometry (AAS).Total nitrogen (N) was measured using a Truspec@axbon /

Nitrogen Determinator (Anonymous, 200utrient uptake (N, P, K, Ca, Mg, Fe and
Zn) was then calculated from the leaf dry matted e composition of the nutrients in
the leaves. Soil samples were taken (at a depdh-020 cm) from each individual plot to
determine residual soil nutrient composition alC890T. Amaranthugyrain yield was also

determined. The data were subjected to analysiandnce (ANOVA) using the MStat C
statistical software and least significant differes (LSD) at 5% significant level were

used to separate the means.

2.3 RESULTS AND DISCUSSION

2.3.1 Effects of sheep manure application rategromwth of Amaranthus

Plant height, number of leaves and stem girth g@sed significantly with an increase in
sheep kraal manure application rate (Table 2.1)o#tmanure rates<(2.5 t had’), the
plants had comparable height to those in the ul$ed control, whereas higher rates (5
and 10 t hd) and recommended NPK fertilizer resulted in greptant heights both at 30
and 60 DAT. Similar results were observed by Elbedtral (1993), who reported
increased Amaranthus plant height at higher nimaggplication rate. Number of leaves,
at low manure rates<(1.3 t h&), were comparable to the unfertilized control vetaer
higher rates (2.5-10 t Haand the NPK fertilizer treatments produced langember of
leaves both at 30 and 60 DAT. These findings weobably due to increased uptake of
nutrients as a result of the accumulation of lamy@ounts of nutrients in the soil as the

amount of manure increased.
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Manure application resulted in larger stem girthewhcompared to the unfertilized

control but there was no additional response teeammed application from 0.3 to 10 ttha

which compared well with the recommended fertiliZEnese results appear to indicate

that addition of manure at 0.3 t"hprovided sufficient nutrients for maximum stemtlgir

at growth stages up to 60 DAT and the rest of thteients were partitioned towards stem

elongation and leaf production.

Table 2.1: Effects of sheep kraal manure applicatio growth ofAmaranthus

Manure Rates

(t ha®)

Plant Height (cm)

Stem Girth (cm)

Number of leaves

30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
0 30.50c* 37.00d 0.75c 1.40b 67b 92c
0.3 34.00bc 42.25cd 1.00bc 1.68ab 86ab 111bc
0.6 33.75bc 41.50d 1.10ab 1.70ab 86ab 112bc
1.3 38.75abc 48.25bcd 1.18ab 1.73a 99ab 122bc
25 40.50abc 47.75bcd 1.25ab 1.90a 117a 140abc
5.0 45.00ab 54.25abc 1.35a 1.95a 118a 150ab
10.0 47.25a 61.00a 1.30a 2.03a 126a 153ab
NPK fertilizer 46.50a 57.50ab 1.23ab 2.03a 114ab 1al8
CV (%) 21 17 17 16 32 27

* Means within each growth parameter and samplimg followed by the same letter or none at allraoe

significantly different at p < 0.05.
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2.3.2 Sheep manure application effects on fredt gieAmaranthus

Fresh matter yield (leaf, stem and shoot) increasgaficantly with an increase in sheep
kraal manure application rate (Table 2.2). Where fates of kraal manures(2.5 t ha)
were applied, leaf stem and shoot fresh mattedyi@lere comparable to unfertilized
control both at 30 and 60 DAT except for shoot \Weigt 60 DAT. Higher rates of kraal
manure (5 and 10 t Haproduced higher fresh matter yields than the mitifed control
and were comparable to the NPK fertilizer, indicgta response to greater addition of
nutrients. At higher rates, the results comparelll with those reported by Makus (1984)
for different accessions of the crop fertilizedwihineral fertilizer at recommended rates
for spinach. However, they were lower than thogoned by Allemanret al (1996) for
different varieties ofAmaranthusat ARC-Roodeplaat Vegetable and Ornamental Plant
Institute’s Research Station, Pretoria. The diffee2was attributed to heavy fertilizer
application and irrigation water used in the stbghyAllemannet al. (1996) in relation to
dry-land conditions used in our experiment, in @ gear (rainfall data were 116 mm,
13.6 mm and 57.1 mm for December, January and Bepmespectively), with almost
five times less basal fertilizer without topdresgiihe highest leaf fresh matter was at 5 t
ha' manure and in the inorganic fertiliser treatment 36 and 60 DAT, respectively.
These results indicate that a sheep kraal manypication rate of 5 t Hais critical to

maximizeAmaranthudresh matter yield if the crop is to be used asgetable.
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Table 2.2: Effects of sheep kraal manure appliocatio fresh matter yield &maranthus

Manure rate Leaves Shoots
(t hat) (g plant®) (g plant®) (g plant®)
30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
0 18.88d* 28.50c 21.73d 45.76d 45.66¢ 97.16d
0.3 25.85cd 51.82bc 31.39cd 66.08cd 67.47hc 138.66¢
0.6 31.08abcd 56.05bc 43.33bcd 66.43cd 96.14abc .53did
1.3 28.48bcd 54.06bc 43.93bcd 96.90bcd 103.27abc  4.70abcd
2.5 38.90abcd 68.21abc 51.55abcd 113.15abcd 10®:54a 194.85abc
5.0 50.45a 77.25ab 78.00ab 129.40abc 149.17a 249.05
10.0 48.88ab 78.73ab 90.28a 156.60ab 149.72a 262.45
NPK 41.95abc 104.10a 70.28abc 181.38a 127.94ab 258.80a
fertilizer
CV (%) 39 46 53 49 50 35

* Means within each yield parameter and samplimgetifollowed by the same letter or none at all ave n

significantly different at p < 0.05.

2.3.3 Effects of sheep manure rates on dry mattdrgaain yield of Amaranthus

Dry matter (leaf, stem and shoot) yields increasetl increase in manure application

rate (Table 2.3). At 30 DAT, manure applicationesabf> 2.5 t hd and the NPK

fertilizer, produced greater shoot dry-matter yselthan the unfertilized control. The

results were lower than those reported by Allemeinal. (1996) and the difference could

be attributed to differences in soil moisture aedilization. The unfertilized control

produced yields which were comparable to those afure rates from 0.3 to 1.27 tha

Elbehriet al (1993) reported improved forage yieldArharanthusas a result of nitrogen

addition. The findings suggested that 2.5 t ls& sheep kraal manure would supply

24



sufficient nutrients (compared to recommended lieet) for vegetableAmaranthus
especially when the leaves are to be harvestedaiireg age (30 DAT) as recommended
and practiced in the Eastern Cape (Wehmeyer an@, R@#33; Bhat and Rubuluza,
2002). This critical manure rate is lower than ¢ine based on fresh matter and this could
be a result of differences in water uptake of tlam{s at the time of sampling. From the
differences in fresh and dry matter, the resulticited that the plants in the 5 t*ha
manure treatment took up more water than in the BB treatment. Grain yield did not
respond to sheep kraal manure or fertilizer apptinawhen compared to the control

(Table 2.3).

Table 2.3: Effects of sheep kraal manure applicatides on dry matter yield of

Amaranthus
Manure rate Leaves Stems Shoots Grain
(t ha') (g plant’) (g plant®) (g plant’) yield

30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT (g plot?

0 6.17¢c* 10.26f 4.11d 5.69d 17.11c 19.35c 362
0.3 8.44bc 14.62ef 6.15cd 10.09cd 21.88bc 28.74b 2 40
0.6 9.79abc 16.63de 7.55bcd 12.65bcd 26.67abc 131.27 405
1.3 9.75abc 18.32cde 7.71bcd 15.49bcd 27.03abc  9136.6 412
25 11.84ab 21.96bcd 9.30abc 18.28abc 29.35ab #5.97 428
5.0 12.49ab 23.52abc 9.86abc 22.28ab 30.74ab 46.97a443
10.0 13.44a 24.68ab 14.03a 25.35a 37.68a 49.77a 488
NPK fertilizer 12.16ab 27.72a 12.07ab 26.49a 38.09a 52.78a 532
CV (%) 30 19 38 39 27 16 33

*Means within each growth parameter and samplingetifollowed by the same letter or none at all ave n
significantly different at p < 0.05.

25



2.3.4 Sheep manure effects on nutrient composanonuptake of Amaranthilsaves

The composition of Ca, Mg, P, N and K in tAmaranthudeaves agreed very well with
those reported for different accessions of the drppgMarkus (1984) while Fe and Zn
were much lower. There were no effects of rate ahuane application on N, P, K, Ca,
Mg, and Zn composition oAmaranthusleaves at 30 DAT (Table 2.4). These results
agree with those of Ore-Oluwet al (1981) who reported no effects of nitrogen on
accumulation of Ca, K, N, Na, Cu and ZnAmaranthudeaves. However, uptake of N
and P in the leaves increased with increase in reaapplication rate with N uptake
reaching a maximum at a manure rate of 2.5"twaich corresponded with maximum
dry matter yield (Table 2.5). The findings indichthat 2.5 t hdor higher rates of sheep
kraal manure supplied larger amounts of nutrieemilting in greater nutrient uptake

(especially N and P), with subsequent increaseeshfand dry matter yields.

Leaf Fe composition results agreed with those tepoby Jansen Van Rensbuegal
(2004), and varied with manure and fertilizer aggion though no specific trend was
observed (Table 2.4). Rates of manure applicati@atgr than 0.6 t Ha however,
generally resulted in levels of Fe that were highan in the control treatment. The same
trend was observed for crude protein, which congbasell with other indigenous
vegetables consumed in the Eastern Cape, and tuld supplement the maize-based
diets with protein (Wehmeyer and Rose, 1983). Sikeeis an important element in

human nutrition, these results suggest that intexidio improving yields, fertilization of
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Amaranthuswith sheep manure will have the added benefiingdroving its nutritional

value, including Fe.

Table 2.4: Effects of sheep kraal manure applicabe nutrient composition oAmaranthus

leaves at 30 DAT.

Manure Rate Selected nutrients
(t ha®) N P K Mg Ca Fe Zn
%) s e (mg kg") -
0 2.17* 0.09 3.3 1.4 3.9 60.0bc 2.9
0.3 2.19 0.12 3.5 1.4 3.9 46.9c 3.2
0.6 2.57 0.09 3.8 1.3 3.6 132.3a 24
1.3 2.34 0.12 3.4 1.3 3.8 90.9abc 2.2
25 2.53 0.12 3.6 1.5 3.7 100.6abc 2.3
5.0 2.13 0.11 3.7 1.3 3.5 81.1abc 25
10.0 2.25 0.13 4.3 1.5 3.7 97.8abc 3.8
NPK fertilizer — 2.47 0.14 4.7 1.3 3.7 116.5ab 23
CV (%) 17 14 16 13 12 43 49

*Means within each nutrient followed etsame letter or none at all are not significaditfierent at

p <0.05.
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Table 2.5: Effects of sheep kraal manure rate driemi uptake iMAmaranthudeaves at

30 DAT
Manure Rate Nutrient uptake Crude protein
(t ha') (mg plant’) (g plant’)
N P K Mg Ca
0 134c 6.03d 207 82 240 0.84c
0.3 178bc 9.05cd 288 116 324 1.11bc
0.6 264ab 9.88bcd 360 138 352 1.65ab
1.3 262ab 11.88abcd 310 130 369 1.64ab
2.5 308a 13.10abc 482 176 436 1.93a
5.0 273ab 13.38abc 506 158 443 1.71ab
10.0 267ab 17.83a 520 182 503 1.67ab
NPK fertilizer 315a 16.80ab 565 154 452 1.97a
CV (%) 35 35 34 34 34 21

*Means within each nutrient followed by theee letter or none at all are not significantlyfefiént at

p <0.05.

2.3.5 Effects of sheep manure application ratesesidual soil nutrient composition

Residual soil pH increased from 5.4 to 5.8 in reseoto increasing manure rate from 0
to 10 t h& whereas the NPK fertilizer depressed it (Table.Mgnure rates < 2.5 t fia
had post cropping pH values which were comparablée unfertilized control, whereas
higher rates had significantly higher pH valuesQy®8). There was no effect of manure
rate or fertilizer on residual soil N, suggestihgttthe crop had exhausted the soil N from

manure or fertilizer and this could have restrictgutake of other nutrients. Lower
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manure rates<(1.3 t ha') resulted in lower residual soil P than the higtates (2.5-10 t
ha'), which had lower P levels than the NPK fertilif@able 2.6), which agreed with
Eghball and Power (1999), who reported an accuioulaf soil P as a result of manure
application. This could probably benefit the nextpcgrown on this soil.

Although residual soil K from plots fertilized withPK fertilizer, and low manure rates
(0.3-1.3 t hd), compared well with the unfertilized control, arcrease at higher kraal
manure rates (2.5 -10 t ewas observed. All the treatments ranged at nf@e 200 mg

K kg™ and above the critical level of 80 — 120 mg K'K@ornmanet al, 1989) which
explains the lack of K uptake response to manufertitizer application. The results are
in agreement with Laker (1976), who reported thmgeneral, South African soils do not
have K deficiency problem. Although the uptake of Mid not respond to manure and
fertilizer application, however, its residual lewéhcreased at manure rates of 5 and 10 t
ha' (Table 2.6). Calcium ranged between 3914 and 46§Ca kg' and the manure rate
of 10 t h& gave a significantly higher calcium level thantak other treatments (Table
2.6). Low manure rates (0.3-1.3 thajave residual Zn levels comparable to unferiiize
control, while higher rates>(2.5 t ha') had higher levels indicating that the application
of sheep manure can increase the zinc fertilitgedfcient soils. In this study, however,
Zn was not a problem as levels in all treatmentduting the control were within or
above the critical range of 1.5 — 2 mg ZiK@ornmaret al, 1989). The inorganic NPK
{2:3:4(30) + 0.5% zn} fertilizer treatment had thagyhest level of residual Zn (Table 2.6)

because the fertilizer contained Zn in its formuolat
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Table 2.6: Effects of sheep kraal manure applicatiates on residual soil nutrient

composition
Manure  pH Total N OC (%) Selected nutrients
rate (KCI) (%) (mg kg")
(t hat) P K Mg Ca Zn
0 5.40c 0.07 1.70b 4.00d 212.00d 309.70c 3914b el.61
0.3 5.50c 0.09 1.93a 4.50d 203.28d 325.63bc 3943b .13cde
0.6 5.45¢c 0.09 1.74ab 4.87d 237.55d 344.83bc 3900b 1.88de

1.3 5.50c 0.10 1.88ab 6.21d 268.75d 359.75bc 3822b 2.02cde
2.5 5.55bc 0.10 1.89ab 15.28c 351.75¢c 350.50bc B038 2.28bcd
5.0 5.70ab 0.09 1.92a 19.50c 433.61b 376.00b 4019 b2.43bc
10.0 5.80a 0.09 1.87ab 28.00b 533.75a 456.50a 4690a2.78b

NPK 5.20d 0.09 1.78ab 36.23a 267.25d 362.63bc 3968b  4a6.0

fertilizer

CV (%) 2.02 17.50 7.01 29.21 14.36 10.71 9.32 13.12

*Means within each soil nutrient followed by thersaletter or none at all are not significantly diéint at

p <0.05.

2.4 CONCLUSIONS

Sheep kraal manure rates of 2.5 téwhigher could result idmaranthusgrowth, yield
and nutrient uptake, similar to that of the recomdesl NPK{2:3:4(30) + 0.5% Zn}
fertilizer at 150 kg hd under dry land conditions of the Central Regiorthef Eastern
Cape. In addition to improved growth, the crop wasched with iron and crude protein,
important for human nutrition. Sheep manure hadmang effect and high residual

fertility as indicated by high levels of P, K, MgdZn at harvest tim&maranthuseed
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not be fertilized with mineral fertilizers whereedp kraal manure or other forms of
manure are available. Fertility requirementsAoharanthuscould vary, with soil type,
and/or in intercropping systems. Organoleptic tastsneeded to establish whether or not
the yield increase observed with manure additios atahe expense of the good taste of

the vegetable.
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CHAPTER 3

EFFECTS OF SHEEP KRAAL MANURE APPLICATION RATES ON
GROWTH, YIELD AND NUTRIENT COMPOSITION OF A VEGETAB LE
AMARANTHUS ACCESSION GROWN IN TWO DIFFERENT SOILS UNDER

GLASSHOUSE CONDITIONS

3.1 INTRODUCTION

Amaranthusis among more than 100 different popular indigenapecies that are
gathered from the wild by communities in the East@ape (Wehmeyer and Rose, 1983).
However, indigenous vegetables are not cultivaethbse vegetable production mainly
focuses on cultivation of exotic species such dsbage, spinach, onions, peas and
carrots in gardens of about 0.1 to 0.3 ha nexhéohomesteads (Mandiringaet al,
1996). In most instances, production of exotic vales is difficult because of harsh
climates, poor soils and resource-poor conditiofslevmost indigenous vegetables,
when cultivated, grow well in areas unsuitable @owth of introduced or exotic

vegetables (Jansen Van Renshketrgl, 2004; Aphanet al, 2003).

Amaranthugs often grown on acid, marginal soils under sstiesice conditions (Foy and
Campbell, 1984, Lui and Stutzel, 2002). In sandymicsoil, the crop has been reported to
grow well even when the soil moisture ranged bebhn&e 18 %, indicating that it has an
ability to perform well under low soil moisture eronments (Liu and Stutzel 2002).
The cropgrows well on wide range of soil types with goodtevaholding capacity

including loam or silty-loam soil and can toleratsoil pH between 4.5 and 8.0 (Palada
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and Chang, 2003). Most soils in former homelandSafth Africa have very low fertility
status (Laker, 1976). In Eastern Cape, soils contawv amounts of plant nutrient
elements except S, Mn, Zn, Cu and B and are shdiEnause climate in some places is
too dry for deep soils to develop (Mandiringaal., 2005; van Averbeket al,, 2006).

