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ABSTRACT
\

in addition to low soil moisture and its holding capacity, constraints to arable agriculwral
production in Botswana include low levels of nutrients especially phosphorus. The objectives
of the study were to determine the effect of phosphorus on the growth, yield and uptake of
nutrients by intercropped maize and cowpea. The experiment was conducted at Botswana
University of Agriculture and Natural Resources grounds at Sebele, as a split plot in a
randomized complete block design with three replications. Four levels of phosphorous as the
main treatments were used and the source of phosphorus was single superphosphate. The
levels of phosphorus (P) were 0, 50, 100 and 150 kg/ha. There were three sub-trcatments
being intercropped maize and cowpen, sole maize and sole cowpea. The maize variety was
Kalahari Early Pearl (KEP) while a local cowpea landrace Tswana (mogweokgotsheng) were
used. Data were tested for normality and subjected to analysis of variance (ANOVA).

Application of P did not reveal significant differences on dry matter accumulation. Also,

differences in the P application rate did not show significant differences jn the uptake of all

macro- and micro-nutrients tested in the whole plant dry matter. However, the different

cropping systems revealed differences in the uptake of both macro- and micro-nutrients.

Intercropped cowpea produced the highest whole plant dry matter in grams compared to sole

cowpea, with dry matter for intercropped plants being about 2.3 times more than for sole

plants. This could be due to jow inter row competition for intercropped cowpea. Thus, maize

and cowpea roots explored different parts of the soil due to diffcrcnccs_ in 1hcir_rqol

architecture. Thcrc was some signiﬁcanl P application rate x croppingsyslcms interactions

for Fe and Cu in whaole plants as well as Ca, Mg, Nn nnd Fei in cowpca seed. For wholc . '.

- plants, the h:ghest Fe uptake was shown by mtercroppcd cnwpca p[nms that dxd not receive : -

any P whereas for the Sccd ‘mefmpped Cprca whlch rccencd 50 Lg P!ha cxhth:d Lhc L




highest Fe content. Seed from sole cowpea plants extracted the highest amount of Ca and Mg
at all P application \Ievcls. Positive, highly significant relationships were established {or
whole plant P and K \(r =(.7971, p = 0.0000), whole plant P and Mn (r = 0.8577, p = 0.0000),
and whole plant P and Fe (r = 0.6160, p = 0.0000) as well as for seed P and Mg (r= 0.7915, p
= 0.000004) and seed P and K (r = 0.7949, p = 0.000003). Taken together, this study has
shown that application of P did not affect production of dry matter on the Luvisois at Sebele.
It has also been shown that P application did not affect accumulation of nutrients in whole
plants as well as in the seed. However, it was shown that intercropped cowpea accumulated
maore nutrients in whole plants and in sced. Therefore, cowpea crop should be should be used

¢
e

in cereal legume cropping system by Batswana farmers because of it ability to accumulate

more nutrients.
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CHAPTER 1: INTRODUCTION

1.1 Back ground information

In addition to low soil moisture and its holding capacity, constraints to arable agriculral
production in Botswana include low levels of nutrients especially phosphorus (P). Because P
is an essential element, its absence in soils means that craps cannot complete their life cycles.
Botswana soils are not only low in P, but because of their highly weathered nature, their pH

is oflen low, meaning that they have a tendency of fixing P into insoluble compounds.

Phosphorus is available in the soil solution primarily in the forms of polyprotic phosphoric
acid (H3P0ys). The predominant form of P depends on the pll of the particular soil (Nielsen ef
al., 2007). Taiz and Zeiger (2010) also put emphasis on the actual concentration of soluble P
in most soils as relatively very low, due to several factors. At pH less than 6.8 the
predominant form of P is the mono valent orthophosphate anion (H2P0%) (Hopkins 2005,
Taiz and Zeiger 2010). In slightly acidic to neutral soils, the predominant form is the HPO,*

ion. Orthophosphate is readily absorbed by plants roots (Barber, 1985).

Substantial amounts of P may be bound up in organic forms which are not available for
uptake by plants. Marschner (1995) reported that organic P may be converted to an in organic
form by the action of soil micm-orgﬁnisms and mofcnvcr, hlnms must also be able to
compete with the sail ﬁicm-ﬂom for the smxﬂl :imount of phosphorus in the soil. For these

reasons P rather than N is the limiting element in natural ecosystems (Pieter ef al., 2007).

Between pH 6.8 and 7.2, me.'prc.do‘minum form of P is divalent which is less readily
absarbed. The optimal soil pH rnge for. P..avuilabili‘ly is 76-'_1. In alkaline soils the
| predominunt P is the _tri_vﬁlcnt form Which. isr_ virtually u'nnvaillablc I“o-r up-takc_ by the pl:mt-
" (Marschner, 1995). According to Taiz and Zeiger (2010), the ;i&;uul c};nccﬁrmuon of scluble

1



P in most soils is relatively low, due to several factors. Al neutral pH , P tend to form
insoluble with aluminum (Al) and iron (Fe), whi le in basic soils calcium (Ca) and magnesitm
(Mg) will precipitate the P because insoluble phosphates are slowly released into soil solution

. P is always limited in calcarious soils (Barber, 1985),

In Botswana, production of maize and cowpea is very low with yields of both crops below a
tone per hectare. Chief among factors limiting production is poor soil fertility especially N
and P (FAO, 2015). In legume based smallholder production systems, lack of N can be
corrected by biological nitrogen fixation while the shortage of P can be ameliorated by the
~.use of inorganic phosphorus fertilizer in these subsistent arable fields.

1.2 Maize production

Worldwide production of maize is estimated at 785 million tons, with largest producer being
United States producing 42%, Africa produces 6.5% and the largest African producer is
Nigeria with nearly 8 million tons, followed by South Africa (FAO 2015). Africa imports
28% of the required maize from countries outside the continent. Hundred and fifty million
hectares of maize are harvested worldwide, and Africa harveésts 29 million hectares Nigerin

being the largest producer harvesting 3% followed by Tanzania (FAQ, 2015),

In Botswana, maize is cultivated by both commercial and traditional farmers under rain fed
condition (DAR. 2004), -’I'l.ic 2007 and 2008 Agricultural report survey of January 2012
shows that under traditional sector of Botswana, area planted with maize from 1998 to 2008
ranged from 80 000 ha to 120 000 ha respectively, while grain harvested was about 25 000
| mt;lric tonnes and 44 Q00 metric tonnes respectively, which translate to 313 kwha and 367
kg/ha both representing low production lgvgls below 100 000 metric tonnes. 'I'h_cfefore, there
is the need to add P nnd inlcrérogmﬁizé. with legumes such as cowp:i:;x_s,ms there are kﬁo_wg

- for their biological nitrogen fixation.



1.3 Cowpea production
According to FAO (2015), the world production is 3.3 million tons of cowpea from 12.5

million Il‘l\a. Central and West Africa produce cowpea in about eight million ha, while Central
and Central America produce cowpea on an area of about 2.4 million and lastly Asian
production is on an area of about 1.3 million ha. As of 2012, the average cowpea yield in
Western Africa was estimated as 483 kg/ha which is still 50% below estimated potential
production yield. The FAQ report shows that in some traditional cropping methods the yield
can be as low as 100kg/ ha. In tropical Africa under subsistence agriculture cowpea dry seed
yield potential ranges from 100-500 kg ha -' (Vesterager er al., 2007). The Ministry of
Agriculturc survé‘jr"i'cport of (2007/2008), indicated that in Botswana, about 30 000 ha are
planted to cowpea yearly, with yielding potential of about 600 tonnes of grain (20 kp/ha) and
this is way below the potential of 100-500 kg/ha under subsistence agriculture. Hence the
there is the need to intercrop cowpea with cereals such as maize fertilized with in organic P to
increase the yielding potential of both crops.

