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ABSTRACT

Artemisia (Artemisia annua L.) is a medicinal shrub whose extracts include artemisinin as the
active ingredient that treats malaria in combination therapy, while maize (Zea mays L.) is a staple food
crop in Kenya. An agroforestry (AF) production system that entails intercropping maize and artemisia
with optimal component interactions could provide an alternative and viable land use option. This
study investigated the yield patterns of selected artemisia + maize intercropping sp;{Eings for optimum
yield of maize and quality of artemisinin; with respect to land use potential in a sub-humid tropical
climate. The experiment was carried out in two consecutive rain seasons interspersed with a short
fallow period of 45 days from 2009 to 2010. There were 9 treatments, laid out in a RCBD design with 3
replications. Each replication had three different artemisia intrahedge spacing of 0.75m, 0.90m and 1m
from each hedge, and uniform displacements of 0.75m X 0.90m for maize. A control plot of
maize+beans intercrop was used for comparative analysis of yield advantages using Land Equivalent
Ratios (LER), with respect to artemisia+maize yield. The Replacement Value of Intercropping (RVI),
Competitive Ratio (CR), Area-Time Equivalent Ratio (ATER), Cost-Benefit Analysis (CBA) and (Land
Use Efficiency) LUE were the parameters used to evaluate yield potential of the artemisia+maize
intercrops. Ensuing data were subjected to ANOVA using the Costat statistical package while means
separation was done with Bartlett's LSD at 5% significance Level. Pearson’s coefficient was used for
correlation analysis of artemisinin yield and chlorophyll content of artemisia. There was no significant
effect of the spacings tested on major morphological chgracteristics of either intercrop (P>0.05); but
spacing had a significant effect on yield of maize and quality of artemisinin produced (P<0.05). The
treatments had a significant effect (P<0.05) on LUE, CR, ATER and LER for both maize and artemisia.
Unlike artemisia RVI (P>0.05), the treatments did not have a significant effect on maize RVI (P>0.05).
The LER indices proved an overestimation of yield potential compared to ATER while maize+artemisia
intercrops had a 34% more biological yield advantage than maize+beans system under the same
management system. The artemisia treatments had a significant effect on artemisinin yield (P<0.05), by
exhibiting a high mean of 0.8%. There was also a strong positive correlation between chlorophyll and
artemisinin accumulation (#* = 0.7), and when optimum artemisinin yields are desired, a spacing of T,
(Artemisia 0.75m X 0.75m; Maize 0.9m X 0.75m) is recommended after producing the highest artemisinin
level of 0.82%. When maize is the crop of choice for food security on basis of desired high grain yields,
a spacing regime of T (Artemisia 1m X 1m; Maize 0.90m X 0. 75m)' was superior and is thus recommended
for the purpose. In general however, T; (Artemisia Im X 0.9m; Maize 0.90m X 0.75m) and T4 (Artemisia
0.90m X 0.9m; Maize 0.90m X 0.75m) were most suitable on basis of economic and biological yield
advantages respectively, to generate farm incomes of upto Ksk 82,500ha™ (USD 971 ha™) and sustain

food security from AF practices in Kenya or regions with similar agro-ecological zones to Maseno.

IMASENG
MASENO UNIVERSTH
‘RSITY]




CHAPTER ONE: INTRODUCTION

1.1  Background

Agroforestry (AF) as a discipline first caught the attention of the scientific community in
the -mid-seventies [Nair, 1993]. As an AF practice, Intercropping has now become a feasible
land use option of choice, due to its potential in enhancing the objectives of some key global
conventions for sustainable livelihoods, i.e. Food Security vis-a-vis Climate Change
adaptation [FAO, 2007] and Biological Diversity [CBD, 1993]. Agricultural development,
environmental protection, and human well-being all depend on healthy ecosystems but according to the
Alternatives to Slash and Burn (ASB) consortium [2008], biodiversity as a determinant of healthy
ecosystems for sustainable livelihoods is being lost at historically high rates, with potentially
catastrophic consequences. The FAO [2009] further‘ estimates that 1.02 billion people in
developing countries cannot sustain healthy active lives; while diseases’ pandemics like
malaria are negatively affecting households socially and economically [WHO, 2008].
Intercropping maize (Zea mays L.) as a staple food crop with medicinal shrubs like artemisia
(Artemisia annua L.) may thus present an alternative and viable land use option to not only
enhance biodiversity conservation but also sustain livelihoods.

With maize monocropping or intercropping with legumes continuouély as is the
norm in farm practice, many of the farmers in western Kenya lack adequate knowledge of
alternative intercrops for diversification to raise an income and sustain livelihood. The farmers
consistently engage in poor land management practices [Jaetzold ez al., 2005], thus eroding the natural
resource base and capacity for enhancing food security. Successful AF intercropping systems
should provide a total yield value greater than if the crops are growing separately, but
unsuitable cropping protocols continue being both a cause and consequence of poor land use

practices particularly in densely populated and sloppy agricultural landscapes. This is




compounded by poor planning in which spacing is irregular [Macharia and Shiluli, 2003] and
choice of crop components not commercially demand driven. This scenario impacts
negatively on survival of bio-diversity, food security and general livelihood in Agro-
Ecological Zones (AEZ) of western Kenya, where a large portion of t}m population is
dependent on maize as the staple food crop. -

There are also some major global challenges at play including the climate change
phenomenon, which may lead to small scale farmers’ apathy to livelihood from maize
monocropping or intercropping with legumes like the common beans (Phaseolus vulgaris).
Maseno area of western Kenya experiences a bimodal rainfall pattern with two peaks, which
also represent the two main rainfed planting seasons in the re;gion interspersed with a fallow
period. However, fluctuations in both seasons: the long rains- LR (730 mm) and the short
rains - SR (376mm) are becoming more common in recent years with a likelihood of crop
failure in one out of five years [Birech et al., 2008]. Considering that increased demographic
pressure has diminished traditional fallow periods [Otsyula and Nderitu, 1998], smallholder
farms in the sub-humid tropics dependent on subsistence agriculture could thus imply a more
vulnerable situation to erratic rainfall as a consequence of climate change. Thus, emphasis on
cropping systems dependent on maize cultivation or intercropped with beans might not be the
best option to sustain agricultural production in the long term from densely populated AEZs,
as compared to intercropping with shortened fallow periods and fewer risks of crop failure
[swift and Ingram, 1996]. In situations of unpredictable rainfall patterns AF intercropping
systems may thus have great potential to provide opportunities for climate change adaptation.

Maize has successfully been cultivated under various fallow systems in Kenya [Amadalo et

al., 2003]; while artemisia as a medicinal shrub is a suitable candidate for enriched fallow



systems, alongside the othey fallow species that have economic yield advantage for facilitating
honey or fuel wood production [Sanchez, 1999] and medicine.
In Maseno area where AF is almost synonymous with intercropping maize with
“fertilizer trees/shrubs” for improved fallow systems, AF has been shovyn to reduce the
distance traveled to fetch woodfuel by half, and increased maize+beans inte;crop production
by over 50% [Ombai, 2009]. The role of fallow periods in nutrient recycling is also well
documented in the region [Cadisch ef al., 2002; Stéhl et al., 2005], and it may be worth to
presume that there could be a certain threshold duration of time within which crop residues
from a previous harvest is still beneficial to a subsequent intercrop stand. This should be
manifested in Area-time Equivalent Ratio (ATER) values [HieBsch and McCollum, 1987] 6f a
second and subsequent cropping seasons, since yield variations in intercropping systems may
be attributable to differential use of growth resources by the component crops. This may thus
imply that promoting maize+artemisia AF intercropping systems with shortened fallow
periods that presumably have fewer risks of total crop failure is a viable land use option.
However, many studies on AF practices from western Kenya in the past may have
put skewed emphasis on fertilizer trees/shrubs whose potential economic benefits may not be
readily apparent to the small scale maize farmer. While this does not demean the importance
of fertilizer shrubs as a means of sustaining production through soil fertility improvement,
market-based approaches for value addition to AF are widely viewed as having the potential to
defray conservation costs and meet socio-economic objectives [Scherr, 1995]. Louise and
Tauer [1992] further suggest that farmers who grow a non-food cash crop have more cropping
options than those who do not and landholding size also influences diversity hence fallow

periods, which rises to a maximum and then falls as the area cultivated per capita increases.
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Commercial processing and marketing of shrub products and services may thus
provide a new frontier for AF paradigm shifts to institutionalise small holder farming as a
business, in order to achieve the millennium development goals (MDG): This is to the extent
of developing such mechanisms as rewarding the rural poor for enhancing biqdiversity through
éarbon credits [Garrity, 2004]. After value addition to shrub-food intercro; products, it is
logical to expect higher and sustainable incomes for the farmer. Agroforestry products could
hence be advocated by conservationists and development agencies for sustainable rural
development in Kenya as potential alternative strategies to livelihood.

However, the numerous usage of maize after value addition other than as a staple
food crop has not been exploited in western Kenya: The méize scutellum or cotyledoﬁ in
botanical terms, is high in oil (35- 40%) and contains many substances which are active and
important from the early stages of plant germination to growth and processing or consumption
[Paliwal, 2000]. According to Krogars [2003], the most promising ingredient of maize is the
starch Amylose, in producing biodegradable plastics to replace the use of polystyrene in
packaging of agricultural products; and since starch is highly cost-effective, amylose-rich
starch makes strong films with low oxygen permeability, hence can be effectively applied in
industrial pharmaceutical production of film coated medicinal tablets, including anti-malaria
drugs.

On the hand, artemisia shrubs are known to produce the active ingredient artemisinin,
in use since 340 AD to cure chills and fevers in traditional Chinese medicine [Ferreira and
Janick, 2009]; has great potential in treatment of breast cancer [Singh and Lai, 2001] and as
contraceptives for women applied externally [Grandolini er al., 1988]. Apart from the
medicinal properties of artemisia, other uses of the crop with great local potential for

exploitation include wood fuel, basketry, paper and control of grain storage pests [Tripathi et



. al., 2000]. Artemisia medicinal properties after value /addjtion to yield the active ingredient of
artemisinin is of great interest in this study because of its potential to upscale maize intercrops:
Even without the necessity of extracting artemisinin, herbal combination therapy (HCT) using
artemisia at farm level (or intercropped with suitable food crops) has slgown capacity to
éontain opportunistic diseases by periodic consumption of artemisia Tea [Wilc?ox et al., 2007].
Since artemisia is not native to Africa, the indigenous technical knowledge oﬁ traditional
medicine in western Kenya could better be hamessed by understanding and catalyzing
technological innovation [Douthwaite, 2002] through incorporating and patenting artemisia in
herbal concoctions.

Pandey [2007] reports that AF intercropping syste.ms can contribute variously to
ecological, social and economic functions; and in order to promote the well-being of society,
management of multifunctional Agroforestry needs strengthening by crafting market regimes
for the products derived from AF. In contrast, a majority of the farming systems in Kenya is
subsistence maize oriented despite low market value for maize [Nyoro, 2002] and hence the
need to promote AF intercropping practices and potential .based on priorities of farmers as
guided by prevailing global market trends and biophysical considerations. This could start by
determining the viability of certain intercropping systems targeting specific market niches, in
comparison to existing practices before recommending to farmers and other stakeholders. In
particular, the biological and economic yield advantage of selected artemisiatmaize
intercropping patterns as an AF practice within a shortened fallow period, with respect to
productivity and efficiency of land use potential in a sub-humid AEZ has not been
documented before.

The land Equivalent Ratio (LER) by Willey [1979] is conventionally used to

evaluate potential yields from intercropping systems. However, estimating potential yield
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advantage using only LER as a stand-alone parameter from intercropping systems, on basis of
food security in enhancing biodiversity and livelihoods could be a big challenge, and may not
also present a more accurate evaluation. The combined use of several indices for component
interactions and some derived parameters from LER may thus provide a basis for better
évaluating the effect of intercropping maize with suitable cash/medicinal shrugs like artemisia.
Such parameters include Competitive ratio, CR [Willey and Rao, 1980], Replacement Value of
Agroforestry [Moseley, 1994], Cost-benefit analyses [Jaetzold and Schmidt, 1983] and Land
Use Efficiency [Rao, 2002].

According to Willey [1985] there are both biological and practical objectives of
intercropping to determine tangible advantages that are likely té be obtained by a farmer. Since
a bioiogically efficient system may not necessarily be economically viable [Ghulam ef
al.,2003], more focus could be on measures to improve the resource base of the small scale
farmer than on aspects of generating more technologies [Kipsat et al, 2002]. In a
multifunctional agriculture where farming is to be considered as a business for sustaining livelihoods,
an AF production system that entails intercropping suitable food crops and medicinal shrubs
with optimal component interactions could hence provide an alternative source of income and
food security intervention in western Kenya. Within the context of this study therefore, AF is a
basic integrated land management system with a potential socio-economic impact which
optimizes above ground benefits arising from the biotic interactions created when a staple food
crop like maize is intercropped with a promising medicinal shrub like artemisia in single

hedgerows.



, 1.2 Statement of the Problem . ¢

The farming systems in sub-humid region around Maseno are characterised by very

small farm sizes averaging 0.6 ha per farm family and a high population density of 880 - 1,100
persons per km® [KNBS, 2005]. Given this scenario, there is a limit to wide application of

N

improved fallow systems, without compromising on land carrying capaéivty for income
generation, short term food security or other tangible benefits. The potential of some
intercropping systems for sustained crop production in the region has widely been demonstrated,
but the challenge of persistently low agricultural productivity has resulted in a vicious cycle of
low farm incomes and food insecurity. Farmers traditionally cultivate maize as a staple food crop
using low inputs if any, with a regular intercrop of ‘fertilizer trees’ or legumes that are hardly
sufficient to meet their subsistence needs or cash income to meet other basic requirements. In
addition, most smallholder AF intercropping systems are‘ characterized by limited proactive
management and planning, where spacing is irregular and choice of crop components often the
result of chance [Michon, 2005]. A majority of the farmers may also not be fully aware of the
potential of AF intercropping systems in enhancing their capacity to adapt and increase on-farm
biodiversity by manipulating fallow periods. Farming is rarely considered as a business by small
scale farmers around Maseno. This is compounded by the fact that many such farmers often
invest considerable time and effort because of the priorities of external agencies but not theirs
[Chambers et al., 2005]. They have tended to receive mixed signals over time regarding tﬁe most
viable alternative to maize+legume intercrops as a food security intervention. Recommendations
: have been prescribed to the farmers often using inappropriate criteria and delivered on a take it or
leave it basis [Collinson, 1989]. These farmers have not been exposed to AF intercropping
technologies with tangible economic benefits from enriched fallows like in artemisia shrubs that

also have medicinal value as an intercrop with the subsistence maize.



1.3
§:3.1

Objectives . L
Main Objective

To investigate the biological and economic yield advantage of selected artemisia +

maize intercropping pattéms as an agroforestry (AF) practice within a shortened fallow period,

8

with respect to productivity and efficiency of land use potential in a sub-humid agroecological

zone.

1.3.2 Specific Objectives

a)

b)

b)

To determine the effect of intercropping artemisia and maize on biological and
economical yield of maize and artemisia.

To compare the effect of intercropping artemisia+maize using different spacing
regimes on quality of artemisinin.

To determine the yield advantage of artemisia-;-maize over maize+beans
intercropping systems using Land Equivalent Ratios (LER) and Cost-Benefit
Analysis (CBA).

Hypotheses

Artemisiat+maize Intercrops will not yield significantly higher per unit area of land
as compared to pure stands of each component.

Different spacings of artemisia+maize intercrops will result in insignificant
differences in Quality of Artemisinin.

There is a higher yield advantage in maize+beans than artemisia+maize

intercropping Systems.



14 Justification - s )

Intercropping as an Agroforestry (AF) practice offers many practical possibilities
for sustainable livelihood and is increasingly being promoted to enhance biodiversity and
income generation for food security, but its effective role in adding value to the subsistence
farming of western Kenya has not been adequately exploited. Since maize i; the staple food
crop in the region with a traditional element of Legume intercrops, the average land holding of
0.6 ha is far below the FAO recommendation for subsistence food purposes of 1.4 ha/
household [FAO, 1999]. This is despite the fact that AF intercropping in all its diverse
applications enhances the efficiency of land use systems to impact positively on food security
in AEZ with high density populations. Given the high population density in westém Kenya, s;nall
farm sizes averaging an acre or less may preclude wide adpption of shrubs or farm trees with no

tangible economic benefits, much as these technologies improve soil fertility or conserve biodiversity
at the expense of the little available land intended for short term food security. For sustaining
livelihoods, the ASB Consortium [2008] points out that AF intercropping systems when
properly designed and not applied as a ‘quick fix solution’, can restore many of the watershed
functions normally accredited to natural forests, and ensure increased diversity for long term
food security.

Intercropping is a common feature in the agricultural landscapes of western Kenya
as a traditional African practice, and provides farmers the opportunity to enhance biodiversity
conservation on their farms in addition to managing risks of total crop failure. AF
intercropping enhances biodiversity management at farm level and may thus have great
potential to increase resilience to extremes of climate change for adaptation. Intercropping thus
can ultimately present farmers with various crop and land management options from which

they may choose the practices that best suit their site-specific needs and socio-economic



conditions [Woomer, 2004].» The practice is also associated with low external input
agriculture; and adopting low external input strategies as in AF intercropping or optimizing its
practice could create several positive reinforcing feedback effects on small-scale Kenyan
agriculture [Yengoh and Svensson, 2008]. i

The agronomic yield performance of AF systems may also t?e enhanced by
managing more efficiently the interactions among components that determine intercrop
productivity. Artemisia shrubs for example can profitably be cultivated without the necessity
of fertilizer application and relatively few inputs are needed, because the plants do not seem to
have any significant soil nutrient requirement, insect or disease infestation [Dalrymple, 2008].
Interest in the commercial production of artemisia has receﬁtly increased, since the shrub
produces artemisinin as the active ingredient which when used in combination therapy (ACT)
as recommended by the WHO [2008], treats malaria and greatly reduces the potential for
resistance against the parasite Plasmodium falciparum.

Medicinal and Aromatic plants (MAPSs) possess greater economic value than other
crops, and hence intercropping maize with selected MAPs as an agroforestry strategy [Rao,
2004] may have significant environmental and economic benefits [Chuan-chao et al., 2009].
Furthermore, proximity of farmers to a recently constructed Kisumu international airport,
offers immense potential to the farmers to diversify their sources of income, if viable and
exportable medicinal shrubs like artemisia can be exploited to complement small scale maize
production for income generation; as well as contribute towards the enhancement of human
health after value addition to respective components. With optimal artemisia production from
small scale farming, food security and biodiversity could thus be enhanced when the

livelihoods of farming communities dependent on maize intercrops are guaranteed.
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CHAPTER TWO: LITER:ATU RE REVIEW

2.1 Intercropping in Agroforestry

‘ Intercropping as an Agroforestry (AF) practice include systems in which
agricultural crops are cultivated on the same land management unit as wood){ shrubs, either in
éome form of temporal sequence or spatial arrangement [Huxley and Van Hou:en, 1997; FAO,
2005]. Generally, AF systems in the sub-humid tropics are part of a continuum of landscapes
for interrorw crops or grasslands for intensive homegardens [Abebe, 2005], grazing or
agroforests in which the shrub/tree corﬁponent can stay in the field for a prolonged period.
With more than 38% of the global crop area severely degraded, there is a need to expand the
use of Agroforestry practices in support of intercropping or multi-ﬁmctiohal agriculture
[Leakey, 2010], where more attention is being given to achieving stability in land utilization
while fulfilling the subsistence needs of local populations [Swift and Ingram, 1996].
Intercropping where shrubs are grown alongside food crops is also among the AF
technologies’ reported to have great potential in enhancing the adaptive capacity of
agricultural systems in sub-humid regions [Serigne et al., 2006; FAO. 2009], which may in
time provide agro-ecological resilience to extremes of changing environment. This could be
especially applicable in areas where farmers are constrained by diminished land sizes and the
use of commercial fertilizers to énhance food crop production [Okalebo et al, 1999] in
reference to maize. The practice of intercropping is economical, viable and apt in agroforestry
systems [Sikolia et al., 2009].

According to Reyes [2008], maize was traditionally intercropped in Africa through a
cyclic rotation of planting the crops with indigenous and/or domesticated crops for a few years
before the land was left to fallow. The term “Fallow” as conventionally used refers

“interchangeably to the actual plant species or agricultural land lying idle, either abandoned or
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as a means ‘to rest tired s_qils’-; and also the duration of time in the intervening periods when
land is idle [Sanchez, 1999]. In Maseno area of western Kenya, intercropping largely entails
shoﬁ fallow periods and is deeply entrenched among farmers who exploit the diversity of
compatible species like cereals and legumes, interspersed with African leafy vegetables
tAbukutsa—Onyango, 2007] and various fruit/trees that include local mang;)es, avocadoes,
bananas, and/or guavas. However, where perennials are involved, no distinct fallow period can
be isolated; and a good example is when tea (Camellia sinensis) is intercropped with
traditional vegetables [Maritim, 2006]; and Bananas (Musa Spp.) with Coffee as a livelihood
source of food and substantive income for the farm family [Bagamba et al., 2010]. “Enriched
Fallows” [Sanchez, 1999] are those where certain shrub species like artemisia are grow.n at
predetermined plant densities to produce high-value products such as medicine or woodfuel
for economic benefits

A major advantage of an agroforestry system with shrub hedgerow intercropping
over monocropping as envisaged in this study, is that the cropping and fallow concepts can be
applied simultaneously on the same land unit with sequential planting and variation of spacing.
This allows farmers to achieve sustainable production for a longer period combined with
conservation of the resources on which that productivity depends [Young, 1989]. Better use
may also be made of crop residues than the burning following harvest as is currently practiced
by many farmers in Kenya [Okalebo et al., 1999]. Generally, the ensuing diversification of
crop enterprises and fallow periods through AF intercropping within a field provides a buffer
against consequences of environmental degradation [FAO, 2009]. Moreover, the potential of
intercropping to control both ordinary weeds [Itulya, 1998; Chabi-Olaye et al, 2005] and
parasitic weeds such as Striga hermonthica in food crops [Rao and Gacheru, 1998; Gallagher

et al., 1999] has been aptly demonstrated, specifically in enhancing land use efficiency (LUE)
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~in fallows through less or no usage of herbicides. T};is may be particularly important in AF
intercropping systems with limited capacity for external inputs application, to save on labour
or input costs through desired or predetermined component interactions.