The production potential of these soils is oftenited by such factors as low infiltration
rate, soil compaction, acidity, phosphorus, nitrogand sometimes potassium
deficiencies and low organic carbon contents (Mk#@01; Mnkeni and Mkile, 2006).
Although Amaranthuss known to be a low management crop that can gngvoor soils,
its yields could be improved by application of ilezéers (Palada and Chang, 2003).
Myers (1998) and Schippers (2000) reported Araaranthusesponds well to good soil
fertility and organic matter. Information on fertyl requirements of both grain and
vegetableAmaranthudgs scanty (Elbehret al, 1993) but Mhlontlcet al (2007) reported
that sheep kraal manure rates as low as 2.5'tphaduced significant increases in the
fresh and dry matter yields of a lodainaranthusaccession in the Central region of the

Eastern Cape.

Even though some farmers use kraal manure in ttogiresteads to address problems of
declining soil fertility (van Averberke and de Lagl995; Mnkeni and Mkile, 2006;
Mafu, 2006), poor soil fertility in the Ciskei reyi has often been associated with
practices of monoculture and continuous croppingchvinesults in removal of nutrients
with little or nothing being returned to the soih@ther in the form of chemical fertilizer
or manure (Mandiringanet al 2005; Mkile 2001). The response Afaranthusto soll

fertility management could therefore be dependargal type. A pot study was therefore
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conducted to evaluate the effects of sheep kraalinreaon performance @&maranthus

grown in two soils collected from different villagén Central Eastern Cape.

3.2 MATERIALS AND METHODS

The experiment was conducted in a glasshouse dtriheersity of Fort Hare between
December 2006 and February 2007. The soils usedl eadlected from Ntselamanzi and
Gqgumahashe Villages in the Central Eastern Cape.Qddumahashe experimental site
used in the previous field experiment, (Chaptem@)s no longer available for the second
season, and the only available land was at Somgkada near Ntselamanzi Village.
The Gqumahashe soil was sandy loam classified esstinecho family of the Mayo
form (Soil Classification Working Group, 1991). dontained 14.2 % clay, 0.73 %
organic carbon, 2.0 mg P kg207 mg K kg, 2802 mg Ca kg, 355 mg Mg kg and 2.4
mg Zn I* with pH of 4.7 (KCI). The Ntselamanzi soil was dgroam classified as the
Ritchie family of the Oakleaf form (Soil Classiftean Working Group, 1991), with 14.2
% clay, 0.73 % organic carbon, 9.5 mg P'k867 mg K kg, 3874 mg Ca K¢, 315 mg

Mg kg* and 2.4 mg Zn with pH 5.5 (KCI).

Each soil type (not sieved) was filled into thisix (10 kg) pots to give a total of seventy
two pots. Sheep kraal manure collected from NtsafanVillage containing 2.1% N, 7.1
% Ca, 1.5 % Mg, 3.0% K, 0.2 % P, 13354 ppm Fe ab@ @om Zn was applied at
different rates {0, 1.3, 2.5 5.0 and 10 t/ha} te ffots and inorganic NPK fertilizer {2:3:4

(30) + 0.5% Zn} was applied at rates recommendedsponach at both soils (Makus,
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1984). The manure was collected from the same las#ite one used in the Ggumahashe
field experiment in Chapter 2 and the differencenutrient composition was because of

different seasons.

Seedlings of an unclassified lo&aharanthusaccession, raised in seedling trays for three
weeks, were transplanted in January 2007. Two ®ldat each treatment were
transplanted into two separate pots, which formealreplicate. The treatments were then
arranged in a randomized complete block design (BCBith three replications. Pots
were watered daily in the morning to replenishwzer lost through evapotranspiration,
until harvesting at 30 days after transplanting {PAPlants were harvested by cutting
from the ground level after which stem girth, pléeight, number of leaves and fresh
and dry matter (stems and leaves) were determibigdmnatter was determined by drying

at 60°C to constant mass.

Dried leaf samples were ground, digested and aedlfa total N, P, K, Ca, Mg, Fe and
Zn as described by Okalebo, Gathua and Woomer J2002se were extracted by wet
digestion using the concentrated sulphuric acignsem, lithium sulphate and hydrogen
peroxide mixture (Anderson and Ingram, 1996). Tévecentration of P in the digest was
then determined by the molybdenum blue colorimetnethod while total bases were
determined in an aliquot of the digestd sampletbyn& absorption spectrometry (AAS).
Total nitrogen (N) was measured using a TruspecGakbon / Nitrogen Determinator
(Anonymous, 2003). Nutrient uptake (N, P, K, Ca,,Mg and Zn) was calculated from

the leaf dry matter yield and the composition & tiutrients in the leaves. Soil in the
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pots was sampled after experiment for determinatioresidual soil nutrients. The data
obtained were subjected to analysis of variance@¥M) using the MStat C statistical
software and least significant differences (LSD)5% significant level, were used to

separate the means.

3.3 RESULTS AND DISCUSSIONS

3.3.1 Chemical and physical properties of the eixpental soils used in the glasshouse
study

Laboratory results indicated that Gqumahashe sad acidic and low in nutrients (P, K,
Mg, Ca and Zn) when compared to the Ntselamantki($able 3.1). Both soils did not
have K, Ca and Mg deficiency problems but the Gdwshe soil had below critical
levels of P and Zn whereas the Ntselamanzi sdiliielhe medium range (Bornmaet
al., 1989). The results are consistent with Laker76)}9~vho reported that, in general,
South African soils do not have K deficiency prableThe texture of both soils was
sandy loam but the Ntselamanzi soil had more sadctay whereas the Gqumahashe

soil had more silt.

3.3.2 Effects of manure application rates on growfthmaranthus in two different soils

In both the Ggqumahashe and the Ntselamanzi sdéaf peight, stem girth and number

of leaves increased significantly with increasedakrmanure application rates (Table

3.2). In the Ntselamanzi soil, the 10 t'naanure treatment had plant height comparable
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to those fertilized with NPK fertilizer while in ¢h Gqumahashe soil, the manure
treatments> 2.5 t ha compared well to NPK fertilizer. The results agvéth Elbehriet

al. (1993) who noticed an increased plant height dusd¢reased nitrogen application
rates. Although, plants grown in the Ntselamanii Bad greater plant heights when
compared to those grown in Ggumahashe soil, thierdifce was not statistically
significant. The manure treatment$ t ha had stem girth that compared well with those
fertilized with NPK fertilizer in Ntselamanzi soWhereas in the Gqumahashe soil, all
manure treatments compared well with NPK fertilizehich agreed with the findings of
the field work with the Ggqumahashe soil as in Caagtand in Mhlontleet al (2007).
No significant difference was observed in stemhgdtie to soil type. In the Ntselamanzi
soil, all manure treatments had more leaves whempaoced to unfertilized control plants
and compared well to plants fertilized with NPKtilezer. However, in the Gqumahashe
soil, only plants in the manure treatments t ha' compared well with those fertilized
with NPK fertilizer while plants fertilized witke 2.5 t h&d manure compared well with
unfertilized control. Generally, plants grown irethtselamanzi had many leaves than
those grown in the Gqumahashe soil. The results@isistent with Spreett al. (2004)
who reported increased number of leavedAofaranthusas a result of application of
poultry manure, kraal manure and inorganic NPKilieer. The variations in responses to
manure treatments could be explained by the diffae in the fertility status of the two

soils, with the Ntselamanzi soil being more feréited less responsive to manure.
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Table 3.1: Chemical and physical properties ofNke=lamanzi and Gqumahashe soils

a. Chemical properties of soils from Ntselamand &gumahashe

Site P K Ca Mg Zn pH Total cations
mg kg soil --cmol(+) 1*--

Ntselamanzi 9.5 367 3874 315 2.4 5.0 23.71

Ggumahashe 2 207 2802 355 14 4.7 17.43

b. Physical properties of soils from Ntselamanzl @gumahashe

Property Ntselamanzi Ggumahashe
% Sand 69.8 57.8

% Clay 14.2 10.2

% Silt 16.0 32.0

% Corse Sand 1.0 3.6

% Medium Sand 8.4 2.9

% Fine Sand 60.5 51.4
Classification Sandy loam Sandy loam

3.3.3 Effects of sheep manure application ratesfresh and dry matter yields of

Amaranthus in two different soils

Fresh matter yield (leaf, stem and shoot) respopdsdively to applied sheep manure in
both soils (Table 3.3). Fresh leaf weight of plafegilized with < 5 t ha manure
compared well to the unfertilized control while #ean the10 t/ha manure treatment were

comparable to plants fertilized with NPK fertilizém the Ntselamanzi soil. In the
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Gqumahashe soil, plants in manure treatmen&5 t h& had fresh leaf weight that
compared well to plants fertilized with NPK fertdir and greater than in the 1.3 t'ha
manure treatment and the unfertilized control. the Ntselamanzi soil, manure
treatments> 5 t ha' manure had fresh stem and shoot yield comparablplaots
fertilized with inorganic NPK fertilizer while thesfertilized with< 2.5 t h& manure
compared well with unfertilized control. Howeven,the Gqgumahashe soil, plants in the
manure treatments 2.5 t hd manure had fresh stem weight that compared weh wit
NPK fertilizer treatment and greater than in th@ tlha' manure and unfertilized control

treatments. All manure treatments had greater fshsbt yield than the unfertilized

Table 3.2: Effects of sheep manure applicationsrated on growth cAmaranthusn two

different soils

Manure Rate Plant Height Stem Girth Number of leaves
(t ha') (cm) (cm)
Ntse Gqu Ntse Gqu Ntse Gqu
0 45.77de* 33.37f 0.70cd 0.50d 60d 52d
1.3 51.67bcde 45.03e 0.88bc 0.95b 82ab 64cd
25 53.43bc 49.77bcde 0.88bc 0.93b 82ab 64cd
5.0 52.90bcd 49.50bcde 1.00ab 1.20a 90a 74bc
10 55.83ab 50.33bcde 1.07ab 0.87bc 84ab 76b
NPK fertilizer  61.50a 47.67cde 1.03ab 1.02ab 84ab 1lab8
CV (%) 10.28 16.33 11.71
Ntse = Ntselamanzi Soil Gqu = Ggumahashe Sail

*Means within each growth parameter and soil typkofved by the same letter are not significantly

different at p < 0.05 according to the LSD test
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control but were comparable to the NPK fertilizexatment. There ware no significant

differences observed on fresh matter yieldofaranthusglue to soil type.

Amaranthugdry matter yield increased as a result of increasestp manure application

in both soils (Table 3.4). In both soils, plantstificed with manure (1.3-10 t Ha had

dry leaf weight comparable to the NPK fertilizeeatment and greater than the

unfertilized control. A similar trend was obseniaddry stems and shoot yields of plants

grown in the Ggumahashe soil whereas plants growtheé Ntselamanzi soil did not

respond to manure application. This variation cduddexplained by the better fertility

status of the Ntselamanzi soil.

Table 3.3: Effects of sheep manure applicationsrate fresh weight oAmaranthusin

two different soils.

Manure rates Leaves Stems Shoots
(t ha®) (g plant®) (g plant®) (g plant®)
Ntse Gqu Ntse Gqu Ntse Gqu
0 11.28ef* 10.97f 17.21d 18.33d 28.49d 29.29d
1.3 13.14def 16.32bcd 21.53cd 24.42bc 34.67cd 4074
25 13.36def 17.41abc 22.03cd 26.14abc 35.41bcd 544B.
5.0 14.97cde 19.15ab 25.22abc 27.34ab 40.19abc 9a16.4
10 17.50abc 18.08abc 29.84a 24.67abc 47.34a 42.75ab
NPK fertilizer ~ 21.08a 18.74ab 26.77abc  24.56abc 854a. 43.31ab
CV (%) 15.93 14.91 13.97

Ntse = Ntselamanzi Soil

Gqu = Ggumahashe Sail

*Means within each yield parameter and soil typéofeed by the same letter are not significantlyfetiént
at p < 0.05 according to the LSD test.
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Table 3.4: Effects of sheep manure applicationsrated soil type on dry matter yield of

Amaranthhus
Manure rates Leaves Stems Shoot
(t ha®) (g plant’) (g plant®) (g plant®)
Ntse Gqu Ntse Gqu Ntse Gqu
0 2.20bc* 1.38c 3.85ab 1.38c 6.05ab 2.77c
1.3 3.30ab 3.22ab 4.87a 3.13abc 7.65ab 5.35b
25 2.73ab 3.50a 4.05ab 3.47ab 6.90ab 6.32ab
5.0 3.52a 3.85a 4.50ab 3.38ab 7.23ab 7.32ab
10 3.50a 3.33ab 4.52ab 3.08bc 8.10a 6.93ab
NPK fertilizer  3.72a 3.65a 3.68ab 3.10abc 7.40ab 77&b
CV (%) 24.97 34.03 24.94

Ntse = Ntselamanzi Soil

Gqu = Ggumahashe Sail

*Means within each yield parameter and soil typéofeed by the same letter are not significantlyfetiént

at p < 0.05 according to the LSD test.

3.3.4 Effects of sheep manure application ratesiatmient composition and uptake of

Amaranthus leaves grown two different soils

The concentrations of N, P, K and Mg in leavesAofaranthuswere lower than those

reported by Makus (1984) and Mhlon#b al (2007) who conducted their studies under

field conditions (Table 3.5). The difference coblg as a result of the photoperiod effect

affecting the pot study commenced in January coatpéo the field studies that were

established in December. In the Gqumahashe saibgein concentration in manure

treatments (1.3 - 10 t Hx compared well to those fertilized with NPK fetér.
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Although nitrogen concentration increased with ntamapplication in Ntselamanzi soll,
there was no specific trend. There was more nitr@geumulation in plants grown in the
Gqgumahashe soil than those in Ntselamanzi soilsptmrus, K and Mg did not show
significant response to the applied sheep manubetin soils although there was more P
accumulation in plants fertilized with NPK fertiéz In both soils, Ca increased with an
increase in manure application. In the Gqumahashelants in the manure treatments
had Ca accumulation comparable to those fertilizegd NPK fertilizer, whereas manure
application resulted in lower Ca accumulation thia@ NPK fertilizer treatment in the
Ntselamanzi soil. Concentration of Fe in leavesnianure treatments, in Ntselamanzi
soil, compared well with unfertilized control butas/ less than in the NPK fertilizer
treatment, while manure treatment$ t ha" manure had Fe accumulation comparable to
those fertilized with NPK fertilizer in the Gqumathee soil. There was more Fe
accumulation in the Ggumahashe soil than in Ntsatennsoil. Accumulation of Zn did
not respond to manure or fertilizer application MNiselamanzi soil where in the
Gqumahashe soil, plants fertilized with manure &KNertilizer accumulated more Zn
than the unfertilized control. Concentration ofrarits in the leaves could be explained
by the manure level and the fertility status of $lod, suggesting that a fertile soil would
not respond to manure addition. Uptake of N, P &nhdvas improved by manure
application although it was less than in plantsilieed with NPK fertilizer (Table 3.6).
In both soils, uptake of N, P, and K increased viiitreased manure application but it
was not significantly different from the unfertdid control. Uptake of Ca in plants
fertilized with manure in the Gqumahashe soil, cared well to those fertilized with

NPK fertilizer and was more than in the unfertiizeontrol. In the Ntselamanzi soil, Ca
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uptake in plants fertilized with manure compared veeunfertilized control and was less
when compared to plants fertilized with NPK fertlr. Uptake of Mg did not respond to

manure or fertilizer application.
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TABLE 3.5: Effects of sheep manure application atrient composition oAmaranthudeaves grown in two different soils.

Manure Selected nutrients in leaves
rate N P K Mg Ca Fe Zn
(tha?) L — mg kg"
Ntse Gqu Ntse Gqu Ntse Gqu Ntse Gqu Ntse Gqu Ntse qu G Ntse Gqu
0 1.5e 2.3cd 0.2e 0.2e 2.7a 26ab 0.8 0.8 459 e5.8A203.7f 460.3de  57.7a 42.7b

1.3 1.6e 3.1ab 0.2e 0.2cde 2.2b 2.7a 0.7 0.8 4.%glabc 204.0f 715.0c 61l.7a 64.3a
2.5 1.7de 29abc 0.2cde 0.3cd 2.7a 2.7a 0.8 0.8 fg 4.6.5abc  235.7ef 1019.3b 64.3a 70.0a
5.0 1.8de 3.4ab 0.3cd 0.3bc 2.8a 2.8a 0.8 0.8 5.08g’a 259.3ef 1040.3ab 64.0a 66.3a
10 1.7de 3.0ab 0.2de  0.3cd 2.7a 2.8a 0.8 0.8 5.Z0bcd 265.0def 1162.7ab 61.3a 61.7a

NPK fert. 2.9bc 3.6a 0.4ab 0.4a 2.9a 2.8a 0.8 0.8.0cd6 6.6ab 497.7cd  1265.0a 61.3a 62.3a

CV (%) 16.6 17.9 10.2 1.4 6.6 22.6 11.9

Ntse = Ntselamanzi Soil Gqu = Gqumahashe Soil

*Means within each nutrient and soil type followlegthe same letter are not significantly differahp < 0.05 according to the LSD test.
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TABLE 3.6: Effects of manure application on nuttiarptake of Amaranthusleaves

grown in two different soils

Manure Nutrient uptake
Rates (mg plant')
(t ha®) N P K Ca Mg
Ntse Gqu Ntse Gqu Ntse Gqu Ntse Gqu Ntse Gqu

0 11.0d 29.1cd 0.2d 0.2cd 37.0de 34.8e 101.1f #e9.728 2.9
1.3 13.0d 47.1abc 0.2cd 0.3bcd 36.7de  36.9de 121.709.7abc 2.8 2.9
2.5 142d 43.1bc 0.3bcd 0.4bc 37.9bcd 37.4cde 108.213.0ab 29 2.8
5.0 16.6d 58.7ab 0.4bc 0.4b 38.2bcd 38.7abcd 126.324.3a 28 29
10.0 14.3d 45.0bc 0.2cd 0.4bc 37.0de 40.2abc 185.a81.7bcd 2.8 2.8

NPK  41.5bc 65.7a 0.7a 0.7a 41.2a 40.7ab 175.7cd 216.32l9 2.8

fert.