1.4 Justification

In Botswana and other arid, semi arid regxons, after soil moisture, the most hrmtmg factors in
crop production are low natural soil fertility cspccmlly P and N, low organic matter and low
amount of exchangeable ions (Pule-Meulenberg, 2014). This is a real challenge for resource
poor smallholder farmers who cannot afford inorgunic fertilizers such as P and N containing
fertilizers, Therefore, inclusion of nitrogen fixing legumes such as cowpen can providc the
much needed nitrogen fertilizer in maize cowﬁcn intercropping systems, with application of

inorganic phosphorus tdcnhanc_c soil fertility and exchangeable ions.
Diﬂ'crenl authbfé recommend diffcri:tit' P applicﬂtiﬁﬁlratég'ih solc i:rlop-s"‘ thcfcf'dré.‘ there is
gap in l-.nowlcdge on thf: nght amount of P appllc:mcm in mlcrcroppmg of cen.als and

= legmm.s hence thc need to conduct the sludy. Funhcrmorc, not much hus been donc on -



comparison of different levels of P in legume and cereal intercropping hence the need to
conduct the study to comparf the intercrop of maize and cowpea with sole crops in relation to
)

levels of phosphorus application.

Botswana farmers are facing problems such as poor soils, semi arid conditions, lack of nght
agronomic munagement skills because in a traditional sel up most of the farmers do not use
chemical fertilizers though they practice some intercropping. The country is still a net
importer of cereals (2007/2008 Agricultural survey report of 2012). According to Vesterager,
et al. (2007), knowledge is lacking on the effects of crop sequences with legumes
interchanging with cereals under farmers traditional set up where inorganic fertilizers are
rarely used. Therefore, there is need for investigating possible ways in utilizing sparingly
soluble phosphorus sources strategically in the cropping sequences in the common maize and
cowpean intercrop systems among small holder farmers of Botswana as the country is part of
semi-arid Africa. The intercrop with addition of P can be important for the Batswana farmers
who can access on.ly small amount of mineral f’cr}ilizers for their cereals and legumes such as
maize and cowpea. In addition intercropping with legumes such as cowpea may provide some

cowpea gruin, which has a high value for household food and for sule.

Therefore, there is need for farmers in Botswana to practise agronomic management skills
such as, the right intercropping mcthudé wi‘th‘inclusion of legumes and addition of the correct
amount of P cnnmiﬁing fetilizers to improve yields in subsisience cereal legume crop
production. This may ulso help thc countryllo combm thc pmblcm of I‘ood insecurily' and thc
' .cuumrv may be suﬂ' cient in i‘ood producuun Accordmg, to Snapp ct al. (1998),in P dcﬁmcm
: ', soils, gmm Icgume L,mwxh can bc rz.duccd to n fracuon of thclr pmentml hence, the nef.d for P

,'-apphcnnon. = mdm  E




Willie (1991) reported low levels of P in Botswana soils. This is especially where the soil hasg
never been cultivated and fertilizer not added. \Low levels of phosphorus are also reported in

small arable farms where farmers are not used to adding inorganic fertilizers hence the need

to add this important mineral. In these small scale farms of Botswana, crops rarely reach their

potential yields.

Furthermore, the agricultural sector contribution to the Gross Domestic Product (GDP) has
decreased over the years from an impressive 40% at independence (1966) to 2.0% in 2007
and to 1.8% in 2008 (Statistics Botswana, 2012). The report emphasizes the need for rural
development to improve agricultural productivity._ despite the sectors performance,
particularly the arable sector, given the fact that majority of the country’s population in the

rural areas derive its livelihood from agriculture.

Therefore, the study was conducted to assess the effect of phosphorus on the growth yield,
and macro/micro nutrients uptake by maize and cowpea intercropping. The inclusion of
inorganic fertilizers such as P in cereal and legume intercrop may be cheaper for amble
subsistence farmers especinlly that Botswana ﬁovémment nowadays has adopted strategies
such as Integrated Support Programnme for Arable Agn‘culturﬁ Development (ISPAAD) in
which farmers are supplicd with free seeds and fertilizers for their arable fields.
1.5 Specific objectiyes
The objectives of the study were to0:
1. Determine the effect of phosﬁhorus on lhc_ growth and yield of intercropped maize
and cowpea | | |
; "2.:-.D§tenninc the cff‘cct;of; ,php}s;pho‘rus on ‘l_hc' Upt‘;nkc of nulric?ils‘_by in::;c&oppéd

~maize and cowpea . .. . . - el



1.6 Hypothesis
Hypothesis 1

)

HO: Addition of phosphorus has no effect on the growth and yield ol maize and cowpea

intercrop and their sole crops

HA: Addition of phosphorus has effect on the growth and yield of maize and cowpea

intercrop and their sole crops,

Hypaothesis 2

HO: Addition of phosphorus has no effect on the uptake of macro- and micro-nutrients of

.

intercropped maize and cowpea and their sole crops.

HA: Addition of phosphorus has effect on the uptake of macro- and micro-nutrients of

intercropped maize and cowpea and their sole crops.

' _,'-\_CHAPTER 2 LITERATURE REVIEW

: 2 1 !mportzmce ofphosphorus in crup producnnn . - : i o e
- Accordmg to Johnson et al (1996) nnd Gerke ("000), phosphorus 1s class:ﬁed us. a major- =

S _nutncnt rncamng lhut 1l 15 rcquln:d by cmps m relahvcly !m’gc nmuunls evcn lhough ls-'_'-_ o




frequently deficient for crop production. The total concentration of P in agricultural crops
generally varies from 0.1 10 0.53% for most plants which is a very low amount for ;ilam ase
(Johnson er al., 1996). The deficiency of P in tropical soils was also reported by Agbenin
(2005) when he reported that P deficiency was wide spread in savanna soils hence the nzed
for it to be added to these soils during crop production. According to Hopkins (2003). the
problem of P in the tropics arises from the numerous reactions it under poes with soil
constituents or colloids that render it unavailable for plant use. Quantitatively, its
concentration in the soil is between 10-25% of N concentration and only about 5% potassium

(K) concentration in soils (Barber 1985). Marschner (1995) states that all plants especially

-

higher plants rely exclusively on macro- and micro-elements for their growth, because they
absorb light energy and carbon dioxide to convert them to chemical energy in the form of

organic compounds through photosynthesis.

Phosphorus is about the second most important nutrient, next to N, in agricuinme; though
does not exist in a gaseous form because of the earth’s temperature, it plays a significant role
in plant Md animal nutrition (Nebel and Richard 1998; Taiz and Zeiger 2010). Phosphorus
still remains a problem in weathered soils of the tropics hence the need for it to be added 10

the soils (Marschner, 1995).

The phosphorous cycle begins when phosphates are removed from the rock through
weathering and are distributed to the soil and water. Plants will then take phosphate jons from
these soils. These phosphates then move from plants to animals when herbivores et plants
and carnivores cat herbivores. They are then absorbed by animal tissues through consumption
eventually returns to the soil through excretion of urine and faeces, as well as the final

decomposition of plants and animals afier death (Elton and Smith, 2002).



2.2 Recommended phosphorus fertilizaation rates
in Botswana, the recommended rates for P application vary from 200-300 kg/ha of single

super phosphate (DAR, 2004), These rates were arrived after field trials based on sole
cropped plants. However, because different plants populations are involved in intercropping,
there was a need to conduct field trials under intercropped field conditions. Mokwunye,
(1977) argued that P fertilization of the soil should be based on phosphate adsorption
isotherms in view of the inconsistency of soil phosphorus test as bases for phosphorus
fertilization, where such data is lacking such as in the case in Botswana, data from ficld trials
can be used. When using phosphorus adsorption isotherms, Agbenin (1996) concluded that
application of between 38 and 40 kg P per hn is adequate to satisfy the phosphorus nutrition
of several crops at slightly acid to neutral soils.

2.3 Role of phosphorous in plants

Phosphorus is a constituent of many important macromolecules in plants and animals
(Mengel and Kirby, 2001). Such organic compounds like adenosine triphosphate (ATP),
ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) contain P, where as ATP is
considered to drive biocherr;-i'(:ul reactions required in living organisms (Marschner, 1995).
The RNA and DNA nced energy from phosphates which are known lo carry genetic
inheritance materials and regulate protein synthesis in both plants and animals (Hopkins,

2005).

Phosphorus also plays an active role in photosynthesis, nitrogen fixation, flowering, fruitihg
and sccd formation as wcll as in crop maturalion (Marschner 1995). [t a]so cnhances root
gmmh in plants cspccmlly lnu.ral and ﬁbrous mots nnd slren;,lhcns strucluml ussucs 10

pmvcnt lodgmg in ccreals it lmprovcs cmp, sccd und pnsturc qun!ny (Mcn;,cl und Ku’by,.