Under AF intercropping systems with maize, the application of inorganic fertilizers is
émajor requirement for increased crop production [Okalebo et al., 1999] an(d.vhence planning
for timely and adequate fertilization to cover the full needs of all component crops can be
challenging not only for resource poor farmers, but also because these needs must be met for
optimal results [Muriuki and Qureshi, 2001]. Such recommendations vary, but key aspects to
successful intercropping include detailed planning, timely planting of each crop, optimal
spacing (spatial arrangements) with the right plant densities, effective weeds and pest con.trol
[Sullivan, 2003]. An informed choice of crop mix options, harvesting at recommended

maturity dates and good post-harvest handling practices are also critical for optimum yield.

2.2 Intercropping Potential in Maseno

Maseno area of western Kenya is a tro;;ical sub-humid region characterised by
three to five dry months in a year; and traversing three‘ distinct AEZ’s, namely Upper-
Midland(UM), Upper-lowland(UL) and Lower-Highland(LH) temperature belts defined
according to the maximum temperature limits within which the main food crops can flourish
[FAO, 1978]. Intercropping in the context of AF is one of the main land-use systems in the
region, where according to the KNBS [2005] over 90% of households are engaged in crop

farming activities, the highest percentage among all regions in the country.

Agroforestry shrubs or trees grown in medium to upland AEZs’ of western Kenya
in general play important roles in homesteads that include the shading of other cash crops

particularly Tea and Sugarcane; serve as herbaceous cover crops [Amadalo er al.,2003] ,
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~ windbreaks [Nair, 1993] and provide remedial r;ledicinal concoctions [Jeruto, 2008].
Intercropping is historically a traditional African practice [Karim and Savill, 1991] and is a
basic way of enhancing livelihood and biodiversity of an agro-ecosystem at farm level through
interaction between the individual crops; more often without the practicing\farmers’ express
khowledge or appreciation [Ghosh, 2004]. It is also a strategy for divers_ifyinf;%ood production
and household income [Kimaro, 2009]. Like the Faidherbia trees intercropped with sorghum
and millet in Sahelian agriculture as source of wood fuel [Boffa, 1999], artemisia shrubs can
also provide ready wood fuel after extraction of leaves, thus enhancing land use efficiency at
farm level in western Kenya. For rural farm families in the region, intercropping often
involves maize and a legume, with the maize component beiﬂg considered as the main érop
contributing to food security; while the legume component mainly beans, is a readily available
source of on-farm dietary protein. While successful AF intercropping systems should provide a
total yield value gréater than if the crops are growing separately, the planting patterns
commonly in practice at the moment may be motivated by availability or not of family labour
for convenience in sowing, weeding, and harvesting than by a need to optimize on yield

[Macharia and Shiluli, 2003] through proper spacing.

Small scale farming at Maseno is rarely considered as a business; since most
households rely on the farm for only about 15% of their cash income [Amadalo et al., 2003],
and many previous studies in the region have not appreciated that small scale farmers are more
concemned with tangible monetary benefits accruing from their intercropped farms. Many such
studies have thus provided varying and unreliable projections on yield advantage of AF
intercropping systems incorporating maize with shrubs, through pseudo-adoption and the
desire of respondents to please researchers in return for handouts or a networking opportunity

[Kiptot et al., 2007]. In particular, the potential effects of intercropping artemisia and maize
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on yield of both crop components in regard to opportunity costs have not been documented in
the region. Considering that most labour at farm level is provided by women [Onyango, 2002] or
family labour, higher income from farming to sustain food security could also be in terms of foregone

labour costs. Replacement value of agroforestry [Moseley, 1994] may thus ac?ount for the time
and inputs used on a cocktail of various combinations of the intercro‘r;s grown either
simultaneously or sequentially within pre-determined fallow periods.

Due to the basic desire by small scale farmers to meet their food security needs,
cultivating at least twice in a year is a normal farm practice in Maseno area and the fallow
period therefore becomes an integral part of the production process, when evaluating relative
yield advantage and/or disadvantages especially in sequentiai systems of intercropping.‘ In
addition, conditions that favour development of successful smallholder AF intercropping
systems include: Available planting material of appro‘priate species for the AF system,
management experienée with shrub/tree planting and tangible, accessible markets [Scherr, 1995].
2:2.1 Intercropping Yield Dynamics |

Generating a cash income from medicinal plants is extremely important to
household food security for farming communities with marginal socio-economic conditions
[Cole and Bustan, 2009] as is obtaining in many areas of western Kenya. Since most arable
land is under cultivation in the region [Jaetzold ef al., 2005], future increase in agripultural
productivity may well depend on multi-functional agriculture, through diversification or
intensified AF intercropping rather than expansion in area under monoculture production
[FAO, 2005]. In addition, AF systems may harbour more soil invertebrates than
monocultures, implying little_ potential for C sequestration in pure stands of either artemisia or
maize, apart from the inherent lack of biodiversity [Monneveux et al., 2006].

Furthermore, rainfall is the single most important factor affecting both intercropping
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yield and biomass accumulation by crops in the tropics, and precipitation patterns within
seasons have changed to the extent that cases where drought occurs at critical growth stages,
and heavy rainfall at crop maturity when water is least required are becoming common [Birech
et al., 2008]. In such scenarios, intercropping logically provides a lesser Ln'sk of total crop
failure than pure stands of any annual food crop. )

Crop yield variability however comes from complex interactions between the
environment, spacing, management, progenitors and abiotic factors that occur across a field
[Baumann et al., 2002] of intercrops. For example, artemisinin has phytotoxic activity, even
~ on the artemisia plant itself [Lydon et al., 1997]. Kato-Noguchi, [1999] reported further that
germinating maize seeds also have at least three allelochemicals which may affect the gro-wth
or germination of other plant species grown in association as intercrops like lettuce (Lactuca
sativa L.), Oats (Avena sativa L.), and Ryegrass (Lolium multiflorum). Other studies in
western Kenya indiéate that unlike intercropping, prolonged monocropping enhances soil
salinity in many of the already fragile environments [Musyimi, 2005]; while Intercropping
improves the microclimate or soil temperatures [Oseko, 2007; Ouma and Jeruto, 2010].

As a measure of the relative biological and economic yield potential of AF
intercropping, Moseley [1994] proposed that the Replacement Value of Intercropping (RVI)
by Van der Meer [1989] could be modified to include fallow periods, and variable costs for
labour and inputs used in the production process of the intercropping system, to result in
Replacement Value of Agroforestry [Moseley, 1994]. There is however scarce scientific
evidence from sub humid regions on interactions between inter-plant competition with positive
effects of shrubs and food crops, where interpretation of specific results is often complicated
[Van Noordwijk e al., 2004]. In addition, Reyes [2008] observes that even though improved

_AF tries to take the best out of the traditional Agroforestry methods and combine them with
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new scientific findings and innovations, farmers will not shift automatically to alternative
farming systems unless there is a good prospect for monetary gain. This may help to explain
why the potential effect of intercropping on yield of subsistence maize in western Kenya has
not been appreciated, despite the existence of an elaborate catalogue of develgped technologies
ﬁat the farmers could use over the years. There also may be an emerging tren?i for small scale
farmers’ growing apathy to livelihood from maize monocropping or intercropping with
legumes as a result of perpetual under-productivity and erratic rainfall due to the climate
change phenomenon; causing frequent failure especially of the legume component thereby

- compromising farm level food security.

2.2.2 External Input Application

In general, both intercropped and monoculture maize in most parts of Western
Kenya is grown under low-input application regimes [Smale and Jayne, 2003]; and there are
various limitations imposed by overdependence on external inputs, scarce resources and social
~ structures in the agricultural production process tha;t affect fertilizer use, choice of suitable
intercrops and timeliness of planting [Beets, 1990]. In cases where maize is the main
intercrop, inorganic P from commercial sources may still be needed to realize increased maize
yields [Okalebo ef al., 1999], and hence a challenge for resource poor farmers. Furthermore,
the use of some compound fertilisers like Di-ammonium phosphate (DAP) commonly
available in the market to correct soil Phosphorous (P) are low in nitrogen than the Phosphorus
[Shiluli et al,2003] and hence can increase soil acidity and facilitate net mining of soil
nitrogen (N), instead of improving soil fertility. |
According to Stahl ef al, [2005], shrubs with prolific biomass producing ability
have the potential to increase both soil C and N pools and thus enhance soil organic matter

- even in sequential systems of intercropping with nutrient-poor soils, but this is only true when
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other nutrients like water are not limiting. Furthermore, benefits only ac¢rue to crops in a
subsequent season since the main transfer pathway is due to root senescence and fallen leaves
[Ledgard and Giller, 1995]. Even though Artemisia spp shrubs may not contribute
substantially to soil moisture conditions; they alter N cycling rates [Darrouzet-Nardi et al.,
2008]; add organic matter to the soil [Griffee and Diemer, 2006]; can grow p?oﬁtably without
commercial fertilizers [Genders, 1994] and hence may substantially reduce the need for soil
fertility improvement in cases of denuded environments.

Once soil P deficiency is dvercome mainly through application of commercial
~ fertilizers, higher crop yields and net benefits can be realised from the nutrient-depleted soils
of western Kenya [Ndung’u et al., 2006; Wasonga ef al., 2008] through interéropping rﬂaize
with some shrubs. Odhiambo and Ariga [2001] furthe;r report that intercropping practices
entail minor adjustments in the current farming systems of western Kenya, without the
necessity of additionél N application. While shrubs may not be a substitute for external input
application as a means of sustaining intercrop productivity, there are aspects of the production
process in a cyclic period of intercropping that may be considered mundane by the small scale
farmer. One such aspect is the lack of adequate information on fallow species for
diversification and diminishing fallow periods in response to the high demographic pressure in
Maseno area of western Kenya.

2.2.3  Artemisia Fallows

According to Brown et al., [2005], the main factors which influence the choice of
crop mixtures hence fallow species in western Kenya, to ensure sustainability of any AF
intercropping system include the physical characteristics of the land available for cultivation.

This may presumably entail the availability or not of fallow species and periods. The

traditional farming system of rotational ‘bush-fallow, also known as Slash and Burn
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- agriculture was once considered to be in equilibrium with the agro-ecological conditions of
western Kenya [Barrow, 1989]. However, with the increasing demographic pressure, farmers

‘ 1n the region have drastically reduced the fallow periods [Otsyula and Nderitu, 1998] or even
abandoned them completely in the more densely populated upland areas wPere traditionally,
continuous maize+bean intercropping is the norm in farm practice. Boﬁi improved and
enriched fallows are widely used in western Kenya with varying degrees of uptake [Place et
al., 2004]; while the fallow periods commonly promoted with AF shrubs extend upto 3
years in duration [Amadalo ef al, 2003]. Considering that either raw or processed artemisia
has potent medicinal properties and numerous other agroecomic uses, artemisia spp qualifies
as an enriched fallow species. For example, the phytotoxic a;:tivity of artemisinin [Lydoﬁ et
al., 1997] implies that artemisia is a candidate for biological or value-added herbicides. In
addition, non-legume shrubs belonging to the Asteraceae family like artemisia, collectively
called ‘daisy fallows’, may further provide lessons for further development of improved
fallows [Sanchez,1999].

When land is fallowed due to the need to restore soil fertility after a period of
cultivation, shrubs can be grown to speed up the process: The preferred shrubs should be able
to add organic matter to the soil [Mtambanengwe et al., 2007] whereby artemisia becomes an
ideal candidate. While evaluating intercrops in both spatial and temporal arrangement of time,
Hiebsch and McCollum [1987] proposed the Area-time Equivalent Ratio (ATER) that
effectively captures the intervening fallow periods in sequential AF intercropping systems. In
Tasmania field trials (2000, 2001 and 2002), incorporation into the soil of dry leaves of
artemisinin-rich Arfemisia annua concurrently reduced weed emergence (between 65 and 80
%) and weed dry weight (>80 %) with a fallow period of 45 to 60 days [Laughlin, 1994].

‘Artemisia as a component crop in AF intercropping systems can also be grown bi-annually in
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sub-humid areas [Ferreira apd Janick, 1995]; thereby reducing fallow periods considerably to a
maximum of 2 months (60 days) to suit the rainfall patterns and high demographic pressure on
dérriand for arable land in western Kenya.

According to Kwesiga and Coe [1994], increasing the fallow pc?riod in Maize +
Sesbania intercrops decreases the effectiveness of inorganic fertilizers; ;d short fallow
rotations of 1-3 years using Sesbania sesban have a potential to increase maize yield even
without fertilizers [Kwesiga and Coe, 1994]. Increased cumulative crop yield per unit land
area of sustainable AF systems hence'proﬁtability can also be realized by shortening the
fallow period [Swinkels et al, 1997; Van Noordwijk, 1999]. However, Yield advantage of
selected artemisia + maize intercropping patterns as an AF P.ractice within a‘predetermi.ned
“fallow period’ in an annual growth cycle has not been studied. Promotion of artemisia+maize
intercropping components to complement other enriched fallows or the maize+bean intercrop
system could thus fofm the basis of a sustainable AF intervention, in addition to enhancing on-
farm biodiversity in western Kenya. The effect of intercropping artemisiatmaize using
different spacing regimes on quality of artemisia as manifested in artemisinin yields or %
content has not been recorded.

2.2.4 Interplant Competition
In AF systems there are socio-economic, ecological and biophysical interactions
between the different components; and the productivity and efficiency of arable land use
potential in any AEZ is therefore determined by the extent of interplant competition through
various interaction levels [Van der Meer, 1989]: Competition can occur between the same
species, called intraspecific competition, or between different species, called interspecific
competition. Ultimately, any recommended AF intercropping system involving maize as a

food crop and artemisia as a medicinal shrub will entail effective application of Good
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Agriculture Practices (GAPs) for minimum pesticide usage, to ensure the least possible impact
on the environment; and yielding a product that can be accurately traced from the field where
_it‘is grown to the consumer [WHO, 2003]. These practices should also be geared towards
minimizing competition for plant growth resources, and enhance or compli{nent any positive
éomponent interactions that may exist. Willey and Rao [1980] demon:trated that the
Competitive Ratio (CR) could be useful in comparing the competitive ability of different
crops, measure competitive changes within a given combination and determine what
competitive balance between crop components is most likely to give maximum yield
advantages.

It is thus possible that intercropped plant species in .any AF system may not coéxist
productively if they share the same niche adversely. While Niche differentiation is not the only
means by which coexistence is possible between two competing plant species [Spitters, 1983];
it is an important agroecological paradigm that may account for species coexistence in AF
systems and enhance biodiversity. However, the effect of intercropping maize and artemisia
components on basis of above ground competition for growth resources as a function of

productivity and land use efficiency has not been documented.

2.3 Maize Component

2.3.1 Origins of Maize

Early forms of maize were very small with minute kernels, and in about 300 years
from the 15" Century onwards, maize had become an important food and fodder crop in
temperate, tropical and subhumid regions of the world [McCann, 2007]. Maize is among the
domesticated crops into Africa for intercropping with indigenous crops like pearl millet
(Pennisetum typhoides) and sorghum (Sorghum bicolor L.) through a cyclic rotation for a few

-years before the land is left to fallow [Reyes, 2008]. Thus, the propagation and maintenance
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| of local maize varieties was shaped by both farmer pre;ferences and natural selection processes.
Local varieties may be a key source of genetic biodiversity upon which farmers cultivate them
bécauSe of household tastes and preferences, or risk aversion towards newly introduced
varieties [De Groote ef al., 2004]. While maize in general is the staple foot‘l crop of western
5 Kenya, local varieties have exhibited superior qualitative traits (i.e. early ‘r;aturity, disease
resistance, and good eating qualities) and they may thus provide important sources of traits
required for local adaptation and sustainability [Anjichi ef al., 2005].

By providing farmers with seed of a late-maturing white H; maize variety each
- season, as replacement to continuous use of traditional varieties from previous crop harvests,
the colonial government in Kenya after the 2" world war gped the transition from millet
intercrops to a monoculture maize-based food economy [Gerhart, 1975]. CIMMYT is
currently fostering accessibility to farmers of quality seed from promising cultivars, by
ensuring the gennplésm used to produce such seed complements the agricultural ecology of
target areas [Hassan ef al., 2001]. Maize hybrids generally have superior quantitative traits
(i.e. height, grain yield) as long as their agro-ecological requirements are met, but achieving
their potential by rural farmers in Kenya is a big challenge because of poor management, a
lack of (requisite) agricultural inputs, unfavorable biotic and abiotic factors, or a combination

of these factors [Mwololo, 2010].

2:3.2 Botany and Ecology of Maize

Zea mays L. is an erect fast growing and short-lived annual growing commonly to
2-3 m in height, usually with a single main Culm and several lateral branches in the leaf axils
in the upper part of the plant that develop more prominently [McCann, 2007].The leaves

alternate with broad sword-shaped blades and parallel veins with a prominent mid-rib, all of

~which tend to lose turgidity as the plants approach physiological maturity. The main Culm
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produces at least 8 leaves; with tropical hybrids produ;ing 30 - 48 leaves [Paliwal, 2000]. The
main roots are supplemented with aerial brace roots, which protect the plants against water
1odging. Flowers are monoecious, born in separate parts of the plant where female flowers or
ears arise from auxiliary buds and male flowers (tassels) arise from the apic?l stem. Maize is
Wind pollinated but both self and cross pollination usually occurs or can b; induced. Self
pollination is needed for inbred development while controlled cross pollination is mandatory
for hybrid seed selection; and the production of the hybrid seed requires the development and
maintenance of inbred lines and subsequént controlled crosses to produce the commercial seed
available in markets. Shed pollen usually remains viable for 10 to 30 minutes, but can remain
viable for longer durations under favorable conditions [Paliw;ell, 2000]. Maize is a Cq4 p.lant
with a high rate of photosynthetic activity and on a per plant basis its multiplication ratio is 1:
600 — 1000, thus offering the highest potential of carbohydrate production per unit area per
day [Paliwal, 2000]. |

Tropical environments account for 45% of the total area under maize cultivation in
developing countries and highland environments constitute 8% of the total area under maize
cultivation in the developing world [Byerlee and Eicher, 1997]. - Maize can be grown at
altitudes at varying altitudes and requires an increasing long growing season with increasing
altitude, normally maturing in 90120 days, or as quickly as 80 days with very short season
cultivar [Hassan et al, 2001] and the plants’ seasonal leaf and grain yields may be reduced
where rainy seasons are short. The plant grows best in 600—1,500 mm rainfall environments
and has a high requirement for water but drought-escaping short season cultivars have been
developed for regions with short rainy seasons. Maize requires a well-prepared seed-bed and
seeding rates vary with cultivar and moisture regimes, but in western Kenya planting density

for maize is maintained at approximately 44,000 plants ha” [Macharia and Shiluli, 2003].
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Manual hand seeding of maize is used in western Kenya by small scale farmers;
unlike precision planting equipment which achieves uniform plant stand but uneconomical due
td small land sizes. Maize responds strongly to fertiliser application in denuded soil conditions
whereby rates of 60 kg N (3 X 50kg bags CAN) and 60 kg P,Os (2'/» SOIK(g bag, DAP) per
hectare are recommended for use in rainfed crops, but maize in western Keny:l is often grown
under low phosphorus and nitrogen conditions [Wasonga ef a/.,2008]. Bed/row spacings
range from 75-120 cm apart and seed is planted upto 100mm deep depending on soil type.
Maize is adapted to well-drained soils of neutral to mildly alkaline reaction, but will grow
- down to pH 5.0 providing that Aluminium saturation is low in acidic soils [Gudu ef al., 2005].
There is a direct relationship between yield of maize and rainféll after 4 to 5 weeks of groxlvth;
- and minor drought or water logging during specific physiological stages can reduce maize
yields substantially: Claassen and Shaw [1970] found that four days of visible wilting just
before tasseling can feduce yields by 10 to 25%, and four days of wilting between the boot
stage (only a week prior to tasseling) and the milk stage may reduce yields by 50% or more.
Tsubo et al. [2005] also produced a simulation model showing that initial soil water content
has the greatest influence on maize intercropping productivity as an abiotic stress factor
[Ogindo, 2003] but generally, the crop is best sown at the start of wet seasons in sub humid

tropics.