CV (%) 35.2 35.9 4.5 13.2 2.7

Ntse = Ntselamanzi Soill Gqu = Ggqumahashe Sail
*Means within each nutrient and soil type followleglthe same letter are not significantly differahp <

0.05 according to the LSD test

3.3.5 Effects of sheep manure application ratesesidual soil nutrientsn two different
soils

The NPK fertilizer treatment resulted in lower pHalwes than manure and the
unfertilized control treatments (Table 3.7). Thearas no effect of manure or fertilizer
application on residual soil nitrogen in both soakich could suggest that the plants
exhausted nitrogen from manure or fertilizer. Aligb organic carbon (OC) increased
with manure rate in the Gqumahashe soil, there measpecific trend observed in the

Ntselamanzi soil. In the Gqumahashe soil, manuesta2.5 t hd resulted in greater
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residual soil OC than the NPK fertilizer and thefeuntilized control treatments.
Ntselamanzi soil had less residual OC when compar&thumahashe soil.

Residual soil P increased significantly with in@ea@ manure application in both soils,
although the Gqumahashe soil had lower residubaR the Ntselamanzi soil. The results
agree with Eghball and Power (1999) who reportediiaalation of soil P as a result of

manure application.

In both soils, residual soil K was observed to beva the critical levels of 80 to 120 mg
K ha' (Bornmanet al 1989). The 10 t amanure rate compared well with the NPK
fertilizer while manure rates 5 t ha' were comparable to unfertilized control. The
Gqgumahashe soil had more residual soil K when coaetp#o the Ntselamanzi soil.
Although both residual Mg and Ca increased with umerapplication in Ntselamanzi
soil, the increase was not consistent, whereag thvas no response in the Gqumahashe
soil. This may be due to the fact that these muiisievere above the critical levels.
Gqgumahashe soil had more of these nutrients wheipaeed to Ntselamanzi soil.

Zinc was not a problem in both the NtselamanzitliedGqumahashe soils as levels in all
treatments including the unfertilized control watgove the critical range of 1.5 — 2 mg
Zn kg' (Bornmanet al, 1989). In both soils plots fertilized with NPrfilizer had
highest levels of residual Zn when compared tospfettilized with manure and the
unfertilized control. This observation could be kped by the Zn included in the
formulation of the NPK fertilizer. The Gqumahasloé fiad greater residual Zn when

compared to the Ntselamanzi soil.
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Table 3.7: The effects of manure application omndres nutrients of two different soils

Manure pH Total N oC Selected nutrients

rate (KCI) % % P K Mg Ca Zn
(tha’) mg kg'
Ntse Gqu Ntse Gqu Ntse Gqu Ntse Gqu Ntse Gqu Ntse qu G Ntse Gqu Ntse Gqu

0 5.0de* 4.7f 0.1 0.1 0.7e l.4bc 16.2f 6.9f 147h 4d9 417.7c 606.7a  1950d 4041lab  3.13de 4.6¢d
1.3 5.0de 4.8ef 0.1 0.1 0.9d 1l.4c 31.5de 14.7f A77863bc 410.3c 678.3a 2075cd 4049ab  2.79e 6.3c
2.5 5.2bcd  4.9¢f 0.1 0.1 0.8de 1.5ab 39.4c 19.7d&98gh 343cd 427.0c 671.3a 2051cd 3985b 3.75de 6.7
5.0 5.3bc 5.1cde 0.1 0.1 0.7e 1.6ab 40.9c 20.5ef 6fg20381bc 415.7c 659.0a 2010d 4219a 2.50e 6.4b
10 5.7a 5.4b 0.1 0.2 0.8de 1.7a 68.5b 34.7cd 29748a  479.0b  651.0a 2268c 4017ab  3.39de  5.7bc

NPK fert 4.2g 4.49g 0.1 0.2 0.5f 1l.4c 168.3a 62.8b 6262 410ab 389.7c 622.3a 1893d 4087ab  9.61a 8.4a

CV (%) 3.28 13.0 7.1 21.7 11.6 8.1 4.4 19.4

Ntse = Ntselamanzi Soil

Gqu = Gqumahashe Soil

*Means within each soil nutrient and soil type éolled by the same letter are not significantly défe at p < 0.05 according to the LSD test.
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3.4 CONCLUSIONS

Plants grown in the Ntselamanzi soil had greatantpheight when compared to those
grown in the Gqumahashe soil. However, there wagemositive response to manure
application in plants grown in the Gqumahashe thaih those in Ntselamanzi soil. As a
result, plants grown in the Gqumahashe soil accatedimore fresh and dry matter yield
even when low manure rates 2.5 t hd) were applied. There was more response in
terms of accumulation of nutrients such as N, Cd &e in plants grown in the
Gqgumahashe soil when compared to those in the atselzi soil. There were also more
residual nutrients (OC, K, Mg and Ca) left in thegugahashe soil than in the
Ntselamanzi soil. Whereas the reverse was trusdorP, these nutrients could benefit
the next crop, and the P accumulation could hagathes effects if it ends up in surface

water bodies where it causes eutrophication.
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CHAPTER 4

EFFECTS OF SHEEP KRAAL MANURE APPLICATION RATES AND
INTERCROPPING WITH MAIZE ON GROWTH, NUTRIENT UPTAKE  AND
YIELD OF VEGETABLE AMARANTHUS ACCESSION IN CENTRAL

EASTERN CAPE, SOUTH AFRICA

4.1 INTRODUCTION

Small-scale crop production in the Eastern Capeadses mainly on growing crops such
as maize, beans and pumpkins on individual holdioyvetween 1 and 3 ha and
vegetable production of cabbage, spinach, oniogas and carrots in gardens near their
homesteads (Mandiringaret al, 2005, Yoganathaet al, 1998). Farmers use kraal
manure in their homesteads to address problemsatihthg soil fertility (van Averberke
and de Lange, 1995; Mnkeni and Mkile, 2006; MafdQ&). Myers (1998) and Schippers
(2000) reported thadAmaranthusresponds well to good soil fertility and organiatter.
Information on fertility requirements of both graamd vegetablémaranthusis scanty
(Elbehriet al, 1993). Mhlontloet al. (2007) reported that sheep kraal manure apptied a
rates of 2.5 t H&or higher resulted in growth, yield and nutrieptake ofAmaranthus

similar to those of recommended NPK fertilizer.

Research has demonstrated that more land is usegjlyred in mono-cropping than
intercropping to produce the same vyield per ungaafMukhalaet al, 1999). Willey
(1979) reported that higher yields are usually ioleéh from intercropping because the

components crops are in some way able to utilizewvtir resources such as light,
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nutrients and water rather differently, so that wigeown together they complement each
other and make better overall use of resources thlaen grown alone. Moreover,
intercropping provides more household nutrientsyretr area when compared to mono-
cropping (Mukhalaet al, 1999). Silwana (2000) reported that farmershia Transkei
Region of South Africa intercrop maize with cropgls as beans and pumpkins in their
farming systems. As a result of the limited goodldy land, these farmers are not likely
to grow Amaranthusas a sole crop but they could intercrop it witle #taple maize.
Amaranthusis reported to be among the crops which, whernréndpped with maize,
could improve household nutrition (Early, 1990) daets nutritional value, adaptability
to hot, dry climate and its potential for acceptafy processors and growers (Makus,

1984; Liu and Sttzel, 2004; Spreetét al, 2004).

No information could be found on intercroppioigAmaranthuswith maize in the Eastern
Cape, but there have been reports that intercrgpgfithese two crops was successful in
Bolivia (Early, 1990; Apaza-Gutierrez, 2002). InethU.S., Amaranthuscowpea
intercrops had better yield response when comparedwpea-millet intercrops (Myers,
1996). Responses @imaranthugo fertility management could therefore be affedigd

its companion crop in an intercropping system. Tdhiapter focuses on the effects of
sheep kraal manure application rates and interangpgith maize on the growth,
nutrient uptake and yield é&maranthusn the central Region of the Eastern Cape, South

Africa.
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4.2 MATERIALS AND METHODS

The experiment was conducted between November 2805May 2006 at Somgxada
Farm near Ntselamanzi Village, 3.4 km north of Alisetween latitudes 38652 and
32°46'46"S and longitudes 26026" and 265046"E. The soil was sandy loam classified
as the Ritchie family of the Oakleaf form (Soil &dication Working Group, 1991),
with 14.2 % clay, 0.73 % organic carbon, 9.5 mgP, 867 mg K kg, 3874 mg Ca kg
315 mg Mg kg and 2.4 mg Zn1 with pH 5.5 (KCI). Sheep kraal manure used in the
experiment was collected from Ntselamanzi Villagel @ontained 2.1% N, 7.1% Ca,

1.5% Mg, 3.0% K, 0.2% P, 13354 ppm Fe and 210 ppm Z

The experiment was arranged as a split plot inralamized complete block design
(RCBD) with four replications. Main-plots compriseaf sole Amaranthus maize-
Amaranthusintercropping and sole maize. Sub-plots comprieédive sheep kraal
manure rates (0, 1.3, 2.5, 5.0 and 10 ton¥ bad inorganic NPK fertilizer {2:3:4(30) +
0.5% Zn} applied at a rate of 100 kg"h@ecommended for spinach) as a positive control
(Makus, 1984). The land was ploughed and diskedgusactor-drawn plough and disk
harrow. Manure was broadcast in the designated plud incorporated into the soil using
a rotovator two weeks beforédmaranthusseedlings were transplanted. Inorganic

fertilizer was also applied by broadcasting anaiporated a day before planting.

One month old seedlings of an unclassiffedaranthusaccession were transplanted on

08" December 2005 and maize seed, cultivar PAN 6428, planted the following day.
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In sole crop plots, maize admaranthuswere planted in 4 m rows (Six rows per plot)
with an inter-row and intra-row spacing of 1 m &h8 m, respectively. Inter-row spacing
in the intercrop plots was similar to the sole cpbpts except thaAmaranthusoccupied
the middle of the inter-row spaces of maize whitdo abccupied inter-row spaces of
AmaranthusThe inter-row spacing between maize &mdaranthusvas therefore 0.5 m.
Seedlings were irrigated for the first week to asablishment and depended solely on
rain afterwards. Rainfall data was recorded througlthe growing season. Management
practices such as weeding were the same acrodsetitements and no pesticides were

applied.

Data collection and sampling was done at 30 and&@ after transplanting (DAT) of
Amaranthus Two plants were randomly selected from the twddia rows in each plot
and uprooted. Stem girth, plant height, numbereaivés and fresh matter yield (stems
and leaves) were determined, before dry matted lehves and stems) was determined
after drying in an oven at 80 to constant weight. Oven dried leaf samples \evend,
digested and analyzed for total N, P, K, Ca, Mg,aRd Zn as described by Okalebo,
Gathua and Woomer (2002). These nutrients weraaett by wet digestion using the
concentrated sulphuric acid, selenium, lithium bBate and hydrogen peroxide mixture
(Anderson and Ingram, 1996). The concentration of the digest was then determined
by the molybdenum blue colorimetric method whiléatdhases were determined in an
aliquot of the digestd sample by atomic absorpspactrometry (AAS). Total nitrogen
(N) was measured using a Truspec CN Carbon / Nitragnalyzer (Anonymous, 2003).

Nutrient uptake (N, P and K, Ca and Mg) was thdoutated from the leaf dry matter
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and the composition of the nutrients in the leawasnbers of leaves, stem girth, fresh
and dry shoot yields of maize were also determatetie same time. Maize grain yield at
12.5 % moisture content was also determined atiplogscal maturity. The data were
subjected to Analysis of variance (ANOVA) using tki&tat C statistical software and
least significant differences (LSD), at 5% sigrafit level, were used to separate the

means.

Analysis of the advantages of intercropping wasiedrout using the land equivalent
ratio (LER) both at 30 and 60 DAT (Mazaheti al, 2006). In calculating the LER, the
assumption was that almaranthuswould be harvested after 30 DAT or after 60 DAT
without continuous harvesting. Partial land eglamaratios (LERs) oAmaranthusdry
shoot yield and maize grain yield were calculateddetermine the effect of each
component crop in the intercrop, using the formuidr =3 (Ypi / Ymi), where Yp is
the yield of each crop in the intercrop and Ymhs yield of each crop in the sole crop
(Mazaheriet. al, 2006). The partial LERs were then summed to fneetotal LER for

the intercrop.

4.3 RESULTS AND DISCUSSIONS

4.3.1 Effects of sheep kraal manure applicationesabn growth of Amaranthus
intercropped with maize
Plant height, number of leaves and stem girtArofiranthusncreased with manure rates

at 30 and 60 DAT in both sole cropping and intgeping (Table 4.1). Intercropped
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Amaranthusplants had higher plant height when compared te smpped plants at
manure rates 2.5 t had', both at 30 and 60 DAT. While intercropped plafetdilized
with manure rateg 2.5 t hdwere comparable to NPK fertilizer, sole croppednisa
needed manure ratess t ha' to be comparable to NPK and lower rates comparéitove
unfertilized control. This could be as a resultompetition for light between maize and
AmaranthusWilley, (1979) also observed that intercroppechfdagrew faster than sole
cropped plants as a result they used nutrients reffi@ently when compared to sole
cropped plants. The results are also consisteiht thé& conclusion reached by Elbeéti

al. (1993) who reported th&maranthusplant height was increased at higher nitrogen

application rates.

At 30 DAT, intercropped plants grown with manuredtraore leaves and greater stem
girth when compared to unfertilized control. Manuaées 1.3 and 2.5 t Haresulted in
intercropped plants with comparable number of Isa®d stem girth but less than the 5,
10 t ha' manure and NPK fertilizer treatments. Sole croppledts fertilized with 1.3 t
ha' manure had number of leaves and stem girth corbleata unfertilized control.
While plants fertilized with 2.5 and 5 t henanure had comparable number of leaves and
stem girth, they were less when compared to 10ntdwaure and NPK fertilizer.

At 60 DAT, both intercropped and sole-cropped magrown with< 5.0 t h& manure
had comparable number of leaves with the unfeetilizontrol whereas plants grown with
10 t h& manure compared well to NPK fertilizer. This coblelas a result of exhaustion
of nutrients after 60 days of growth. Sole-croppksthts grown with manure>(1.3 t h&)

had comparable stem girth with those in the incig&iPK fertilizer treatment, whereas
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intercropped plants fertilized with 5 t ha" had stem girth comparable to the unfertilized
control at 60 DAT. Plants fertilized with 10 t hananure compared well with those

grown with inorganic NPK fertilizer.

Generally, intercropped plants had fewer leavesrmdwmpared to sole-cropped plants
and this could suggest that in intercropping systemre nutrients were partitioned

towards stem elongation than leaf production. Tseilts are in agreement with those of
Spreethet al. (2004), who also reported increased number eele@Amaranthuglue to

application of poultry manure, kraal manure andgaoic NPK fertilizer.
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Table 4.1: Effects of kraal manure application andrcropping with maize on growth simaranthus

Manure Plant Height Number of leaves Stem Girth
Rates (cm) (cm)
(t hat)
30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
CS1 CS2 CS1 CS2 Cs1 CS2 Cs1 CS2 CS1 CS2 CS1 CS2
0 42.5e* 43.9e 102.6e 139.4cd  141f 146f 412e 404e .8efl 1.7f 2.8d 2.9cd
1.3 43.8e 48.4cde 122.7de 167.8a 166ef 188cde 427det18de 1.9def 2.2cd 3.3abc 3.1bcd
25 47.1de 52.3bcd 144.0abcd 162.1abc 182de 205bé&D8cd 479cde 2.2cde 2.3bcd 3.3abc 3.1bcd
5.0 50.7cd 54.5abc 145.1abcd 154.0abc 183de 213al#®2cde 488cde 2.3bc 2.3bc 3.2ab 3.0cd
10.0 54.4abc 57.9ab 142.6bcd 165.3ab  227ab 229ab 3ab61 566bc 2.6abc 2.4abc 3.2abcd 3.3abc
NPK 58.7a 57.4ab 144.3abcd 158.0abc 242a 236a 665a c549b2.7a 2.7ab 3.5a 3.3abc
fertilizer
CV (%) 8.30 11.73 10.61 12.65 12.50 8.34

CS1= Amaranthus Sole Cropping CS2= Maleearanthudntercropping

*Means within each growth parameter and samplimg tfollowed by the same letter are not significadtfferent at p < 0.05.
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4.3.2 Effects of sheep kraal manure applicatioresadvn fresh and dry matter yields of

Amaranthus intercropped with maize

Amaranthusfresh and dry matter yields increased significaa a result of increased
manure application rates (Tables 4.2 and 4.3).

Fresh matter yield of sole croppAtharanthusplants grown withs 5 t ha' manure was
comparable to unfertilized control while those gnowith 10 t hd manure compared
well to NPK fertilizer at 30 and 60 DAT. Converselgtercropped plants grown at all
manure rates compared well with NPK fertilizer armis of fresh matter yield when
compared to unfertilized control. However, freshfland stem weight of intercropped
plants grown with 1.3 t Ramanure compared well with unfertilized control vehthose
grown with> 2.5 t h& manure compared well to NPK fertilizer at 30 DATheTresults
show that the nutrients absorbed by fast growinigranoppedAmaranthusplants were
partitioned towards leaf biomass and stem thickgnintercroppingAmaranthuscould
therefore result in earlier harvests of the leaagshe crop is forced to grow faster as a

result of competition.