_ "001) In adcquatc P avmlnb;lny in plnnls, leads to slunhng, thm and spmdly stems wuh dark.

. md b[ulsh grecn folmgc {Marschner, 1995;__Nx;iscr_1, nnd Jcpscn, 2_008). Undq::f severe P. St_i'cs;,"



plants will be stunted and show purple leaves or foliage (Johnson er al., 1996). Phosphorous
is required in large amounts at growing sites of the plants (zone of rapid meristematic
activitics and it is usually mobilized from older tissues to new tissues where cell division and
differentiation are actively taking place (Barber, 1985). When P is lacking, the older leaves or
tissues will be the first o show symptoms of P deficiency particularly purpling of leaves
followed by senescence or necrosis (Agbenin, 2003). Indicators of P deficiency in plants are
delayed maturity, sparse flowering, poor nodule formation by legumes and delayed fruit

setting (Johnson et al., 1996).

2.4 Effects of phosphorous in plants
Application of phosphorous at the rate of 100 kg/ha in maize resulted in maximum height of

(158 cm), number of cobs per plant (1.25), mass of grains per cob (327 g) and grain yield
compared to values in control which had maximum height of (145 cm), number of cobs per

plant being (0.80), while mass of grains per cob was (290 g) respectively (Masood ef al.,

2011).

According to Niamatulla e al. (2011), P at twothird doses of green fodder maize resulted in
maximum number of leaves per m? being (40.67) followed by P applied at two doses at
sowing time compared to control where number of leaves were minimal. They observed the
minimum number of leaves in control plants was 34.67 and that when P was given at half
dose it was higher at 36.33. They concluded that P given ot two third at sowing and one third
at knee length had yielded the best in green fodder maize. In another stﬁdy by Hajubas'i and
Schumacher (1994) during the vegcmtivc growth stages (V 1-V6) of two varieties of maize
| CM 37 und W153 R, addition of P was found o have increased the relative growth rate of

shoot to a greater dt.gru: in CM 37 lhnn in Wl 53R

Rnsh:d nnd lqbal ("012) found out 1hnt mc mnxlmum foddcr yleld of mmze (42 35) and

(4".35) Mg,l hn was obtained whcrc P was apphed nt the rntc o[' 53 and 35 kgfha rcspcct!vely



vhile the minimum was from contro! plots which was 11.24 Mg /ha. Research by Sigh et al.
(2011) also showed that irrespective of varieties of cowpea, application of P at the rate of 60

kg/ha had resulted in higher yields of cowpea (1 .4 tons/ha relative to 0 kg/ha that yielded 1.0
ton/ha).

Results on the application of 30 kg/ha of Triple Super Phosphate(TSP) which contains P
showed highest grain yield of cowpea where the highest grain yield was 434 kg/ha and lowest
was 127 kg/ha in control (Odundo et al., 2009). In that study, there were significant DM
responses to super phosphate application. In another study by Ndor ef al., (2012) application
of 4b-kg of P/ha gave higher nodulation per cowpea plant and seed yield per plant. Seed yield

average was 1.53 tons/ha where P was applied compared to control which was 1.0 ton/ha.

The study carried out by Islam ef al, (2001) indicated that cowpea which were inoculated
with mychorrizal fungi and.fcrt’i'lized with rock phosphate at the rate of 30 kg/ha responded
positively with mcrcuscd yield in both pot.excperimenis and in the ficld. Their results also
indicated that lnoculmed plnnts supplied with rock phosphalc ﬂowcrcd earlier and took more
P than plants wuhout rock phosphalc (RP) inoculation. Phosphoro-;s was also reported to be
hnving'a posmvc relatlonship wuh Zn (Ornbl and Abdel Ale, 1987) These authors in their

studies reported thut the upphcatlon of P mcrcnscd the uplakc of Zinc (Zn) as well as the Zn

content in the maize plunt.

Allhough muny studles havc bcm conductcd on thc cffcct nf‘ 3 and growth dcvclopmcnt of
maize and cowpcu, such as by Mug,wu-a and Hngue (1991), Rashld :md [gbal ("01 l) und

many othcrs, thosc were donc on solc crops Thercfure, morc studu:s on mmzc cowpea.

mlcrcmp are needcd Snnpp er aI (1988) suggcstcd llmt mrgeted usc 0f30 Lg P/hn on lcgume 5 -

miize mtcrcrop can. consusu:mly mcrcnsc pmduCtht}’ Of both lcgume ﬂﬂd mmze h}’ 100

| under, smnll scalc f‘m-m condmons Such studlcs should bc undcnnkcn fur dlffcrcnt lcgumcs, ;* ,

SN
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since crops differ in their nutrient uptake. In addition, maize varieties will vary in the way
they up take r&ulricnts and assimilate them. l-lence, the need to investigate the effect of

phosphorus fertilizer on maize and cowpea intercrop under conditions prevailing at Sebele.

Studies conducted by Nour er ¢f. (2000) on the effect of N and P on the growth and yield of
maize showed that grain yield of maize increased with addition of N while the crop showed a
poor response to P application as no increase in yield was obtained with addition of
phosphorus up to 86 kg/ha. Therefore, due to all these contradictory research results on the
effect if P on growth of maize and cowpea, there is need to conduct a study to ascertain the
levels of phosphorus required for maize and cowpea under intercropping.

2.5 Effects of intercropping in crop production

Ouma and Jeruto (2010) define intercropping as a system of pgrowing two diverse species of
crops on a piece of land at the same time with the assumption that they improve the
efficiency of using both above ground and below ground resources compared to growing
them separately. Intercropping is a simultaneous cultivation of more than one crop species on
the same piece of land and is regarded as the practical application of basic cctfogical
principles such‘ns diversity, competition and facilitation (Nielsen er ai., 2007). Owuor er al.,
(2002) emphasized that the total productivity of intercropping is morc than growing any

component crop alone.

Positive effects of intercropping include increased production (Maasdorp and Titterton 1997),
improved soil fenility (Rukazamba et al., 2001) and reduced incidences of pests and diseases
(Bekunda and Woomer, 1996). Maasdorp and Titterton (1997) showed that the yield of maize
intercropped with lablab in Zimbabwe doubled to 1300 kg/ha. Snmapp er al. (1998) also
conducted a study on grain legume in small holding farms in Zimbabwe and Malawi and they
concluded that groundnuts in small holder farming system can contribuie to net annual

amount from negative to around 70 kg N per hectare. They also conciuded that intensification
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of combined use of small inorganic fertilizers especially P in legumes provided some grain
yield with high leafl quality rc%iducs which offered enhanced nutrient cfficiency with
improved food security. They sta\tcd that in P deficient soils grain legume growth could be
reduced to a fraction of their potential. Their study indicated that targeted use of 30 kg/ha of

P on maize legume intercrops can consistently increase productivity of both legume and

cereal up to 100% under small holder farm conditions.

According to Rukazamba er al. (2001) one important reason for intercropping is the
improvement and maintenance of soil fertility. Rukazamba ef a/. (2001) gave an example of a
cereal crop or tuber crop being inlercropped with legumes (beans, peas and groundnuts).
Afler the intercrop is harvested, decaying roots and fallen leaves provide nitrogen and other
nutrients for next crop. However, recent studies have shown that up 10% of the fixed N can
leak from the legume and immediately benefit a non-feguminous crop. The crop residues of
legumes can also be used as fodder by cutting or carrying it to the animals or by letting the
animals graze residues in the field (Yilmaz et al., 2007). The nutrients in the crop residues
can also be recycled while manure from these animals can be used to fenilize the crops.
Legumes in an intercrop syslem’also provide nutrients in the soil, due to decaying crop
remains resulting in improved structure, reducing need for soil tillape (Sakala er al., 2000).
Water losses, soil crosion and leaching of nutrients are also reduced in intercropping systems
due to improved structure and better soil cover. They stated that if fertilizers are applied, it is
necessary to use nitrogen fertilizers on the cereal crop. Fertilizers are more efficiently used in
an intercropping system, due to increased amount of humus and the different rooting systems
of crops as well as differences in the amount of nutrients taken up (Rukazamba et al., 2001;

Sakala er al., 2000).