2.3.3  Cultivation of Maize in Western Kenya

Western Kenya has a bimodal rainfall pattern, the long rains (LR) and short rains
(SR) and therefore ideal for early maturing maize crop Var'ieties [De Groote ef al., 2004]. Date
of sowing maize is dictated by many factors including weather, crop production system and
laﬁor constraints faced by the farmer whereby the crop is generally grown as the overstorey

crop in a Cereal+Legume or vegetable, tuber-based intercropping system. Farmers have an
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aesthetic attachment to majzecultivation and consumption now popularly wreferred to as the

“Maize Syndrome” where they have over the years widely adopted improved crop varieties

aﬁd'pOSt harvest handling practices. Maize is the staple food crop, and accounts for about 3%

of gross domestic product and 25% of agricultural employment [Mwololo, gOlO]. However,

. éwerage yields are far below sustainable levels [Smale and Jayne, 2003], thu::creating serious
food deficits especially when rain precipitation is now unpredictable or land sizes are small to
the extent of not yielding any advantage to monocropping. Both intercropped and
monoculture maize in Western Kenya' is grown by small to medium-scale farmers who
cultivate about 2.5 ha of land or less under low-input application regimes especially for the
improved cultivars, where most households produce maize tha.t can hardly last 5 months éﬁer

- harvest [Amadalo ez al., 2003]. Among the factors that contribute to stagnation in productivity
may include abiotic pressures due to agricultural intensification.

There is a serious soil P deficiency in western Kenya [Okalebo ef al., 1999; Ndung’u
et al.,2006], and thus achieving optimum yields from maize monocrops is constrained by
inability of small scale resource poor farmers to afford commercial Phosphate fertilizers
[Wasonga ef al., 2008]. Attention to weed control is also essential until canopy closure, and a
major constraint to maize cultivation is the parasitic weed Striga hermonthica [Odhiambo and
Ariga, 2001] and high demand for uprooting labour in the season during peak invasion of the
weed. Herbicides for farmers who can afford and manual techniques are commonly used to
achieve weed control of such other species as Couch grass, Chloris gayana, Cynodon spp, and
Pennisetum clandestinum.

Maize is also susceptible to biotic stress factors that include stalk borers (Busseola
fusca and Chilo partellus) [De Groote et al., 2004], maize streak virus (MSV) transmitted by

Cicadulina leaf hoppers [Makumbi, 2005]; and common smuts caused by Ustilago maydis that

25

MASENO UNIVERSITY
S.G. S. LIBRARY




reduces grain yield conside;ab-ly [Williams and McDo}lald, 1983]. These factors may not only
cause complete loss in yield and income from maize monocrops, but also make chemical plant
pfotection necessary thereby causing environmental impacts that do not conform to Good
Agricultural and Collection Practices (GACP) in general [WHO, 2003]. C}{emical control of
: ﬁese pests and diseases in absence of such agronomic practices as intercr((;})ping may thus
increase the cost of production by attracting extra financial input to the already resource poor
farmer. Important post-harvest pests of maize in Kenya include the grain weevil (Sitopholus
zeamais) and the larger grain borer (Prostephanus truncates) while poisonous aflatoxin
- produced by the fungus Aspergillus flavus in poor storage conditions are of particular interest
for maize consumers. |

In western Kenya, maize can yield upto a maximum of 35 ninety Kg bags Ha™ with
recommended agronomic practices [Shiluli ez al., 2003] especially for the newly bred varieties
that may have signiﬁéantly high nitrogen use efficiency [Sigunga,1997], good tolerance to low
N, [Makumbi, 2005] and Striga hermonthica like KSTP maize [Khan et al,2006]. Maize
yields under farmers’ conditions in the region average 1.3 t ha™ [Hassan, 2001], or less than
25% of the potential yield of 5 t ha™ [Tittonell et al., 2005] under rainfed conditions. Since
yield is the main factor used for maize production estimates in Kenya, Rojas [2007] reports
that declining trends for productivity and a constant trend for area under cultivation will

compensate for each other in the medium-term.

2.3.4 Maize in Intercrops

The great diversity of AEZs and farming systems under which maize is grown may
be unmatched by other cereal crops in the world. In AF systems, maize can be interplanted
with legume fallows such as Lablab purpureus, Crotolaria spp and Sesbania sesban which are

- widely advocated in western Kenya for improving soil fertility and structure, in order to reduce
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;N-fertilizer requirements fqr subsequent maize crops J[Amadalo et al., 2003]. When maize is
f intercropped with high-value, commercial fodder leguminous shrubs like Silverleaf
(Désniodium uncinatum), ovipositing stem borer females are repelled, and striga weeds are
suppressed by more than 40 times [Khan ef al, 2006]. Odhiambo and Arikga [2001] further
-reported that pure maize stands produced significantly lower grain ;/-iveld than other
5 intercropping treatments with beans, due to higher striga weed emergence in the former; while
~ intercropping maize and beans in the same hole had the highest grain yield of 78.6% above
- yields in pure maize stands. Furthermore, when intercropped with maize, such species as
- Crotalaria and Mucuna have reduced damage to maize in Kenya from the lesion nematode
| Pratylenchus zea compared with maize monocultures [Arim ef .al., 2006].

Studies by Kariaga [2004] in western Kenya also established that sole maize
produced the highest runoff while maize inter-cropped with cowpeas (Vigna unguiculata L.)
produced the lowesf runoff hence a better protection of the soil against erosion. Dissemond
and Hindorf [1990] also reported a significant reduction in stem borer population by
intercropping maize with cowpeas. While intercropping maize with sesame (Sesamum
indicum L.) as a cash crop, Mkamilo [2004] found that it is unproductive for farmers to grow
sesame as a sole crop due to the high risk of seedling mortality from water-logging, snails, or
the sesame flea beetle (Alocypha bimaculata); but maize yields can be maintained while
producing an important cash crop to supplement smallholder income in southeast Tanzania.

Maize can also be planted as an intercrop with many other food crop species, that
include Okra [Oyewole, 2010], Cassava [Olasantan and Lucas, 1996]; Pumpkin (Cucurbita
spp.), Pigeon pea (Cajanus Cajan), Groundnut (4rachis hypogea) and Cucumber (Cucumis
sativa) [Mariga, 1990]; and is widely used in Alley systems with hedgerows of Artemisia and

~ other valuable shrub species in China [Ellman, 2006].
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24 Artemisia Component
- 2.4.1 Origins of Artemisia

Artemisia annua L. has been kept at the Chelsea Physic Garden in London since
.the mid 1700s [Frodin,2001]; and was first mentioned in botanical literature in 1739 where
fossils confirm that artemisia is an annual herb native to Asia, as part of the é%ppe vegetation
in parts of Chahar and Suiyuan provinces of China [Ferreira ef al., 1’997]. Central Asia is
therefore its center of diversification, while the Mediterranean region and North West
America are two secondary centers of origin [Valles and McArthur, 2001]. The original
source of germplasm is not documented and may have been derived from several sources and
bulked by seed and vegetative propagation. One theory on the ethnobotany of the crop traces
it from Greek mythology where Artemis, meaning literally “she who heals sickness” was the
goddess of the woods and the wild, which as legend states, derived so much good from plants
therein to be named after her [Ferreira et al., 1997] for easing childbirth in women: Goddess
Artemis was the sourcé of a controversy with sculptors in biblical times when Paul went to
Ephesus (Book of ACTS 19: 23-41). Artemisia shrubs are known to produce the active
ingredient ‘artemisinin’ in use since 340 AD to cure chills and fevers in traditional Chinese
medicine [Ferreira and Janick, 2009]. The plant has since been domesticated in many
countries including Madagascar, Vietnam, Tasmania, the Americas and Europe. The plant is
now widely dispersed throughout the sub-humid regions of the world and some taxa are toxic
or allergenic while others are invasive weeds which can adversely affect food crop harvests
[Tan et al., 1998]. The plant has most recently been introduced for commercial cultivation in
Kenya by EABL to supply the pharmaceutical value-chain industry; including ICIPE [2005]
tﬁat has recently focused on developing and testing unfractionated whole plant extracts made

into tablets, with promising clinical results.
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' 2.4.2 Botany and Ecology of Artemisia
Artemisia annua L. is so named because it is almost the only member of the genus
: Ar;tehisia spp with an annual growth cycle; and is a large herbaceous shrub often reaching
4 about 2.0m in height, single-triple stemmed with alternate branches that range from 2.5 to 5
cm in length; with aromatic leaves that are deeply dissected [Ferreira and Janick, 2009]; the
plant has a short taproot and aggressive fibrous roots. Duke et. al., [1994] further observe
that the foliage is fernlike, with alternate leaves, and of a papery texture; Herbaceous
involucral bracts are present; Receptacles are convex and entire plant bodies covered by hairs.
In addition, cypselas are inferior and unilocular, oblong and mostly brown, whereby b‘asal
leaves have slender petioles, middle leaves are pinnate, the upper leaves are éessile and less
divided, and the leaf base withers at florescence [Hayat et al., 2009].

The plant is a vigorous, erect annual (sometimes bi-annual) herbaceous species
where non-glandular T-shaped trichomes and 10-celled biseriate glandular trichomes occur
on leaves (that are easily detachable), stems, and inflorescences [Ferreira and Janick, 2009].
These glandular trichomes are more prominent in the corolla and receptacle florets than in
leaves, stems, or bracts and there is strong evidence that artemisinin is sequestered in these
trichomes [Duke, 1993]. Furthermore, although these glands are present since the early stage
of development on both leaveé and inflorescences, artemisinin increases at anthesis,
suggesting that it accumulates as the glands reach physiological maturity, a stage which
coincides with the end of cell expansion in floret development [Duke et., al., 1994]. The
flowers are tiny, numerous and as is common to all taxé of the tribe Anthemideae, they are
perfect and can be either fertile or sterile while fruit ovaries contain minute seeds each (1000
seed weight = 0.03g) about 1 mm long with a creamy white endosperm [Ferreira ef al., 1997].

~ As for the leaves, Marchese et al, [2005] observes that in spite of the existence of
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j parenchyma cells forming a sheath surrounding the vascular tissues, the cells do not contain
~ chloroplasts or starch, suggesting that leaves of 4. annua have a Cs photosynthetic
[ ﬁléch'anism; but the existence of parenchyma bundle sheaths with little differentiation of the
mesophyll cells in artemisia leaves may represent a transitional stage in the evo lution of Csto

| C,4 photosynthetic pathway for the plant [Marchese ef al., 2005].

Artemisia naturally cross-pollinates by insects and wind action, which is unlike the

Asteraceae which mainly self pollinates [Duke et., al., 1994]. The plant thrives in many
temperate to sub-tropical ecologies (l\/fin. 10°C, Max.35° C), but is considered a short-day
plant [Ferreira et al, 1997] and some genotypes can present a requirement for low
temperatures to accelerate flowering thus indicating a photopériod - temperature interacfion.
The critical photoperiod seems to be about 13.5 hours, and with regard to flowering, 4. annua
genotypes with similar geographical origins can present variations in the behaviour under the
same photoperiod aﬁd temperature conditions [Marchese e al., 2002]. Altitude range occurs
at 1000-1500m a.s.1 [Ferreira ef al., 1997] but generally found between sea level and 3600 m.
According to studies commissioned by Technoserve Inc., [2004] in East Africa, Artemisia is
an annual plant with a growth cycle of about 180 days for cultivation (80 days in the nursery
and 100 days in the field); the reported annual rainfall range for growth is 300-1500 mm with
the optimum between 500-1300 mm and distribution is more‘important than absolute amounts
especially during 2-3 months after transplanting. Artemisia can withstand dry conditions
once established, except that low temperatures and any moisture stress in the early stages or
water logging towards maturity tends to reduce production of leaves and induce flowering
‘[Ij‘erreira etal., 1997].

The reported optimum soil pH range for artemisia growth is 5.5 — 7 [Laughlin,

1994] with good water retention capacity and not liable to water-logging. The plant prefers
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light to medium textured (sandy and loamy), well drained or dry soils and thrives in fertile
soils. However, artemisia will grow in nutritionally poor soils where Genders [1994],
_oBSerVes that the plants are longer lived, hardier and more aromatic when grown in a poor dry
soil to yield significantly on the active ingredient. The plant can withstargd dry conditions
—once established, but any moisture stress in the early stages tends to. inducz flowering and
reduce production of leaves. In addition, there are reports that lack of potassium (K) might
increase rather than decrease the artemisinin content of the leaves [Ferreira, 2007]. Artemisia
farmers could thus realize more artemisinin productivity under a mild K deficiency, while
saving on potassium fertilization.

Slopes steeper than 15% are unsuitable, though once established 4 annua gives
reasonable protection against soil erosion [Technoserve Inc., 2004] due to its vigorous fibrous
roots system. Unlike maize, artemisia does not need planting fertilizer and pesticides to break
even [Dalrymple, 2608]. This could be a very important consideration for farmers practicing
GAPs [WHO, 2003], organic farming, or for resource-poor farmers with low capacity to
afford commercial fertilizers and using artemisia as an enriched fallow species. In addition to
the highlands of Kenya, the plant has been introduced for commercial cultivation in countries
such as Brazil, India, Mozambique, Thailand, Tanzania, and Uganda, all in medium to high
altitude regions [Ferreira ef al., 2005]. The average yield of A annua varies between .1 Sto2
tons of dried matter ha™ and the average content of artemisinin (the active ingredient) varies
with the seed quality, climate, altitude, soil, farmers know-know, and planting density

[Laughlin, 1994].

2:4.3  Cultivation of Artemisia in Kenya

Suitable areas in East Africa are cultivating a newly developed hybrid (F1) seed

- from Médiplant, Switzerland [Delabays et dl., 2001]; which is insensitive to day length and
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i; shows superior performance in contents and yields .compared to the‘Asian genotype
[Heemskerk ez al., 2006]. The plant is grown for the pharmaceutical industry in Kenya where
*. _pﬁliminaw results indicate that given its climate, Kenya has the potential of producing the
crop with yields of the active ingredient higher than that obtained from the V%rieties cultivated
'in China and Vietnam, two countries which currently provide the bulk of global artemisia
requirements [Ellman, 2006]. This comparative advantage depends on other dynamics of the
artemisia derivatives’ supply chain and market demands. As with all medicinal plants, Good
agricultural and collection practices for artemisia entail proper cultivation and post-harvest
~ handling techniques to meet quality requirements [WHO, 2003]. Artemisia is not a labour-
intensive cash crop but whose cultivation requires close a&ention to detail, especiall}./ at
planting and harvesting time. Direct drilling is not recommended, due to the tiny seed
whereby artemisia plants are then vegetatively propagated from a single node stem cutting
cultivation [Ferreira et al., 2005] thus presenting a comparatively economical way of
initiating cultivation. According to the EABL [2005], good and early land preparation is
critical for artemisia cultivation in Kenya well before the rain season to ensure that the soil is
not worked when too wet as this will lead to loss of soil structure and poor compaction of the
soil resulting in poor plant vigour. As in maize, early land preparation may also be critical in
facilitating weed control and an important factor in growing artemisia successfully. As
standard agronomic practice, farms on steep terrain may require the plants to be established
on laid out terraces particularly where soils are heavy and susceptible to water logging.
Vegetative strips [Mercado and Laput, 2008] or ridged terraces on steep land for soil and
water conservation are made wide enough to maintain their shape after heavy rain and high

enough to keep the roots of artemisia free from effects of water logging.
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Cultivation takes a minimum of 4 months while extraction, processing and
manufacturing of the final product requires at least 2—5 months depending on the product
formulation. According to Ferreira et al., [2005], harvest timing is critical, as artemisinin
content tends to climb steeply during late active growth, then to plateau briezﬂy and finally, to
<fa11 off sharply once flowering has initiated, with its corresponding leaf drop(:v

Leaf biomass has been shown to increase significantly with applicaﬁon of Foliar
feed [EABL, 2005]. An increase in artemisinin concentration by upto 30% from sun drying
whole plants of artemisia for 20-30 days after harvest were recorded by Laughlin [1994], and
this is currently a standard post-harvest handling practice in Kenya. Field production of
artemisia is presently the only commercially viable method té produce artemisinin the active
ingredient, because synthesis of the complex molecule is uneconomical [Woerdenbag et al.
1991] and the main challenges in Kenya are to increase yields from each land unit, increase
leaf biomass (over l’ tonne per acre), and increase artemisinin content in leaf (over 1%) [Nigel
2004]. Despite the low productivity of 4. amnua (1.5-2.5 tonnes ha') and artemisinin
concentrations (<1 %), production of upto 14kg of artemisinin ha ' is possible [Kindermans et
al, 2007]. Average global artemisinin production after extraction stands at 0.6% of leaf
biomass [Ferreira ef al., 2005], representing artemisinin yield of 12 kg/ha but a field trial of a
late flowering clone of artemisia from Switzerland [Delabays, ef al., 2001] produced an
average of 20kg artemisinin ha ™' of land under cultivation . |
2.4.4 Artemisia in Intercrops.

Artemisia as a medicinal shrub has successfully been intercropped in AF systems

.with various field crops like maize, cowpeas and groundnuts in China, Iran, and India
respectively [Ellman, 2006]. Artemisia has also been successfully grown as an intercrop with

coffee seedlings in Tanzania to result in a much lower population density of Artemisia than




usual, but will minimise shading coffee: When grown in one line between the coffee rows,
there was no significant shading effect on stumped coffee [Griffee and Diemer, 2006]. This
,tr.ia'l further showed that artemisia significantly adds organic matter to the soil and is a
cheaper method of coffee production since pruned coffee must still be weeged, irrigated and
.sub-soiled; while artemisia gives at least a return in an otherwise bar;;n year for the
coffee[Griffee and Diemer, 2006]. The plant has also been found to not only control soil
erosion but also repel leaf miners in the same Tanzanian coffee plantations [Technoserve Inc.,
2004].

Artemisia was intercropped with Lettuce and exhibited allelopathic effect on the
germination and initial development of lettuce seedlings [Mégiero et al., 2009]. Artemisia
also suppresses some weeds through similar allelopathic effects [Duke et al., 1987; Lydon et
al,, 1997; Mekky, 2008]. Studies on component interactions at a field of grasses in California
USA indicate Artemisia spp. Shrubs competitively reduced resident herbs [Darrouzet-Nardi
et al., 2008]: Farmers in western Kenya could tﬁus make considerable savings by lowering
the cost of production in terms of foregone herbicide usage and/or labour man-hours used for
weeding maize + artemisia fields manually. Artemisia is not only medicinal but has the
potential to reduce weed pressure and restore soil organic matter (SOM) that was reduced
during a previous cultivation phaée [Laughlin, 1994]. This qualifies the shrub as an enriched
fallow species in an AF intercropping system. Artemisia spp with great local potential for
exploitation in the agricultural industry further include it’s use as a natural pesticide in home

gardens which consist mainly of vegetables, fruits and fodder AF systems [Sunwar, 2003].

25 Component Interactions

Intercropping is the practice of cultivating two or more crops on the same land unit

simultaneously or sequentially, and hence a space, time and labour dependent form of multi-
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functional agriculture. Consequently, intercropping creates a type of component interaction
between two or more individual plants that may either reduce the vigour of one or all of them;
or have a significant positive impact on the growth rate and yield of the different species used
in intercropping [Dhima et al, 2007]. As compared with monocroppiqg, one important
| advantage of any intercropping system is the resultant increase in productivit; per unit area of
land in spite of competition for nutrients [Chirwa et al., 2007], partly through fhe enhanced
ecological capital that may accrue from increased biomass for both current and subsequent
cropping seasons. Crop selection based on compatibility is vital in well designed
intercropping systems and the choice of such compatible crops depends on respective plant
growth habits as well as available arable land and other grow;[h resources. An ideal ecological

canopy set-up in AF systems should consist of a C4 over storey and a C; under storey for efficient

photosynthetic performance and yield [Sikolia ef al., 2009]. In addition, any sustainable AF
intercropping systefn will entail a series of deliberate management techniques for suitable
intercrops that enable farmers to produce quality products for specific market niches.
According to studies by Cadisch et al. [2002] in western Kenya, mixing species with
compatible and complimentary root and/or shoot growth patterns in fallows leads to a more
diverse system and may also maximise above and below ground growth resources’ utilization.
In this respect, Sobkowiez [2006] reports that two commonly used intercropping strategies
entail planting a deep-rooted crop with a shallow-rooted crép, or planting a tall croip with a
shorter crop that requires partial shade.

AF Shrubs may exert considerable competition against food crops for growth
resources through their below- and above-ground interactions, but combining appropriate
agronomic measures like sequential planting and proper choice of companion crops could

minimise such effects. Competition exists in AF systems if the growth resources such as
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water, nutrients and light become insufficient for both shrub and the crop; and to derive
benefits from intercropping, interspecific competition for growth factors should be lower than
iﬁtfaspeciﬁc competition in single stands [Willey and Reddy, 1981]. There may be
significant reductions in the performance and yield of crops particularly v&ihen grown in the
‘ﬁrst few rows adjacent to the shrub rows; and higher yields have beer? reported when
competition between the two species of the mixture is lower than competition within the same
species [Van der Meer, 1989].