Sole and intercropped plants grown witt2.5 t ha manure had comparable dry shoot
yield with the NPK fertilizer whereas plants growith 1.3 t hdmanure compared well
with the unfertilized control. There were no intran effects between cropping system
and manure/fertilizer treatments, which suggedteti tompetition for nutrients between
maize andAmaranthuswas not evident at 30 DAT. Intercropped plantd lvaver fresh

and dry shoot yields when compared to sole-cropbeats across the treatments and did
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not respond to manure rates at 60 DAT. Shoot yietdilts compared well with those
obtained by Allenmanet al. (1996) at ARC-Roodeplaat in Pretoria, South Africhis

may be because of the higher rainfall obtainednduthe growing season (rainfall data
were 28.1 mm, 90.4 mm, 110.3 mm, 24.4 mm and @.Dé&cember, January, February,

March and April respectively)
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Table 4.2: Effects of kraal manure application andrcropping with maize on fresh matter yieldAoharanthus

Manure Leaves Stems Shoot
Rates (g plant®) (g plant®) (g plant®)
(t hat)
30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
CS1 CS2 CS1 CS2 CSs1 CS2 CS1 CS2 Cs1 CS2 CS1 CS2
0 74.90f* 85.1f 170.2cd  159.5d 100.8f 135.5ef 563.5 676.5cd 194.5f 362.6abcd  733.7d 836.0cd
1.3 86.70ef 123.0de  240.2bcd 229.2bcd 127.5ef  t86.1 697.0bcd 842.5abcd 239.3def 306.7cdef  937.3bcd071.7abcd
2.5 84.60f 143.7bcd 290.6ab  239.1bcd 149.7def »t8.0 883.7abcd 1071.5ab  218.1ef 336.9abcde 117414ab810.7ab
5.0 110.90def 170.9abc 235.4bcd 298.7ab 209.5bcd.9a6 793.4abcd 1074.1ab  320.4bcdef 377.2abc 14aR]18 1372.8ab
10.0 129.80d 173.1ab  269.2abc 265.8abc  252.5abc.0&#8 794.2abcd 98.8abc 382.3abc 454.7a 1063.4ab281.6abc
NPK 135.7cd 180.7a 360.0a 259.8abcd 312.8a 301.7a 7408. 1183.5a 448.6ab 325.3bcde  1467.7a 1443.4a
fertilizer
CV% 20.2 28.5 23.9 30.5 27.2 28.5

CSl1=AmaranthusSole Cropping CS2= Maiz&Mmaranthudntercropping

*Means within each yield parameter and samplingtfollowed by the same letter are not significadifferent at p < 0.05.
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Table 4.3: Effects of kraal manure application andrcropping with maize on dry matter yieldAraranthus

Manure Rates Leaves Stems Shoot
(tha') (g plant’) (g plant’) (g plant®)
30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
CS1 CS2 CS1 CS2 Cs1 CS2 CS1 CS2 CS1 CS2 CS1 CS2
0 14.2ef* 10.4f 46.1de 43.9e 13.9e 14.6de 114.9d 3.2t2  28.3ef 25.0f 161.0e 167.0de
1.3 17.8de 17.8cde 54.1bcde  50.2cde 16.0cde  1®5bd66.2bcd 130.8cd 31.3def 37.4cde 220.3bcde 14.0c
25 20.2bcde  19.2bcde  60.labcde 59.7abcde 16.8cdg.7abz  174.labc 187.7ab  36.6cde 41.9bcd 234.2abdd.3dbc
5.0 24.0abcd  20.8bcd 60.5abcd  64.2abc 22.4abc Md7al77.7abc 194.8ab  43.5bc 42.5bc 238.2abc  258.9ab
10.0 24.3ab 24.2abc 64.3abc 60.7abcd  19.4bcde 24.8al179.7abc 212.4ab  44.2bc 49.0ab 244.0abc  273.1ab
NPK fertilizer  28.9a 27.9a 73.1a 69.6ab 27.1a 28.5a 215.0ab  230.2a 57.3a 56.3a 288.1ab 299.7a
CV (%) 21.6 19.4 25.1 225 18.6 20.2

CS1=AmaranthusSole Cropping CS2= Maiz&maranthudntercropping

*Means within each yield parameter followed by ffzene letter are not significantly different at p.€5.
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4.3.3 Effects of sheep manure rates on nutrientpesition and uptake of Amaranthus

leaves intercropped with maize 30 DAT

In both sole and intercroppédnaranthusthe composition of N, P, K, Ca, Mg and Zn, in
the leaves, was similar to those reported by Mak®84) who worked with different
accessions oAmaranthusexcept for Fe, which had lower values (Table 4\irogen in
leaves of sole croppeAmaranthusplants did not respond to the applied manure as
compared to intercropped plants. Intercropped plgrwn with> 2.5 t hd manure had
more nitrogen than plants grown with 1.3 t'hmanure and the unfertilized control, and
were comparable to NPK fertilizer. An increase iitragen and phosphorus in
intercroppedAmaranthusplants could have emanated from the fast growdbi@ 4.1)
which resulted in more nutrients absorption whemgared to sole cropped plants. No
effects of manure application were observed on K, Mg and Fe in both systems
possibly because the soil had high levels of tmeggents. The results agree with Ore-
Oluwa (1981) who observed no effects of nitrogeracoumulation of N, P, K, Ca, Mg
and Zn in sole croppeAmaranthusleaves. Although leaf Fe results agree with those
reported by Jansen van Rensbatgl (2004), application of different manure rates in

sole and intercroppedimaranthusplants did not show significant response.

Uptake of N, P, K, Ca and Mg increased with inceeas manure application in both
cropping systems (Table 4.5). Uptake of N, P, K &@adof sole-croppedmaranthus
grown with < 2.5 t hd manure compared well to unfertilized control, whhigher

manure rates resulted in uptake similar to NPKilieset. Irrespective of the cropping
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system, responses #fmaranthusto manure treatments in the Ntselamanzi experiment
were essentially similar to those reported by Mtitoat al, (2007) who applied different
levels of manure on sole croppégnaranthusgrown on the Gqumahashe soil as in
Chapter 2. This is despite the fact taharanthusresponded differently to manure
treatments in the two soils in the pot study. Manates from 1.3 to 5 t Haesulted in
more N and P uptake when compared to unfertilizaatrol, which could explain the
biomass response to manure application. Howeverl|evels of nutrient uptake for the
corresponding treatments were higher in the Ntsateinthan the Gqumahashe work.
This could be the effect of a more fertile, deepat or better season and better quality

manure.
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Table 4.4: Effects of sheep manure rates and mapping with maize on nutrient compositionArharanthudeaves 30 DAT

Manure Selected Nutrients
Rates P K Ca Mg Fe Zn
(t ha) % mg kg~
CS1 CS2 CS1 CS2 CS1 CS2 CS1 CS2 CS1 CS251 C CS2 CS1 CS2
0 1.99 2.7cde 0.2c 0.3bc 3.7bc 3.7c 6.3abc  5.3c abl.6 1.6b 153.5bc 133.0bc 63.8abc  58.8bc
1.3 2.3efg 3.0bcd 0.2c 0.3a 3.9abc 4.0abc  6.5abc5bc5. 1.7ab 1.7ab 182.6abc 139.8bc 74.5abc  65.5abc
2.5 2.4defg 3.3abc 0.2c 0.3ab 4.5ab 4.0abc 5.7abcGab® 1.7ab 1.7ab 177.1abc 181.6abc 68.1labc  57.0c
5.0 2.6def 3.4ab 0.3bc 0.4a 4.3abc  4.2abc  6.1abc3c 5. 1l.6ab 1.6ab 179.2abc 146.8bc 73.0abc  78.4a
10.0 2.0fg 3.7a 0.2c 0.4a 4.7a 4.0abc  6.6ab 5.6alic7ab 1.7a 223.1a 122.0c 73.6abc 75.6ab
NPK 2.3efg 3.9a 0.3bc 0.4a 4.4abc  3.7c 6.7a 5.9abc 1.74.7a 190.95ab 146.6bc 63.8abc  67.4abc
fertilizer
CV (%) 19.7 12.6 13.8 6.5 26.9 18.3

CSl1=AmaranthusSole Cropping CS2= Maiz&Mmaranthudntercropping

*Means within each nutrient and sampling time foléml by the same letter are not significantly défarat p < 0.05.
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Table 4.5: Effects of sheep manure applicationiatetcropping with maize on nutrient uptakeAsharanthudeaves at 30 DAT

Manure Nutrient uptake
Rates (mg plant’)
(t ha') P K Ca Mg
Cs1 Cs2 Cs1 Cs2 Cs1 CS2 Cs1 Cs2 Cs1 Cs2
0 281.2e 279.9e 30.9ef 24.7f 537.6de 372.0e 903.9de 548.3e 229.9ef 159.6f
1.3 406.7de 554cd 39.8def 61.0cd 705.3cde 722.0cde 1178.4bcd 989.0cde 297.1de 293.2de
25 492.4cde 669.17bc 46.6cdef 62.0cd 913.1abcd  .5@ET 1259.1bcd 1028.7cde 339.8cd 316.2cde
5.0 619.5cd 696.5bc 61.6cd 71.8bc 1024.5abc 88dd0ab 1468.1abc 1123.2bcd 390.7bcd 339.4cd
10.0 495.4cde 888.5ab 56.1cde 92.1ab 1139.1ab &99.4 1615.6ab 1407.9bcd 403.2abc 406.6abc
NPK 649.2bcd 1082.5a 72.4bc 107.5a 1250.2a 1037.0abc 30.98 1625.9ab 505.3a 470.7ab
fertilizer
CV (%) 29.6 29.8 30.6 28.5 20.8

CSl1=AmaranthusSole Cropping CS2= Maiz&Mmaranthudntercropping

*Means within each nutrient and sampling time foléml by the same letter are not significantly défdrat p < 0.05.

64



4.3.4 Effects of sheep manure application rates sbiwot matter yield of maize

intercropped with Amaranthus 30 and 60 DAT

Fresh and dry shoot yields of both sole-cropped iatetcropped maize increased with
increased manure application rates at 30 DAT (Td®¢. However, number of leaves
and stem girth did not respond to the applied nanBoth sole and intercropped plants
grown with> 2.5 t ha manure had fresh and dry shoot yield comparabléRi
fertilizer whereas plants grown with 1.3 t*henanure compared well to the unfertilized
control. There were no interaction effects obserdee to cropping system and the
manure treatments, in agreement with the resul&nedranthusdry shoot yield, which
further suggested that competition for nutrientsMeen maize andmaranthuswvas not

evident at 30 DAT.

At 60 DAT, manure application did not have an dffen number of leaves in both
cropping systems and across the treatments (TabjeAtsimilar trend was observed for
the stem girth of sole-cropped maize plants. Howeawmgercropped plants grown with
2.5 t hd manure had comparable stem girth with the NPKlitest while plants grown
with 1.3 t/ha compared well to the unfertilized toh Manure application resulted in
increased fresh and dry shoot yield of sole croppedze when compared to the
unfertilized control and was comparable to the NiBKilizer treatment. Although fresh
and dry shoot yield of intercropped plants appedcethcrease as a result of manure
application, the response was not statisticallynigant. This lack of response of

intercropped plants to manure rates could be amsaciwith competition for nutrients
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between maize andmaranthus The sole cropped maize results agreed with those

observed by Mkile (2001) who reported that soleppexl maize dry matter yield

increased with increased kraal manure rates

Table 4.6: Effects of kraal manure application amrcropping withAmaranthuson

growth and shoot matter yield of maize 30 DAT

Manure Rates Number of leaves Stem Girth Fresh Shoot Yield Dry Shoot Yield
(t hat) (cm) (g plant®) (g plant’)
Cs1 CS2 CS1 CS2 CS1 CS2 CS1 CS2
0 11.0 12.0 1.7 1.8 87.7b 80.4b 27.6bc 24.9c
1.3 11.0 11.0 1.9 1.8 88.2b 88.0b 27.4bc 24.8c
25 11.0 12.0 21 1.9 109.2ab 104.4ab 35.3abc Bd.0a
5.0 11.0 11.0 2.1 1.9 118.4ab 100.0ab 41.3ab 30.8ab
10.0 10.0 11.0 1.8 2.1 111.7ab 119.2ab 39.4ab B1.2a
NPK fertilizer 11.00 11.0 2.1 2.03 135227 110.2ab 44.6a 38.0abc
CV (%) 6.6 15.3 26.0 28.4

CS1= Maize Sole Cropping CS2= Maigetaranthudntercropping

*Means within each yield parameter followed by Haene letter or none at all are not significantfedent

at p < 0.05 according to the LSD test.
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Table 4.7: Effects of kraal manure application amercropping withAmaranthuson

growth and shoot matter yield of maize 60 DAT

ManureRates Number of leaves Stem Girth Fresh Shoot Yield Dry Shoot Yield
(t ha') (cm) (g plant®) (g plant’)
Cs1 CSs2 Cs1 CSs2 Cs1 CSs2 Cs1 Cs2
0 16.0* 16.0 2.2e 2.3e 1016.3b 581.5cd 566.4c u73.9
1.3 15.0 16.0 3.4a 2.4de 1186.4ab 630.6¢c 730.8ab  3.4d9
25 15.0 16.0 3.2a 2.7cd 1089.9ab 767.7c 604.6bc  1.0d3
5.0 16.0 16.0 3.1a 2.8bc 1168.4ab 793.4c 714.8ab  3.2@5
10.0 16.0 16.0 3.1a 2.6cd 1246.0a 772.2c 740a @52.4
NPK fertilizer 16.0 16.0 3.1ab 2.8c 1208.7a 752.4c  776.35a 223.7d
CV (%) 4.7 7.4 19.9

CS1= Maize Sole Cropping

CS2= Maigetaranthudntercropping

*Means within each yield parameter followed by Haene letter or none at all are not significantfedent

at p < 0.05 according to the LSD test.

4.3.5 The effects of sheep manure application ratesnaize grain yield intercropped

with Amaranthus

Although sole cropped maize grain yield increasétth \Wmcrease in manure application

rates, intercropped maize grain yield did not respsignificantly to manure application

(Figure 4.1). Grain yield obtained from intercrogpplants was far below the yield

obtained from sole cropped plants and followednailar trend observed for maize dry

shoot yield at 60 DAT (Table 4.7). Sole-croppedzeairown with> 5 t ha" manure had
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grain yield comparable to NPK fertilizer whereasewk 2.5 t had manure was applied,

grain yield compared well with unfertilized contralhe results were consistent with
those of Mkile (2001) who reported that when knaanure is applied at the rate of 5t
ha' maize yields were comparable to those obtainetl tié recommended inorganic

fertilizer

The relationship observed between maize dry shevalgyrain yield was linear and had a
low positive correlation, (0.29), at 30 DAT (Fig. 4.2a) and a high positieerelation
(R?=0.97) at 60 DAT (Fig. 4.2b). These results sugggkshat intercropping will result in
negative effects on maize growth and grain yield ere effects become more apparent
by 60 DAT. There is need to understand what happensaize grain yield in the
intercrop with continuous harvesting Amaranthughrough the season, more especially

when the leafy vegetable is grown by direct seeding
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4.3.6 The effects of sheep kraal manure applicattes on residual soil nutrients

Application of manure increased residual soil ppirir5.2 to 5.4 while the NPK fertilizer
had an acidifying effect (Table 4.8). Both manune ertilizer application did not have
effect on residual soil N in both sole and intepgred Amaranthus suggesting that the
crops exhausted most of the added N. In both aote intercropped plots, residual
extractable soil P was observed to be above th#calrirange. Although residual
extractable P tended to increase with increase anume application in both cropping
systems there was higher residual extractableiftencropped plots than in sole-cropped
(Table 4.8). The results are consistent with Edhatl Power (1999) who reported
accumulation of P as a result of manure applicatidre higher residual soil P could
benefit the next crop, but it could also have aatigg effect on Zn uptake. High soil P

levels could also cause eutrophication if it engsnusurface water bodies.