Bekunda and Woomer (1996) reported that there is reduction of insect pest population in

intercropping duc to the diversity of crops grown and reduction of plant pests and diseases
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ecause the distance between plants of the same species is increased due to inter planting of
rops. Then, there is alteration of more beneficiaal ins§cls especially when flowering crops are
ncluded in the cropping system, increase in farm production and profitability and reduction
o weed population through allelopathy and efficient crop production (Ouma er al., 2010).
This is also supported by Yilmaz et al. (2007) in a study on intercropping maize with cowpea
and growing them as sole crops. Their results showed definite yield increase and economic
advantage in intercropping compared to sole cropping. In their study intercropping showed
high monetary advantage index (MAI) compared to sole cropping. Furthermore, while the
intercrop provides a good soil cover, soil termperature will also stay relatively low; this

prevents burmning of organic matter in the soil and loss of nutrients, it also provides micro

climate that can be favorable for associated crops (Yilmaz et al., 2007).

Though intercropping has more advantages compared to sole cropping, it has potential
problems, Depending on the crops intercropped, competition for water, light and nutrients
may results in lower yields (Reddy and Willey 1981; Roger and Dennis 1993). Changing in
spatial arrangement of the crops will reduce competition (George and Jeruto, 2010). A larger
distance between the plants reduces competition for‘walcr. Other problems in intercropping

systems arc difficulties in mechanization and increased labour requirements (Roger and

Dennis, 1993).

There has been an increase in growers interest in using intcreropping since it could reduce
mansgement inputs that result in sustainable systems more cfficiently using an even
potentially replenishing natural resources used in crop mtmagcmc.nt of farmland (Ouma and
Jeruto, 2010). Recent, research by Khan er al. (2002) and Vesterager ef al. (2007) has shown
that legume roots, rhizome deposits and residues are important nitrogen pools which may also
improve soil physical properties and yield of the cereal crop follqwing legume rotation.

Advantages of intercropping include risk minimization, effective use of available resources,
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and efficient use of labor, increased crop prod uctivity, erosion control and improved food

security (Bekunda, and Woomer, 1996; Owuor e/ al., 2002).

\

In a study by Nielsen and Jensen (2008) where cowpea and maize were grown as intercrops
and sole crops, it was shown that the amount of N; fixed was 30-40% higher when P was
applicd in intercropped maize whereas cowpea yield were not affected. The intercropped
maize with a population of 19,000 plants/ ha accumulated the same amount of N as 38,000
sole cropped maize though intercropping reduced the dry matter accumulation by 25%. They
found out that up take efficiency of the applied P fertilizer was 26%. The study carried by
Long et al. (2007) where maize, faba bean (vicia faba L.) and wheat were intercrapped also
indicated that intercropping maize with faba bean improved maize grain yield and above
ground mass marginally significantly, when cornpared with maize grown with wheat. In their
study they concluded that maize over yielding resulted from its uptake of P which was
mobilized by acidification of the rhizosphere via faba bean root release of organic acid and
protons. Faba bean over yielded because its growth season and rooting depth was different
from of maize. They concluded that under N deficient conditions, P application did not
increase the yield of muize. However, their study had limitations becau;e it did not indicat.c

application rate of phosphorous and the form of P applied.

Picter et al. (2007) in their research on maize legume rotation also found out that npplication
of rack phosphate increased yields and P uptake of both maize and velvet bean ond maize
following maize. They aguin concluded. that the incorporation of legumes in maize based
cropping systems, compared with phosphate rock application increased the. yi;:lds of
subsequent maize crop compared to maize mono-cropping system with phosphate rock
application, uchicving 72% of the moximal yield observed in the reference treatment with

trip.t.c super phosphate application to maize. In their results it showed that on average 160 g
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rains per maize plant equivalent to 8.3 tons /lha, was achieved where 90 kg rock phosphate

vas applied per hectare.

\

n conclusion, this review has shown that although many studies have been conducted on the
fTect of P on growth and development of maize and cowpea, very few were specifically done

n the intercropped maize and cowpea in Botswana.

CHAPTER 3: MATERIALS AND METHODS

3.1 The studyarea and site description
The experiment was conducted at Botswana University of Agriculture Farm situated at

latitude of 24° 33" S and longitude of 25° 57'E at an altitude of 994 m in Sebele. The avernge
annunl rainfall (30 year mean) is about 538 mm and monthly minimum and maximum
temperatures are 12.8° C and 26.6° C respectively. Sebele soils on which the experiment was
carried out are classified as Luv:sols with the coarse and medium sand pre- dommnung, the top
hortzon. The silt comcnt is very low throughout the profile ranging from 2 and 3% only
(Willie, 1991). Prior to the experiment, the soil wné sampl.cd ‘und analysed for some chemical

properties. Table 3.1 shows some chemical characteristics of the soil prior to the experiment,
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Table 3.1: Some chemical properties of experimental site soil at Sebele

Parameter measured Measured soil content Optimum level
pH(CaCly) 4,92 <6.00

0C (%) 0.24 >0.20

CEC (Cmol/kg) 1.82 >2.50

Phosphorus (mg/kg) 6.15 <10.00

Calcium (Cmol/kg) 0.40 >1.00

Magnesium (Cmol/kg) 0.13 >0.30

Potassium (Cmol/kg) 0.15 >0.15

Sodium (C mol/kg) 0.03 <1.00

!

CEC= Cation Exchange Capacity, OC = Organic Carbon

3.2 Experimental procedure and design
The experiment was a split plot in a complete randomized block design with three

replications. Four levels of P as the main treatments were used and the source of P was single
superphosphate. The levels of P were 0, 50, 100 and 150 kg/ha. There were three sub
treatments namely intercropped maize and cowpea, sole maize and sole cowpea. The maize
variety was Kalahari Early Pearl (KEP) while a local cowpea landrace Tswana

(mogweokgotsheng) were used.

Thirty six plots each measuring 3 x 2 m in an area of 432 m? were prepared to a fine tilth in
preparation for planting. Four levels of P fertilizer (0, 50, 100, 150 kg P/ha) were applied as
 basal dressing in treatment plots after randomization two weeks before planting. The basis for
selecting was that difi;ercnt authors in literature recommend different applicati.oﬁ rates, P was
ap;plied by evenly broadcasting in each treatment plot. This was done to allow phosphate
fertilizer to mix with the soil in preparation for crop growth. The inter-row spacing of 43 cm.

and intra-row of 30 ¢ was used when planting the crops which lead to a p_opulatison of 1008
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plants in an area of 432 m* which is equivalent to 74,000 plants per hectare. The maize and
cowpea inter crops were planted in alternating rows. Other agronomic practices such as
weeding; watering to field capacity, as well as pest control was carried out after planting,
whenever necessary. The variables measured per replication in each treatment included the
dry Stover weight, seed yield and micro- nutrient such as Mn, Fe, Cu, Zn and Mo and macro-
nutrient such as N, P, K, Ca, Mg, and Na contents in shoots. However, the measurement for
N seeds was not done as the instrument used for other nutrients could not analyze N. Most
samples which were used to analyze other nutrients were missing hence Lack of N seeds.

3.3 Data collection and analysis

Three plants were randomly selected from each plot within the inner rows in each replication
at the end of the experiment; their seeds were threshed and weighed using an electronic scale.
The mass for each plant was determined by weighing the seeds for that plant and the mass for
all the three plants added together to find the total mass for each level of P. The total mass
was then divided by the number of plants. This was done to find the average mass of one

plant for each P level. Then the seed yield was converted to kg/ha.