In sub humid zones on acid soils competition between shrub-crop intercrops for
light, nutrients and moisture can be very severe due to the effect of shading [Lawson and
Kang, 1990], where crop yield reductions with increase in dis;tance from the shrub rows flave
been reported [Netondo, 1991; Chirwa et al., 2007]. Since water and nitrogen are critical
nutrients for plant growth and productivity for both the artemisia [Ferreira and Janick, 2009]
and maize componénts [Bénziger et al., 1997] , competition can be more severe particularly
in degraded sloppy areas of Maseno with erratic rainfall or flat land with poorly drained soils.
However, once site specific optimization of the AF system is effected, the biological merit of
intercropping makes it an important conservation farm practice for smallholder farmers, since

the system permits nutrient recycling and reduces the need for chemical fertilisers or

herbicides in some cases [Van No'ordwijk et al., 2004].

Closer spacing both within and between the rows allows for improved distribution
of growth nutrients to the intercrops but this may also result in increased competition for
other growth resources. On the other hand, wider spacing both between and within the rows
reduces competition for water [Ouma and Jeruto, 2010]; and the amount of land available for
the intercrops thereby contributing to low productivity. It is therefore important to select

intercropping plant species with compatibility in growth resources and space to ensure less
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competition [Gathumbi et al., 2004]. In humid areas a closer spacing‘in maize can be
tolerated while in drier conditions a wider spacing is required in order to ease competition for
moisture [Mtambanengwe, et al., 2007]. Generally, the yield advantage (if any) of AF
intercropping compared to monoculture cropping systems may signiﬁcan’[lyK be dependent on

<

cumulative effects of facilitative and competitive component interactions.

2.5.1 Spatial Arrangements

The simultaneous cultivation of different crops on the same piece of land has been
described interchangeably as mixed ‘cropping or intercropping, but Ruthenberg [1976]
distinguished between mixed cropping and intercropping on ﬁhe basis of the pattern of crop
mixtures. Whichever the case, there is a certain amount of evidence from Cereal cropé to
suggest that changes in spatial arrangements have some yield advantages [Mouneke ef al.,
1997]. Time of sowing for each crop and plant architecture may thus constitute ideal spatial
arrangements for the chosen intercrop varieties grown either simultaneously or sequentially.
While working on maize+bean intercrops, Macharia and Shiluli [2003] used a constant maize
spacing of 75cm x 60cm and reported that farmers will attain increased bean yield
significantly if they adopt systems that utilise the inter-row spaces within the maize rows
more efficiently; such spatial arrangements include sowing distinct row(s) of beans between
the maize rows. In addition, nﬁaize yields have been found to increase away from the
hedgerows of such AF species as Cassia siamea [Netondo,2001]; Gliricidia and Fleminga
[Yamoah et al., 1986], suggesting a need to determine specific optimal spacings and spatial
arrangements to realize increased productivity of an intercropping system like
artemisia+maize.

In humid and sub- humid areas, shrub inter-row spacings range from 2 to 7 m, with

4-6m being the most commonly used [Lawson and Kang, 1990] but the spacing is dependent
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on rainfall amounts recei_ved in an area [Mtambanenéwe, et al.,2007]. Shrub spacings within
the rows should be as close as possible and experience with species such as leucaena,
Gliricidia and Sesbania sesban indicates that they should be spaced at 10-15 cm or as near as
possible to a solid hedge along the row; which favqurs leaf biomass produ?tion over stem or
. 'above ground components, provides a more effective barrier to soil mov;:?nent on sloping
lands and creates a better microenvironment for crop growth [Yamoah et al., 1/986; Owuor,
1999].

In areas with a bi-modal rainfall pattern such as is obtaining in Western Kenya,
correct time for planting is critical for achieving optimal yields. With artemisia, if inter-row
cultivation is used to control weeds before the rows closé then inter-row and intra-row
spacing of 0.5-1.0 m (1-7 plants/m®) are appropriate [Delabays, 2001]. Generally, depending
on the level of agricultural intensification in practice, most practical intercropping systems are
a variation of the féllowing [Sullivan, 2003]: Strip intercropping, Mixed intercropping and
Relay intercropping. On flat land, shrub rows should be in an east-west direction to reduce
shading; while on sloping land, rows must be oriented along the contours in order to reduce
soil erosion. Special consideration for spatial arrangements should be taken on sloppy terrain
with 45% slope or more, where bench terraces or natural vegetative cover strips necessary for
control of soil erosion are optimally spaced with the least possible reduction of cropping area
[Mercado and Laput, 2008]. The farmer should in general be conscious of the fact that yields
from components of the intercropping system depend largely on the spacing regime; so that
by proper choice of planting arrangement and manipulating component interactions for

optimal sharing of growth resources may ultimately lead to increased yield [Francis, 1986].
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2.5.2  Maturity Dates

There have been various arguments concerning the mechanisms by which crop
mixtures can more effectively use growth resources to give yield advantages at maturity, but
the one that appears most significant is the differgnce in the timing of plkanting [Trenbath,
’1984]. This effect has been shown both for crops differing in time periods t&vmaturity and for
similarly maturing crops planted at differing times [Willey 1979]. Planting iﬁtercrops that
have different maturity dates or development periods takes advantage of variations in peak
resource demands for growth factors, so that when one crop matures before its companion
crop there is less competition between the two crops during critical growth stages [Lawson
and Kang,1990; Nair,1993]. For optimal results, maize is. normally harvested when the
moisture content (MC) of the dry grain is 14%; but artemisia leaves can be continuously
harvested from the plants every 3 to 4 weeks by hand plucking similar to tea picking for a
period of 6 months’, after which the entire plant can be harvested in total [Ferreira et al.,
2005], and air-dried to 8% MC for storage and artemisinin extraction. The optimum time of
harvest will depend on the target compound desired and on the variety grown: If artemisinin
production is the main objective of an artemisiatmaize intercrop, maximum yield in most

cases occurs at early bloom to late vegetative stage [ Woerdenbag ef al., 1994].

2.5.3 Interplant Stand Density

Plant Density is a limiting factor in the conversion of resources into biomass and in
this respect, The Law of Constant Final Yield may also have implications for agriculture
pertaining to sowing densities [Weiner and Freckleton, 2008] and use of fertilizers, in that
regardless of high levels of nutrient application, there will be an upper limit of biomass that
can be produced in mixed-species stands or multi-functional agroforestry. The “Niche

Differentiation” process also allows two intércrop species to partition certain resources so that
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one component does not out-compete the other as dictated by the coglpetitive exclusion
‘principle [Tilman, 1990]. Furthermore, the average per-capita landholdin; in western Kenya
~ will continue to decrease in size with increased der;lographic pressure, and hence there is a
 limit to the wide application of improved fallows [Swinkels et al, 1997] or monoculture

~ maize production with commercial fertilizer application. In order to optimize plant density in

<
<

- any intercropping system, the seeding rate of each crop in the mixture should thus be adjusted
to below its recommended full rate [Sullivan, 2003] without necessarily increasing rate of
fertilizer application.

In this study, seed rate for artemisia refers to transplanted seedling density while for
maize it is the virtual number of séeds per hole. Artemisia seeds are so minute that
propagation of the plant is conveniently done from cuttings.through vegetative propagation
techniques, with the added advantage of maintaining genetic qualities in the piant [Ferreﬁa et
al., 2005]. According to Owuor [1999], establishment of such tiny seed by direct sowing is
feasible only with a.mixture of fine sand or soil in a shallow seedbed and done during times of
ample rainfall. On the other hand, propagation of maize is done from pre-treated seed and if
the full recommended rates of both intercrops were planted; neither would produce optimal
yields due to overcrowding [Sullivan, 2003]. By scaling down the seeding rates of each, both
crops can therefore yield well within the mixture. In cases where a longer vegetative phase is
desirable, intercropping at higher density was reported for indigenous African vegetables
[Maritim, 2006.]. According to> Fukai and Trenbath [1993], AF intercropping designs
commonly employ either of two methods referred to as ‘Replacement’ or ‘Additive’:
depending on desired plant stand density of the monocrop relative to the intercrop, and
interactions between intercrop components vis-a-vis planf density [Fukai and Trenbath, 1993].

Consequently, when designing suitable plant architecture or spatial arrangements for such
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intercrops as maize+artemisia, close attention to detail with regard to plant morphological
characteristics and competitive abilities or limitations may be critical for desirable component

interactions for expected biomass and yields.

2.6 Parameters for Component Interactions 3

| Willey [1985], states that there are two distinct parameters bthat should be
recognized in the evaluation of intercropping advantages: a biological objective to determine
the increased biological efficiency of intercropping; and a practical objective to determine
tangible advantages that are likely to bé obtained by a farmer. These intricacies may therefore
need a thorough understanding before development of an intercropping system for
recommendation [Mouneke et al, 1997], since a biologically efficient system may- not
necessarily be economically viable [Ghulam et al.,2003]. The potential benefits or loss of any
intercropping system can be due to increased yields, decreased input costs or a combination of
both. This complementarity between species leads to niche differentiation, which may form
the basis for targeting competition for growth resources and maximizing yields in
intercropping systems.

Several concepts and/or indices have hence been employed over the years by
diverse scholars to evaluate component interactions for competition and potential benefits,
losses or efficiency of various intercropping systems: Relative crowding coefficient, RCE
[De Wit, 1960]; Coefficient of aggressivity, CA [Mc Gilchrist,1965]; land equivaleﬁt ratio,
LER [Willey, 1979]; Competitive ratio, CR [Willey and Rao, 1980]; Niche differentiation
index, NDI[Spitters, 1983]; Cost-Benefit Analysis [Jaetzold and Schmidt, 1983]; Area X time
’e,quivalent ratio, ATER [Hiebsch and McCollum, 1987]; Relative Value Total, RVT
[Vandermeer, 1989]; Replacement value of intercropping, RVI [Van der Meer ,1989]; Alley

Farming Index, AFI [Blair,1998]; Radiation use efficiency, RUE [Schnieders, 1999]; Light
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extinction coefficient, kdf [Baumann et al., 2002]; and Monetary Advantage Index, MAI
[Ghosh, 2004] among several others. These indices variously measure interspecies
competition, facilitation and/or productivity of the respective systems by comparing yields
and economic gains in intercropping with that of the monocrop. However, since each of the
indices has its own peculiar limitations and is generally applied accor?ling to specific
experimental objectives, Van der Meer [1989] suggested that whichever concept is adopted

must be well understood by the researcher and/or farmer to the extent of guiding on the

allocation of limited or available resources between competing demands.

2.6.1 Land Equivalent Ratios (LER)

The LER is a measure of biological yield advantage commonly used to evaluate the
efficiency of intercropping systems in optimizing land use as compared with monocrop yields
[Gosh, 2004]. The LER was slightly modified and effectively used by Rao and Coe, [1992] in
evaluating productivity from Agroforestry systems incorporating shrubs. A LER of more than
unit value indicates an advantage to intercropping‘over monocropping on basis of land use
where plant density varies. For example, a LER value of 1.3 would indicate that 30% more
land would be needed to produce a given amount of either of the two crop components in
pure stands as in mixtures. A contrasting measurement is the Relative Yield Total (RYT), by
Van der Meer [1989] where total plant density in the system is kept constant but proportions
of crop components vary [Bauman ef al., 2002]. The LER also measures the level> of intercrop
interference going on in the cropping system [Mazaheri ef al., 2006] to the extent that if the
agro ecological characteristics of each crop in a dual mixture are exactly the same, the total
LER should be 1.0 and the partial LERs should be 0.5 for each. The LER index assumes that
the proportion of components to be harvested from the intercrop is the ideal or required

proportion, and this may constitute an inherent limitation: Higher LER values occasioned by
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depressed monocrop yields may be misleading since LER is based on yield ratios of crops
and is sensitive to the monocrop yields in that the lower the monocrop yield the higher the
LER value [Francis, 1986]. Much work has been done on maize+bean intercropping systems
[Gardner and Kisakye, 1990; Odhiambo and Ariga 2001; Macharia and Shiluli, %003; Woomer et
~al, 2004] but the yield advantage of maize+beans over artemisia+maiz‘e—v intercropping
systems using LER has not been documented. Best LER indices have however been obtained

in a spatial arrangement of one row of double seeded maize to two [Woomer, 2004] or three

rows of beans.

A 2.6.2 Area x Time Equivalent Ratios (ATER)

Yield advantages in intercropping systems may be attributable to differential use of
growth resources by the component crops and according to Willey and Reddy [1981], in order
for significant complimentarity to occur in an intercrop situation, the growth pattern of
component crops should vary with time. Assuming that there could be a certain threshold
duration of time within which crop residues from é previous harvest is still beneficial to a
subsequent intercrop stand, the “Effective LER” or Area-time Equivalent Ratio (ATER)
values of a second and subsequent cropping seasons could be ideal for evaluating intercrops
in both spatial and temporal arrangement of time [Hiebsch and McCollum, 1987]. This
resolves the interpretive inadequacy of LER by including duration of land occupancy
[Hiebsch, 1980] in the intercrop versus monoculture comparisons. The ATER may thus
present a superior biological approach to LER for comparing annual productivities of
intercropping systems over time, that presumably inciude short fallow periods; but the
pfoblem is that both calculations do not account for the value of the crops that are being

grown [Moseley, 1994; Ghulam et al.,2003].
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2.6.3 Competitive Ratio - ¢

Measurement of inta- and intra-plant competition in AF intercropping systems are
-coﬁventionally evaluated on basis of weather the crop mixtures are in Additive or
Replacement series [Fukai and Trenbath,1993]. Relative Crowding Coeﬂi(cient (RCC) first
documented by De Wit, [1960] and modified by Willey and Rao [1980] meastlres competitive
ability of crop species in a mixture assuming that the mixture treatments form a replacement
series. Spitters, [1983] also proposed the Niche Differentiation Index (NDI) to quantify the
competitive ability of each species fof a given resource when the two crop species are in
mixed culture. The NDI also captures the level of intra speciﬁc and interspecific competition
in two intercrops. After appreciating that yield advantages in intercropping system are (;ﬁen
associated with the fuller use of environmental resources over time by competing component
crops, Willey and Rao [1980] suggested a simple competitive ratio (CR) as a measure of
intercrop competition or relative species competition to indicate the number of times by
which one component crop is more competitive than the other. Competition may not always
result in a poor performance of the intercrop since, apart from intra-specific competition,
plants compete with individuals that are to some extent different while their resource
requirements and their abilities for resource acquisition are not necessarily the same
[Mkamilo, 2004]. Furthermore, the CR represents the ratio of individual LERs of component
crops and takes into account the proportion of the crops in which they are initially sown
[Putnam et al., 1985]. Since the CR targets a range of growth resources for competition, it
may thus be more applicable interchangeably in ‘Additive Series’ of intercropping with the
NDI that is more suitable in ‘Replacement Series’ of intercropping targeting interplant

competition for one specific growth resource.
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264  Cost-Benefit Analysis . ¢

The overriding concerns of small-scale farmers in western Kenya is more with
-suétaiﬁing the farm family in terms of food security rather than with production for profit
. ’[Jaetzold and Schmidt, 1983]. These farmers account for 75% of Kenya's total maize
production [Mwololo, 2010] but compared to several other farm- enter;risgs, maize is
relatively less profitable as a monoculture thereby making it a low value commodity [Nyoro,
2002]. This may be attributable to the fact that small-scale maize farming systems depend on family
labour for key operations thus incurring higher intrinsic costs. Cost Benefit Analysis (CBA) may
hence provide a basic tool to inform and evaluate the economic yield advantages of a
range of intercropping alternatives especially for small farm-scale prbductivity. .The
production expenses or variable costs include labour and non-labour expenses. Non-labour
expenses include the costs of inputs such as seeds or seedlings and fertilisers, transport and
gunny bags for storage, all costed at the prevailing market rates. Land as a raw material in
production is normally assumed to be a fixed input because it does not change in the short
term [Makeham and Malcolm, 1986] and is therefore rarely costed. Labour costs include the
activities carried out by a farm family or hired labour for land preparation, planting, weeding,
fertilizer applications and harvesting of the intercrops. All farm activities yield the number of
man days used to carry them ouf; and by multiplying the number of man days with f[he local

labour wage rate, the costs of the activity for each intercropping system is determined [Alabi

and Esobhawan, 2006].

2.6.5 Replacement Value of Agroforestry
The replacement value of intercropping (RVI) by Van der Meer [1989], could be
modified to better interpret agroforestry improvements with fallow farming systems, and

hereby referred to as Replacement Value of Agroforestry [Moseley, 1994]. The modified
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'E-s.w ex captures some of the limitations associated wi’th LER by accounting for crop duration
1;1 the relative economic advantage of an AF intercropping system that includes variable
Asts'in the production process. The equation provides an improved estimate of the relative
vvantage of an intercropping system employing short fallow periods; andka measure of the
proportion of time that a field is actually in production over the medium to (l\—(J)ng term period.
In case the fallow period is less than unit value (i.e. one year) for either the monoculture or
%E}%olyculture situation, then the RVA will yield the same result as the RVI [Moseley, 1994].
I‘.w"F‘rom available literature there seems to be little variation between AFI [Blair, 1998] and
‘ RVA [Moseley, 1994]. The RVA may currently be superior to the other intercropping indices
3 'for evaluating biological yield advantages in AF intercropping experiments because they also

~accounts for the time in years and variable costs in the production process [Alabi and

~ Esobhawan, 2006].
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CHAPTER THREE: MATERIALS AND METHODS

- 3.1  Site characteristics

The experiment was carried out at Maseno University field station, UM3 — which is

“a seasonal semi-deciduous moist Agroforest climate [FAO, 1978]. Ma;éno area lies at
latitude 00°01°N — 12’S and longitude 34°25°E-47°E. The altitude at the experimental site is

1500m above sea level.; Latitude 00’ 08°’S and Longitude 34°35° 47°E; The experimental

site receives a mean annual precipitation of 1750 mm with a bimodal distribution and mean

diurnal temperatures of 28.7 deg.C. With this close proximity to the equator, it means day-

length variation at the site is not significant. The soils in the area are of variable depth,

classified as Acrisols being well drained, deep reddish brown clay, fairly acidic with pH

ranging between 4.6 and 5.4, and are deficient of P and N, with a moderate fixation of P

[Jaetzold et al., 2005]. Soil organic carbon and P contents at Maseno are 1.8% and 4.5mg

Kg! respectively [Okalebo ef al, 1999]. On the easterly side of the experimental site, there is

ahedge of'tall Eucalyptus spp trees which serve as a wind break.

8.2 Experimental Design and Treatments

8:2.1 Layout

The experiment was carried out during the period from September 2009 to August
2010, relying on rainfall precipitation of two consecutive seasons interspersed withva fallow
period of 45 days. The experiment had nine treatments, laid out as a randomized complete
block design (RCBD) in 3 replicates, with three different intrarow spacings of the artemisia
ie. 0.75m, 0.9m, and 1m respectively, and uniform displacements of maize from the
artemisia at 0.90m X 0.75m in ‘Additive series’ [Fukai and Trenbath, 1993]. The plant

architecture and spatial arrangements were designed to allow for artemisia crown
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development and minimise adverse component intera;tions like shading effect or competition
from either crop component, while allowing for a 1m width foot path between plots. The
,0.vérall density was thus higher in the intercrop than in the sole crop and conforming to local
practice of maize cultivation in optimal use of small land sizes. Two majze seeds per hill
were sown and later thinned to one plant 15 days post emergence. Ea;Tl trial plot size
measured 6m x 4m. Two control plots of pure stands for each crop were established and
spaced at 0.75m x 0.90m for maize and 1m x 1m for artemisia respectively. Another plot of
maize-beans intercrop was also established for comparative LER analysis, using 0.25m
interow spacing and 0.1m within rows so as to allow two rows of beans between the maize
rows [Woomer, 2004] to mimic the conventional farm practi;:e in agricultural landscapeé of
western Kenya. All the blocks were laid out adjacent to each other on a site of land with a
slope of 6-9%, whereby a 90m long trench of width 0.20m and depth of 0.5m was dug out on
the eastern lower Boundary, draining into a permanent furrow perpendicularly facing an
adjacent field so as to mitigate potential run-off into the experimental plot. With due regard
to AF experimental objectives [Coe, 2002], the treatments were designed as follows:

T; = Artemisia Im X Im; Maize 0.90m X 0.75m;

T, = Artemisia Im X 0.75m ; Maize 0.90m X 0.75m ;

T; = Artemisia Im X0.9m ; Maize 0.90m X 0.7 5m;

T, = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m ;

Ty = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m ;

Ts = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m ;

T; = Maize 0.90m X 0.75m (Pure Stand),

Ts = Artemisia Im X Im (Pure Stand);

Ty = Maize 0.90m X 0.75m + 0.25 m Beans line displacements of two rows.

3.2.2 Crop management practices

The experimental plot was designed to drain in an east- west direction in tandem

with the topography of the wider farm. Land was prepared to fine tilth before planting of
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certified maize seed from Kenya Seed Company of V;irie,ty Hsy3in short rains and Hs;s in long
rains both of which mature in 100 to 150 days, with similar yield potential and recommended
fbf medium altitude AEZ with bimodal rainfall patterns. The option of using the two varieties
was ﬁecessitated by avéilability in the market at the time of carrying out thf: experiment. The

‘Fl artemisia seedlings were sourced from the East African Botanicals (;;mpany Limited
(EABL) contracted nursery at Soy - Eldoret where they are raised annually iﬁ trays under
light shade of 60%. The seedlings were transported in polytubes to the Maseno experimental
site one month before transplanting to secure uniform heights (see plate 1); and clustered in a
temporary open air nursery with adequate moisturisation so as to acclimatize and minimize
transplantation shocks during planting.