Manure application had no effect on residual soialkhough intercropped plots were
observed to have more residual K when comparealegscsopped plots. This could be
because the experimental field did not have K daificy problem. Residual levels of Mg
increased in fertilized plots as opposed to theitized controls. Plots witk 5 t ha"

manure had residual Ca that compared well to tlfertilized control plots although the
experimental field had Ca levels above the critigdlie of < 800 mg Ca kg Although

Zn residual levels increased with application ohona and fertilizer, effects of cropping

system was observed in manure rates of 2.5 arfth% where sole cropping system had
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more residual Zn when compared to intercroppinge phesence of Zn and its uptake
could explain the lower Zn levels in the intercrban in the soléAmaranthuscrop.
Generally, the experimental field did not have Zfidency problem because all the
treatments including control were above the critieaage of 1.5 mg Zn kg(Bornman et

al. 1989).
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Table 4.8: Effects of sheep kraal manure applioatades and intercropping with maize on residudlrasdrients

Manure rate Selected nutrients
(t ha®) pH (KCI) Total N ocC P K Mg Ca Zn
% mg kg
CS1 CS2 CS1 CS2 CS1 CS2 Cs1 CS2 CS1 CS2 Cs1 CS2 CS1 CSs2 CS1 CS2
0 5.3ab 5.2ab 0.1 0.1 0.5bc 0.5¢c 11.3d 20.5bcd 8164216.3 339 351 1871cd 1800d 11def 4.7f
1.3 53ab 5.1ab 0.1 0.1 0.6bc 0.6bc 10.9d 30.8ab 5.317 216.0 366 373  1889bcd 2059abc 17bcde  11ldef
25 5.3a 5.2ab 0.1 0.1 0.5¢ 0.6abc 12.7d 33.2a 5193220.8 386 368 1966abcd 2019abcd  19abcd 10ef
5.0 5.4a 5.4a 0.1 0.1 0.7a 0.8a 15.5d 30.6abc  20231.0 397 370 1974abcd 1996abcd 27a 13cdef
10 5.4a 5.4a 0.1 0.1 0.7ab 0.6abc 18.4cd 38.1a 020277.3 376 364 2135ab 2155a 2labc 12cdef
NPK 5.1ab 5.0b 0.1 0.1 0.7ab 0.7ab 19.0bcd  37.6a 200231.3 358 384  2065abc 2099abc 22ab 17bcde
fertilizer
CV (%) 4.0 7.0 20.6 31.1 24.1 14.8 8.6 34.6

CS1=AmaranthusSole Cropping CS2= Maiz&maranthudntercropping

*Means within each soil parameter and sampling tiollewed by the same letter are not significamifferent at p < 0.05
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4.3.7 Evaluation of Amaranthus dry shoot and mgrzén yields at 30 and 60 DAT using

partial and total Land Equivalent Ratio (LER)

Total land equivalent ratio (LER) in all treatméenels was observed to be greater than 1
at 30 DAT (Table 4.9), which indicated that inteqmping ofAmaranthusand maize had
an advantage over sole cropping at this stageosfthr(Mazaheret al, 2006). However,

at 60 DAT all treatments had a total LER of lessnti (Table 4.10), an indication that
intercropping had a negative effect on the yieldath crops. This suggests that the
intercropping ofAmaranthuswith maize would be beneficial up to 30 DAT andyaive
effect would set in between 30 and 60 DAT, mairifg@ing the maize crop. It could be
useful to harvest all thAmaranthusat 30 DAT before it causes a negative effect @n th
maize. It could also be necessary to explore trssipiity of continuous harvesting of
Amaranthus Another possibility could be to use direct segddhiAmaranthusat the time

of planting of maize in order to get the best duhe intercropping system.
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Table 4.9: Effects of sheep kraal manure applicataies and intercropping éimaranthusand maize on partial and total LER of

Amaranthugry shoot and maize grain yields at 30 DAT

Manure Rate  Amaranthusshoot Amaranthusshoot Partial LER Maize grain Maize grain yield Partial Total
(t ha®) yield (g plant) yield (g plant) (Ypi / Ymi) yield (kg ha') (kg ha) LER LER
Intercrop Sole crop Intercrop Sole crop (Ym) (Ypi/ Ymi) >(Ypi/ Ymi)
(Yp) (Ym) (Yp)
0 24.9 27.6 0.9 686.0 1558.9 0.4 1.3
1.3 24.8 274 0.9 751.7 1927.5 0.4 1.3
25 34.0 35.3 1.0 883.2 1815.5 0.5 1.5
5.0 30.8 41.3 0.8 948.9 2069.7 0.5 1.2
10 41.2 394 1.0 1070.1 2178.8 0.5 1.5
NPK fertilizer 38.0 44.6 1.0 918.9 2385.1 0.4 1.2

75



Table 4.10: Effects of sheep kraal manure appboatates and intercropping Simaranthusand maize on partial and total LER of

Amaranthugry shoot and maize grain yields at 60 DAT

Manure Rate  Amaranthusshoot Amaranthusshoot Partial LER Maize grain Maize grain Partial Total
(t ha®) yield (g plant) yield (g plant) (Ypi / Ymi) yield (kg ha') yield (kg ha') LER LER
Intercrop Sole crop Intercrop Sole crop (Ym) (Ypi/ Ymi) > (Ypi/ Ymi)
(Yp) (Ym) (Yp)
0 173.9 566.4 0.3 686.0 1558.9 0.4 0.7
1.3 193.4 730.8 0.3 751.7 1927.5 0.4 0.7
25 231.0 604.6 0.4 883.2 1815.5 0.5 0.9
5.0 253.2 714.8 0.4 948.9 2069.7 0.5 0.8
10 252.4 740.0 0.3 1070.1 2178.8 0.5 0.8
NPK fertilizer 223.7 776.4 0.3 918.9 2385.1 0.4 0.7
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4.4 CONCLUSIONS

Application of manure at the rates of 2.5 t'a higher could improve growth and vyield
of both sole and intercroppe&imaranthusin a similar way as the recommended NPK
fertilizer at 30 DAT. More growth and yield was abted from intercrops when
compared to mono-crops. Althoudtmaranthusyield was not affected by presence of
maize at 60 DAT, maize shoot and grain vyields itercropped plants dropped
significantly when compared to sole-cropped plai@sle cropped maize responded
significantly to applied manure rates and graindyi plants grown with 5 t fhmanure
compared well to inorganic NPK fertilizer. Sheepne application at rates ®2.5 t ha

1 also improved leaf nutrient composition Afmaranthuswhile at the same time there
were high levels of residual soil nutrients suchPa¥, Mg, Ca and Zn. It is suggested
that, if Amaranthusis to be intercropped with maize under dry landditons of the
Central Region of the Eastern Cape, sheep manorddshe applied at rate af2.5 t/ha
and the vegetable should be harvested at 30 DAGrdéf starts to negatively affect the
yield of the companion crop. Van Averbeke (199%paleported that planting density in
maize had on water use until 30 days after plant®iger possible options that need to
be investigated include continuous harvestinduefaranthusn intercropping system or

Amaranthusshould be planted as seeds at the same time as.mai
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CHAPTER 5

GENERAL DISCUSSIONS, CONCLUSIONS AND RECOMMENDATION S

5.1 GENERAL DISCUSSIONS

Manure rates > 2.5 t Haresulted in increased growth, fresh and dry matieid of
Amaranthuswhich were comparable with in the inorganic fezgli treatment, both at 30
and 60 DAT. The results are consistent with thesmgorted by Makus (1984), who
worked with different accessions Afaranthusgrown with mineral fertilizer. Elbehst

al. (1993) also reported increas&tharanthugplant height at higher nitrogen application
rate. The increase in number of leaves of the amest manure rates 2.5 t haalso
agreed with Spreetkt al (2004) who grewAmaranthuswith poultry manure, kraal
manure and inorganic NPK fertilizer. However, réswlbtained in this study were lower
than those observed by Allemasnhal. (1996) who worked with differeAmaranthus
cultivars and the difference could be as a redutie higher fertilizer rates (700 kg Ha
and water supply through irrigation compared todheland condition used in this study.
Results of this study could be explained by inadasutrient supply and uptake
especially N and P, which increased significantithwnanure rates 2.5 t ha'. Although
leaf concentrations of N, P, K, Ca and Mg were est with those reported by Makus
(1984), Fe and Zn were lower. The difference iraRd Zn concentrations could be as a
result of differentAmaranthusaccessions used in the experiments (Wadieed, 1988).
Although manure rates 2.5 t hd appeared to be critical in most of the parameters

studied, the critical manure rate was 1.3 t/hastem girth, which compared well with the
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inorganic fertilizer. This suggested that low amsuilef nutrients were needed for
increasing stem girth while the rest appear toibtilduted towards stem elongation and
leaf biomass production. Based on these findiigsan be concluded that sheep kraal
manure rates of 2.5 t fiar higher could result idmaranthuggrowth, yield and nutrient
uptake, similar to those of the recommended NPK#E3D) + 0.5% Zn} fertilizer under
dry land conditions of the Central Region of thestéen Cape and similar soils. Post
cropping soil pH increased as a result of increasadure application, suggesting the
liming effect of sheep manure, whereas NPK fedililsulted in lower residual soil pH
values. The higher manure rates2(5 t h&) did not have an effect on residual soil N but
resulted in higher residual levels of soil P, K & when compared with the control,
and this was in agreement with Eghball and Pow@94), who reported accumulation of
soil P as a result of manure application. Eghba®96) reported that higher P
accumulation in the soil may result in Zn deficignbowever, this scenario was only
observed inAmaranthusleaf concentration of these nutrients. Manure Htd0 t/ha
resulted in significantly higher residual soil @a¢ls than all other treatments.
Accumulation of P, K and Ca in leaves Aimaranthusfollowed similar trends as the
amounts of these nutrients in the soil after theeeiment where 2.5 t h& manure was
applied. The results could suggest that the pldictsnot take up all these nutrients but
only exhausted N and Zn in the soil. It could baaoded that manure rates2.5 t hd

supplied enough nutrients fBmaranthugproduction in the Gqumahashe soil.

The glasshouse experiment showed that the respaindenaranthusgrowth and dry

matter yield, to sheep manure application, was miggret on soil type. Application of
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2.5 t ha manure in the Ggumahashe soil resulted in plaighteand fresh matter yield
that compared well with the NPK fertilizer treatrhevhereas only the 10 t fiananure
treatment was comparable to the NPK fertilizer ttremnt in Ntselamanzi soil. Only
plants grown with> 5 t ha' manure had stem girth that compared well to NPKlitazr

in Ntselamanzi soil whereas in Gqumahashe soilmahure levels compared well to
NPK fertilizer. However, the opposite trend wasetved for the number of leaves, with
similar number of leaves across all manure andgaac fertilizer treatments in the
Ntselamanzi soil whereas only manure levelt ha' compared well with the inorganic
fertilizer in the Gqumahashe soil. The results @asistent with Lekaset al (1998),
who obtained different results on maize grain aodes yields under two different soll
conditions although similar manure treatments veg@ied.

In both soils, the 1.3-10 t Hananure treatments had dry leaf weight comparahéatats
grown with NPK fertilizer and it was greater thdre tunfertilized control and a similar
trend was observed for dry stems and shoot yigldsqumahashe soil whereas plants
grown in Ntselamanzi soil did not respond, in terofisdry stems and shoot yields, to
manure application. These results could be expfaimg nutrient composition of the
plants particularly N, Fe, Zn which responded tonara application mainly in the
Gqgumahashe soil and only to a small extent in tteeldmanzi soil. In Gqumahashe soill,
nitrogen concentration in plants fertilized withmoae (1.3 to 10 t i compared well to
NPK fertilizer, whereas there was no specific tremttselamanzi soil. There was more
nitrogen accumulation in plants grown in Gqumahasbié than those in Ntselamanzi
soil. In Gqumahashe soil, Fe accumulation compasdtibetween plants grown with 5

t ha' manure and those grown with NPK fertilizer. Theraswnore Fe accumulation in
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Gqgumahashe soil than in Ntselamanzi soil. Accutiariaof Zn did not respond to
manure or fertilizer application in Ntselamanzilsehereas in Gqumahashe soil, plants
in all manure treatments or NPK fertilizer accuneetmore Zn than the unfertilized

control.

The soil effects could be explained by the diffeemin the fertility status of the soils.
The Ggqumahashe soil was acidic (pH 4.7) and lowutrients (P, K, Mg, Ca and Zn)
when compared to the Ntselamanzi soil (pH 5.0) hBatils did not have K, Ca and Mg
deficiency problems but the Gqumahashe soil wasvbalritical levels of P and Zn
whereas Ntselamanzi soil fell in the medium rargergmanet al, 1989). The liming
effect of the manure raised the pH from 5.0 tofér7Ntselamanzi soil and from 4.7 to
5.4 for the Ggumahashe soil (post cropping pH),levthe large amounts of nutrients
could have had a more significant effect on ther@odsqumahashe soil than on
Ntselamanzi soil. The added nutrients, through manwvould result in a small
modification of the fertility status of the fertildtselamanzi soil which explains the poor
response to manure treatments. The results arestamtswith Myers (1998) who
reported that growth and yield Aaranthugplants grown on poor soils responded more
to fertilizer application as compared to those groen fertile soils. Based on these
findings, improvedAmaranthusggrowth and yield could be expected in fertile seiven if
low manure rates are applied. In both soils, upttkd, P and K increased as result of
manure application but nonetheless, it was lesswdoenpared to plants fertilized with

NPK fertilizer.
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Although both soils were classified as sandy lo#m, Ntselamanzi soil had more sand
and clay when compared to Gqumahashe soil whichnhma silt. In agreement with

results of the Gqumahashe field experiment (Chapteresidual soil P and pH increased
significantly with increased manure applicationbioth soils but Gqumahashe soil had
lower levels when compared to Ntselamanzi soil. Témults agree with Eghball and
Power (1999) who reported accumulation of soil R assult of manure application. In
Gqgumahashe soil, residual Mg and Ca did not respmneinure or fertilizer application,

while Zn was higher in the Gqumahashe soil. Thiy lba due to the fact that these
nutrients were above the critical levels. Gqumabastil had more of these nutrients

when compared to Ntselamanzi soil.

When Amaranthuswas intercropped with maize in the Ntselamanzl, amder field
conditions, both sole and intercropping systempareded significantly to manure at 30
and 60 DAT. Cropping system did not affect fresdmseand shoot matter, and dry matter
yield of Amaranthusboth at 30 and 60 DAT, and the trend could bearpt by uptake
of the different nutrients. Uptake of N, P, K, CadaMg increased with increase in
manure application in both cropping systems. Howeawatake of N, P, K and Ca of sole-
cropped Amaranthusgrown with < 2.5 t ha manure compared well to unfertilized
control while manure rates 5 t ha resulted in uptake similar to NPK fertilizer.
Responses of Amaranthus to manure treatments irNtbelamanzi experiment were
essentially similar to those in the Gqumahashed fekperiment, irrespective of the

cropping system. Manure rates from 1.3 to 5.0t fesulted in more N and P uptake
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when compared to unfertilized control, which coexiplain the biomass response to

manure application.

However, fresh leaf matter and plant heigh®Aafiaranthuswere higher in the intercrop
than the sole crop at manure rate®.5 t hd, both at 30 and 60 DAT and this could be as
a result of competition for light between maize akmaranthus Willey (1979) also
observed that intercropped plants grew faster sloden cropped plants and as a result they
used nutrients more efficiently. This suggests,thditere theAmaranthusaccession is
grown as a leafy vegetable, with manure, interciropit with maize could increase its

leaf biomass quicker.

Fresh matter yield of sole croppAtharanthusplants grown with< 5 t ha! manure was
comparable to unfertilized control while those ifex¢d with 10 t hd manure compared
well to NPK fertilizer at 30 and 60 DAT. Converselgtercropped plants grown at all
manure rates compared well to NPK fertilizer interof fresh matter yield and stem
girth when compared to unfertilized control. Howevigesh leaf and stem weight of
intercropped plants fertilized with 1.3 t hananure compared well with unfertilized
control while those fertilized with 2.5 t ha manure compared well to NPK fertilizer at
30 DAT. The results suggested that the nutrienserded by fast growing intercropped
Amaranthusplants were partitioned towards increasing numbiedleaves and stem
thickening. Intercroppingdmaranthuscould therefore result in earlier harvests of the

leaves as the crop is forced to grow faster asuwtref competition.
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Sole croppedmaranthusgrown with> 5 t ha' manure had plant heights, leaf and stem,
drymatter yieds that compared well to NPK fertitiznd higher than the unfertilized
control. IntercroppedAmaranthusplants grown with> 2.5 t ha had plant heights
comparable to NPK fertilizer and greater than thiedilized control, suggesting that the
critical manure level was lower with intercroppinbhe results are in agreement with
Elbehriet al. (1993), who reported increasAdharanthusplant height at higher nitrogen
application rates. The results suggested that there no negative effects on growth and
yield of the Amaranthusaccession grown with manure application as a tesil
intercropping with maize at least up to 60 DAT. Hrearanthusaccession could thus be
intercropped with maize up to 60 DAT without lodsyeld especially when manured at

arate of >2.5tha

Sole and intercropped plants grown wit2.5 t ha manure had fresh and dry shoot yield
comparable to NPK fertilizer whereas plants feréiti with 1.3 t hd manure compared
well to the unfertilized control. There were nompong system effects across the manure
treatments, which suggested that competition fotrients between maize and
Amaranthuswas not evident at 30 DAT. Intercropped plantd ki@inner stem girth,
lower fresh and dry shoot yields when compared die-sropped plants across the
treatments and did not respond to manure rate® &AT. Sole cropped maize grain
yield increased with increase in manure applicatades while intercropped maize grain
yield did not respond significantly to manure apation. Grain yield obtained from
intercropped plants was far below the yield obtdifieem sole cropped plants and

followed a similar trend observed for maize dry athgield at 60 DAT. These results
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suggested that intercropping will result in negaffects on the maize growth and grain

yield and the effects become more apparent by 60.DA

Manure application resulted in increased fresh@nydshoot yield of sole cropped maize
when compared to the unfertilized control and wamgarable to plants fertilized with
NPK fertilizer. Although fresh and dry shoot yieddl intercropped plants increased as a
result of manure application, there was no sigaificresponse observed. Lack of
response of intercropped plants to manure ratelsl tmiassociated with competition for
nutrients between maize amdnaranthus The sole cropped maize results agree with
those observed by Mkile (2001) who reported th#t-scopped maize dry matter yield

increased with increased kraal manure rates.

Sole-cropped maize grown with 5 t ha" manure had grain yield comparable to NPK
fertilizer whereas whesr 2.5 t h&d manure was applied, grain yield compared well with
unfertilized control. The results are consistenthwhose of Mkile (2001) who reported

that when kraal manure is applied at the rate Dfi&", maize yields were comparable to

those obtained with the recommended inorganidifesti

Application of manure increased residual soil pldnir5.0 to 5.4, while the NPK
fertilizer had an acidifying effect. Both manuredafertilizer application did not have
effect on residual soil N in both cropping systesuggesting that the crops exhausted
most of the added N. This finding was consisteitih whe findings of the Gqumahashe

field experiment and the glasshouse experiment, #@ndhighlights the high N
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requirements of the leafy vegetable. In both sabel @ntercropped plots, residual
extractable soil P was observed to be above thieatrrange which also agreed with the
findings of the Gqumahashe field experiment. Altijlouesidual extractable P increased
with increase in manure application in both crogpsystems, however, there was higher
residual extractable P in intercropped plots thansole-cropped. The results are
consistent with Eghball (1999) who reported accatioih of P as a result of manure

application.