The oven dried plant material (plants Stover and seed) were ground and digested with
concentrated sulphiric acid according to Page e al. (1982). The seeds were ground separately
from Stover. Total nitrogen in Stover was determined using the Kjeldahl Nitrogen-(TKN)
procedure. The concentration of P, Na, K, Mg, Ca, Fe, Zn, Mo, Cu, and Mn were determined
fo‘llowing procedures as outlined in AOAC (2012) using inductiveiy"couplcd plasma (ICP).
3.4 Statistical Analysis -
The Data collected on whole pla_nl dry matter, seed dry weight, as well as N, P, Na, Mg. Ca,
and Mn, Fé, Cu, Zn, and Mo contents in Stover and seed weré subjected to normality before a
two way anal'yées of variance (ANOVA) was carried out. Wi\cm signiﬁczmt interaction was

found, an interaction graph was constructed. Correlation analyses were used to determine the
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relationship between P application rates and nutrients concentration in Stover and seeds. The
trlxatmem means were separated and compared using the Duncan's multiple range Test
(DMRT) at 5% probability levels where P application rate and cropping systems were tested.
All these tests were carried out using STATISTICA 2010 package (StaSoft Inco., Tulsa, OK,
USA). Treatment means were separated and compared using the Duncan’s multiple range

Test (DMRT) at 5% probability levels where P application rate and cropping systems were

tested.
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CHAPTER 4: RESULTS

4.1 Effect of P on macro nutrient uptake in stover
The analysis of the results using a two Way Analysis of Variance (ANOVA) revealed no

sipnificance differences in the effect of P on dry matter accumulation (Table 4.1). The P
application rate also did not show significant differences in the uptake of all macro-nutrients
tested (N, P, K, Na, Mg and Ca) in the whole plant dry matter. This may be atiributed to the
soil of poor agricultural quality from OM and low pH (Table 3.1).  Significant p< 0.01
differences were, however, observed for dry matter accumulation in all cropping systems as
showed by the higher intercropped maize biomass compared to sole maize, and higher
intercropped cowpea comparé?iuto sole cowpea. The P application rate x cropping system

interaction was not statistically significant (Table 4.1).

There was variation in the uptake of macra-nutrients among the different cropping systems.
For example, N uptake was highest (p< 0.001) in sole and intercropped cowpen and lowest
(p< 0.001) in maize crops while P uptake was highest (p< 0.001) in sole cowpea,
intercropped cowpea and sole maize and lowest in intercropped maize (Table 4.1). -
Interestingly, K uptake was somewhat similar to that of N with sole and intercropped cowpea
plants showing the highest accumulation of K (p< 0.01) followed by sole maize crop; with
intercropped maize showing the least amount of K. Sodium in whole plants materinl was
highest in sole maize plants (624.5£38.6a), while sole cowpea, intercropped cowpea and
intercropped maize had almost similar contents. Contents of Mg and Ca followed the same
trend as N and K, where sole cowpea and irntcrcroppcd cowpea showed the highest whole
plant malcnal content. For all macro-nutrients with respect to upLakc by whole pl:mls

~ materials, thr.rc was no 51Lmﬁc:ml mtcr:u:twn bctwecn P apphcnuon rut::s x croppmg system
(Table 4.1). All macromutncm vnlucs are very low 1rrespecuvc of P treatment duc 10 poor

soil nutrient status during the study.
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Table 4.1: Effcct of P on macro-nutrient cancentration in monocrapped maize and cowpea,
were compuled by grouping means of sole maize/ cowpea, intercropped maize/ cowpea whole plant dry v

column are significantat P < 0.01(**) and P <0.001 (***).

intercropped maize/ cowpea stover plants. The treatment means
veight. Means +SE with different letters in the same

Treatment Whole plant N P K Na Mg Ca

stover dry

- weight (a)

(mg/kg)

application
rate (kgha)
0 86.1218.7 2877653516 11508:151.8  10280.8¢1321.8 5009266 1566.24160.1  3251.714559
50 78.8+11.7 3022743542 1172641799  10947.2:14128  505.8341.8 1641.4£1813  3177.02481.2
100 124.436.2 3064.8:4014 1029821547 10379.5¢1417.5  451.7x359 1629.141850  3689.5:598.4
150 110.5420.1 2854.0:467.3 1125.2:175.7  9666.1:1209.7 467.0140.1 1870.7¢193.8  3388.0:531.9 -
Cropping
system
Sole maize  39.016.0c 1509.841852b 1113.7+1152a 8256.84933.1bc  624.5¢3§.6a  969.0186.7b 678.6143.2b
I
f:“‘{’p ea 84.3:8.7b 4597.1£252.4a 1543.6+189.8a 13483.6+1628.9a 4705:165b 24734213252 6157.24267.1a
::;"i;:“’”ed 47.024.2b 1378.1:1782b 34041531b  69955:1138.0c  404.7:505b  732.0+1332b  312.6470.4b
1
""’“’;‘;Ppe" 210914423 | 43341248742 14715:1B1.1b 12546.741334.8ab 42661162  2333.1:1438a  6358.0:2356a
2Way
ANOVAF-
Stalistics
p
application - 0.8455ns 0.1172ns 0.1807ns 0.1556ns 0.6076ns 0.1156ns 1.625ns
rate
f;:&‘l"""g 1297510 | 32.7530°" 1363999 57076 8.6944* 48.6842 352,473
P app ratg x
cropping 0.55969ns 1.0395ns 0.7902ns 0.2437ns 1.2492ns 0.4626ns 1.751ns
system
cv 140,22 63.67 81.74 7967 42.38 49.09 3005
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4.2 Effect ol p on micro-nutrient uptake in Stover plants
Table 4.2 shows the effect of P application on micro-nutrieat uptake of sole cowpea/maize

plants as well as intercropped maize/cowpea. The upplicmi}m of P had shown no significant
effect on the uptake of all micronutrients (Mn, Fe, Cu, Zn. and Mo) just like in the uptake of
mucro-nutrients in this study. However, there were significant variations in the micro-nutrient
uptake for the different cropping systems (Table 4.2). For instance, sole and intercropped
cowpea exhibited the highest Mn (333.4+46.1a) and (470.1£63.6a) and Mo (6084.3+213.0a)
and (6117.54+a255.9a) contents respectively while sole and intercropped maize showed the
feast values (2884.2+565.4b) and (3336.9+499.1b). With respect to Fe and Zn, sole plants of
muize and cowpea contained the highest amounts (78.5+3.7a) and (3T.5£2.0b) compared to
intercropped counterparts plants. The trend for Cu uptake for the various crops was different
from that of other micronutrients, in this case, intercropped cowpea revealed the highest
uptake of Cu (7.6+1.28), and followed by sole maize (.2£1.3ab) while sole cowpea and
intercropped maize showed the least amounts (3.7£0.9bc) and (1.5%0.3c) respectively.
Intercropped maize showed the jowest values in Mn, Fe, Cu, and Zn uptake. In addition,

statistical significant interactions of P application x cropping system were found for Fe and

Cu (Table 4.2).
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Table 4.2 Effect of P on micro nutrients uptake by mono cmp‘pcd maize/cowpea, inlercropped maize/cowpea stover plants. The treatment
means were computed by grouping means of sole maize; sole cowpea intercropped maize and intercropped cowpea whole plants.

Treatment Mn ¥e Cu Zn Mo
Lapplication

rate {kg/ha) (mg/kg)

0 25021449 418.568.5 51212 557438 4631.5£509.3
50 196.0435.0 I86.4£69.0 3.240.5 58.13.9 4708424152
100 277.0:53.2 389.1374.6 51413 56.245.1 4342434721
150 274.8:58.7 501.4£1169  5.6:L1 §7.8¢4.0 4740.74529.7
Cropping

sysiem

Sole maizc 15406199 749.2:124.1n  62x13sh  7B.5:3.7a 2883245654
Solecowpen  3334adG.la A803:719b  3.7:09bc  51.5:20b  60843:213.02

::::;i""”’“’ 49.549.1b 15650287 1.5303c  47.5¢56b  33369:499.1b

L‘;‘m"““’ 470146360 3095:449bc  T.6x12a  50.4:23b  6117.5:2559a

2 Woy

ANOYA

Stauistics

:;:’:""“‘"“" 0.8685ns 0.5289ns L10S\2ns  0.1017ns  0.1837ns
Cropping 2102430 118388°e*  7.38930°%  15.6097°**  168166°*°
sysiemn

P application

rale X 1.0512ns 2.2973¢ 1.97250*  1.5439ns 0.4587ns
cropping i : i '
system

cv 95.80 106.24 12265 3921 55.65

Means £ SE with differcnt letters in the same columns are significant at P< 0.05 (*), P<0.01 (**) and P<0.001 (***)
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Figure 4.1: Interactive effect of phosphorous on uptake of Fe on monocropped maize/cowpea and

their intercropped whole plants.