The first season (SR) maize was planted on o September 2009, while the second
season (LR) maize was planted on 15™ April, 2010. TIAIC 1™ weeding of maize took place at
knee high length in’ both seasons, after which transplanting of the artemisia crop was done
within a span of one week in both the SR and LR seasons respectively, when the young plants
had grown to 50 cm in height with average of 15 true leaves, in accordance with the general
practices of Ferreira ef al., [2005]. The transplanting of artemisia during both the two seasons
took place after the rains had soaked the ground sufficiently (October, 2009 and April, 2010
respectively) to ensure the soil has high moisture content to promote seedling vigour. Holes
were dug in the wet ground deep enough to hold all the artemisia roots vertically at vthe base
so as to minimise bends on the roots, and forestall developing a poor root system that provide
risk of failing plants.

Diamonium phosphate (DAP) fertilizer was applied at planting of maize in all the
plots at the recommended rate of 50 kg ha” while Calcium ammonium nitrate (CAN) was

used for localized top dressing of maize (see plate 2) only after 1% weeding at the rate of 50 kg
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“ha'. The second season (LR) land preparation incorporated into the soil previous root stumps

j. from the intercrop according to the practices of Okalebo et al., [1999] and Laughlin [1994]
- for inaize and artemisia respectively. The second weeding in both seasons was done by

~ manually uprooting the few weeds that emerged so as to effect minimal dis&turbance on soil

<

- structure.

A shortened fallow period of 45 days was employed in between the two growing
seasons, SR and LR using the same plot and layout, after which the duration was factored in

determining the Area-time Equivalent ratio according to the method of Hiebsch and

~ McCollum [1987]. After extrapolation, plant densities from this artemisia+maize intercrop

ranged from 10000, 11667, 14583, 16667 plants ha 'for artemisia and 20833 plants ha_lifor

~ maize respectively. All other agronomic practices that include harvesting and post-harvest

handling were done as currently practiced for artemisia production [WHO, 2003; EABL,
2005] and maize [Wasonga et al., 2008].

All plants were monitored weekly throughout the growing seasons for signs of pest
infestation or disease incidence, and data taken on general plant development. Type and
relative incidence of weeds were taken on monthly basis. Harvesting of artemisia in both
seasons was done when the plants started showing signs of bud initiation. The harvesting of
both intercrops was limited to manual techniques where whole crop of artemisia is severed at
the root apex and sundried on black polythene sheets, threshed for leaves, packed in small
bags and ready for delivery to laboratory for artemisinin analysis. Maize was harvested and
shelled manually afterwhich fresh weights and dry weights measured for biomass after drying
to. mimic farmers’ practice. In order to conform to good agricultural practices for medicinal

plants [WHO, 2003] as much as possible, there was no usage of pesticides in control of pests

- and diseases. Rainfall or precipitation was collected using the Nylex “1000” Professional
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b
- Rain Gauge based at Maseno Veterinary farm on monthly basis during the duration of the
i experiment.

3.3, Data Collection

Five plants from each test plot with guard rows were selected randomly and tagged

<

for consistent recording of the various growth patterns and yield attributes.

B:3.1 Plant growth parameters

The averages of five individual plants per plot were used for growth measurements
of both maize and artemisia in each treatment using a standard 2-meter rule. Plant height was
measured from the stem base to shoot apex for all sample plants from date of emergence and
subsequent measurements taken after every 4 weeks. Similarly, crown diameters for artemisia
were measured from the branch internodes of the longest branches (plate 4) after attaining
physiological maturity. This parameter was restricted to artemisia only, unlike maize which
lost turgidity at the same period. Days to maturity of all intercrops was determined by
counting the days from date of emergence to plant physiolo gical maturity.

3.3.2  Plant biomass

Above ground plant biomass of both maize and artemisia was determined at harvest
using farmers’ practice. Artemisia above ground shoot per hill was severed at the root apex
and the harvested plants placed in brown paper bags after sun drying, after which they were
weighed using an electronic weighing balance (Denver instrument model XL -31000) at
Maseno Botanical garden. A similar treatment was also done for maize in which
measurement was done with dry whole stalks severed at tile root apex.
>3‘.3.3 Chlorophyll content determination

Evaluation of the plants’ relative nutritional status in the immediate pre-harvest

period was done by non-destructive measurement of chlorophyll content of the leaves using a
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SPAD-502 meter (Plate 4), three times each season within a weeks’ interval for both season’s
Crops. Triplicate readings (SPAD Units) were taken around the midrib of each sample leaf
acéording to the method of Peng et al., [1992], within 15cm of shoot apex and averaéed per
plant. The last SPAD reading for artemisia was done at flowering while fq‘r maize it was at
physiological maturity. These readings were taken to coincide with perivod§ of optimal
vegetative growth for the intercrops and their respective pure stands, according to Woerdenbag
et. al.,[1994].
3.3.4  Artemisinin content determination

The artemisia plants were threshed whole and ensuing leaves air dried on black
polythene sheets to 8% moisture content determined by moisture meter, ‘ after which a
representative sample from each treatment was forwarded to laboratory for bioassay. The
extraction and analysis of artemisinin from the artemisia leaves was done at EABL factory in
Athi River, following the method of Christen and Veuthey [2001]. This method entails
grinding dry artemisia leaf to powder followed by extraction and analysis of artemisinin
content using HPLC with Mass Spectroscopy (MS) in t’hexlaboratory. A correlation analysis

between chlorophyll (x) and artemisinin (y) content of artemisia treatments only (n=7) at

harvest time for artemisia was done using Pearson’s Correlation Coefficient (r):-

- (E0)(5)
F(Z)- (25 (2 (T

=

3.3.5 Yield components and Yield

The yield components and yield for all intercrops was derived from an area of 24m’
p¢r plot and extrapolated into production per hectare where applicable. Yield of maize grain
at 14% moisture content was measured using moisture meter and recorded at harvest for the

two seasons. Both seasons crop of artemisia was harvested whole, fresh and dry weight of
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~ leaves recorded and artemisinin content determined for each treatment after a storage period

~ of 2months at room temperature to mimic farmer’s practice.

34 Determination of Yield Advantage from Derived Parameters

The determination of yield advantages if any and competitive interactions were done

- using the following six selected indices:-

~ 3.4.1 Land Equivalent Ratios (LER)

Partial LER was determined by dividing yields for artemisia shrubs, maize and beans by
- their respective mono crop yields and the resulting ratios (relative yields) added to obtain the total
LER values according to the method of Willey [1979] as modified by Rao and Coe, [1992]:-

LER = Ci/Cs + Ti/Ts (1)
Where, Ci = crop yield under intercropping ‘
C; = crop yield under sole cropping
T; = Shrub yield under intercropping
Ts= Shrub yield under sole system.

Values of LER>1 were considered advantageous. For purposes of this study, LER for
maizetbeans and maize+artemisia respectively was deﬁvéd from the maize and bean grain
yields in Kg ha; and dry biomass yields of artemisia leaves ha™ from treatments recording a
minimum artemisinin content of 0.7%.

3.4.2 Area x Time Equivalent Ratio (ATER)

The ATER value per treatment was a summation of partial ATER values from the
LR season only. ATER for each treatment was determined by multiplying the relative yield
by the ratio of the time (days) taken by the crop to maturity when gréwn in monoculture, to
'tl:le total time taken including fallow period by all components under intercropping using the

method of Hiebsch, [1980] as modified by Hiebsch and McCollum[1987].

The total duration of the intercrop system used was 300 calender days i.e. Sum
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of 105days for maize, 150days for artemisia and 45 days fallow period between SR and LR

seasons. Substituting for artemisia+maize per treatment in the LR season, the equation of

the method of Hiebsch and McCollum, [1987]:

ATER = 3 5{viys) |
=] tl (2)

Where,Yiiand Yare the yield of crop I in intercropping and sole cropping,
- respectively and n is the total number of crops in the intercropping system; tis the growing
- period of crop I in sole cropping and t; is the total duration for the intercropping system

 including fallow period.

343  The Competitive Ratio (CR)

| Measurements to demonstrate the existence or not of competition by comparing the CR
among the intercrops iﬁ each treatment was calculated following the method of Willey and Rao [1980]
as modified by Willey [1985] to account for the practical objective of determining mutual
intercropping advantages. Substituting for artemisia and maize intercrop, the CR index was

calculated using the following formula:

CRmaize = (LERMaize / LERArtemisia) X (Za / Zm)} (3a)
CRartemisia = (LERArtemisia/ LERMaIze) X (Zm / Za) (3b)

Where, LERwize is the partial LER for maize, LER artemisia 1S the partial LER for artemisia. Zm and

Za are the proportions of maize and artemisia in the mixture respectively.
344 Replacement Value of Intercropping (RVI)

As a measure of relative economic yield advantage of intercropping artemisia and

maize, RVI was determined for each treatment following the method of Van der Meer [1989]
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[ .
as modified by Moseley [1994] to incorporate a fallow period of less than unit value (one

~ year); as well as variable costs that account for labour and farm input used in the production
;proceés of the AF system. Substituting for artemisia and maize intercrop interchangeably

- [Moseley, 1994]: ¢

<

RVlArtemisia = (a X YArtemisia + b X YMaize)/ a X MYArtemisia_ C (4a)

RVImaize = (a X Ymaize + b X YArtemisia)/ a X MYmaize - C | (4b)
Where:

Y artemisia and Ymaizeare the yields of Artemisia and Maize in the mixture respectively.

MY Artemisia is the mono crop yields of Artemisia to be used interchangeably with MY waize for
Maize monocrops; @ and b are the market prices of artemisia and Maize respectively; C is the
variable cost associated with mono-cropping artemisia or maize interchangeably for 'replacement‘ 1e;

labour costs, cost of planting material and fertilizer.
3.4.5  Cost-Benefit Analysis (CBA)
Cost-benefit analysis (CBA) was done according to the prescription of Jaetzold and
Schmidt, [1983] and Makeham and Malcolm, [1986]: Land as a raw material in production
was assumed to be a fixed input because it does not change in the short run and was therefore
not costed; while the production or variable costs included labour and non-labour expenses.
Prevailing market prices at the time of study for artemisia dry leaf (Ksh 40 per kg), maize
(Ksh 2500 per 90kg bag) and beans (Ksh 4500) was used for analysis of monetary benefits.
Mono-culture yields per plot and market prices of both artemisia and maiie were
recorded at harvest while the respective total variable costs associated with mono-cropping
i.e. cost of planting material, fertilizer and labour for the. two seasons were also recorded and
periodically updated. The costs and amount of hours spent on bush clearing, planting,

weeding, fertilizer application and harvesting were recorded on per plot and treatment basis
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| and converted to man-days (MD) ha using the equat{on of Alabi and Esobhawan, [2006] but

: using local rates of KSh 200.00 per MD:-
MD=H/T (5)

Where H is the cumulative hours of labour input and 7 is time of& standard 8§ hour
working period. All other costs were computed' from each treatment on the basis of ;reyailing market
price of fertiliser, artemisia leaf yield, and maize and bean grains. The economic analysis was
performed on cumulated costs and benefits over the 2 cropping seasons SR and LR. All costs were
extrapolated into Kenya shillings (Ksh) per' Ha. for each treatment. Net benefits were expressed as
. the difference between the total benefit and the gross variable costs per treatment. By making
simple comparisons of the ensuing amounts, tl_1is model detennine;d what numerical advantages‘ (in

terms of economic profitability) are to be obtained from intercropping maize with artemisia and beans

or in monocultures.

3.4.6 Land Use Efficiency (%LUE)

The % LUE for each treatment was calculated by averaging the sum of LER and ATER
respectively [Rao, 2002], indicating which cropping pattern was ‘more‘efﬁcient in the use of land, area
and time for optimal yield:

LUE = (LER + ATER)/2 (6)
Where, LER is the partial land equivalent ratio for either intercrop in a

season and ATER is the Area-Time Equivalent ratio as defined in (1) and (2) respectively above.

8.5 Statistical Analysis
" Data was subjected to analysis of variance (ANOVA) using the Costat statistical

computer package. The treatment and block means were separated using the least significant
differences (LSD) test at 5%, while homogeneity of variances was verified by Bartlett’s test

[Sokal and Rohlf;1995].
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R CHAPTER FOUR: RESULTS

.1 General Observation

The rainfall pattern in the two seasons (Fig 4.1) in which th? experiment was
 carried out indicates that distribution pattern was relatively similar but therngere more rains
in the long rain (LR) than in the short rain (SR) season by a factor of 1.5; The amount of
precipitation during SR was more than double that of LR at critical stages of bud initiation
f;or artemisia, during the months of December and July respectively. No pests or diseases
affected the intercrops throughout the two growing seasons except a few cobs of maize with
head smuts Ustilago maydis observed in Toduring the LR seéson. The maize+bean intercrop
had a more pronounced incidence of weed infestation including Black Jack (Bidens pilosa),
Oxalis latifolia, Wondering Jew (Commelina bengalenlsis), Cynodon dactylon, and Chloris
gayana, unlike all the maize+artemisia intercrops (plate 3) which had none after the first
weeding and canopy closure of artemisia. This had a net effect of reducing labour costs of
weeding in artemisia pure stands (Table 4.5). The LR artemisia crop flowered earlier than the

SR crop by 20 days.

Rainfall{mm)
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300
_— Ilm II I 4 & Rainfaliimm) :
50 S S—— S TN W e e S S
0 ,lg B Qi B8 8 B l]

200 -
150 -
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Month

Fig 4.1 : Rainfall Pattern Maseno Area (Aug 2009 - July 2010). Source: Ma:seno Aéricultural Training
Centre.

58



4.2 Plant Heights - . ‘

4.2.1 Maize
The treatments had no significant effect (P>0.05) on plant height of maize during

_Y both seasons (Fig.4.2a). The long rains’ (LR) season crop exhibited mean taller plant heights

- of 158cm than the short rains (SR) season crop with 128cm at physiologicalz maturity.
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Spacing :

Fig. 4.2a:  The effect of spacing Artemisia and Maize on Maize Plant Heights. Data
points are the mean of three replications and bars represent standard errors.

‘LEGEND:

T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia Im X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia 1m X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m ; T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m
T7 = Maize 0.90m X 0.75m Maize (Pure Stand) T8 = Artemisia 1m X 1Im Artemisia (Pure Stand)

T9 =0.90m X 0.75m Maize, 0.25 m Beans line displacements of two rows.
4.2.2 Artemisia

The treatments (spacing regimes) had no significant effect (P>0.05) on artemisia
plant height in both seasons. However, plants with closer spacing, hence higher interéropping
densities i.e. T4, Ts, T and Tg (pure stand) had a higher mean plant height of 158cm, 154cm,
152cm and 154cm respectively, as compared to the other treatments with wider spacing at
harvest time (Fig 4.2b). The long rains’ season crop exhibited mean shorter plant heights

(120.1cm) than the short rains season crop (177.4cm) at harvest.
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Fig. 4.2b:  The effect of spacing Artemisia and Maize on Artemisia Plant Heights. Data
points are the mean of three replications and bars represent standard error.
‘LEGEND:

T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia 1m X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia Im X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m ; T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m
T7 = Maize 0.90m X 0.75m Maize (Pure Stand) T8 = Artemisia 1m X 1m Artemisia (Pure Stand)

4.2.3 Crown Diameters

Spacing had no significant effect (P>0.05) on artemisia crown diameters but T

recorded a high value at 116.8 that was significantly different from T, at 99.9 (Table 4.1).

4.3 Plant Biomass
4.3.1 Maize

The treatments had a significant effect on plant biomass of maize (P < 0.05). Apart
from the pure stand of Ty at 3.85t ha”, T3 recorded the highest values at 2.78t ha™ that was
not statistically different from other treatments; maize T, recorded the lowest biomass yields

at 2.1tha™ and was statistically different from T, (Table 4.1).
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Table 4.1: Effect of spacing Maize and Artemisia on Mean Crown diameter of Artemisia,
Blomass Yields and Chlorophyll Content of the Intercrops
;“'Chlordphyll Content  Biomass yields(t/ha)

Intercrop ~ Crown Diarneterv'

Populatlon {Cm) , _ (SPAD Units)
 (2am?) Artemisia Artemisia Maize Maize  Artemisia
e 1113ab. = 5953 35.5ab  238bc  7.36bc
78 108.7ab 6.67a 379ab  2.16c 7.29bc¢
74 B8 36ab  778bc @ 5390
90 6.30a 37.7ab 2.35bc 9.67a
TE e 1067ab  6.12a 37.5ab  2.25bc  8.975a
T6 85 108.2ab 6.10a 38.7ab  2.38hc 7.08c
Eow 501 39.1a  3.85a -
T8 35 108.4ab 6.65a : . 8.75ab
9 1% L = 25.7b  2.28bc -
CV% - 11.8 14.8 ' 738 19.96 16.45
- LSD0.05 s iy 1 43 0.31 0.81
Significance - ns ns ns X *

{Mean values in a column followed by dissimilar letter(s) indicate differences at 0.05 (*) level of
significance. ns =Not significantat P>0.05}

‘LEGEND:
T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia Im X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia Im X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m;  T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m
T7 = Maize 0.90m X 0.75m (Pure Stand) T8 = Artemisia 1m X 1m Artemisia (Pure Stand)

T9 =0.90m X 0.75m Maize, 0.25 m Beans line displacements of two rows.

4.3.2 Artemisia
Spacing had a significant effect on plant biomass of artemisia (P>0.05) but Ts

(8.98t ha™"), T4 (9.67t ha™") and Ts (7.08¢ ha™) were not statistically different from each other
(Table 4.1) and recorded the highest values for artemisia respectively apart from the pure
stand of Tg (8.75¢ ha™!). Artemisia T3 had the least value at 5.397 ha” and was statistically

different from the rest (Table 4.1).
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44  Chlorophyll Content 1 ¢
4.4.1 Maize

There was no significant effect (P>0.05) of spacing on relative Chlorophyll content
of maize at harvést during both SR and LR seasons but T7 at 39.1 recorded a higher value

L

~than Ty at 25.7 ( Table 4.1) ‘ ‘e
4.4.2 Artemisia

There was no significant effect (P>0.05) of spacing on relative chlorophyll content
of artemisia at harvest (Table 4.1). Chlorophyll content had a positive correlation (r* = 0.7)

with artemisinin content at harvest (Fig. 4.4) and Table 4.2

Chlophyll and Artemisinin Yield Comparisons

Chlophyll
Content
Mean Artemsinin
Content

T1 2 BT T5 T6 8
Spacing Regimes

&= Chlpyll at Hanest —e— Mean Artemsinin %

Fig. 4.4: Chlorophyll contentand Artemisia Yield Comparison; R’=0.7 Data points are the mean of three
replications

"LEGEND:
T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia Im X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia Im X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m

T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X0.75m ;  T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m

T8 = Artemisia 1m X 1m (Pure Stand)
4.5 Intercropping Yields
4.5.1 Maize Grain
’ There was a significant effect (P>0.05) of spacing on grain yields in both the SR
and LR seasons (Fig.4.5a). During the LR, T; and Ts recorded the highest values of
3.251th™ and 3.02t h™' respectively that were significantly different from T, (2.85th™), T3 A
2.7th™), T¢ (2.7t h™") and Ts (2.7t h™"). In the SR, Ty (3.12th™) and T3 (2.86t h™") recorded
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the highest yields but not significantly different ﬁrom/allftreatments except the pure stand
T7 with 3.84t h™'. Ty recorded the highest values in both seasons i.e. 4.7t h' and 4.3t h'l,
for SR and LR respectively.

SR
i LR

W

Grain Yield (t/ha)

=T

i

T1 T2 T2 T4 T5 T6 T7 T9
Spacing

Fig. 4.5a: The effect of spacing Artemisia and Maize on Maize Grain Yield. Data points are the
mean of three replications and bars represent standard errors.

+LEGEND:
T1 = Artemisia Im X 1m; Maize 0.90m X 0.75m; T2 = Artemisia 1m X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia Im X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m ; T6 = Artemisia 6.9m X 0.9m ; Maize 0.9m X 0.75m
T7 = Maize 0.90m X 0.75m (Pure Stand) T9 = 0.90m X 0.75m Maize+ 0.25 m Beans line of two rows.

4.5.2 Artemisia Leaf

There was a significant effect of the different spacing regimes on leaf yields (P>0.05) (Fig.
4.5b). Apart from Tj the pure stand with 3.77 t ha'l, T, Ts, T4 and T returned the highest leaf yield
of 3.06 tha',2.77 tha',2.42 tha' and 2.67 t ha™ respectively\ and were statistically different from

T, with the lowest yield at 1.56 t ha™ during the short rains.

4
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§ 1-
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E ;

T1 T2 T3 T4 15 T6 T8
Spacing Regime

Fig. 4.5b: The effect of spacing Artemisia and Maize on Artemisia Leaf Yield. Data points are the mean
of three replications and bars represent standard errors. Legend as in Fig.4.5a above; T8 = Artemisia 1m X 1m
(Pure Stand)
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A similar trend was observed during the long rains where T4 recorded the highest value at

242 tha™ and was statistically different from T, the lowest with 1.73 tha

4.5.3 Artemisinin Content

The short rains (SR) treatments had a significant effect on ar(tjcmisinin yields
(P>0.05) but lower content of 0.74% on average than during the LR season mean of 0.8%
(Table 4.2). Apart from Tg (pure stand), T4, T3 and T, exhibited the highest % artemisinin
than the other treatments at 0.81%, 0.78% and 0.74% respectively. There was also a positive
correlation (#=0.7) between artemisinin and relative chlorophyll content at harvest (Table 4.2).