Manure application had no effect on residual soiblkhough intercropped plots were
observed to have more residual K when comparealegscsopped plots. This could be
because the experimental field did not have K daficy problem which agrees well with
Laker (1976) who reported that most South Africaiisshave sufficient K. Residual
levels of Mg increased in fertilized plots as opabgo the unfertilized controls. Plots
fertilized with < 5 t ha' manure had residual Ca that compared well to tHertilized

control plots although the experimental field haal IEvels above the critical value of <
800 mg Cal/kg. Although Zn residual levels increasatth application of manure and
fertilizer, effects of cropping system was obserirethanure rates 2.5 and 5 tmanure

where sole cropping system had more residual Znnwdmmpared to intercropping.
Generally, the experimental field did not have Zfidency problem because all the
treatments including control were above the criieaage of 1.5 mg Zn Kg(Bornmanet

al. 1989).
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Total land equivalent ratio (LER) in all treatméewnels was observed to be greater than 1
at 30 DAT, which indicated that intercropping éimaranthusand maize had an
advantage over sole cropping at this stage of droMtbwever, at 60 DAT all treatments
had a total LER of less than 1, an indication th&grcropping had a negative effect on
the yields of both crops. This suggests that thereénopping ofAmaranthuswith maize
would be beneficial up to 30 DAT and negative dff@ould set in between 30 and 60

DAT.

5.2 CONCLUSIONS AND RECOMMENDATIONS

The findings of Gqumahashe experiment suggestedchieep kraal manure rates of 2.5 t
ha' or higher could result idmaranthusgrowth, yield and nutrient uptake, similar to
those of the recommended NPK{2:3:4(30) + 0.5% Zrgrtiizer, applied at
recommended rates for spinach, under dry land tiondiof the Central Region of the
Eastern Cape. In addition to improved growth, ttegavas enriched with iron and crude
protein, which are very important in human nutntiad’he sheep manure had a liming
effect and high residual fertility as indicated ligh levels of P, K, Mg and Zn at harvest
time. ThereforeAmaranthusneed not be fertilized with mineral fertilizers vk sheep
kraal manure or other forms of manure are availaDlganoleptic tests are needed to
establish whether or not the yield increase obsewih manure addition was at the

expense of the good taste of the vegetable.
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In glasshouse experiment, plants grown in Ntselamswil had great plant height when
compared to those grown in Gqumahashe soil. Howethemre was more positive
response to manure application in plants grown gur@ahashe soil than those in
Ntselamanzi soil. As a result, plants grown in Gghashe soil accumulated more fresh
and dry matter yield even when low manure rate8.6 t hd) were applied. There was
more accumulation of nutrients such as N, Ca anith B&ants grown in Gqumahashe soill
when compared to those in Ntselamanzi soil. Thexewlso more residual nutrients (K,
Mg and Ca) left in Ggqumahashe soil than in Ntselmnaoil. These nutrients could

benefit the next crop.

In maizeAmaranthusintercropping, application of manure at the raté2.5 t ha or
higher improved growth and yield of both sole amigicroppedAmaranthusn a similar
way as the recommended NPK fertilizer at 30 DAT. rél@growth and yield of
Amaranthusvas obtained from intercrop when compared to mmop-probably because
the competition for water, nutrients and sunlighattexisted in intercrops resulted in
intercrops absorbing nutrients and water more wagsly. However, although
Amaranthusyield was not affected by presence of maize at 80 ,Dmaize shoot and
grain yields in intercropped plants dropped sigaifitly when compared to sole-cropped
plants. Sole cropped maize responded significamthapplied manure rates and grain
yield of plants fertilized with 5 t manure haompared well to inorganic NPK fertilizer.
Sheep manure application at rates&%.5 t had also improved leaf nutrient composition
of Amaranthuswhile at the same time there were high levelsesidual soil nutrients

such as P, K, Mg, Ca and Zn. Based on resultss itherefore suggested that, if
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Amaranthusis to be intercropped with maize under dry landditons of the Central
Region of the Eastern Cape, sheep manure sholddsitbe applied at rate »f2.5 t ha

and Amaranthusbe harvested at 30 DAT. Other possible optiong tieed to be
investigated include continuous harvestingAsharanthusin intercropping system or

Amaranthusshould be planted as seeds at the same time as.mai

5.3 RECOMMENDATIONS FOR FURTHER STUDIES

All these studies were carried out using one-mathAmaranthusseedlings. It would
be important to know how the crop would responchamure application if it was grown

from direct seeding.

In the intercrop, theAmaranthusseedlings already have a one month advantage.
Therefore, it would be necessary to understand wbatd happen to growth and yield of
maize if theAmaranthusvas produced from seed sown at the same timesasdire.
Another question that arises is “What would hapfethe growth and yield of the two

crops ifAmaranthusvas harvested continuously as a vegetable?”

It is important to include organoleptic tests ihfature studies to establish whether the

responses ohmaranthugo fertility management could be at the expensasie.
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APPENDICES

APPENDIX 1

ANALYSIS OF VARIANCE TABLES FOR THE FIELD GQUMAHASH E

EXPERIMENT (CHAPTER 2)

Plant Height 30 DAT

ANOVA TABLE

Source Degrees of FreedgrBum of squares| Mean Squar Fvalle Probability
(df)

Replication | 3 91.59 30.53 0.46

Treatment | 7 1140.72 162.96 2.45 0.05

Error 21 1397.66 66.56

Total 31 2629.97

Grand Mean = 39.53 Grand Sum = 1265.00

CV = 20.64% LSD (0.05) = 12.00

Plant Height 60 DAT

ANOVA TABLE

Source df Sum of square Mean Squar F value Riitpab

Replication | 3 321.13 107.04 1.47 0.25

Treatment | 7 1963.88 280.55 3.86 0.01

Error 21 1525.88 72.66

Total 31 3810.88

Grand Mean =48.69

CV =17.51%

Grand Sum =1558.00

LSD (0.05) = 12.53
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Stem Girth 30 DAT

ANOVA TABLE

Source df Sum of squares  Mean Square F value Rlibpab
Replication | 3 0.11 0.04 0.96

Treatment | 7 1.05 0.15 3.89 0.01
Error 21 0.81 0.04

Total 31 1.98

Grand Mean = 1.14 Grand Sum = 36.60

CV =17.21% LSD (0.05) = 0.29

Stem Girth 60 DAT

ANOVA TABLE

Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 0.23 0.08 0.96

Treatment | 7 1.30 0.19 2.31 0.07
Error 21 1.69 0.08

Total 31 3.22

Grand Mean =1.80 Grand Sum = 57.60

CV =15.75% LSD (0.05) = 0.47
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Number of leaves (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication | 3 2535.75 845.25 0.80

Treatment | 7 11838.00 1691.14 1.60 0.19
Error 21 22206.25 1057.44

Total 31 36580.00

Grand Mean = 101.50 Grand Sum = 3248.00

CV = 32.04% LSD (0.05) = 47.82

Number of leaves 60 DAT

ANOVA TABLE

Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 4788.38 1596.13 1.26 0.31
Treatment | 7 23109.88 3301.41 2.61 0.04
Error 21 26531.63 1263.41

Total 31 54429.88

Grand Mean = 132.56

CV = 26.81%

Grand Sum = 4242.00

LSD (0.05) = 52.27

101



Fresh weight of leaves (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication | 3 958.376 319.459 1.63360.2118
Treatment | 7 3575.899 510.843 2.6123 @041
Error 21 4106.624 195.554

Total 31 8640.889

Grand Mean = 35.556 Grand Sum = 1137.800

CV = 35.556 LSD (0.05) =20.56

Fresh weight of leaves (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 1133.227 377.742 0.4249

Treatment | 7 14333.615 2047.659 2.30383  0.0657
Error 21 18668.902 888.995

Total 31 34135.744

Grand Mean =64.839 Grand Sum = 2074.850

CV = 45.98 LSD (0.05) =43.84
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Fresh weight of stems (30 DAT)

ANOVA TABLE
Source df Sum of squares Mean Square F value  Riibpab
Replication | 3 3.884 1.295 1.43260.2615
Treatment | 7 17.484 2.498 2.7636 .0385
Error 21 18.980 0.904
Total 31 40.349
Grand Mean =1.793 Grand Sum = 57.368
CV =53.03 LSD (0.05) = 41.97

Fresh weight of stems (60 DAT)
ANOVA TABLE
Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 12.285 4.095 1.3637 0.2811
Treatment | 7 69.768 9.967 3.3191 0.0154
Error 21 63.060 3.003
Total 31

Grand Mean = 3.565

CV (%) = 48.61%
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Fresh shoot weight (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication | 3 12.592 4.197 1.3525 0.2845
Treatment | 7 42.097 6.014 1.9374 0.1138
Error 21 65.175 3.104

Total 31

Grand Mean =3.525 Grand Sum = 112.807

CV =49.97% LSD (0.05) = 77.70

Fresh shoot weight (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 9.877 3.292 0.7167

Treatment | 7 122.477 17.497 3.8091  0.0080
Error 21 96.460 4.593

Total 31

Grand Mean = 6.180

CV (%) = 34.68%

Grand Sum =197.760

LSD (0.05) = 94.54
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Dry weight of leaves (30 DAT)

ANOVA TABLE
Source df Sum of squares Mean Square F value  Riibpab
Replication | 3 0.021 0.007 0.6547
Treatment | 7 0.183 0.026 2.3985 0.0570
Error 21 0.229 0.011
Total 31
Grand Mean =0.350 Grand Sum = 11.211
CV =29.82% LSD (0.05) = 4.61

Dry weight of leaves (60 DAT)
ANOVA TABLE
Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 0.361 0.120 7.7405 0.0011
Treatment | 7 1.045 0.149 9.5943 0.0000
Error 21 0.327 0.016
Total 31
Grand Mean =0.657 Grand Sum = 21.029
CV = 18.98% LSD (0.05) = 5.50
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Dry weight of stems (30 DAT)

ANOVA TABLE
Source df Sum of squares Mean Square F value  Riibpab
Replication | 3 0.050 0.017 1.3250 0.2928
Treatment | 7 0.316 0.045 3.5753 0.0109
Error 21 0.265 0.013
Total 31
Grand Mean =0.295 Grand Sum = 9.436
CV = 38.13% LSD (0.05) = 4.96

Dry weight of stems (60 DAT)
ANOVA TABLE
Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 0.482 0.161 3.2450 0.0425
Treatment | 7 1.717 0.245 4.954(0 0.0020
Error 21 1.040 0.050
Total 31

Grand Mean =0.568

CVv =

39.17%

Grand Sum = 18.177

LSD (0.05) = 9.82
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Dry shoot weight (30 DAT)

ANOVA TABLE
Source df Sum of squares Mean Square F value  Riibpab
Replication | 3 0.041 0.014 0.1993
Treatment | 7 1.603 0.229 3.3719 0.0143
Error 21 1.426 0.068
Total 31
Grand Mean =0.952 Grand Sum = 30.469
CV= 27.37% LSD (0.05) =11.50

Dry shoot weight (60 DAT)

ANOVA TABLE
Source df Sum of squares Mean Square F value Rlivpab
Replication | 3 1.673 0.558 13.51712 0.0000
Treatment | 7 4.330 0.619 14.9931 0.0000
Error 21 0.866 0.041
Total 31

Grand Mean =1.298

CVv =

15.65%

Grand Sum = 41.535

LSD (0.05) = 8.96
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APPENDIX 2

ANALYSIS OF VARIANCE FOR GLASSHOUSE EXPERIMENT (CHA PTER 3)

Plant Height

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication | 2 249.764 124.882 4.7848  0.0188
Soil type 1 519.460 519.460 19.9029 0.0002
Treatment | 5 876.113 175.223 6.7136 0.0006
Interaction | 5 149.488 29.898 1.1455 0.3665
Error 22 574.194 26.100

Total 35 2369.0

Grand Mean = 49.715

Grand Sum = 1789.750

CV =10.3% LSD (0.05) =7.49

Stem Girth

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication | 2 0.056 0.028 1.2421 0.30083
Soiltype | 1 0.002 0.002 0.1110

Treatment | 5 0.889 0.178 7.8902 0.0002
Interaction | 5 0.188 0.038 1.6717)  0.1833
Error 22 0.496 0.023

Total 35 1.631

Grand Mean =0.919 Grand Sum =33.100

CV = 16.33% LSD (0.05) = 0.22
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Number of leaves

ANOVA TABLE

Source df Sum of square Mean Squg F value Riitpab
Replication | 2 1037.722 518.861 6.8314  0.0049
Soil type 1 1156.000 1156.000 15.2201 0.0008
Treatment | 5 2908.556 581.711 7.6589 0.0003
Interaction | 5 295.667 59.133 0.7786

Error 22 1670.944 75.952

Total 35 7068.889

Grand Mean = 74.444 Grand Sum = 2680.000

CV=11.71% LSD (0.05) =12.78

Fresh weight of leaves

ANOVA TABLE

Source df Sum of square Mean Squ3 F value  Rhippab
Replication | 2 83.678 41.839 6.43772 0.0063
Soil type 1 21.934 21.934 3.3746 0.0798
Treatment | 5 272.808 54.562 8.3947  0.0001
Interaction | 5 52.906 10.581 1.6280 0.1943
Error 22 142.990 6.500

Total 35 574.316

Grand Mean =16.002

CV=1593%

Grand Sum =576.060

LSD (0.05) =3.74
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Fresh weight of stems

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication | 2 393.983 169.991 13.2747 0.0002
Soiltype | 1 2.045 2.045 0.1597

Treatment | 5 350.785 70.157 5.478¢  0.0020
Interaction | 5 91.882 18.376 1.4350 0.2511
Error 22 281.725 12.806

Total 35 1066.420

Grand Mean = 24.005 Grand Sum = 864.180

CV =14.91% LSD (0.05) = 5.25

Fresh shoot yield

ANOVA TABLE

Source df Sum of squares Mean Square F value Rlivpab
Replication | 2 760.071 380.035 12.1605 0.0003
Soiltype | 1 37.251 37.251 1.1920 0.2867
Treatment | 5 1180.853 236.171 7.5571 0.0003
Interaction | 5 239.781 47.956 1.5345 0.2200
Error 22 687.537 31.252

Total 35 2905.492

Grand Mean =40.008

CV=13.97%

Grand Sum =1440.280

LSD (0.05) =8.20
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Dry weight of leaves

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication | 2 5.750 2.875 4.6223 0.0211
Soil type 1 0.000 0.000 0.0004

Treatment | 5 14.985 2.997 4.818]1 0.0040
Interaction | 5 2.107 0.421 0.6775

Error 22 13.685 0.622

Total 35 36.528

Grand Mean = 3.158 Grand Sum = 113.700

CV=2497% LSD (0.05) =1.16

Dry weight of stems

ANOVA TABLE

Source df Sum of squares Mean Square F value Rlivpab
Replication | 2 7.201 3.600 2.4192 0.1123
Soil type 1 15.668 15.668 10.5278 0.0037
Treatment | 5 8.105 1.621 1.0891 0.3940
Interaction | 5 3.938 0.788 0.5292

Error 22 32.742 1.488

Total 35 67.654

Grand Mean =3.585 Grand Sum =129.050

CV =34.03% LSD (0.05) =1.79
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Dry shoot yield

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication | 2 17.823 8.911 3.3310 0.0545
Soil type 1 15.933 15.933 5.9558 0.0232
Treatment | 5 37.616 7.523 2.8127 0.0413
Interaction | 5 11.358 2.272 0.8491

Error 22 58.856 2.675

Total 35 141.586

Grand Mean =6.557 Grand Sum =236.050

CV=2494% LSD (0.05) =2.40

APPENDIX 3

ANALYSIS OF VARIANCE FOR NTSELAMANZI EXPERIMENT (CH APTER 4)

(a) Amaranthus growth and yield

Plant Height (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdre F value Rlibpab
Replication 3 301.322 100.441 5.6110  0.0032
Cropping System 1 95.909 95.909 5.3578 0.0270
Treatment 5 1322.554 264.511 14.7765 0.0000
Interaction 5 56.155 11.231 0.6274

Error 33 590.724 17.901

Total 47 2366.664

Grand Mean = 50.964
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Plant Height (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 1031.201 343.734 1.1778 0.3331
Cropping System 1 7032.520 7032.520 24.0959 0.0000
Treatment 5 6221.934 1244.387 4.263f  0.0042
Interaction 5 1948.709 389.742 1.3354  0.2738
Error 33 9631.214 291.855

Total a7 25865.579

Grand Mean =145.646 Grand Sum =6991.000

CV=11.73% LSD (0.05) = 24.58

Stem Girth (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Rlivpab
Replication 3 2.010 0.670 8.4549 0.0003
Cropping System 1 0.000 0.000 0.0038

Treatment 5 4.434 0.887 11.1898 0.0000
Interaction 5 0.390 0.078 0.9844

Error 33 2.615 0.079

Total 47 9.449

Grand Mean = 2.252

CV = 12.50%
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Stem Girth (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 0.649 0.216 3.0786  0.0409
Cropping System 1 0.238 0.238 3.3882  0.0747
Treatment 5 1.310 0.262 3.7297 0.0087
Interaction 5 0.521 0.104 14823 0.2221
Error 33 2.318 0.070

Total 47 5.036

Grand Mean =3.179 Grand Sum =152.580

CV = 8.34% LSD (0.05) = 0.38

Number of leaves (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 121.417 40.472 0.092¢

Cropping System | 1 2028.000 2028.000 46564 0.0383
Treatment 5 48095.000 9619.000 22.0856 0.0000
Interaction 5 1966.250 393.250 0.9029

Error 33 14372.583 435.533

Total 47 66583.250

Grand Mean = 196.625 Grand Sum = 9438.000

CV =10.61% LSD (0.05) = 30.02
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Number of leaves (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 8697.417 2899.139 0.7188

Soil type 1 15052.083 15052.083 3.7321 0.0620
Treatment 5 273019.500 54603.900 13.5390 0.0000
Interaction 5 18094.167 3618.833 0.8973