Figure 4.1 showed that for the 0 and 150 kg P/ha, intercropped cowpea exhibited the highest uptake

of Fe, in each case followed by sole maize and sole cowpea then followed by intercropped maize

respectively. For the 100 kg P/ha application, sole maize plant extracted more Fe from the soil,

followed by sole gﬁowpea, then intercropped cowpea and intercropped maize respectively.
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Figure 4. 2: Interactive effect of Phosphorous on uptake of Cu by monocropped maize/cowpea and
their intercropped whole plants. :

The P application rate x cropping system revealed that for 0, 100 and 150 kg P/ha, sole maize
plants extracted the most Cu, followed by sole cowpea tﬁen intercropped cowpea while the
least was intercropped maize (Figure 4.2). For the 50 kg P/ha application rate, sole cowpea
plants had the highest Cu uptake followed by sole maize plants then intercropped cowpea

while intercropped maize still showed the least amount.
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4.3Effect of phasphorous on macro- and micro-nutrient in cowpea seeds
Seeds harvested from 150 kg P/ha plots revealed the highest P content (115.5=8.3a), while

sceds from 0 plots showed the lowest values (8 8.0+9.8c). There were no differences in seed
K, Ca and Na contents among the P treatments. Interestingly, My was the only ¢lement
whose uptake was significantly (p< 0.05) different for the P application rates (Table 4.3). The
100 kg P/ha rates exhibited the highest Mg uptake, while seeds from the control plots cowpea
secds showed the least Mg uptake (64.4=2.4b). With respect to cropping systems, seeds from
mono-cropped plants extracted more P, K, Ca and Mg from the soil compared to those from
the intercropped ones. There were no significant (p< 0.05) differences in the Na content of

cowpea seeds between mono-cropped and the intercropped secds (Table 4.3).
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- Tablé 4.3: Effect of P on macro nutrients uptake by mono cropped and intercropped cowpea sceds. The treatment means were computed by
grouping means of mono cropped and inter cropped sceds.

\

Treatment

K

Ca

Mg

P application

rate (kg/ha)
0 :

50
100
150

Cropping
.G!S!C[!l
Monocropped
cowpen sced
Intercropped
cowpean sced
2-Way
ANOVA F-
Statistics
P app rate
Cropping
- system
Papp rate x
cropping
© - system
Ccv

88.0+9.8¢c
92.8+9.9bc
104.248.0ab
115.5¢8.3a

118.743,6a

81.624.3b

10.870%**
99.204***

0.674ns

4.92

(my/kg)
114.0+£5.4b
118,6+4.7ab
116.846.4ab
127447 4a

128.3%4.4a

110.1£2.0b

1.536as
15.025**

0.844ns

8.03

14.120.52
14.8x1.1a
14.1£0.7a
13.740.4a

15.4+4.4a

13.0£2.0b

0.971ns
28.936%**

4.016*

6.51

64.4£2.4b
65.5£2.7ab
68.6x1.1a
67.9£1.1ab

70.120.6a

63.1£1.3b

374+
44,7644+

4.26*

3.37

5.0£0.8a
5.1+0.8a
4.3%1.0ab
3.5%1.1b

4.740.6a

4.240.6a

1.1480ns

0.56ns

6.5133**

18.97

Means + SE with different letters in the same column are signiflcnnl at P<0.05 (*);P<0.01 (**) and P< 0.001 (***)
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Figure 4.3: Interactive effect of phosphorous on Ca uptake by monocropped and intercropped

cowpea seeds.

There were significant P treatment x cropping systems interaction for seed content of Ca, Mg
and Na (Figures 4.3- 4.5). For all P treatments, cowpea seeds from monocropped plants
showed a significantly (p< 6.005) higher Ca and Mg content. In the case of Ca, the 50 kg
P/ha treatment showed numcriéally the highest value of 18 mg/kg compared to seeds from the
intercropped plants (Figure 4.3). The concentration of Ca in seeds from mono-cropped plants
ranges between 14.00 and 18.00 mg Ca/kg while seeds from intercropped plants range
between 12.00 and 14. 00 mg/kg. Seed Mg content of mono-cropped was about 70 mg/kg for

all P treatments whereas it ranged between 60.00 mg/kg in the case of intercropped plants.
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Figure 4.4: Interactive effect of phosphorous on Mg ub?éﬁe by monocropped and intercropped

cowpea seeds.

The interactive effect of P application on seed Na content is shown in Figure 4.5. The 0 and
100 kg P/ha rates showed higher seed Na content (5.1x0.8a) and (5.0+0.8a) for the
intercropped cowpea seeds compared to the mono-cropped seeds. The 50 and 150 kg/ha rates
had the opposite trend where the Na content was significantly and statistically different and

higher in mono-cropped seeds than inter cropped ones.
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Figure 4.5: Interactive effect of phosphorous on Na uptake by monocmppe:ﬁmd intercropped

cowpea seeds
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Table 4.4 Effect of P on seed weight and micro nutrients uptake by mono croppcd/inlukcroppcd

cowpea seeds. The treatment means were computed by grouping means of mono

cropped/intercropped sceds.

Treatment Seed weight Mn Fe Cu Zn Mo
{g/plant)

E

Application (myke)

Rate{ku/hn)

0 28.38+5.09 1.1£03  0.3z0.2 8.5%2.1 0.14x0.08  0.220.!

50 34.03+3.00 09+0.1  0.2+£0.0 12.5+4.0 0.05£0.03  0.1x0.0

100 34.8724.70 0.9+0.1  0.2:0.0 9.6x3.5 0.02+0.01 0.0£0.0

150 52.28+9.17 0.8x0.0 0.1%0.0 5.9+1.35 0.06=0.0 0.1+0.0

Cropping

system

Sole Cowpea  33.13+3.56 0.9x0.1a 0.1£00 5.5+5.5q 0.030.03  0.03%0.0

intercropped  41.66+£5.54 1.0£0.2a  0.3%0.1 i2.8+£22b  0.11x0.04  0.1x0.0

cowpea

2Way

ANOVA

Statistics

P 2.8589ns 0.6520ns 0.77084ns  2.5257ns 1.241048ns  1,522364ns

application

rate

Cropping 1.983ns 0.5706ns 1.56701ns  18.6030*** 2.344193ns 1.170596ns

system

P

Application '

Ratex ~  0J187ns 0.9187ns 0.56496ns  8.6187** 0.810400ns  0.521510ns

Cropping .

system

Ccv 51.19 5231 124.29 191.28 135.64

Meuns + SE with different letters in the same column are significant at P<0.01 (**) and P< 0.001(***)

No data is being reported for the maize seed yield due to disturbance of the trial by livestock.
For cowpea, there are no significant (p > 0.05) differences in yield as a result of variation in P
levels. Application of P had no significant (p>0.05 effect on the accumulation of micro-
nutrient (Mn, Fe, Cu, and Mo) on cowpea seeds (Table 44) Thére were alsb no Significant
(;;> 0..05) differences Sctwccn sécds of mono-c;'ro.ppt‘:d and ihlercfobpeﬂ plants with respect to

micro-nutrients content except for Cu which was higher in seeds from intercropped plants
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compared to mono-cropped ones. Furthermore, it is noteworthy that a significant P

application X cropping systems interaction was only found for Cu.

30.0

250 4

O Monocrop

M Intercrop

10,0

5,0

Cowpeaseed Fe content (mg/kg)
-
X
(=]

e

0 50 100 150

P application rate {(kg/ha)

Figure 4.6: Interactive effect of phosphorous on Fe uptake by monocropped and intercropped

cowpea seeds.

4.4 Correlation relationship between phosphorus application and nutrients
uptake by plants Stover and cowpea seeds.
A correlation analysis was done using measured concentration of macro and micro- nutnents

in plants Stover. The data showed that there was a significant positive correlation between P
amount and othér macro- nutrients in both whole plants and cowpea seeds. When P was
subjected to correlation with other nutrients the data revealed a significant positive
correlation between plant Stover P content and plant Stover K content = 071971 p=
0.0060) (Figure 4.7). The relationship shows that increased amount of P in whole plants

‘material resulted in increased accumulation of K in plant Stover material.
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Figure 4.7: Relationship between P content and K content in whole plant.
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Figure 4.8: Relationship between P content and Ca content in whole plant.
There was a significant positive linear relationship between whole plant P content and whole
plant Ca content where (r = 0.4430; p = 0.0000003). Whole plant Ca content increased with

increasing P (Figure 4.8), .
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4.5 Lorrelation relationship berween phosphorus ipplication rate, drv matter
accumulation and macro-nutrients
A positive conﬁlalion (linear relationship) betwween Stover plant P and crop dry matter was

established (Figure 4.9) crop dry matter increased with increased P content.