Table

4.2:E Content (Art.)

T ik A 1 - e sz{ : _
T 0.76ab  0.65b 595 387 35.40

T2 0.83a  0.74ab o 66/ 49a 4449  0.547
T3 0.76ab  0.78a 5.98 4.66 35.76 0.608
T4 ' 0.84a 0.81a £330 =504 39.69 0640
T5 0.71ab  0.68ab 6.12 4.16 37.45 0.462
T6 082  0.68ab SiGHe - i 721 = 0462
T8 0.89a 0.86a B 44.22 0.740
‘Mean 080 6 3917 — @555
LSD .05 0.13 0.12 = : i S
Significance ns S - = - -

Y (T1-T8) = = , 437~ 3954 97493

5 il = X 3XY=3.90 3x’=36.11
Bpaamenme o e

{+seke Légeﬁa below. LR- ylgﬁvg"Raiﬁ;}kSR ; Mé;\wvalu s in; columnfollow d b\;v‘dissim‘ilar
letter (s) indicate significant differences at 0.05 (*) level of significance; ¥ = Pearson’s correlation
coefficient}

"LEGEND:
T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia Im X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia 1m X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m ; T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m

T8 = Artemisia 1m X 1m (Pure Stand)
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4.6 Component Interactions ‘ ‘

4.6.1 Competitive Ratios (CR)

Maize
The different spacing regimes had a significant effect (P<0.05) on the competitive

ratio of maize against artemisia among the intercrops during both seasons (seéJable 4.2). T,
was significantly different from other treatments and had the highest CR value for maize at

1.2 while T3 had the lowest CR value at 0.52.

Table 4.3: Effect of spacing Maize and Artemisia on competitive ratio (CR) of
Artemisia and Maize.

Spacing
T,
Ta
Ta
Ts
Te
Ty ==
Ts 0d -
CV (%) = 193 26.49
LSD g5 0.385 0.29
Significance = T
{Mean values in a column followed by dissimilar letter (s) indicate differences at 0.05 (*) level of
significance. Ns=Not significant at P>0.05}

CRArttem isia C RMaize

"LEGEND:
T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia Im X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia 1Im X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m;  T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m
T7 = Maize 0.90m X 0.75m (Pure Stand) T8 = Artemisia 1m X 1m (Pure Stand)
Artemisia

The different spacing regimes had a significant effect (P<0.05) on the competitive
ratio of artemisia against maize among the intercrops during both seasons (Table4.2). T

exhibited the highest CR of artemisia against maize at 1.75 while T; had the lowest at 0.85.
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4.6.2 Land Equivalent Ratios (LER)
The treatments had a significant effect (P<0.05) on LER during both seasons

_(Table 4.4) where Ts with 1.49 was statistically higher than the pure stands, while Ts at 1.35
recorded the lowest LER value but was not statistically different from Té. Mem LER values
.for maizet+artemisia were significantly higher than maize+beans (To) at 1.1(5</in both SR and
LR (see Table 4.4).

4.6.3 Area-Time Equivalent Ratios (ATER)

The treatments had a signiﬁ'cant effect on ATER (P<0.05). Since ATER was
derived from the long rains LER, the ATER values followed a trend similar to that of LER
(see Table 4.4). The total ATER for all the treatments showe;d T4 and Te with the higheét at
1.0 each followed by T3(0.95) and T, (0.9). T4, Ts and T were statistically different from T,
(0.8), T (pure maize at 0.35) and T (pure artemisia at 0.5); the highest partial ATER of 0.5
was recorded from £he pure stand of Tg and as was the case with LER, T; at 0.8 recorded the
lowest ATER value. The mean ATER value for maize+artemisia at 0.86 was significantly
higher than maize+beans (To) at 0.5 while ATER values for maizetbeans (To) were

significantly higher than the pure stand of maize (T7) at 0.35.

4.6.4 Replacement Value of Intercropping (RVI)

Maize

There was no significant effect of spacing on RVI (P>0.05) during both SR and LR
seasons but season had a significant effect (P<0.05) on the treatments (Table 4.4).
Artemisia

There was a significant effect of spacing on RVI (P<0.05) during both SR and LR
seasons (Table 4.4). Te recorded the highest RVI value at 1.6 and was statistically different

- from T, (1.3) but not different statistically from treatments T, (1.4) T3, (1.4) and T4, Ts that
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recorded a RVI of 1.5 each.. The lowest RVI value was recorded from T5 theccontrol with 1.1
and was statistically different from all other treatments. In general, the results of biological
yield advantage using RVI, LER and its derived parameters indicated that T3, T4, Ts, and Ts

were not statistically different from each other (Table 4.4). :
Table 4.4. Effect of Spacing Maize and Artemisia on Land Equivalent Ratios (LER),
Area - Time Equivalent Ratios (ATER) and Replacement Value of Intercropping (RVI)

Spacing” SRier LRier Mean,ss ATER RVigtemisa  RVmaie

.

gt

T2 1.31abc 1.47a 0.9ab 1.4bc
T ddehe T 130h . L4l @osab - 14be
T, 1338 - la 1.5ab
T 1g6ab 125bc.  135a 09ab 1.5ab
Te 1.553 1.44a ) 1.493 la 1.6ab
T 160d  190d | Poee @3 o
T 1.00d 1.00d 1.00c 0.5¢ 1.0d -
- e 5 e
ol . s 60 . ke i
LSD gos  25.15 14.03 145 2.66 0.09 0.16
Spacing  * ' .. - .
Season ns. o ns - = -

{Mean values in a column followed by dissimilar letter (s) indicate significant differences at 0.05 (*)
level of significance; ns=Not significant at P>0.05}

‘LEGEND:
T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia 1m X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia 1m X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m; T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m
T7 = Maize 0.90m X 0.75m (Pure Stand) - T8 = Artemisia 1m X 1m (Pure Stand)

T9=0.90m X 0.75m Maize, 0.25 m Beans line displacements of two rows.
4.6.5 Cost-Benefit Analysis (CBA).
All treatments were subjected to cost-benefit analysis and yielded maximum values
from intercrops T3 at 82.5 followed by Ts at 82.2 and Tg at 80.3 and T4 at 79.2. The pure
stand of T7 (Maize) recorded very low and high values of 6.45 and 99.5 respectively (Table

4.5). Tyhad the least Gross benefit from artemisia while Ts recorded the highest at 107.6; in -
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contrast Ty recorded the highest gross benefit for ma}ze_at 7.36 apart from:the control of T

at 8.76

Table 4.5: Cost benefit analysis (CBA) in *Ksh ‘000 ha™
' Spacing*

> Artemisia leaf 658 80.8 986 970 1000 968 - 1076 -

Artemisia
seedling

> NetBenefit ('000) 49.7 64.7 825 79.2 82.2 79.6 (7.3) 100.2 36.6
*LEGEND: {*1USD=Ksh 85}

T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia 1m X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia 1m X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m ;  T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m

T7 = Maize 0.90m X 0.75m (Pure Stand) T8 = Artemisia 1m X 1m (Pure Stand)

T9 = Maize 0.90m X 0.75m + Beans 0.25 m line displacements of two rows.

4.6.6 Land Use Efficiency (% LUE)

Maize

The treatments had a sié&iﬁcant effect on land use efficiency (P<0.05). T maize
obtained the highest LUE value of 56.85% and was statistically different from T3 (48.3%)
and T4 (47.6%). Significantly, treatments T; (56.85%), T» (51.4%), Ts (49%), and Te
(54.8%) recorded the best indices but were not statisﬁcally different from each other

(Table 4.6).
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Artemisia

The treatments had a significant effect on land use efficiency (P<0.05) (see Table
4.5). Ts, Tsand Te reported optimum LUE values of 52.8%, 53.2% and 51.5% respectively
whereas the same treatments recorded the highest aggregate values for kthe intercrop at

101.1%, 100.8%, and 106.3%.

Table 4.6: Effect of Spacing Artemisia and Maize on Land Use Efficiency (% LUE)

Spacingt  Artemisia Maize'. | Total
T, 38.5¢ 56.85¢ 95.4ab
= e R
T3 52.8b 48.3d
T 47.7b 49.0d
e - 51.5b 54.8cd
T 2 67.5b
T , 75a e
T - 83a
cv 13.5% 12.5%
LSDg.05 4.48 4.23
ignificance e e TSRS e

{Mean values in a column followed by dissimilar letter (s) indicate significant differences at 0.05(*)
level of significance}
“LEGEND:
T1 = Artemisia 1m X 1m ; Maize 0.90m X 0.75m; T2 = Artemisia Im X 0.75m ; Maize 0.90m X 0.75m
T3 = Artemisia Im X0.9m ; Maize 0.90m X 0.75m; T4 = Artemisia 0.75m X 0.75m ; Maize 0.9m X 0.75m
T5 = Artemisia 0.9m X 0.75m ; Maize 0.9m X0.75m ;  T6 = Artemisia 0.9m X 0.9m ; Maize 0.9m X 0.75m

T7 = Maize 0.90m X 0.75m Maize (Pure Stand) T8 = Artemisia 1m X 1m Artemisia (Pure Stand)
T9 = Maize 0.90m X 0.75m + Beans 0.25 m line displacements of two rows.
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Plate 3: LR artemisia+maize Intercrop Tg, 2 months after transplanting artemisia.
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Plate 6: SR artemisia + maize intercrop T, at physiological maturity
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CHAPTER FIVE: DISCUSSION
.1 Effect of Intercropping on plant morphology

5.1.1  Plant heights

Plant height is among the most important morphological attributes of an intercrop.
- i (S
The different spacing regimes tested in this trial had no significant effect on maize plant

heights and similar results have been obtained in maizetokra [Oyewole, 2010] and

maize+cassava [Olasantan and Lucas, 1996]. Since higher plant heights in intercrops are

usually associated with interplant competition for light, these results may thus suggest that.

the spacing regimes tested did not constitute crowded conditions to effect negative
compétition for light and other growth resources. Even though the intercrops may have had
different growth rates, maize plant heights remained consistently higher than artemisia until
physiological maturity, and this may be due to the fact that artemisia was planted
sequentially after maize. However, the higher plant heights of maize observed in LR

compared to the SR may have been occasioned by higher precipitation levels experienced in

LR relative to SR. Similar observations were made by Achieng ef al, [2010] who recorded

greater plant heights in wetter seasons and reported that besides being a genetic trait maize
plant height is also a reflection of nutrient availability, management level and favourable
prevailing weather.

There was no significant difference (P>0.05) betWeen treatments with respect to
artemisia plant heights at harvest as in maize, and this may have been to due to the fact the
spacing regimes tested did not constitute both intra- and inter-species competition for growth
resources especially light. The earlier flowering of artemisia during long rains crop
compared to the short rains season crop may have been occasioned by change in seasonal

micro-environmental factors as an effect of prolonged rain precipitation in LR season
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(Fig.4.1) to result in mild water logging at critical stages of bud initiation. This observation
is consistent with Marchese et al., [2002] who reported that with‘ regards to flowering, 4.
] annua genotypes with similar ecological origins can present variations in their behavior
under the same photoperiod and temperature conditions but different leve1§ of precipitation;

<

implying that early flowering could be one of the plants’ mechanism of defense against water
logging.

In addition, the sequential planting of maize and artemisia plant components on
different dates in each season may. have individually optimized the use of different
agroecological conditions for respective morphological devglopment. Starting with maize,
subsequent growth rate of artemisia may not have influenced the established maize cro.p or
provide opportunity for interplant competition for growth factors like radiation. Similar
observations from AF experiments have been made by Sobkowiez [2006] while working on
Triticale and field beans; Lawson and Kang, [1990] while studying yield of maize and
cowpea in an alley cropping system; and Gathumbi et al., [2004] on the general effects of
species interaction on growth and productivity of intercropping, all of who postulate that
planting intercrops that have different development periods due to sequential planting takes
advantage of variations in peak resource demands for growth factors, so that when one crop
matures before its companion crbp there is less competition between the two crops during
critical growth stages. The wider implication of results from this trial is that by staggering
the planting dates, maize+artemisia intercrops can be most productive when each component
crop differs in growth rate, so that presumably their individual optimal requirements for

growth resources occur at different times.
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5.1.2 Crown Diameters )

Plants in either monocrops or intercrops always exhibit natural variation in their
form and structure. Crown diameters are a key attribute that compliment plant heights in
evaluating morphological habits of an AF intercropping system. Unlike maize whose lateral

{
Blades withered and lost turgidity, artemisia crown diameters remained horié%ntally erect at
physiological maturity (Plate 5 and 6). Since longer crown diameters in intercrops could be
associated with interplant competition for space, the difference between T3 and T4 may have
been occasioned by their different plant densities. The insignificant effect of spacing on
mean crown diameters may be attributable to the fact that all treatments did not constitute
crowded conditions. These results thus suggest that two cropﬁ with similar agroecological
adaptation but differing in height, canopy, and growth habits may grow simultaneously with
minimum or negligible competition if proper spacing‘ regimes are employed. As shrub
canopy develops, thé leaves of individual neighboring plants will start to intertwine and
overlap in competition for light. Hay and Walker [1.989] attributed this effect to an increase
in levels of Gibberellins that promote leaf sheath extension for plant heights and crown
diameters. By use of allometric equations or regression techniques and simulation which is
beyond the scope of this study, these results may also help to predict how the intercrops can

adapt to climatic changes through adjustments in morphology of different components under

subhumid conditions.

8.2 Interplant Stand Density

Since closer spacing is associated with higher plant densities in an AF
intercropping situation, spatial arrangements designed to optimise access to growth factors
especially light reaching the intercropped plants in this study included semi-sequential

planting of single hedgerows of artemisia fallows between maize rows. Tz had the least while
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T4 and Ts had the highest plant densities and total leaf yields of artemisia obtained from
these densities were 279 kg ha™' (Ts) to 763kg ha ' pure stand. Total leaf biomass increased

with higher plant densities hence closer spacing and this result is consistent with Simon et

al,, [1990]; Woerdenbag ef al., [1994]; Duke et al., [1994]; Laughlin, [1994]; and Delabays
et al, [2001], where plant population density and its components of inter\—: and intra-row
spacing were used in determining yield and the practicability of both weed control and
harvesting.

On average, plant densities in T; and T; recorded substantial grain yield per unit area,
and since maize was generally less competitive than artemisia (Mean CRuemisia = 1.3;
CRuuize = 0.8 ), this could suggest that these two spacing regimes are suitable planfing
arrangements for farmers who have equal preference to ‘both intercrops and have capacity to
use commercial planting fertilizer Consequently Ts, T4 and Ts with the lowest mean grain
yield per unit area of land, may represent plant densities that are not ideally suited for
farmers who depend on maize as the main crop in an artemisiat+maize intercrop. The farmer
should be conscious of the fact that grain yields from components of the intercropping
system depend on the spacing regime hence stand density. Therefore, by choice of planting

arrangement, the farmer can manipulate interactions such as sharing of growth factors and

genotypes, which ultimately may .lead to increased yield [Francis, 1986].

5.3 Yield Components and Yield
5.3.1 Plant Biomass

Since the treatments had a more significant effect in the LR than SR on plant
‘biomass of both artemisia and maize apart from the control of each intercrop, it suggests that
the LR may be more ideal than the SR for this intercrop arrangement when plant biomass is

the preferred attribute for yield advantage; but this aspect needs authentification through
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further testing for seve;al seasons with respect to precipitation patterns. The effect of
positive component interaction between the intercrops was more pronounced in T3 maize, to
result in high biomass yields of 2.78t ha'. This may be attributable to less crowding as the
lowest plant density stand which enhanced a suitable microenvironment f9r optimal growth

 conditions for a facilitative component interaction. The highest biomass yic;ﬂi from T maize
at 3.85t ha”' may be attributable to the effect of “Niche differentiation’ in favour of maize as
was reported by Mkamilo, [2004]. The high biomass yield of artemisia obtained from Ts
(8.98t ha™), T4 (9.67t ha) and T (7.03t ha™) apart from the control plot of Tgwith 9.65t ha™
may have been possibly due to greater spatial complimentarity. These spacing regimes may
represent plant proportions and densities that optimise | total biomass yield throﬁgh
facilitative component interactions.

The lowest biomass yields at 5.39t ha™ for artemisia T3 may be attributable to low
plant densities apaﬁ from the control of pure stands. Generally, closer spacing hence higher
planting densities may have resulted in crowded conditions to induce high competition for
critical growth resources, particularly as observed in T;. The wider implication of these
results is that if biomass is considered as a function of productivity, all the planting patterns
used in this experiment except Ty, T, and the control of respective pure stands may be ideal
intercropping options for practicing on farmers’ fields depending on level of intensiﬁcation
desired. A similar observation on artemisia was made by Ochieng et al., [2011], to the effect
that artemisinin and leaf biomass production is influenced by cultivation environment, nutrient

and crop management practices.

5.3.2 Chlorophyll Content

Leaf chlorophyll content may be a function of both soil and leaf N at any point in

time during active vegetetative growth. However, the different spacing regimes did not affect
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the Chlorophyll content of either intercrop, suggesting that all the tested spacing regimes
may not constitute crowded conditions to result in significant competition for radiation and
soil nutrients especially N. This suggests compatibility or complimentarity in resource
capture between the two intercrops of maize and artemisia. Significantly, there was a positive
‘ correlation between relative chlorophyll content and artemisinin sequestra'?ion of artemisia
leaves towards the end of vegetetative growth period (+’=0.7 according to Pearson’s
Correlation Coefficient). Similar results of correlation analysis revealed a significant
positive correlation between plant héight, crown-diameters and dry leaf biomass with
artemisinin yield at pre-flowering and full bloom stage of artemisia [Yeboah, 2010],
suggesting that AF intercropping systems or crop management practices that enhance y.ield
components will have a positive influence on artemisinin production.

While there could be little basis for comparing the chlorophyll content of artemisia
(dsteraceae) with that of maize (Graminae) in an intercropping situation as in this study, it
may be worthwhile to note that maize is a C4 [Paliwal, 2000] and artemisia is a Cs plant
[Marchese ef al,, 2005]. This botanical difference may thus have contributed to the wide
disparity between the two plant species in mean relative chlorophyll content i.e. 6.25 SPAD
units for artemisia and 30.9 SPAD units for maize. According to Ehleringer ef al. [1997],
most plant species globally are characterized by Cs photosyvnthesis and the proportiqn of C4
production represents the outcome of interspecies competition between C; and C4 plants.
Even though maize was generally less competitive than artemisia (Mean CRyemisia = 1.3
CRyuize = 0.8) in this study; the C4 pathway is a modification of the normal photosynthetic
process that makes efficient use of CO, available in the atmosphere, to the extent that plants
using the C4 pathway like maize can convert higher amounts of atmospheric C to plant

sugars [Paliwal, 2000] than those with the classical C3 (Calvin—Benson-Bassham Cycle)

77




w

pathway like artemisia. The compatibility of C4 and C; plants in AF systems for efficient
photosynthesis have similarly been reported by Sikolia et al., [2009] while working on
Amaranthus species and Kochia scoparia, intercropped with Chenopodium album and
Phytolaca dioica respectively to determine CO, compensation points. Higher biological
‘yields and economic returns from shrub-based AF systems can ﬂlusgbe realised by
partitioning the component species through niche differentiation, on basis of competitive
abilities and photosynthetic mechanisms.

Leaf thickness affects the estimation of leaf N but in general, there is a strong linear
relationship between SPAD values and leaf nitrogen concentration [Peng et al., 1992]; and it
may thus be possible to determine the plant’s need for additional nitrogen fertilizer ét a
specific period in time during the growth cycle using SPAD values. The results indicate that
the most appropriate harvesting time for artemisia was at the flowering stage, when the
chlorophyll content was highest. Specifically, the positive correlation between chlorophyll and
artemisinin sequestration, suggests that it is possible to manipulate N foliar application levels to

improve artemisia leaf extracts. Maximization of artemisinin yield may require optimization of
plant biomass through application of foliar N fertilization at critical stages of plant growth
and development. Similar results have been obtained from Lettuce (Lactuca sativa L.) by Mitchell
etal.,[1991] and artemisia by Banyai et al., [2010] the latter through exogenous GA; treatmept.
5.3.3 Artemisinin content

The highest recorded mean artemisinin content from the trial was 0.88% (Ts) while
the least was 0.70% from Ts averaged over both SR and LR seasons. Treatments Ty, T3, T>
and T in that descending order exhibited superior artemisinin % yield in the SR, suggesting
that these spacing regimes are equally better than all the other treatments since they were not

statistically different from each other. Since artemisinin is a secondary metabolite, climatic
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| conditions, together with the way and time of plan’ting and harvesting of artemisia can -
influence artemisinin production [Woerdenbag et al., 1994; Ferreira et al., 1997; Wallaart et

al,, 2000; Marchese et al., 2002] and this may help to explain why the artemisia crop grown

in the short rains (SR) had higher biomass but less artemisinin content than‘ the Long rains

érop, on account of the weather variations experienced in the two seasons. Til(é Maseno trial

produced a mean artemisinin yield of 0.77% which is above the world average of 0.6%

reported by Ferreira and Janick [2009]. Similar results were obtained by Woerdenbag ef al.,

[1994] in Vietnam who report that artemisinin is naturally produced in very low yields of not
more than 1.5%.