Error 33 133092.083 4033.093

Total 47 447955.250

Grand Mean =3.179 Grand Sum =152.580

CV = 8.34% LSD (0.05) = 0.38

Fresh weight of leaves (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 11114.258 3704.753 5.7951 0.0027
Cropping System 1 21476.134 21476.134 33.5936 0.000
Treatment 5 36856.367 7371.273 11.5303 0.0000
Interaction 5 3345.932 669.186 1.0468 0.4071
Error 33 21096.674 639.293

Total 47 93889.366

Grand Mean = 124.941

CV =20.24%
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Fresh weight of leaves (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 20877.991 6959.330 1.3570 0.2729
Soil type 1 4294.082 4294.082 0.8373

Treatment 5 94969.480 18993.896 3.7038  0.0090
Interaction 5 29588.444 5917.689 1.1539  0.3523
Error 33 169233.435 5128.286

Total 47 318963.433

Grand Mean =251.490 Grand Sum =12071.500

CV = 28.48% LSD (0.05) = 103.0

Fresh weight of stems (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 59071.099 19690.366 7.8944  0.0004
Cropping System 1 13662.340 13662.340 54776  0.0255
Treatment 5 187914.319 37582.864 15.0680 0.0000
Interaction 5 11719.840 2343.968 0.9398

Error 33 82309.402 2494.224

Total 47 354677.001

Grand Mean = 209.016 Grand Sum = 10032.770

CV = 23.89% LSD (0.05) = 71.85
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Fresh weight of stems (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 376470.324 125490.108 1.7014  0.1858
Soil type 1 329635.268 329635.268 44693  0.0422
Treatment 5 1298327.187 259665.4371 3.5206  0.0117
Interaction 5 51312.892 10262.578 0.1391L

Error 33 2433920.930 73755.180

Total 47 4489666.601

Grand Mean =889.457 Grand Sum =42693.950

CV =30.53% LSD (0.05) = 390.70

Fresh shoot yield (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 131435.190 43811.730 5.4387 0.0038
Cropping System 1 43036.347 43036.347 5.3424  0.0272
Treatment 5 161065.162 32213.032 3.9988 0.0060
Interaction 5 97470.147 19494.029 2.4199 0.0564
Error 33 265833.949 8055.574

Total 47 698840.795

Grand Mean = 330.462 Grand Sum = 15862.170

CV =27.16% LSD (0.05) = 129.10
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Fresh shoot yield (60 DAT)

ANOVA TABLE

Source df Sum of squares  Mean Squar F value Riitpab
Replication 3 379218.293 126406.098 1.1960 0.3265
Soil type 1 258668.966 258668.966 24478  0.1273
Treatment 5 2068440.978 413688.196 3.9140 0.0068
Interaction 5 144310.251 28862.050 0.2731

Error 33 3487903.644 105694.050

Total 47 6338542.131

Grand Mean =1140.953 Grand Sum =54765.750

CV =28.49% LSD (0.05) = 467.70

Dry weight of leaves (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 58.329 19.443 0.9647

Cropping System | 1 27.135 27.135 1.3464  0.2542
Treatment 5 1240.104 248.021 12.3059 0.0000
Interaction 5 26.034 5.207 0.2583

Error 33 665.102 20.155

Total 47 2016.704

Grand Mean = 20.814 Grand Sum = 999.090

CV=21.57% LSD (0.05) = 6.46
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Dry weight of leaves (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 655.356 218.455 1.6723 0.1910
Soil type 1 33.835 33.835 0.2590

Treatment 5 3348.050 669.610 5.1261  0.0014
Interaction 5 86.127 17.225 0.1319

Error 33 4310.750 130.629

Total 47 8434.126

Grand Mean =58.858 Grand Sum =2825.200

CV =19.42% LSD (0.05) = 16.44

Dry weight of stems (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 158.726 52.909 1.9797 0.1362
Cropping System 1 87.615 87.615 3.2783 0.0793
Treatment 5 838.446 167.689 6.2744  0.0003
Interaction 5 71.425 14.285 0.5345

Error 33 881.961 26.726

Total 47 2038.173

Grand Mean = 20.617 Grand Sum = 989.630

CV = 25.07% LSD (0.05) = 7.44
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Dry weight of stems (60 DAT)

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 21691.532 7230.511 4.6451  0.0081
Soil type 1 879.369 879.369 0.5644

Treatment 5 53589.981 10717.996 6.8855  0.0002
Interaction 5 5299.406 1059.881 0.6809

Error 33 51367.692 1556.597

Total 47 132827.980

Grand Mean =175.553 Grand Sum =8426.550

CV =22.47% LSD (0.05) = 56.76

Dry shoot yield (30 DAT)

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 317.261 105.754 1.8061 0.1653
Cropping System | 1 39.331 39.331 0.6717

Treatment 5 4303.163 860.633 14.6980 0.0000
Interaction 5 163.084 32.617 0.557(

Error 33 1932.292 58.554

Total 47 6755.130

Grand Mean = 41.116

CV =18.61%

Grand Sum = 1973.570

LSD (0.05) = 11.01
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Dry shoot yield (60 DAT)

ANOVA TABLE
Source df Sum of squares  Mean Squar F value Riitpab
Replication 3 26914.078 8971.359 4.0078  0.0155
Soil type 1 568.632 568.632 0.2540
Treatment 5 83618.687 16732.737 7.4702 0.0001
Interaction 5 5759.524 1151.905 0.514%
Error 33 73878.116 2238.731
Total 47 190739.036
Grand Mean =234.393 Grand Sum =11250.810
CV =20.19% LSD (0.05) = 68.07

(b) Maize growth and yield (30 DAT)
Number of leaves
ANOVA TABLE
Source df Sum of squares Mean Squd F value  Rlipvpab
Replication 3 4.750 1.583 3.1194 0.0391
Cropping System 1 2.083 2.083 4.1045  0.0509
Treatment 5 2.000 0.400 0.7881
Interaction 5 3.667 0.733 1.4448 0.2344
Error 33 16.750 0.508
Total 47 29.250

Grand Mean = 10.9

Grand Sum =522.0
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Stem girth

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 1.591 0.530 6.0385  0.0021
Soil type 1 0.008 0.008 0.0942

Treatment 5 0.457 0.091 1.0407 0.4104
Interaction 5 0.328 0.066 0.7464

Error 33 2.898 0.088

Total 47 5.282

Grand Mean =1.940

CV =15.27%

Fresh shoot yield

Grand Sum =93.130

LSD (0.05) = 0.43

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 29081.525 9693.842 13.1548 0.0000
Cropping System 1 775.136 775.136 1.0519 0.3125
Treatment 5 9336.707 1867.341 2.534) 0.0478
Interaction 5 1425.074 285.015 0.3863

Error 33 24317.826 736.904

Total 47 64936.269

Grand Mean = 104.392

CV = 26.00%

Grand Sum = 5010.830

LSD (0.05) = 39.05
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Dry shoot yield

ANOVA TABLE
Source df Sum of square Mean Squg F value Riitpab
Replication 3 3475.317 1158.439 12.3958 0.0000
Soil type 1 161.187 161.187 1.7248§ 0.1981
Treatment 5 1755.442 351.088 3.7568  0.0084
Interaction 5 184.431 36.886 0.3947%
Error 33 3083.989 93.454
Total 47 8660.366
Grand Mean =34.095 Grand Sum =1636.560
CV = 28.35% LSD (0.05) = 13.91

Maize growth and yield (60 DAT)
Number of leaves
ANOVA TABLE
Source df Sum of square Mean Squ3 F value  Rhippab
Replication 3 10.729 3.576 6.7360 0.0011
Cropping System | 1 2.521 2.521 47479  0.0366
Treatment 5 2.354 0.471 0.8868§
Interaction 5 1.854 0.371 0.6985
Error 33 17.521 0.531
Total 47 34.979

Grand Mean = 15.646
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Stem girth

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 0.190 0.063 1.4246  0.2531
Soil type 1 4.078 4.078 91.4838 0.0000
Treatment 5 0.143 0.029 0.6421

Interaction 5 0.867 0.173 3.8906  0.0070
Error 33 1.471 0.045

Total 47 6.749

Grand Mean =2.874 Grand Sum =137.950

CV =7.35% LSD (0.05) = 0.31

Fresh weight of leaves

ANOVA TABLE

Source df Sum of squares Mean Squdare F value  Rlivpab
Replication 3 4694.642 1564.881 1.4331 0.2507
Cropping System 1 117978.588 117978.588 108.040 000.0
Treatment 5 2292.281 458.456 0.4198

Interaction 5 6269.919 1253.984 1.1484  0.3550
Error 33 36035.578 1091.987

Total 47 167271.009

Grand Mean = 218.044

CV =15.16%

Grand Sum = 10466.100

LSD (0.05) = 47.54
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Fresh weight of stems

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 62375.712 20791.904 2.637P 0.0659
Soil type 1 2047154.268 20447154.268 259.722 0.0000
Treatment 5 54033.074 10806.615 1.3710 0.2603
Interaction 5 56298.537 11259.707 1.4285  0.2399
Error 33 260109.315 7882.100

Total 47 2479970.906

Grand Mean =341.329 Grand Sum =16383.810

CV =26.01% LSD (0.05) = 127.7

Fresh shoot yield

ANOVA TABLE

Source df Sum of squares Mean Square F value  Rlivpab
Replication 3 209650.084 69883.361 45940  0.0085
Cropping System | 1 2284292.312| 2284292312 150.166000
Treatment 5 231442.174 46288.435 3.0429 0.0229
Interaction 5 65660.645 13132.129 0.86383

Error 33 501989.604 15211.086

Total 47 3293034.819

Grand Mean = 934.5 Grand Sum =44854.3 CV =13.20% LSD (0.05)=177.40
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Dry weight of leaves

ANOVA TABLE

Source df Sum of squares Mean Square F value  Riibpab
Replication 3 732.251 244.084 59991  0.0022
Soil type 1 4984.744 4984.744 122.514 0.0000
Treatment 5 1206.122 241.224 5.9288 0.0005
Interaction 5 25.837 5.167 0.1270

Error 33 1342.671 40.687

Total 47 8291.625

Grand Mean =65.943 Grand Sum =3165.250

CV =9.67% LSD (0.05) =9.17

Maize grain yield

ANOVA TABLE

Source df Sum of squares Mean Squdare  F valug Rhidpab
Replication 3 105068.271 35022.757 0.4474

Soil type 1 14859496.304 14859496.304 189.8339 00.00
Treatment 5 1620804.873 324160.975 4.1412 0.0050
Interaction 5 438121.254 87624.251 1.1194 0.3693
Error 33 2583117.548 78276.289

Total 47 19606608.250

Grand Mean =1432.849

CV = 19.53%

Grand Sum =68776.730

LSD (0.05) = 402.50
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Dry weight of stems

ANOVA TABLE
Source df Sum of squares Mean Square F value  Riibpab
Replication 3 25981.772 8660.591 3.1528  0.0378

Cropping System | 1

126824.364 126824.364 46.1685 000.0

Treatment 5 29170.179 5834.036 2.1238  0.0871
Interaction 5 13966.985 2793.397 1.0169  0.4235
Error 33 90650.629 2746.989

Total 47 286593.928

Grand Mean = 216.877

Grand Sum = 10410.100

CV=2417% LSD (0.05) = 75.40

Dry shoot yield

ANOVA TABLE

Source df Sum of squares Mean Square F value  Rlivpab
Replication 3 98912 32970.799 4.0077 0.0154
Soil type 1 2623563.315 2623563.315 318.906 0.0000
Treatment 5 105607.827 21121.565 2.5674 0.0455
Interaction 5 54021.322 10804.264 1.3133 0.2824
Error 33 271483.319 8226.767

Total 47 3153588.181

Grand Mean =455.035

CV =19.93%

Grand Sum =21841.700

LSD (0.05) = 130.5
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Effects of sheep kraal manure on growth, dry matter yield and
leaf nutrient composition of a local Amaranthus accession in
the central region of the Eastern Cape Province, South Africa*

S Mhlontlo, P Muchaonyerwa and PNS Mnkeni®
Department of Agronomy, Faculty of Science and Agriculture, University of Fort Hare, Private Bag X314, Alice 3700, South Africa

Abstract

Indigenous vegetables that supply abundant amounts of protein, vitamins, calories and minerals could alleviate problems
of malnutrition, in developing countries. Amaranthus is one such vegetable that could be domesticated and cultivated but
information on its fertility requirements is scanty. A dry-land field experiment was therefore conducted to study the effects
of sheep kraal manure application rates on growth, fresh and dry matter yields, nutrient uptake and grain yield of one of the
Amaranthus accessions that grow in the wild in the Eastern Cape. The treatments were sheep kraal manure rates ranging
from 0 to 10 t'ha and an NPK {2:3:4(30) + 0.5% Zn} fertiliser as a positive control at 130 kg/ha. Low manure rates (=2.5 t'ha)
resulted in plant heights and fresh matter yields which were comparable to those in the unfertilised control, whereas higher
rates (3 and 10 t/ha) and NPK fertiliser gave greater plant heights and higher yields at both 30 and 60 days after transplant
(DAT) (p=0.03). At 30 DAT, manure application rates of =2.3 t'ha and the NPK fertiliser treatment, produced greater shoot
dry-matter yields (=29.35 g/plant) than the unfertilised control {(17.11 g/plant). Uptake of N and P in the leaves increased with
increase in manure application rate with N uptake reaching a maximum of 308 mg N /plant at 8 manure rate of 2.5 t/ha which
corresponded with the maximum dry matter yield of 45.97 g/plant. There was no effect of manure rate or fertiliser on residual
s0il N and Ca, whereas P, K. Mg and Zn were increased (p=0.005). The findings suggested that =2.5 t'ha sheep kraal manure
could result in growth, nutrient uptake and yield comparable to 150 kg/ha NPK fertiliser for the Amaranthus accession used

in this work.

Keywords: Amaranthus accession. sheep manure, dry matter yield, nutrient composition, residual nutrients

Introduction

Hunger and malnutrition are mostly experienced in developing
countries where they affect growth and development of children
(Aphane et al., 2003). Foods of animal origin, which are major
sources of vitamins and proteins, are often too expensive for poor
households (Aphane et al., 2003; Wehmever and Rose, 1983).
Vegetables that supply abundant amounts of protein. vitamins,
calories and minerals. needed 1n a diet, could alleviate prob-
lems associated with malnutrition (Wehmeyver and Rose, 1983).
However, the production of exotic vegetables 1s made difficult
by harsh climatic and resource-poor conditions encountered in
most rural areas, where problems of malnutrition occur.

More than 100 different indigenous species, including Ama-
ranthus sp., Corchorus genera, Cleome gynandra, grow well
in such areas (Jansen van Rensburg et al., 2004; Aphane et al.,
2003). They are popular in communities such as in the former
Transket, South Africa, where their leaves are gathered from
plants growing in the wild. chopped and mixed with maize meal
to prepare a traditional meal known as ‘imifine” or ‘isigwampa’
(Wehmeyer and Rose, 1983). Amaranthus could be cultivated
in areas of Southern Africa where there is inadequate or unreli-
able rainfall (Jansen Van Rensburg et al.. 2004) but information

*  Revised version. Originally presented at the International Sympo-
stum on the Nutritional Value and Water Use of Indigenous Crops
for Improved Livelihoods held on 19 and 20 September 2006 at the
University of Pretoria in Pretoria, South Africa

* Towhom all correspondence should be addressed.

W +2740 602 2139; fax: +2740 653 1730;
e-mail: pmokeniufhaczs

Available on website http://www wrc.org.za
ISSN 0378-4738 = Water SA Vol. 33 No. 3 (Special Edition) 2007
ISSN 1816-7950 = Water SA (on-line)

on its fertilisation requirements is limited (Elbehri ef al, 1993).
Moreover chemical fertilisers are expensive for the resource-
poor farmers who often utilise those vegetables (Jansen Van
Rensburg et al., 2004). Hence there is need to investigate
cheaper sources of nutrients such as animal manures. According
to Schippers (2000), the crop gives good yield when high levels
of nitrogen are applied and it responds well to organic matter.

Farmers in the Eastern Cape use kraal manure in their
maize-based cropping systems to address problems of declining
soil fertility (Van Averbeke and De Lange, 1995). While guide-
lines exist on the use of kraal manure for crops such as maize
(Van Averbeke and Yoganathan, 1997), no information could be
found on the use of kraal manure on Amarantius 1n the East-
ern Cape. This article reports on effects of sheep kraal manure
application rates on growth, fresh and dry matter yields, nutrient
uptake and grain vield of a local Amaranthus accession in the
central region of the Eastern Cape.

Experimental

The experiment was conducted between November 2002 and
May 2003 in Gqumahashe village (32=457 §; 26° 527 E). five
km north of Alice town. The soil contained 0.026% K, 0.35%
Ca, 0.044% Mg. 2.5 mg P/l and 14 mg Zn/{. with pH 3.3 (in
KCI). Sheep kraal manure used in this study was collected
from kraals in the village and contained 1.8% N. 3.7% Ca,
1.4% Mg, 0.37% P, 16 000 mg/kg Fe and 872 mg/kg Zn. It was
applied to the soil at different rates (0. 0.3, 0.6, 1.2, 2.5, 5.0 and
10 t/ha). Inorganic NPK fertiliser {2:3:4(30) + 0.3% Zn} was
applied at a rate of 150 kg/ha, the rate recommended for spin-
ach by Makus (1984), as a positive control. The experiment
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was arranged 1n a randomised complete block design (RCBD)
with four replications. Sheep kraal manure was broadcast in the
designated plots after land preparation and incorporated into
the soil, using a rotavator, two weeks before transplanting. Inor-
ganic fertiliser was also applied by broadcasting and incorpo-
rated a day before planting.