1400 . -
1200 e ®
[ ]

1000 |
'?El [ @ (mgikg):dry weight: r=0.3082, p = 0.0002]
© goot
3
=
E @
& 600}
B @
8
o @

g I . : A
0 500 1000 1500 2000 2500 3000 3500
Crop P content (mg/kg)

" Figure 4.9: Relationship between P content and crop dry matter accumuiation in whole plant.

The amount of P in cowpea seed signiﬁcimtly corrcluted with Mg content (r= 0;7915, and p=
0.0000004 (Fq,urc 4.10. Cowpcn seed Mg content lncrcnsed wuh 1ncrcasmg, sccd P contcm.'
Slmllnr tn,nds were obscrvcd for sccd K content (r* 0. 7949 and P=0. 000003) (Flgurc 4.11)

~ and sced Ca (r= 0.5471, and p=0. 057) (Flgurc 4, 1-)
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Figure 4.10: Relationship between P content and Mp content in cowpea seeds.

..

4.6 Correlation relationship between phosphurous application rate and dry
matter accumulation

There was a positive and sngmﬁcnm correlntion between whole plant P content and
accumulation of crop dry matter( r = 0.3082; p = 0.0002) as shown by figure 4.9. Crop dry
matter increased with increasing P uptake as shown by (Figure 4.9). When P was subjected to

correlation with other nutrients, the data revealed a signilicant positive conelatiqn'between

whole plant P content and whole plant K content (r = 0.7971; p = 0.0000) Figure 4.7.Stover

plant K content increased with increasing P content. The whole plant Ca content (r=04430;

p = 0.0000003) (Figure 4.8) also increased with increasing P content.
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Fipure 4.11: Relationship between PP content and K content in cowpea seeds.

Another positive correlation relationship was observed between cowpea seed P and cowpen
sced K. The illustration as shown by the Figure 4.i‘1 nbove where (P: K r = 0.7949; p =
0.0000003). High amount of seed P content resulted in high amount of cowpea seed K

content.
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Figure 4.12: Relationship between P and Ca content in cowpea sceds.

+.7 Correlation relationship between phosphorous application rates and micro-
nutrients concentration
Micro-nutrients for example Fe, Cu, Mo and Mn were correlated to the P concentration in

whole plants and cowpea sceds. Interestingly, all micro-nutrients except Zn showed positive
linear correlation. Figure 4.13 shows correlation between P and Mn in whole Plants where
increasing whole plant P content resulted in increasing Mn content whole plant (r = 0.8577;

and P= 0.0000).
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Figure 4.13: Relationship between P content and Mn content in whole plant.

Similarly the relationships of Fe and Mo contents in whole plants with P were statistically
significant and Thowed a positive correlation, with r and p values of 0.6160 and 0.0000

(Figure 4.14) respectively for Mo,
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Figure 4.14: Relationship between P content and Fe in whole plant.

Whole plant Fe increased with in increased amount of phosphorus which shows a positive
correlation relationship in whole plants where r = 0.6160, p = 0.0000. There is a linear

-y

relationship between phosphorus content and Fe content in whole plants.
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Figure 4,15z Relationship between P content and Mo ip, whole plant.

Phosphorus high concentration in whole plants resulted in increasing Mo concentration.
Increased P showed a positive linear correlation relationship with molybdenum content where

r=0.4240; p = 0.0000001.
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Figure 4,16: Relationship between P content and Mo content in cowpea seeds.

The correlation relationship between cowpea seed Mo, Fe, and Cu with its P concentration
were statistically significant and negative in nature (Figures 4.16 - 4.18), thus for all the three

micronutrients, their content in cowpea seeds decreased with increasing P content.
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Figure 4.17: Relationship between P content and Fe content in cowpea seeds.

Phosphorus high concentration in seed resulted in less concentration of Fe in cowpea seed
hence the inverse correlation relationship. There is a statistically significant inverse

—~

relationship between increased P seeds and Fe content in cowpea seed.
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Figure 4.18: Relationship between P content and Cu content in cowpea sceds.

Increased phosphorus content had an inverse relationship with Cu content in cowpea seeds
Figure 4.18. The cu content decreased with increasing phosphorus content where r=-0.4147;

p = 0.0439 hence, statistically significant.negative correlation.
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CHAPTER 5: DISCUSSION

5.1 Effects of phosphorous on the growth and mw‘ro nutrients
concentration in maize and cowpea Stover
Fertilization of maize and cowpea with different rates of phosphorous ranging from (-150

P/ha statistically had no effect on plant dry weight (Table 4.1). Despite the lack of statistical
significance, dry matter for some treatments, for example, the 100 kg P/ha, were substantially
about 35% higher than at 50 kg P/ha. This difference could be significant in cases where
stalks are harvested for fodder or silage. It is noteworthy that intercropped cowpea produced
the highest whole plant dry matter compared to sole cowpea, with dry matter for intercropped
plants being about 2.3 times more than for sole plants. The differences did not however,
translate to statistically higher seed yield for intercropped cowpea, though it was 21% higher
than from sole cowpea plants (Table 4.4). The difference could be due to low inter row
competition for intercropped cowpea, that is, there were fewer cowpea plants per m?
compared to the sole treatments. Thus, maize and cowpea roots explored different parts of the
soil due to differences in their root architecture. Maize and cowpea also showed different
nutrient uptake ns evidenced by different contents of macronutrients in the dry matter (Table
4.1). Addition of fertilizer P had no effect on the uplni:e of macro-nutrient. However,
significant differences were observed under different cropping systems. For example for all
macro-nutrients, sole and intercroppcd cowpea plants‘ extracted higher levels of nutrients
compared to the maize plants, sugpesting that symbiotic N ﬁﬁution inciﬁccd higher rates of
uptake. 'Thc suu,csﬁnn sdppdﬁs the work b} -Bel:;nc et al., ("0.14), who sﬁowc& 'th-nt'vnn'ctics
of cowpea which fixed more N2 lhrough symbnosns nccumu!uud [:rc.ncr amounts o[' mineral
nutrients in their Ldlblc leaves than low ﬁxmg ;:enmypes In Lhis study. cowpen was shown 10
ﬁx Nz bccuusc at lmpccuon. lhn:c cowpea ‘plants nodult.s in cach cowpcn pcr trcntmcnt plol

were mspectcd nnd had a bnghl me interior, mdlcaung thc prcscncc of lcghacmoglohm

a4 -



5.2 The effect of phosphorous on the growth and micro- nutrients uptake
by maize and cowpea plants

\

Similarty, application of P at different rates had no effect on the uptake of micronutrients
such as Mn, Fe, Cu, Zn and Mo (Table 4.2). According 1o Cassman ef of. (1981) and Nyoki
and Ndakidemi (2014), supplementing soils with P was shown to improve the uptake of
micro-nutrients such as Cu, Fe and Mn. The lack of response in the current study could
probably be an indication of a higher P fixation capability by the soil. Phosphorus fixation
occurs in acid soils such as the soil in the current study (Table 3.1). Under acid conditions,
the HaPOj4” reacts with the surfaces of insoluble Fe and Mn oxides in a series of reactions !i}at

interlock P.

As with macro-nutrients, and whether, the two crops were planted as sole, or intercrop, they
had no influence on uptake of micro-nutrient. Numerically, intercropped cowpea accumulated
29% more Mn compared to the monocropped although this difference was not statistically
significant. The total Fe content in whole plants was highest in sole maize, which was about

five times greater than intercropped maize, about 1.5 times than the other cropping systems.