Spacing in the LR season did not affect the artemisiﬁin content but the mean was
higher than in the SR. This may be attributable to overwhelming seasonal effect compared to
the treatment effect. In addition, since water is the most— limiting factor for plant growth, it
can also trigger secondary metabolite accumulation depending on the plant growth stage.
The amount of rainfall precipitation at critical time of growth was low during the Oct-Nov
period for short rains’ crop compared to the April-May period for the long rains’ crop. The
relatively high artemisinin content yielded in LR compared to SR may have been occasioned
by mild water logging, to the extent that artemisinin accumulation may be related to the
plants’ mechanism of combating stress in this case occasioned by excess moisture. The
higher rainfall recorded during the LR may thus have had an effect of inducing early
flowering and accumulation of artemisinin at the expense of biomass. This is consistent with
Marchese et al., [2010] who observed that biomass and artemisinin accumulation are greatly
affected by water content in the soil during seedling stage; and reliable rainfall or irrigation
potential is essential for 2-3 months after transplanting where distribution is more important

than absolute amounts. Several scholars have reported peak artemisinin accumulation at
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between bud initiation and full bloom [Woerdenbag’et al., 1994; Laughlin, 1994; Marchese
et al., 2002; Ferreira, et al., 2005].

Maximization of artemisinin yield (amount per plant) requires optimization of plant
biomass but the short rain season crop of artemisia yielded more bl\iomass and less
'artemisinin than the long rains crop respectively. Biomass production hgnce artemisinin
from artemisia species in either pure or mixed stands as influenced by seasonal variation has
also been reported by Wallaart ef al., [2000] who found that the biomass of artemisia has
seasonal dynamics with the peak yieldé reached in the last days of September in sub-humid
ecozones. The plant content of artemisinin also varies during the season, independent of the
developmental stage of the plant [Delabays ef al., 2001] but- in this study, the insigniﬁéant
yields within each of the two cropping seasons in artemisinin content is in concurrence with
Ferreira et al., [2005] who reported that unlike seed, vegetative propagation of artemisia will
produce homogenoﬁs plants regarding artemisinin content. Artemisinin sequestration in
leaves has been correlated with enzymatic activities in biosynthetic pathways [Wallaart et
al., 2000; Banyai ef al, 2010] and given the positive. correlation between chlorophyll
synthesis and artemisinin yield in this study, some applications of chlorophyll measures can

thus be used in estimation of CR and ATER for croplands and agroforests where artemisia

shrub is a component.

5.3.4 Maize Grain Yields

Generally, the mean LR yield of maize (3.2t ha™) was not significantly higher than
the SR crop (3.16t ha™), but yield results obtained from this study including pure stand T~
(SR=3.84t ha”, LR=3.77t ha') were higher than the reported western regional average of
1.3t ha' [Hassan ef al., 2001] from farmers’ practice. Maize grain yield in the intercropped

systems was generally lower than in the monocrop probably as a result of the competitive
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effects of artemisia components in the intercrop for light, nutrients, moisture and space, since
the population of maize was constant regardless of treatment. This corroborates the findings
of Uddin ef al.,, [2003] and Allom et al., [2010]. An increase in maize density from 3.7 to
5.3 plants per m* may result in yield increases by 10-30% under conditionskwithout nutrient
éompetition [Tetio-Kagho and Gardner, 1988]. However, the maize+beans s(};vstem may have
enhanced maize yields more due to the spatial arrangement of the intercrops, /than due to
differences in plant densities. Furthermore, assuming absence of intense inter species
competition with maize+beans as compared to maize+artemisia, there may have been more
efficient resource capture to facilitate vigorous growth and yield in the former system.

High yields in maize+bean intercropping systems as .recorded inTo ie. 4.7th” and
43t h' for SR and LR respectively may be attributed to the effects of “Niche
Differentiation”. This observation is similar to Mkamilo, [2004] who while working on
maizetsesame intercrops reported that the two component crops were partially
complementary in resource acquisition; and Niche differentiation forms the basis for a yield
advantage in intercropping. A comparative maize+beans system was also found by Woomer
et al., [2004] to allow more light penetration, which likely benefits the maize as well as the
legume. The assumption here is that since the two species rely on the growth resources i.e.
light differentially on account of their variation in height, then coexistence is possible and
even facilitative when each species can tolerate a lower amount of only one resource
compared to its competitor [Tilman, 1990]. The resource requirements and abilities for
resource acquisition in maizet+beans and maize+artemisia intercrops are not necessarily the
same. However, even though niche differentiation and inter-specific competition may not
always be related, Yield benefits from Ty could be attributed to species complimentarity or

minimal interspecies competition for growth resources particularly light than the N fixing
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 attribute of the bean component. This is in tande;n with Van der Meer, [1989] who
postulated that biological yield advantage could result from low interspecies competition or
strong facilitation.

T} maize yielded significantly high grain yields and since maize hac}~ a uniform plant
pbpulation in all treatments, this yield advantage may be attributed to inteﬁse intraspecies
competition between artemisia plants (CRpemisia=0.85), or complimentarity with artemisia for
growth resources (RVIyuize = I1.6) under this particular spacing regime. This intercropping
arrangement could hence be ideal when maize is the main crop of focus in artemisia+maize
mixtures. In contrast, T5recorded the lowest yields probably due to higher competitive ability
of the artemisia component for growth resources (CRA,,;,,,,-S,-H =1.75) in this spacfng

-arrangement. All these results demonstrate that undesired plant species i.e. weeds may be
controlled by modifying interspecific competition through variation in spatial arrangements
or spacing patterns of maize+artemisia intercrops.

In general, maize yield variation recorded .non significant indices during the long
rains season compared to the short rains and while this was not entirely unexpected, very
often the (SR) short rains are unreliable such that farmers rarely utilize it to grow maize
[Birech et al., 2008] unlike the (LR) long rains season. Due to the recent climate change
phenomenon, various changes in the farming calendar are inevitable to suit intercropping
patterns of maize and suitable component crops. It is now common to experience greater or
equal yields from SR maize crop as opposed to the traditional LR that farmers have over the
years relied on. Thus, any unfavorable climate change may add to the catalogue of short
comings of monoculture maize cultivation to the extent that medium to long term investments
in maize monocultures is now unpredictable without successful climate change adaptation

efforts. The results from this study may therefore help to predict how maize cultivation
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should adapt to habitat changes through proper choice. of companion crops, adjustments in
planting times and densities, so as to result in desired yields of different components under
subhumid environmental conditions. Furthermore, declining trends for productivity and a
constant trend for area under maize cultivation will compensate for each ot}(}er in the medium-

term [Rojas, 2007]; and if maize is to be considered as the only food security crop, this may

entail the need for alternative parameters for estimating the national food requirements.

5.4 Artemisia+Maize Component Interactions

An economically efficient intercropping system is also biologically effective but
often, a biologically efficient system may not be economically viable [Ghulam et al., 2003].
Determination of intercrop yield advantages may thus not be.validated by direct compari‘son
of mean yields from pure stands in this study, on account of the varying results and different
protocols that exist for assessing both biological and économic yield advantage from each
crop component. The artemisia may also have benefited from the synergistic effect of
applying compound fertilizer on maize. In addition, the ultimate yield of the intercrops was
governed by weather characteristics besides management practices, to the extent that crop
performance under these environmental conditions was also dependent on component
interactions in the cropping system. These interactions were thus evaluated using RVI, CBA
and derived parameters from LER of ATER, CR and LUE in order to consider and

compromise between both the biological and economic yield attributes.

5.4.1 Land Equivalent Ratios (LER)

The productivity of the maize+artemisia versus maize+beans intercropping systems
was evaluated using the parameter of land equivalent ratio (LER) for each of the treatments,
by establishing comparative biological yields and suitable cropping mix of the intercrops

with due regard to the experimental objectives. The critical value of LER is 1.0 whereby a
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LER >1.0 indicates an advantage of intercropping over mono cropping while values of
LER<1.0 show that is disadvantageous. A high mean L.E.R of 1.49 as represented by Te
tells us that 49% greater yield for intercropping should be expected than if artemisia and
maize were each planted in pure stands, or the total intercrop would have required 49% more
| land if component crops were planted in respective pure stands. In contrast,ba lower LER of
1.15 as recorded from Ty implies that only 15% greater yield from intercropping would be
realised than monocrops of either maize or beans. Generally, similar LER values greater than
1.0 from intercrops have widely been reported, for example with maize+bean intercropping
[Saban et al., 2007]. Van der Meer [1989] further reported that where LER values are more
than 1.0, there are positive biological component interactions suggesting that interspeéiﬂc
facilitation may be higher than interspecific competitipn. Numerous viewpoints related to
component interactions suggest that since LER measures the levels of intercrop interference
going on in the éropping system [Van der Meer, 1989], any negative interspecific
interference that may exist in the mixture is not as intensive as the interspecific interference
that exists in the monoculture of either maize or artemisia. -

For LER purposes, T7 and Tg were controls for maize and artemisia respectively
and while T¢ exhibited a superior spacing regime than the other treatments on basis of
biological yield advantage during both growing seasons, it is worth to note that even the
other treatments exhibited higher values than the controls at LER of unit value. The
implication thus is that all the spacing regimes except the pure stands returned a yield
advantage when using LER as an indicator. Since seasonal variation had no effect on partial
LER values of both intercrops these results further suggest that the superiority of
artemisiatmaize intercrops versus the pure stands of each in a subhumid climate depends

more on spacing hence proportionality of the mixture than season of planting. The LER
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indices thus indicate that system productivity favoured maizet+artemisia than maizet+beans
intercrops. LER values also suggest that the artemisia+maize were more advantageous than
the maize+bean system under the same management system, by a margin of 34% despite the
presumed N-fixing capacity of the legume component in the latter mixtu(re. This may be
éttributable to the fact that grain legumes contribute little or no N to a;;sociated crops
because a large proportion (60-70%) of the N is removed during grain harvest [Giller ef al.,
1998]. Furthermore, assuming absence of intense competition with maize+beans as
compared to maizetartemisia, there rhay have been more efficient resource capture to
facilitate vigorous growth and yield in the latter system to result in high LER values.
Facilitative competition or partitioning of resources may als‘0 have occurred in favour of
artemisiatmaize compared to maize+bean intercrop mixtures, as was reported by Mazaheri
et al. [2006], and Morgado and Willey [2008]; to the effect that crops sharing the same
agroecological conditions for growth drives competing plant species into different patterns

of resource mobilization and use, as in niche differentiation.

5.4.2 Area -Time Equivalent Ratio (ATER)
The ATER was derived from partial LER of the Long Rains (LR) assuming a

fallow period of 45 days, and compared the relative productive capacities of each crop in the
artemisia+maize intercropping syétems, indicating which spacing regime is more efﬁc_ient in
the use of area and time to produce a given quantity of yield. However, LER is often based
on desired yield proportions of the component crops predetermined at sowing and does not
take into account the variation in crop maturity dates of each crop or biological
complementarity for dry matter production [Putnam ef al, 1985] and duration of land

occupancy. ATER [Hiebsch and McCollum, 1987] values may therefore present a more

85




>

accurate estimation of yield potential or efficient use of growth resources for
artemisiatmaize intercrops as compared to LER values.
As in LER, the critical value of ATER is 1.0 where ATER >1.0 indicates an
advantage of intercropping over mono cropping while values of ATER<1.0 show that there
| is no advantage by intercropping [Ofori and Stern, 1987]. Unlike LER whic;l recorded Teas
the most suitable index, an equally high ATER value of 1.0 as represented by T4 compared
statistically to the lowest ATER of 0.8 as represented by T, implies that both T¢and T4 are
the most ideal intercropping arrangements and T the least in terms of artemisia yield per unit
area under artemisiatmaize systems. The opposite may also be true for maize yields in the
same treatments depending on planting densities or desired crop of preference, when area
and time factors are taken into consideration. ATER values of less than one have been
attributed to poor utilization of these resources [Khan et al., 2001] as a result of intensive or
unhealthy competition; whereas higher values of ATER in intercropped treatments compared
with monoculture have been attributed to efficient utilization of natural (land and light) and
added (fertilizer and water) resources [Muhammad and Khaliq, 2004] or greater temporal
complimentarity for maize+bean intercrops [Gardner and Kisakye, 1990].
In general, the ATER values were lower than LER values in all treatments (Table
4.4), probably indicating the over estimation of biological land use efficiency with LER
indices. While this may be as a result of the time factor involved with intercropping maize
and artemisia biannually, the ATER results from this study further suggest that the
superiority of artemisiatmaize intercrops over maizetbeans versus the pure stands of each
component depends more on facilitative component interactions than seasonality. Similar
observations were made by Allen and Obura [1983], Leihner [1983] and Banik and Bagehi.

[1994] while working on cotton+cowpeas, cassava+beans and rice + pigeon pea intercrops
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respectively, and found the ATER concept to be a r}luqh stricter criterion compared to LER
as determinants of system productivity by including area and time factors, and all of whom
report that the implication of results from LERs values tend to be overestimated.

Consequently,‘ the more ATER values approach LER, the morekunproductive the
intercropping system could be. Values of ATER from intercrops lessKchan respective
monocrops as compared to LER may also indicate a presence of extrefne negative
component interactions, and not a viable option when choosing suitable artemisia+maize
intercrop mixtures for application of Optimal land use practices. This is in agreement with
Moseley [1984], who further explained that the biodiversity conservation benefits of
agroforestry intercropping include the shortening of fallow périods that do not amount to any
adverse consequences on system productivity. Generally, the results herein tend to confirm
Giller et al.,, [1991], that with reduced fallow periods due to increasing scarcity of arable
land, claims of substantial transfer of N from legumes to intercropped plant species in either
sequential or simultaneous AF systems on basis of high LER values may thus have been
exaggerated in the past. When extrapolated to per Ha of land basis, there could be a
significant variation in yields from each of these intercropping regimes as a result of
overestimation of yield advantage using LER values.

Another significance of ATER results from this study may imply that if the
artemisia component is planted simultaneously rather than sequentially in the intercrop
(Plate 2), and used for other purposes other than medicinal, like woodfuel, adding organic
matter to the soil, weed and/or erosion control, the maize yield will not be affected since its
LER hence ATER will not be included in the calculations to result in significant biological
benefits from the intercrop. Similar conclusions were made by Amede and Nigatu [2001],

while intercropping maize and sweet potatoes, with the latter targeted for livestock feed.
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With scarce arable land, AF intercropping systems could therefore optimise above

ground benefits arising from the biotic component interactions by manipulating fallow

~periods created, when for instance a medicinal shrub like artemisia is intercropped

sequentially with a food crop like maize in a cyclic annual rotz%tion. Significant

complementarity also occurs in an intercrop situation where the growth pattern of component

crops should vary with time [Hiebsch, 1980].

5.4.3 Competitive Ratios (CR)

Intercropping not only alters the conditions available for the pure crop by
competition but also influences the complementarity of one species over the other. The
competitive ratio is an ideal means of determining the degree to which one'crop compétes
with the other in an intercropping system [Willey and Rao, 1980] so that if CR < 1, there is a
positive benefit for_maize relative to artemisia; and if CR > 1, there is a negative benefit to
the secondary crop relative to the main crop [Putnam et al., 1985; Ghosh, 2004]. Since both
competition and interplant facilitation occurs in any intercropping system [Van der
Meer,1989], CR could also be useful in comparing the competitive ability of different crops
and determining what competitive balance between components is most likely to give
maximum yield advantages [Willey and Rao, 1980].

On average, artemisia Was 1.3 (or 30%) more competitive than maize during both
the SR and LR cropping seasons in this study. It is noteworthy from CR values that maize
exhibited significantly lower competitive ability than artemisia, even though it had the

highest intercropping densities among the treatments and was provided with an early

‘competitive advantage by being sown first semi-sequentially. However, T1 maize was more

competitive (CRsg=1.5, CR;z=0.9) than artemisia (CRsz=0.67, CR;z=1.03), to the extent

that component interactions in T; resulted in significantly higher maize grain yields. Mean
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T, maize had CR>1 implying that this intercrop arrangement may represent a propensity
towards facilitative component interactions in favour of maize under this spacing regime, by
exhibiting parity in competition with artemisia for growth resources. T; intercropping
arrangement could hence be more desirable for plant architectural arrangengents or the most
40ptimal combination for artemisia+maize intercrops if maize is to be considgred as the main
crop in the mixture for optimal grain yields. Shahid and Saeed [1997] also used CR values
>1.0 to report that lentil was a better competitor when sown in association with wheat.

Maize CR was 0.8 on averagé relative to artemisia during both SR and LR seasons,
indicating a negative biological benefit for maize within the artemisia+maize intercrop since
maize was less competitive than artemisia. Higher CR Valués for artemisia as in the other
treatments may suggest that the crop was a better competitor and utilized the growth
resources more aggressively than maize, despite having been planted sequentially. T3 had an
exceptionally highér CR value than other treatments, suggesting that this intercropping
regime represents a comparatively strong competitive ability for artemisia against maize, and
is hence expected to reduce maize yields when grown as an intercrop. A similar observation
was made for wheat (Iritium aestivum) by Zhang and Li [2002] while working with
wheat+maize intercrops; and Mouneke et al.[1997], who reported a reduction in the growth
and yield of okra and maize relative to their sole crops, where okra yield was depressed by
maize.

Since artemisia T3 had the lowest plant density, a possible implication of high T3
CR values for artemisia+maize intercrop is that artemisia crops’ in this spatial arrangement
had slightly less than optimal space for growth and development, and may have concentrated
on physiological mechanisms to fighting for growth resources especially light at the expense

of biomass production. Banik et al., [2000] also reported similar trends in competition and
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recorded depressed intercropping yields of mustardv:pea, mustard+lentil, and mustard+gram
mixtures over sole cropping. A similar result was also obtained by Dhima ef al, [2007]
while working on vetch+cereal intercrops, and reported that competition can have a negative
effect on the growth rate of the main crop species used in intercropping.

In general, the more a competitive ratio of each treatment approa:hed unit value,
the more the maize+artemisia intercrop balanced the competition between both species,
suggesting further that there is an advantage in maize intercropped with artemisia in single
hedgerows of each plant species. This yield advantage is probably due to different above-
ground growth habits and morphological characteristics of intercrop components for causing
optimal use of growth resources. This argument corroboratés that of Awal et al., [2007],
who report that as CR approaches Unit values intercrop associations in barley+peanut
effectively counterbalance the competition for growth resources between these species.
However, since fhe mechanism of the different competitive abilities between
artemisia+maize intercropped plant species has not been recorded, the determination of this
mechanism may assist in manipulating interspecific competition and opportunities for
improved management practices that overcome production constraints and enhance intercrop
productivity. These opportunities may include sowing date and spatial arrangements with
respect to growth factors, in order to gain higher yield advantage of intercropping artemisia
and maize. This corroborates with Mkamilo, [2004] who observed that over-yielding in

intercropping systems may be occasioned by niche differentiation.

5.4.4 Replacement Value of Intercropping (RVI)

The Replacement Value of Agroforestry (RVA) is the factor by which the
polyculture is more or less valuable than the monoculture [Moseley, 1994]; and since the

fallow period employed in this study was less than one year, the RVA index [Moseley, 1994 ]
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effectively reverts to the RVI [Van der Meer, 198;] to represent the extent to which the
artemisia+tmaize intercrop is more or less valuable than the respective monocrop in an annual
growth cycle. The RVI was determined in this trial to evaluate the relative economic yield
advantage of maize and artemisia monocultures against respective intercrop(\ replacements for
4the different spacing regimes, indicating which pattern was more or less proﬁtable in the use
of specific resources in the intercropping system. Since T, T3, T4, Ts and Te were not
statistically different from each other, but higher than T and lower than Tg the control, the
mean RVI of 1.45 was used for artemiksia from both the SR and LR seasons. This indicates
that the profit from the intercrop is 45% higher than monocrops, to the extent that farmers
who planted artemisia and maize could make a profit of 45% more than the farmers whoi are
involved in monocropping of artemisia. This may b‘e attributable to both the shortened
fallow period and the consequent reduction or replacement in variable costs of labour and
fertilizer that are associated with artemisiat+maize intercrops.

The man-days used in weeding of intercrops ‘may have been reduced considerably as a
result of inherent ability of the companion crop of artemisia to suppress the weeds (Plate 3).
A similar observation was made by Kumar et al., [1987], while studying the production of
maize and associated intercrops in relation to spatial arrangements. Since seasonal variation
did not have a significant effect on RVI, another implication of high values may indicate
efficient use of available time in the growing season since both crops can be grown twice
annually with a shortened fallow period. In this study, the increased benefit of the farmers
involved in these intercrops may also be facilitated by more efficient use of growth
resources, as well as reduction in the variable costs upto a maximum of 45%, through

manipulation of labour attributes like the weeding regimes that are reduced by half as a result

91



of single application to cover two crops, and reduction in cost of fertilizer by single
application in inter-cropping compared to monocropping.