One-month-old seedlings of an unclassified dmaranthus
accession that grows in the wild in the Eastern Cape were
transplanted on 17 December 2002, 1n 6 m rows (6 rows /plof)
with an inter-row spacing of 1 m and intra-row spacing of
30 cm. The seedlings were then irrigated for the first week to
aid establishment, whereafter they solely depended on rain.
Other management practices, like weeding, were the same
across the treatments. No pesticides were applied. Data col-
lection and sampling for growth. fresh and dry matter yields,
were done at 30 and 60 d afrer transplanting (DAT). Two
plants were randomly selected from the twe middle rows in
each plot and upreoted. Stem girth, plant height, number of
leaves and fresh mass (stems and leaves) were determined,
before dry matter (leaves and stems) was determined after
drving in an oven at 60°C to constant mass. All oven-dried
leaf samples were ground, digested and analysed for total N,
P. K. Ca. Mg. Fe and Zn as described by Okalebo et al. (2002).
Nutrient uptake (N, P. K, Ca, Mg, Fe and Zn) was then cal-
culated from the leaf dry matter and the composition of the
nutrients in the leaves. Grain mass and residual soil nutrient
composition were determined at 90 DAT. Analvsis of vari-
ance (ANOVA) was done using the MStat C statistical soft-
ware and least significant differences (LSD) at 5% significant
level were used to separate the means.

Results and discussion

Effects of sheep manure application rate on growth
of Amaranthus

Plant height, number of leaves and stem girth, increased sig-
nificantly (p<0.05) with an increase in sheep kraal manure
application rate (Table 1). At low manure rates (2.5 t/ha), the
plants had comparable height to those in the unfertilised contral,
whereas higher rates (5 and 10 t/ha) and NPK fertiliser resulted
in greater plant heights both at 30 and 60 DAT. Similar results
were observed by Elbehri et al. (1993). who reported increased
Amaranthus plant height at higher nitrogen application rate. At
low manure rates (1.3 t/ha) the number of leaves were com-
parable to the unfertilised control, whereas higher rates (2.5 to

10 t/ha) and the NPK fertiliser treatments produced larger num-
bers of leaves both at 30 and 60 DAT. These responses could be
ascribed to increased uptake of nutrients as a result of the avail-
ability of larger amounts of nutrients in the soil as the amount of
manure increased.

Manure application resulted in larger stem girth when
compared to the unfertilised control but there was no addi-
tional response to increased application from 0.3 to 10 t/ha.
giving values similar to that obtained with the NPE fertilizer.
These results appear to indicate that addition of manure at
0.3 t'ha provided sufficient nutrients for maximum stem girth
at growth stages up to 60 DAT and the rest of the nutrients
were partitioned towards stem elongation and leaf produc-
tion.

Sheep manure application effects on fresh yield of
Amaranthus

Fresh marter vield (leaf. stem and shoof) increased significantly
(p=0.03) with an increase in sheep kraal manure application
rate (Table 2). Where low rates of kraal manure (=2.5 t/ha) were
applied. leaf stem and shoot fresh matter vields were compara-
ble to unfertilised control both at 30 and 60 DAT. Higher rates
of sheep kraal manure (5 and 10 t/'ha) produced higher fresh
matter yields than the unfertilised control, giving values simi-
lar to that obtained with the NPK fertiliser. At the higher sheep
kraal manure application rates, the results compared well with
those reported by Makus (1984) for different accessions of
Amaranthus, fertilised with mineral fertiliser at recommended
rates for spinach. The values obtained in the present study were
lower than those reported by Allemann et al. (1996) for differ-
ent varieties of Amaranthus at ARC-Roodeplaat, the research
station of the Vegetable and Ornamental Plant Institute, near
Pretoria. This is logical, since 1n the latter experiment the crop
was grown under irrigation, while in the present study it was
grown under rain-fed conditions in an abnormally dry season.
In the irrigated experiment of Allemann et al. (1996) fertiliser
applications were also much higher than in the present experi-
ment, as 15 normal for irrigated conditions. In the present study
the highest leaf fresh matter yield at 30 DAT was obtained
with an application of 5 t/ha sheep kraal manure, while at 60
DAT it was obtained with the inorganic NPK fertiliser treat-
ment. These results indicate that a sheep kraal manure applica-
tion rate of at least 5 t/ha 15 critical to maximise Amaranthus
fresh matter yield if the crop 1s to be cultivated and wsed as a
vegetable.

TABLE 1
Effects of sheep kraal manure application on growth of Amaranthus
Manure rates Plant height {cm) Stem girth {cm) Number of leaves
(t/ha) 30 DAT* 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
0 30.50c** 37.00d 0.75¢ 1.400 670 02c
03 34.00bc 2.25¢cd 1.00be 1.68ab 86ab 111bc
0.6 33.75bc 41.50d 1.10ab 1.70ab 86ab 112bc
13 38.75abc 48.25bed 1.18ab 1.73a 99ab 122bc
25 40.50abe 47.75bed 1.25ab 1.90a 117a 140abe
5.0 45.00ab 54.25abc 135a 1.95a 118a 150ab
10.0 47253 61.00a 1.30a 203a 126a 153ab
NPK fertiliser 46.50a 57.50ab 1.23ab 2.03a 114ab 181a
CV (%) 21 17 17 16 32 27

* DAT = Days after transplanting

**\eans in each column followed by the same letter or none at all are not significantly different at p = 0.03
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TABLE 2
Effects of sheep kraal manure application on fresh matter yield of Amaranthus
Manure rate Leaves Stems Shoots
(t/ha) (g/plant) (g/plant) (g/plant)
30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
] 18 884~ 28.50¢ 21.73d 4576d 45 66c 07.16d
03 25.85cd 51.82bc 31.3%9cd 66.08cd 67.47bc 132 66cd
0.6 31.08abed 56.05bc 43.33bcd 656.43cd 06.14abc 143.53cd
13 28 48bcd 54.06bc 43.93bcd 96.90bcd 103.27abc 154 70bcd
25 38.90abed 68.21abe 51.55abed 113.15abed 106.54abe 194 835abc
5.0 3045z 77.25ab 78.00ab 129 40abc 149172 230.03ab
10.0 48.88ab 78.73ab 00.28a 156.60ab 14072a 262452
NPEK fertiliser 41 95abe 104.10a 70.28abc 181.38a 127 94ab 258.80a
CV (%) 39 46 53 49 50 35
* Means in each column followed by the same letter or none at all are not significantly different atp = 0.05.
TABLE 3
Effects of sheep kraal manure application rates on dry matter yield of Amaranthus
Manure rate Leaves Stems Shoots Grain
(t/ha) (g/plant) (g/plant) (g/plant) yield
30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT (g/plot)
0 6.17c* 10.26f 4.11d 5.60d 17.11c 19.35¢c 362
03 8.44bc 14.62ef 6.15cd 10.09¢d 21.88bc 28.74b 402
0.6 9.7%9abc 16.63de 7.55bed 12.65bed | 26.67abc 31.27b 405
13 9.75abc 18.32cde 7.71bcd 15.49%cd | 27.03abc 36.690 412
25 11.84ab 21 96bed 0.30abe 18.28abc 20.33ab 4597a 428
50 12 49ab 23 52abc 9 86abe 22 28ab 30.74ab 46.97a 443
10.0 13.44a 24.68ab 14.03a 25.35a 37.68a 49.77a 488
NPK fertiliser 12.16ab 27.72a 12.07ab 26.4% 38.09a 52.78a 532
CV (%) 30 19 38 39 27 16 33

* Means in each column followed by the same letter or none at all ave not significantly different at p = 0.05

Effects of sheep manure rate on dry matter and grain
yield of Amaranthus

Dry matter (leaf. stem and shoot) yields increased with increas-
ing manure application rate {Table 3). At 30 DAT. manure
application rates of 2.5 t/ha and the NPK fertilised treatment,
produced greater shoot dry-matter vields than the unfertilised
control. The vields obtained in the present study were lower
than those reported for the irrigated experiment by Allemann
et al (1996). which is logical. The unfertilised control produced
yields which were comparable to those from manure rates rang-
ing from 0.3 to 1.27 t/ha. Elbehri et al. (1993) reported improved
forage vield of Amaranthus as a result of nitrogen addition. The
findings suggested that 2.5 t/ha of sheep kraal manure would
supply suffictent nutrients (compared to the recommended fer-
tiliser application) for dned vegetable Amaranthus, especially
when the leaves are to be harvested at a young age (30 DAT).
This is recommended and is practised in the Eastern Cape
(Wehmever and Rose, 1983; Bhat and Rubuluza, 2002). This
critical manure rate is lower than the one based on fresh matter
vield. This could be a result of differences in water uptake by
the plants at the time of sampling. From the differences in fresh
and dry matter responses to the two different kraal manure
rates, the results indicated that the plants in the 5 t'ha manure
treatment took up more water than in the 2.5 t/ha treatment.
Since fresh matenial is normally consumed, a kraal manure
application of 5 t/ha would seem the more logical rate at which
to apply it. It is important to note that at the voung growth stage
at which the leaves are normally harvested (30 DAT) fairly
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moderate sheep kraal manure applications gave better results
than inorgamic NPK fertilisers. Grain vield did not respond to
sheep kraal manure or fertiliser application when compared to
the control (Table 3).

Sheep manure effects on nutrient concentrations and
amounts in Amaranthus leaves

The concentrations of Ca. Mg. P. N and K in the Amaranthus
leaves agreed very well with those reported for different acces-
sions of the crop by Makus (1984) while Fe and Zn were much
lower. There were no effects of rate of manure application on N,
P K. Ca, Mg, and Zn concentrations in dmaranthus leaves at 30
DAT (Table 4). These results agree with those of Ore-Oluwa et
al. (1981) who reported no effects of nitrogen on accumulation of
Ca, K. Na, Cuand Zn in Amaranthus leaves. However, uptake of
N and P in the leaves increased with increase in manure applica-
tion rate, with N uptake reaching a maximum at a manure rate
of 2.5 t/ha, which corresponded with maximum dry matter yield
(Table 5). Due to the close relation between N and protein. the
same trend was observed for crude protein. Crude protein con-
tents compared favourably with other indigenous vegetables
used in the Eastern Cape, and thus could supplement the maize-
based diets with protein {Wehmeyer and Rose, 1983). The find-
ings indicate that 2.5 t/ha or higher rates of sheep kraal manure
supplied adequate amounts of nutrients (especially N and P) for
optimum yields.

Leaf Fe concentration results agreed with those reported
by Jansen Van Rensburg et al. (2004). It varied with different
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TABLE 4
Effects of sheep kraal manure application on nutrient concentrations in
Amaranthus leaves at 30 DAT
Manure rate Nutrient concentrations in Amaranthus leaves
(t/ha) N [ p | k Mg ca Fe [ zn
(%) (mg/kg)
0 217* 0.09 33 14 39 60.0bc 20
03 219 0.12 35 14 39 46.9¢ 32
0.6 2.57 0.09 38 1.3 3.6 132.3a 24
1.3 234 0.12 34 1.3 38 90.9abc 22
25 2.53 0.12 3.6 1.5 37 100.6abc 23
5.0 213 0.11 37 1.3 35 81.1abc 2.5
10.0 2.25 0.13 4.3 1.5 37 07.8abc 38
NPK fertiliser 247 0.14 47 13 37 116 5ab 23
CV (%) 17 14 16 13 12 43 49

*Means in each column followed by the same letter or none at all are not significantly diffevent atp = 0.03

TABLE 5
Effects of sheep kraal manure rate on nutrient amounts in Amaranthus
leaves at 30 DAT
Manure rate Nutrient uptake (mg/plant) Crude
(t’ha) N p K Mg Ca protein
(g/plant)
0 134¢ 6.03d 207 82 240 0.84¢
03 178bc 9.05cd 288 116 324 1.11be
06 264ab 0.88bed 360 138 352 1.65ab
13 262ab 11.88abed 310 130 369 1.64ab
235 308a 13.10abc 482 176 436 1.03a
50 273ab 13.38abe 506 158 443 1.71ab
10.0 267ab 17.83a 520 182 503 1.67ab
NPK fertiliser 315a 16.80ab 565 154 452 197
CV (%) 35 35 34 34 34 21

*Means in each column followed by the same letter or none at all are not significantly different atp = 0.03

manure and fertiliser applications, though no specific trend was
observed (Table 4). Rates of manure application greater than
0.6 t'ha, however, generally resulted in levels of Fe that were
higher than in the control treatment. Since Fe is an important
element in human nutrition, these results suggest that in addi-
tion to improving vields, fertilisation of Amaranthus with sheep
manure will have the added benefit of improving its nutritional
value, including Fe.

Effects of sheep manure application rates on residual
soil nutrient composition

Post cropping soil pH ncreased from 5.4 to 5.8 in response to
increasing manure rate from 0 to 10 t/ha, whereas the NPK fer-
tiliser depressed it (Table 6). Manure rates <2.5 t/ha had post-
cropping pH values which were comparable to the unfertilised
control, whereas higher rates had significantly higher pH values
(p=0.05). The liming effect of manure could be of great signifi-
cance in the Eastern Cape where manure is readily available and
pH of most of the soils has been reported to be critically low
(Mandiringana et al., 2003).

There was no effect of manure rate or fertiliser on resid-
ual soil N, suggesting that the crop had exhausted the soil
N from manure or fertiliser. Lower manure rates (=1.3 t/ha)
resulted in lower residual soil P than the higher rates (2.5-10
t/ha). Although the latter gave lower plant-available scil P
levels than the NPK fertiliser (Table 6), the increases were
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substantial, which agrees with the findings of Eghball and
Power (1999), who reported an accumulation of scil P as a
result of manure application. This could probably benefit the
next crop grown on this soil but could over several seasons
of application of high manure rates lead to the build-up of
excessive soil P levels. This could eventually result in P/
Zn imbalance. which could result in reduced Zn uptake if
manure is applied at high levels over long periods (Brady
and Weil. 1999).

Residual soil K from plots fertilised with NPK fertiliser,
and low manure rates (0.3 to 1.3 t/ha), did not differ statis-
tically significantly from that in the unfertilised control. At
higher kraal manure rates (2.5 to 10 t'ha) sharp increases in
soil K levels were observed. Soil K levels in all the treatments,
even the unfertilised control. exceeded 200 mg K/kg. This is
above the critical level of 80 to 120 mg K/kh (Bornman et al.,
1989), which explains the lack of K uptake response to manure
or fertiliser application. The results are in agreement with
Laker (1976), who reported that, in general, South African
soils do not have K deficiency problems. Although the uptake
of Mg did not respond to manure and fertiliser application,
its residual levels increased at manure rates of 5 and 10 t/ha
(Table 6). Calcium ranged between 3 914 and 4 690 mg Ca'kg.
The manure rate of 10 t/ha gave a significantly higher calcium
level than all the other treatments (Table 6). Low manure rates
(0.3 to 1.3 t/ha) did not increase residual Zn levels significantly
above the unfertilised control, while higher manure applica-
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TABLE &
Effects of sheep kraal manure application rates on residual soil nutrient composition
Manure rate pH (KCI) Total N 0C (%) Selected nutrients (mg/ka)
(t/ha) (%) 2] K Mg Ca Zn
0 5.40¢ 0.07 1.70b 4.00d 212.00d 308.70c 39140 1.6le
0.3 5.50¢ 0.09 1.93a 4.50d 203.28d | 325.63bc 3943b 213cde
0.6 345¢ 0.09 1.74ab 4.87d 237.55d | 344.83bc 39000 1.88de
1.3 5.50c 0.10 1.88ab 6.21d 268.75d | 330.73bc 38220 2.02cde
25 3.55be 0.10 1.80ab 15.28¢ 351.75¢ | 350.50be 4038 b 2.28bed
5.0 5.70ab 0.09 192a 19.50¢ 433.61b 376.000 4019 b 2.43be
10.0 5.80a 0.09 1.87ab 28.000b 53375a 456.50a 4690a 2.78b
NPK fertiliser 5.20d 0.09 1.78ab 36.23a 267.25d | 362.63bc 30680 6.04a
CV (%) 202 17.50 1.01 2021 14.36 1071 232 13.12
*Means in each column followed by the same letter or none at all are not significantly different atp = 0.05

tions (=2.5 t'ha) significantly increased soil Zn levels. This
indicates that the application of sheep manure can increase the
zine fertility of Zn deficient seils. In the present study, however,
Zn was not a problem as levels in all treatments, including the
control were within or above the critical range of 1.5 to 2 mg
Zn/kg (Bornman et al., 1989). The inorganic NPE {2:3:4(30)
+ 0.5% Zn} fertiliser treatment gave the highest level of
residual Zn (Table §). because the fertiliser contained Zn 1n its
formulation.

Conclusions

The findings of this study suggest that sheep kraal manure rates
of 2.5 t/ha or higher could result in Amaranthus growth, vield
and nuirient uptake, similar to those of the recommended NPK
{2:3:4(30) + 0.5% Zn} fertiliser at 150 kg/ha under dry-land con-
ditions of the Central Region of the Eastern Cape. In fact, at
the voung growth stage at which Amaranihus 1s normally har-
vested, fairly moderate sheep kraal manure applications gave
better results than commercial inorganic NPE fertiliser. In addi-
tion to improved growth, the crop was enriched with iron and
crude protein, which are very impertant in human nutrition.
Sheep manure, at rates =2.5 t/ha, raised soil pH (liming effect)
and had high residual fertility, as indicated by high levels of P,
K. Mg and Zn at harvest time. Therefore, Amaranthus needs not
be fertilised with mineral fertilisers where sheep kraal manure
or other forms of manure are available. Organocleptic tests and
other proximate analyses are needed to establish whether or not
the yield increase observed with manure addition was at the
expense of the good taste and high crop quality of the vegeta-
ble. Further research replicated over many sites and incorporat-
ing a comparative cost analysis 15 needed to establish the cost
effectiveness of using kraal manure as a source of nutrients for
Amaranthus.
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