Like for other micro-nutrients, application of P had no effect on the uptake of Mo. Cowpea,
whether planted as mono-crop or intercrop secumulated the highest amount of Mo in its
biomass and was about twice higher than in maize. In legumes such as cowpea, Mo serves
two functions; i.e. to break down any nitrates taken up from the soil. Non-legumes such as
maize also use Mo for this purpose; for leguminous plants, Mo also assists in the biologicu!
fixation of atmospheric nitrogen by the root nodule bacteria. 'I'hc smbiuﬁc bacterial enzyme
himgcnnsc which is directly involved in.th’c reduction of Nz to NHy c;)mpris_ed of a MoFe

protein (Kaiser er al., 2003), thus the root nodules are nﬂsinl; for Mo. Thus legumes need Mo
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more than non-legumes, hence the much higher Mo content in cowpea than maize in the
current expenment.
5.3 The effect of phosphorous on the seed weight of both monocropped and

intercropped cowpea plants
The sced weight was higher in intercropped cowpea compared to monocropped cowpea

though statistically there was no significant different among the seed yields (Tuble 4.4).The
seed weight of monocropped cowpea was around 33.13 g per plant which is equivalent to
1546 kg/ha while in intercropped ones it was around 41.66 g per plant which is equivalent to
1944.13 kg/ ha in a plant population of about 74, 000 plants/ ha hence, this can be a better
yvields for small scale farmers in Botswana who usually harvest not more thon 500kg/ha in
their rain fed arable fields. These showed that intercropping was productive in cowpea seed
yield compared to mono-cropping as it is supported by the findings of Owuor et al., (2002}
who emphasized productivity of intercropping being more than growing any component crop
alone. The results of intercropping being productive are also in agreement with of Yilmaz er
al., (2007) where their results showed higher yields in intercropped cowpea and maize than

-

their sole counterparts’ crops.

5.4 Correlation relationship between p concentration and macro/micro-
nutrients concentration in plants Stover
The correlation relationship between measured phosphorous concentration and dry matter

accumulation as well as measured nutrients uptake was also analyzed. The findings showed
positive and significant correlation between P Stover content and accumulation of Idr'y matter.
Crop dry matter increased with increased P concentration (Figurc 4.7).'.Tl'1e results are in
agrecment with the results of Odundo et al. (2009), who reported signirﬁcilht' dry matter
responses in P fipp!ication in their case whére,th'éix; trials ‘wcr‘c on ﬁioﬁbﬁcmp}-ied.mhiz'é
compured to co"xlﬁrol' wﬁex-"c- P w:'m‘not npplicd; The data i_:lgd ?cvc:;léd"pos‘iliv{c'-sigr'xii"llcan'l» _ X
" correlation bél\ﬁ::’_n P and other m:icm;nUiriénG.'hnalyvz:'t.i asxllustratcd by lhc_- trend ﬁ)‘l"
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positive correlation relationship with micro nutrients for example Mn, Fe, Mo. and Cu in
whole plant material was also observed in relation to P whole plant content where the

increased concentration of these micro nutrients increased with increased P concentration in

plants stover.

5.5 Correlation relationship between p concentration and macro/micro
nutrients concentration in cowpea seeds
Cowpea sceds measured concentration against Mg, Ca and K analyzed indicated positive

significant correlation between P seeds and their accumulation in cowpea sceds. Their
concentration increased with P concentration. Although increasing P content had linear
positive correlation with macro and micro nutrients in whole plant a different scenario in
cowpea seeds content of the micro-nutrients for example Mo, Fe, and Cu was observed as
the seeds showed a negative linear relationship with increasing P content. In these case, P
concentration in seeds resulted in inverse relationship with less accumulation of these micro
nutrients in cowpea seeds. The results are supported and in agreement with Marschner (1993)
as he observed that for ions with the same valency there is ofien a negative correlation

-t

between the uptake rate and the ion radius although he observed these when comparing Na

and K as macro nutrients.

Physiologically during maturity stage the source will have translocated nutrients to the
sinks, especially those nutrients that are needed in large amount by plants argans and tissues
hence, higher concentration during that stage and (Figures 4.7 - 4.15). The nutritional status
of the tissue or plant organ will also be good as it is shown by positivc'linc;;r relationship.
Also, dunng mnlunly stage, nutricnts that are deficient in an-organ or uSsue is a result of
havlng, bu:n ‘mobilized to small organs during dcvclopmentnl smges hcnu:, a ncgnlwe
rclntlonshlp lllustrnted by Figures 4.16 —y 18 Th:s may. also bc utmbul:.d to 1hc soil status .

‘whcrc the eﬂcpcnment was of pour ngncu]tuml vnlu::, lhnt is, low pH (Tnblc 3, I) Thc iow pH- '
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may lead to some nutrients being fixed while others may be available (Taiz and Zeiger 2010).
Negative correlation at maturity stage may imply that the sink organ has deficiency of that
particular nutrient because it may have been mobilized to small tissues before flowenng

during early developmental growth, and as a result the nutritional status of the sinks {seeds)

will be poor.

CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

~6.1 Conclusions
The application rate of P did not show significant differences in the uptake of all

macronutrients tested (N, P, K, Na, and Ca) in the stover plant material and dry matter
accumnulation. However, all cropping systems have shown significant differences. This was
shown by higher weight of mono-cropped maize than the intercropped ones and again higher
whole plant dry weight of mono-cropped cowpea compared to their counterparts. Similarly,
the P application rate statistically did not show any significant difference in the uptake of all
micronutrients tested (Mn, Fe, and Mo) but there were variations again for the different
cropping systems. Monocropped and intercropped cowpea showed higher content of Mn and
Mo while sole maize and intercropped ones showed the least values. Statistically there was
also a significant interaction between P application rate and cropping system for all micro-
nutrients analyzed. The intercropped cowpea showed the highest uptake of Fe at application
rate of 0 and 150 kg/ha while at application of 0, 100 and 150 kg P/ha sole maize extracted
the most Cu. It can be concluded again that P application rate, cropping system and their
interaction did not have significant difference in the sced yiéld of cowpea crops, this may
have been because of poor agricultural state of the soil at the site. rates. Thc ‘study"nlso,hnd '_

revealed that for Ca the mono-cropped cowpea "s,lz_;'c_ds"‘had- higher content than' the
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intercropped ones in all P application rates while for Na intercropped cowpea sceds had
highest cqmem at 0 kg/ha and 100 kg/ha while mono-cropped had higher uptake at 50 kg/ha
and 150 kg/ha. Seed Fe concentration also most increased at 50 P kg/ha and 100 P kg/ha and
150 P kg/ha in intercropped cowpea seeds. Measured concentration of micro nutrients in
relation to P content subjected to correlation showed that in both macro- and micro-nutrients
in plant Stover there was positive linear relationship. However, cowpea seeds subjected to
correlation in relation to sced P and all micro nutrients tested showed inversc relationship
where higher seed P content resulted in negative values of correlation coefficients. Therefore,

it can be concluded that there was a significant linear positive accumulation of macro and

.
-

micro-nutrients in relation to increased P content in plants stover. The significant positive
correlation which showed linear relationship with P was also observed in cowpea seeds for
macro-nutrient while for micronutrients in cowpea seeds inverse linear relationship was
noticed in relation to P content. Therefore, in all micro-nutrients studied increased P resulted

in negative correlation and less content of these nutrients in cowpea seeds,

-

6.2 Recommendations
It is recommended that small-scale farmers in Bolswana should practice application of

inorganic P fertilizers in intercropping systems of cereals and legume as nowadays Ministry
of Agriculture is emphasizing the need to add fenilizers as they provide subsidies. This will
be the appropriate agronomic practice because intercropping cspc’c-ia-lly the legume
components in the study had accumuiated higher dry matter in all clbpping systems
(monocropped nnd intercropped) cowpen were more productive than their maize counterparts
which were less producuve (Table 4.1). The inclusion of cowpcn as a lcgumc such as
cowpea in cereal mtcrcroppmg has shown to be pmducuvc in the smdy lhun growmg onc
cercal crap component nlone Difference in numents uplnkc whlch can be attnbuted to crop

type hns.shown efficient use of the numcnls in mtcrcmppmg _syst_em hence l_hcr necd to .

[ ag’



practice intercropping legumes with cereals in dry land farming. Cowpeas have shown higher
ability to accumulate more RM than maize as well as uptake of nutrients and they can also fix
nitrogen which may benefit 'tlu: next crop in crop rotation systems. Therefore, there is a need
for the inclusion of grain legumes such as cowpea with addition of fertilizers such P indry
land farming systems in Botswana. These should be one of the major considerations in cereal
legume: intercropping for soil improvement in these arable fields. It is also recommended that
further research in field trials should be carried out on the effect of phosphorous on
intercropped cereals and legumes on dry matter’ accumulation, seed yield and nutrients uplake
as such data is lacking in Botswana. Another recommendation is that soil should be analyzed

-

at the fields to determine the nutritional status o f the soil so that correctional
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