The average RVI of 1.55 for maize recorded between the two seasons indicates that
the profit from the intercrop is 55% higher than maize monocrops meaning that farmers who

4p1anted artemisia and maize could make a profit of 55% more than the \Earmers who are
involved in monocropping of maize. A similar argument may also hold for artemisia via-a-
vis maize, in addition to fact that higher RVI of artemisia (1.45) compared to maize (1.55)
may suggest that replacing maize with artemisia will not add value to maize monoculture.
This is further supported by the non-significance of the maize RVI values on the spacing
regimes tested in this study. A similar observation was made by Alabi and Esobhéwan
[2005], while working on maize+okra intercrops, aqd concluded that any strategy that
reduces cost of production in these intercrops will increase its profitability and attractiveness
to farmers.

The increased profit (or gain) obtained in these intercrops may have been occasioned
by shortening of the fallow period as was postulated by Moseley, [1994]; Or facilitated by
reduction in variable costs by 45 to 55% as was similarly observed with Njoroge ef al.
[1993], who estimated the net benefit of intercropping coffee with food crops by accounting
for total variable costs from the gross profits. Lower variable costs for artemisia than either
maize or beans suggest that when similar intercropping treatments are used for the
production of low-value crops such as maize, the higher maize yield from these technologies
may not be sufficient to compensate for the higher total variable costs particularly of labour
for beans and commercial fertilizers for the maize. As labour becomes scarce with respect to
available land, AF intercropping may become more attractive due to the savings in cash

inputs; and shrubs (as cash crop) increase in value relative to food crops cultivated by small
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scale farmers. By varying variable costs of maize and artemisia to derive Cost-Benefit ratios,
successful intercropping may thus require that farmers design efficient systems in which

complementary effects of intercropping on net returns exceed competitive effects [Ong, 1996].

5.3.5  Cost-Benefit Analysis (CBA)

Assuming that a biologically efficient system may or may not be also economically
efficient; a cost-benefit analysis [Jaetzold, e al., 2005] was used to develop a simple economic model
for all treatments that would be easy and convenient to use or interpret by both farmers and
extension. By using CBA, the potential benefits or loss of the intercropping system may be
accounted for in increased yields, decreased input costs and/or a combination of both, so as
to achieve food security and generate a cash income for the small scale farmer. The price
offered to maize farmers during the duration of this study fluctuated greatly between Kenya
Shilling (KS%) 1800 in January and Ks/ 4600 in June, to average at KSh 2500 per 90kg bag
of Maize. The EABL offered Ksh 40 kg™ of dried Artemisia leaf with a minimum of 0.7%
artemisinin content. Any leaf below this % threshpld is usually rejected by the commercial
buyer [EABL, 2005] and all values above this are priced equally. Since all treatments
exceeded the threshold for artemisinin hence acceptable for marketing purposes, T3, Ty, Ts,
and Tg intercrops whose value in thousands of Ks/ ha-1 were 79.2 82.5, 82.2 and 79.6
respectively may thus re;present superior spacing regimes than the rest of the treatments
including pure stands.

It is not biologically and economically feasible to undertake monocropping of maize
(T7) with the prevailing spacing regimes and pricing levels, after the net benefit resulted in
negative CBA value of 7.3. All treatments exhibited lower CBA values than the pure stand of

artemisia Tg implying that economic yield advantage was higher than biological yield. This

may suggest that these spacing regimes are not economical when applying artemisia+maize
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intercropping for yield advantage over artemisia monocropping. Considering that the LER
for Tg resulted in unit value (=1.0) suggesting no advantage or disadvantage to intercropping,
indicates that higher usage of inputs in intercrops hence high variable costs may not be
commensurate with higher yields for artemisia intercropped with maize. A similar inference
was been made by [Wubs ef al, 2005], that the productivity of intercrO}:ping systems is
higher than in monocrops at low input application but this advantage decreases with
increasing levels of inputs. CBA (for inputs versus marketable yield) indicates that the
benefits of the intercropping far outweigh the maize monocropping costs to the farmer, but
less so for artemisia monocrops, considering that the species planted is artemisia (without
fertilizer) as a cash crop and maize (with fertilizer) for food security.

On basis of grain yield for maize and artemisinin content for artemisia, it may
hence be reasonable to assume that the economic yield advantage from the intercrop may
more or less follow a similar pattern with biological yield. However, when artemisia leaf
yield (kg") is the basis of such considerations, there could be significant variation between
economic yield and biological yield of the artemisiatmaize intercrop. Since Tsg (sole
artemisia) recorded the highest CBA values than other treatments it confirms that biological
yield advantage does not always imply an economic yield advantage. Similar observations
were made by Ghulam et al.,[2003] while intercropping maize and soyabeans. T3 recorded
the highest CBA value compared to T7 (sole maize) which had the lowest CBA value, and
hence the difference between CBA values of T; and Ts; may effectively constitute in
monetary terms, the optimal yield advantage of artemisia+maize intercropping system in this
study. Furthermore, since Ty and Ts had the same artemisia plant density, the difference
between Tg and T; CBA value of 50.5 may reflect the optimal input level with variable costs

for artemisia intercrops beyond which there is no additional yield advantage.
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The CBA values indicate that the economic yield advantage for artemisia monocrop
was more than the maize monocrop by Ksh 107,500.00 ha™, while maize+beans intercrop
had the highest variable costs of Ksh 29.98 ha™ occasioned by labour input and was
marginally higher than the maize monocrop (T7) by Ksh 43.9 ha™. Consideréng that maize is
é food security crop with an intrinsic value in western Kenya, conceptior;bof cost-benefit
rationales as a basis of profitability in artemisia+maize intercrops may also suggest that
whereas complementarity exists, the economic consideration may undermine moral
motivation for achieving food security from maize. Land use efficiency is compromised for
attaining food security with maize. This is because biological yield advantage is not
commensurate with economical yield benefit. Similar c;)nclusions were derived ‘by
Wannawong et al,[1991] who used cost-benefit analysis while studying AF systems
consisting of Eucalyptus (Eucalyptus camaldulensis), Leucaena (Leucaena leucocephala),
and Acacia (Acaci& auriculiformis) inter-cropped with cassava (Manihot esculenta) or
mungbean (Vigna radiata) over 3-year rotations; and demonstrated that early supplementary
and complementary relationships between some system components can imply synergistic
financial gains but the biological interactions turn competitive over time. The variable costs
in this study were greatly influenced by fertilizer and labour costs. On average, T3, T4 and
Ts with the lowest mean grain yield per unit area of land, may thus represent plant densities
that are not ideally suited for resource poor farmers who depend on maize as the main crop
in an artemisia+maize intercrop, unless extemal inputs like commercial fertilizer is timely
applied. The opposite should hold for T; and T¢. On the other hand, T5 represents the most
ideal spacing regime on account of the expected economic returns from the artemisiatmaize
intercrop in toto, despite the fact that it recorded statistically non significant biological yield

advantage with LER values of all treatments except the controls.
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Results from this study using both the CB:A and LER index as a measure of
biological yield advantage of comparative intercropping systems may thus agree with
Vanlauwe and Giller, [2006] who reported that even though Legumes are widely advocated
as important sources of organic matter in cereal intercrops, not all of themk are a source of
’free N on account of the intensive labor (hence higher variable co;ts) involved.
Furthermore, complementarity of resources occurs when at least one of the component
species of the association exerts a positive effect on the other [Fukai and Trenbath, 1993],
and this study demonstrated lower vafiable costs for artemisia than either maize or beans

This may suggest that the weed suppression ability of artemisia component resulted in no

requirement for attendant labour costs, thus inflating the LER values.

5.4.6  Land Use Efficiency (% LUE).

Further confirmation of the existence or not of a biological yield advantage by
comparing the LUE values between the seasons in each treatment was done by using the
method of Rao [2002] as an average of LER and ATER values. For comparative analysis of
yield advantage from the intercrops in this study, the CBA and LUE values are intertwined
as a trade off process of identifying the most beneficial intercropping regimes. Since ATER
is a function of the fallow period employed in this study, the LUE outcome may further
suggest that optimum yields per ﬁnit area of land can be obtained by starting a new cropping
cycle after a short fallow period of 45 days when soil fertility has been restored to a level
sufficient enough to sustain a second crop. Similar observations were made by Van
Noordwijk [1999] when testing the Trenbath model in éhiﬂing cultivation; and Louise and
Tauver [1992] who further reported that intensification of land use by shortening fallow
periods will initially increase returns per unit land at the opportunity costs of area under

cultivation.
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The critical value for LUE is thus 50% for each crop component and 100% for the
intercropping system. The results suggest that all spacing regimes tested in this study with
LUE values higher than 50% i.e. T; T, (Maize), T3 and T4 (artemisia), and Ts (both
artemisia and maize) were more advantageous in terms of land use efﬁciepcy. Ideally, the
most efficient intercropping regime should record at least 100% LUE so :hat the more a
spacing regime approaches this value, the more efficient it should be. All controls of pure
stands recorded significantly lower values than 100%. The results are also in general
agreement with Scheidegger [2008] who observed that intercropping has at least 30% higher
biological efficiency than sole cropping, while working on potatoes intercropped with
various crops.

The LUE indices herein also demonstrate how each of the parameters studied will
impact on the relative yield advantages of individual treatments within and between seasons,
to the effect that intercropping facilitates efficient utilization of growth resources and helps
to maintain greater stability in crop yields hence sustainability of the artemisiatmaize AF
system, depending on the choice of relative crop mix in the intercrop proportion. LUE
values higher that 100% may indicate the presence of positive interferences or
complementarity among the varieties or crop components of the mixture, as in T3z, T4 and Ts.
Alternatively this may also suggest that any negative interspecific interference that exists in
the mixture is not as intensive as the intraspecific interference that exists in the monoculture
of either maize or artemisia. Similar observations have been made by Zhang and Li, [2002]
while intercropping wheat+soybean and Mason er al, [1986] with cassava+cowpea
polycultures.

Aggregate results from this study therefore suggest that if maize is the main crop in

the intercrop, T, is most ideal cropping arrangements in terms of land use efficiency for food
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security and if artemisia is the main crop then Ts, T4, .Ts and T are the ‘most ideal, since
interspeciﬁc facilitation may have existed together in these spacing regimes as observed
from CR and LUE indices. These spacing regimes have greater land use efficiency for
respective crop of preference; and have more biological yield advanfage which may
presumably translate into higher net returns. If all crops in the .mixtl;;e are of equal
preference, T3 which yielded the highest CBA value of 91.7 in Ksh ‘000 ha™ and T which
recorded the highest total LUE value of 106.3%, and were statistically different from the
controls of pure stands would be the most ideal spacing regimes, on basis of economic
advantage and biological yield respectively; while T with the least total mean LUE value of
95.4% would be the most unsuitable intercropping arrangément. However, since all‘the
intercrops except Ty were not statistically different from each other in terms of LUE (Table
4.6), the high CBA value resulting from T3 may be more to do with cost saving than better
harvestable yields. This is because the plant density in T3 was lower to result in reduced

costs of planting material and hence by extension, lower variable costs.
5.5 General Discussion

Due to lack of adequate diversification, the role of AF systems in enhancing
biodiversity and livelihoods through intercropping maize and artemisia could be
underestimated. The primary obj‘ect of intercropping in this study was to achieve optimum
yield of the staple crop of maize and additional income from the second crop of artemisia, so
that the combination giving the best yield of the second crop without reducing the yield of
main crop is realised. Intercropping in the context of this study demonstrates production in a
manner that will increase advantage from artemisiatmaize to complement maize+bean

production for food and nutritional security; so that if you wanted optimal yields from maize

98




=

and artemisia, then the seeding rates of each crop component would be adjusted accordingly
among the spacing options that were tested to produce those desired yields.

Since both competition and facilitation take place in many intercropping systems
[Van der Meer, 1989; Zhang and Li, 2002] and yield advantage (if any) isk dependent on net

effects of facilitative and competitive interactions on growth resources [Garcia-Barrios and Ong,

2004], the RVI index for AF intercropping experiments may thus be a determining factor in
analyzing whether increased crop yields are due from shortened fallow periods, interplant
complementarity or increased competition. However, results from this study seem to suggest
that there are no negative component interactions with the spacing regimes tested. This
could be expected since artemisia and maize belong to tﬁe Asteraceae and Gramineae
families respectively, which may have different but complementary morphological
characteristics like leaf venation and root systems, thué taking agroecological advantage of
differentiated proximity to growth resources like light and soil nutrients respectively.
Complementarity of resource use may also have occurred through synergistic effect of
applying commercial fertilizer to maize intercrops. As with most medicinal herbs,
artemisinin contents and efficacy are subject to climatic and geographical conditions, to the
extent that not all artemisia plants necessarily contain sufficient amounts of the active
ingredient, artemisinin [Marchese ef al., 2010].

From this research, and based on LER indices the maize+artemisia intercrops are
generally more beneficial than maize+beans systems but these systems may prove even more
productive since their component crops differ in growth duration to the extent that their
maximum requirements for growth resources occur at different times to be manipulated.
Thus, for high intercrop productivity, plants of the early-maturing component should grow

with little interference from the late-maturing crop (Plate 3). In contrast, when growth
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durations of component crops are almost similar as in artemisia+maize, the crops compete
more intensely for available growth resources. The LER, ATER, CR and RVI values gave
an indication as to relative yield performances and competitive or complimentary abilities
that can then be manipulated by variation in growth environment for desireid yields in either
SR or LR cropping seasons. Results from these biological yield parametersvsuggest that all
the tested spacing regimes in this study may be suitable for application depending on the
level of intensification desired by practicing farmers. The production of a system depends
not on the efficiency of individual component crop of the system but also how well these
crops compliment with each other in time and space [Willey and Reddy, 1981]. LER in
isolation could thus be unsuitable as a basis for recommendinlg the optimal planting densities
or spatial arrangements for small scale and resource-poor farmers with limited capacity to
use external inputs such as commercial fertilizer and herbicides. Similar arguments were
made by Chabi-Olaye ef al., [2005], while comparing LER, ATER, and RVI values of Maize
intercropped simultaneously with Cassava, Cowpeas and Soybeans.

There is a natural tendency for farmers in western Kenya to invest in lower value
commodities like maize because of their intrinsic value of ensuring food security despite
their high variable costs of production as in this study. Maize commodity prices in Kenya
are highly elastic in the local market, and are determined by forces of supply and demand
subject to the government’s policy at any point in time [Pearson ef a/, 1995]. In good harvest
periods the prices drop due to increased supplies, but when the harvests drop prices tend to
rise steeply. Since artemisia monocrop was more profitable than all intercrops on basis of
CBA, the wider implication here is that biological yield advantage as postulated in this study
may not translate to economic yield advantage for maize. This is in concurrence with

Ghulam er al.,[2003] who reported that a biologically efficient system may not be
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economically viable, and hence not suitable to be recommended for wide scale adoption by
farmers before careful consideration of available options.

As for artemisia, it is possible that high profit commodities like medicinal shrubs
may experience high price volatility and therefore present high productiPn risks, to the
extent that small variation in prices may make the production unprofitable o; not in the long
term. Furthermore, depending on the soil properties and rainfall patterns, the artemisinin
content may be very low and without economical value in certain places. The economical
range in East African content of artemisinin by bioassay is 0.60-1.2% [EABL,2005]; and
contents below 0.6% are of negative commercial value owing to the prohibitive cost of
processing the end product [Technoserve Inc., 2004]. Heemskerk et al., [2006] reported that
without wide fluctuations in demand of artemisinin for malaria control and a system of
guaranteed market outlets, the price of artemisinin might stabilize to US$ 250- 300 kg™ in
the medium to long term. The average artemisinin content of leaves from all the treatments
in this study except the control was 0.77%, corresponding to a yield of about 15.4kg ha™.
Farmers producing upto 15.4kg ha™ of artemisinin, translates to an average income of Ksh.85,000.00
ha' at current exchange rates, but these may change with time as market forces oscillate or
agronomic practices improve further. If small scale farmers in western Kenya can embrace farming
as a business, the biological yield advantage may thus constitute an economical yield advantage for
artemisia unlike maize. Since Ts was the best spacing regime on account of expected economic
returns, an optimal combination of artemisia+maize system using this spacing is a favourable
proposition for yielding tangible economic benefits from subsistence farmers without compromising

on food security or the aesthetic attachment farmers in western Kenya have to maize cultivation or

“The Maize Syndrome”.
The use of CBA as a tool for evaluating economic yield advantage of intercropping

systems with some shrubs and food crops in the longer term may present a challenge when
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compromising between food security and economic yield advantage from such intercropping
systems as artemisiatmaize in regions with comparable agroecological profiles as western
Kenyé. This is because shrubs like artemisia have great potential for diversification and can
play a crucial role in sub-humid agroecosystems in adapting to climate char}ge and providing
a range of products like medicine, woodfuel and services like paid(Tabour to rural
populations with contract farming as an agribusiness. As ‘fallow land’ and ‘fallow periods’
for agriculture development diminish towards minimum feasible limits, the benefits accruing
from agroforestry can sustainably be énhanced by integrating artemisia monoculture shrubs

(Plate 4) into maize production systems at farm and landscape levels.
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6.1

CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS
Conclusion

The CBA, LER, ATER, CR and RVI results from this study indicate that both
maize and artemisia are compatible for an intercropping system of(\‘ farming in a sub-
humid tropical climate like western Kenya, where interspecific competition and
facilitation existed simultaneously.

The maize+artemisia system resulted in a higher yield advantage than maize+beans
intercrops, based on CBA and LER indices. Since artemisinin is unlikely to be
produced economically by chemical synthesis or by in vitro production, artemisia
has great potential as a cash crop for intercropping with maize in sub-humid areas
of Kenya.

When maize is the main intercrop on basis of desired grain yields given the small
land sizes, a spacing regime of Ty (Im Artemisia X Im; Maize 0.90m X 0.75m) is most
ideal and guarantees a minimum gross income from artemisia of Ksh 65,800ha’

Ts (Artemisia 0.9m X 0.75m ; Maize 0.9m X 0.75m) and T (0.90m Artemisia X 0.9m; Maize
0.90m X 0.75m) exhibited superior spacing regime based on majority of parameters
studied and were not statistically different from T3 (1m Artemisia X 0.9m ; Maize 0.90m X
0.75m ) with the highest economic benefits. Thus, T3, Ts and T are .the most
suitable spacing regimes for farmers intercropping artemisiatmaize and depending

on desired level of intensification.
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6.2

IL.

IIL

Recommendations

Due to the small average farm sizes in Maseno area of western Kenya and high
capacity for intensification hence the need for optimal land use practices, the most
suitable spatial arrangements from this study ranges from T3, T4, T§ and Teie [Im
Artemisia X 0.9m ; Maize 0.90m X 0.75m ; Maize Im X 0. 75m],'[0.;5m Artemisia X
0.75m ; Maize 0.75m X 0.90m]; [0.9m Artemisia X 0.75m ; Maize 0.90m X 0.75m]
and [0.9m Artemisia X 0.9m ; Maize 0.90m X 0.75m] with single seeding of maize in
each arrangement. These spacing regimes provided the greatest land use efficiency
and high replacement value among all the tested cropping patterns in both seasons.
For farmers with a preference for artemisia or maize, a spacing regime of Ts (Im
Artemisia X 0.75m; Maize 0.90m X 0.75m) or T (Im Artemisia X Im, Maize 0.90m X
0.75m) respectively will be ideal; Artemisia T3 is superior on basis of CBA while
Maize records high CR and RVI values. For farmers with more intensified forms of
Intercropping, a spacing regime of T4 (0.75m Artemisia X 0.75m ; Maize 0.90m X
0.75m) and Ts (0.90m Artemisia X 0.75m ; Maize 0.90m X 0.75m) is recommended
if extra application of commercial foliar fertilizer is applied at critical growth stages
prior to harvest to produce high artemisinin content.

For sustainable crop production to generate farm incomes, agroforestry practices by
farmers involving contract farming with ACT drug manufacturing companies can
profitably cultivate artemisia plants as intercrops with maize bi-annually to generate
farm incomes of Ksh 79,200 to 82,500 Ha™ each planting season and also guarantee

food security from maize.
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6.2.1 Suggestions for Further Research

L

118

III.

Iv.

Work on AF fallows in western Kenya has focused on a few genera of fertilizer
shrub/trees but there is need for continued diversification and upscaling of research

on alternative species like artemisia to include maize+beans+artemisia system with
L

potentially great socio-economic impact on end-users.

Maximization of biomass production against leaf artemisinin concentration to
achieve optimal yield per plant of the active ingredient; and to focus on selection of
high artemisinin producing cultivars of Artemisia annua L, adapted to different

AEZ of Kenya through Biotechnology.

Agroforestry land-use systems have been reported to have large potentials to
sequester soil carbon and adapt to climate change, hence more studies in western
Kenya need to determine Carbon sequestration in fallows enriched with artemisia

shrubs.

Other research on the artemisia + maize intercrops:

a. The possible combinations of stand establishment with respect to temporal,
spatial and sequential attributes of intercropping, with further variation of
crop densities and fertilizer application regimes.

b. Allelopathic potential of artemisia in weed control and other component
interactions for optimal productivity in food crops to suit the resource base
of small scale farms.

c. Regression techniques to isolate intra- and inter-specific competition to
predict more accurately the yield response of maize and artemisia over a

range of other plant densities of the two crops grown as an intercrop.

d. A study on potential sustainability of maize+artemisia adoption.
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